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Abstract

Objective The present study investigated the risk of
lymph node metastasis according to the depth of tumour
invasion in patients undergoing resection for rectal
cancer.

Method The histology of patients undergoing oncolog-
ical resection with regional lymphadenectomy for rectal
cancer at St Marks Hospital from 1971 to 1996 was
reviewed. Of the total number of 1549 patients, 303
patients with T, or T, rectal cancers were selected. The
tumour type, grade, evidence of vascular invasion, depth
of submucosal invasion (classed into ‘sm1-3’) were
evaluated as potential predictors of lymph node positivity
using univariate and multi-level logistic regression
analysis.

Results Tumour stage was classified as T; in 55
(18.2%) and T, in 248 (81.2%) patients. The incidence
of lymph node metastasis in the T, group was 12.7%
(7/55), compared to 19% (47/247) in the T, group.
The node positive and negative groups were similar

with regard to patient demographics, although the
former contained a significantly higher number of
poorly differentiated (P = 0.001) and extramural vas-
cular invasion tumours (P =0.002). There was no
significant difference in the number of patients with
sm1-3, or T, tumour depths within the lymph node
positive and negative groups. On multivariate analysis
the presence of extramural vascular invasion (odds
ratio = 10.0) and tumour grade (odds ratio for poorly
vs well-differentiated = 11.7) were independent predic-
tors of lymph node metastasis.

Conclusion Whilst the degree of vascular invasion and
poor differentiation of rectal tumours were significant risk
factors for lymph node metastasis, depth of submucosal
invasion was not. This has important implications for
patients with superficial early rectal cancers in whom local
excision is being considered.

Keywords Early rectal cancer, tumour depth, lymph
node, metastasis

Introduction

Curative surgery for rectal cancer aims to provide
adequate oncological clearance whilst minimizing the
morbidity and mortality associated with the procedure.
This traditionally involves total mesorectal excision
(TME) [1,2] with anterior resection and anastomosis,
or abdominoperineal excision of the rectum with end
colostomy formation. In addition to laparoscopic rectal
cancer surgery which may minimize morbidity [3]
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without compromising the adequacy of excision [4,5],
local excision has been proposed as an option for patients
with early rectal carcinoma in whom radical surgery and
its complications may be avoided, as well as for patients in
high-risk groups such as the elderly and those with
significant co-morbidity who may not be suitable for
administration of general anaesthesia [6]. A locally
excised specimen is appropriate only if it includes an
adequate margin of resected normal tissue, if the tumour
grade is not aggressive, and if the disease has not
metastasized to loco-regional lymph nodes or distant
sites.

Radiological techniques for staging rectal cancer
including endo-anal ultrasound (EUS) [7,8] and pelvic
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magnetic resonance imaging (MRI) [7,9] have been used
in determining selection patients for whom local excision
is appropriate.

Commonly used techniques for local excision of low-
lying rectal cancers include transanal resection [10] and
transanal endoscopic microsurgery [11]. In addition to
this, the use of adjuvant therapy in the form of chemo-
and radiotherapy has the potential to provide added
protection against disease recurrence in those undergo-
ing local excision of early rectal cancers [12,13]. Despite
these improvements in the local curative treatments for
early rectal cancer, the main challenge remains the
selection of suitable patients. Tumour grade, stage, size,
and position are all known to be important determinants
of success following local resection of early (T,) rectal
cancers [6], but despite close patient selection on the
basis of these, recurrence rates have been reported to be
as high as 18% [14]. In an attempt to review the factors
that predispose to local recurrence and lymph node
metastasis more closely, Nascimbeni et al. [15] studied
histological specimens retrospectively from 353 patients
undergoing colorectal resection for sessile T, lesions.
The authors reported that the depth of invasion into the
lower third of the submucosa (classified as ‘sm3’), the
presence of lymphovascular invasion, and lesions in the
lower third of the rectum were significant predictors of
lymph node metastasis. This prompted the authors to
suggest that T, lesions extending to the lower third of
the submucosa and located in the lower third of the
rectum should be treated by oncological resection
(TME) or, if treated by local excision, should also have
adjuvant chemoradiation therapy. In a subsequent ret-
rospective study comparing local excision to oncological
resection in 144 patients, the same authors reported
10-year overall and cancer-free survival rates to be better
in the latter group [16].

The present study aimed to further investigate the risk
of lymph node metastasis with depth of tumour invasion
in patients with early (T,) rectal carcinoma, comparing
this to those with T, lesions.

Method

The histopathological records of 1549 patients with
rectal cancer who underwent oncological resections with
regional lymphadenectomy at St Mark’s hospital from
1971 to 1996 were retrieved from a prospectively
collected pathology database. A single pathologist then
reviewed the cancer specimen slides from these patients
and further staged the depth of submucosal invasion in
the case of T, tumours as described by Kikuchi et al.
[17]. The study was approved by the local research ethics
committee.
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Criteria for inclusion

In order to be included in this study, the following were

required of each case:

1. Adequate remaining tissue sample with which the new
histopathological characterization could take place;

2. Operative information: type of operation (abdomino-
perineal excision or anterior resection of rectum);

3. Histopathological information: tumour size (maxi-
mum diameter), stage (TNM classification), grade,
histological type, evidence of vascular invasion, micro-
scopic resection margin involvement (circumferential
and distal resection margin), and the number of
tumour positive lymph nodes harvested.

Outcomes of interest and definitions

Depth of submucosal invasion was staged as ‘sm1’ if the
cancer invaded into the upper third of the submucosa,
‘sm2’ if it invaded into the middle third and ‘sm3’ if it
invaded into the lower third of the rectal submucosa,
with involvement of the muscularis propria resulting in a
staging of T,. Other outcomes that were extracted from
the histopathological report for each specimen included
the presence of lymph node metastasis, tumour type,
tumour grade and evidence of vascular invasion. Lymph
node positivity was defined as the presence of metastatic
tumour deposits in at least one lymph node in the
resected specimen.

Statistical analysis

Univariate and multivariate logistic regression analysis
were used to identify the relationship between risk factors
for lymph node metastasis (including depth of penetra-
tion) and lymph node positivity. A P-value of <0.05 was
considered as statistically significant. All statistical analysis
was performed with ‘Statistical Package for the Social
Sciences’ version 11 for Windows (SPSS, Chicago,
Illinois, USA).

Results

A total of 1549 patients with rectal cancer were identified,
of which 313 (20.2%) were classed as having T, or T,
cancer. Of these, 11/313 (3.5%) patients with T, cancers
were excluded from the study because of inadequate
tissue sample for histopathological re-classification into
sm1-3 level, with the results from the remaining 303
(19.6%) patients included. Tumour stage was classified as
T, in 55 (18.2%) and T, in 248 (81.2%) of these patients.
Table 1 summarizes the demographic and tumour char-
acteristics of these patients. Between the four groups,
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Table 1 Tumour and patient characteris-
tics tabulated by the depth of tumour

Tumour depth

penetration. Outcome sml(n=15) sm2(n=7) sm3(n=33) T2 (n=248)
Demographics
Age; mean (SD) 53.8 (15.7) 55.5 (8.7) 62.3 (11.3) 61.9 (12.4)
M:F ratio 10:5 5:2 18:15 138:110
Mean tumour size; 2.8 (2.7) 15 (1.4) 3.5(1.3) 4.0 (1.8)
cm (SD)¥
Distance of cancer 2.5 (3) 3@ 2.4 (5) 2.2 (3)
from dentate line;
median (IQR)
Number of lymph 7 (10) 8 (17) 8 (6) 11 (9)
nodes harvested,;
median (IQR)
Tumour type
Adenocarcinoma 15 (100%) 6 (85.7%) 31 (93.9%) 230 (92.7%)
Mucinous/signet cell 0 1 (14.3%) 2 (6.1%) 18 (7.3%)
Tumour gradet
Well differentiated 6 (40.0%) 1 (14.3%) 9 (27.3%) 56 (22.7%)
Moderately 8 (53.3%) 6 (85.7%) 21 (63.6%) 175 (70.9%)
differentiated
Poorly differentiated 1 (6.7%) 0 3 (9.1%) 16 (6.48%)
Evidence of vascular invasion
No vascular invasion  12* (92.3%) 7 (100%) 29 (87.9%) 204 (82.6%)
Intra-mural 1 (7.7%) 0 4 (12.1%) 35 (14.2%)
Extra-mural 0 0 0 8 (3.2%)
Co-existing pathology
FAP+ 4 (26.7) 1(14.3) 3(9.1) 9 (3.6)
uc 1(6.7) 1(14.3) 3(9.1) 12 (4.8)
Synchronous lesion 1(6.7) 1(14.3) 1 (3.0) 9 (3.6)

FAP, familial adenomatous polyposis; UC, ulcerative colitis.
*Data on vascular invasion reported on 13 of 15 patients.

P < 0.05.

patients were matched for age, sex, tumour distance from
anal verge, number of lymph nodes harvested and tumour
type. There was however, a significant difference between
groups in tumour size, tumour grade, and the number of
patients with familial adenomatous polyposis (FAP).
Patients in the sm3 and T, groups were more likely to
present with larger tumours and with a higher proportion
of poorly differentiated cancers. Similarly, patients in the
sml group contained a larger proportion of patients with
FAP. It is also worth noting that the patients with FAP
had a mean age of 45.9 years, which was significantly
younger than the non-FAP patients (P < 0.001).

Lymph node metastasis

Fifty-four patients (17.8%) were found to have evidence
of tumour spread to adjacent lymph nodes. In the Ty
group the incidence of lymph node metastasis was 12.7%
(7/55), whereas in the T, group this was 19% (47/247).
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Table 2 presents the patient and tumour characteristics of
the lymph node positive and negative group. Univariate
analysis showed that there was no significant association
between lymph node metastases and patient age or
gender, tumour size, distance from the dentate line,
and tumour type. The node positive group did however
contain a significantly higher number of patients with
poorly differentiated tumours (P = 0.001) and patients
with  evidence of extramural vascular invasion
(P = 0.002). Finally there was no significant difference
in the number of patients with sm1, sm2, sm3, or T,
tumour depths within the lymph node positive and
negative groups.

Tumour type, grade and evidence of vascular invasion

The type, grade and evidence of vascular invasion in
patients with positive lymph nodes are shown in Table 3.
Interestingly, despite having no evidence of lympho-
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Table 2 Lymph node positivity by tumour characteristics.

Lymph node status

No (=249 N; (=54
patients) patients) P-value

Age 61.8 (11.8) 59.1 (15.1) 0.212
Gender

Female 107 (81.7) 24 (18.3) 0.667

Male 140 (82.4) 30 (17.6)
Tumour size 4.1 (1.9) 43 (1.9) 0.591
Distance from 3.0 (2.9) 3.0 (2.3) 0.900

dentate line

Type of tumour

Adenocarcinoma 232 (82.6) 49 (17.4) 0.645

Mucinous/signet cell 16 (76.2) 5 (23.8)
Vascular invasion

No invasion 213 (84.5) 39 (15.5) 0.002

Intramural 31 (77.5) 9 (22.5)

Extramural 3 (37.5) 5 (62.5)
Tumour differentiation

Well 66 (91.7) 6 (8.3) 0.001

Moderate 172 (81.9) 38 (18.1)

Poor 11 (55) 9 (45)
Co-existing disease

uc 15 (88.2) 2 (11.8) 0.388

FAP 14 (82.4) 3 (17.6) 0.642

Synchronous 11 (91.7) 1(8.3) 0.336
Depth of tumour invasion

Sm1l 13 (86.7) 2 (13.3) 0.238

Sm2 6 (85.7) 1(14.3)

Sm3 29 (87.9) 4 (12.1)

Combined Ty 48 (87.3) 7 (12.7)

Muscularis propria (T;) 201 (81.0) 47 (19.0)

vascular invasion on histology, two patients (16.7%) in
the sm1 group and one patient in the sm2 group (14.3%)
presented with lymph node metastasis.

Table 3 Lymph node positivity by tumour stage and characteristics.

Risk factors associated with lymph node metastasis in
early rectal cancer

The results of multivariate analysis to determine the effect
of risk factors associated with metastasis on lymph node
positivity the T, and T, rectal cancers are presented in
Table 4. Whilst poorly differentiated tumour grade and
evidence of vascular invasion did have a significant effect
on the incidence of lymph node metastasis, tumour type
did not affect this outcome. Interestingly, depth of
tumour penetration did not have a significant effect on
lymph node metastasis between sm1-3 and T, groups.

Discussion

The findings of this study suggest that whilst both the
degree of vascular invasion and poor differentiation of
rectal tumours were significant risk factors for lymph
node metastasis, this was not the case when the depth of
submucosal tumour invasion was considered. Both the
degree of vascular invasion and tumour differentiation are
well-known prognostic indicators of lymphatic spread
and local recurrence in patients with rectal cancer.
Although the depth of mucosal invasion has previously
been suggested as being an important risk factor for
lymphatic spread, the finding in this study that two
patients with sm1 and one patient with sm2 rectal cancers
had lymph node metastasis has important implications for
patients with superficial early rectal cancers in whom local
excision is being considered.

Closer inspection of the two sm1 patients with lymph
node involvement in this study revealed that both had
been diagnosed with FAP. This is an important finding
not only because patients with familial polyposis syn-
drome have a high likelihood of developing colorectal
cancer, but also because the tumours these patients can
present with may be more advanced and aggressive at a

Lymph node positivity by tumour depth

sml (n = 15) sm2 (n=7) sm3 (n = 33) T2 (n = 248) P-value
Tumour type
Adenocarcinoma 2/15 (13.3%) 0/6 (0%) 3/31 (9.7%) 44/230 (19.2%) 0.079
Mucinous/signet cell 0 (0) 1/1 (100%) 1/2 (50%) 3/18 (16.7%) 0.154
Tumour grade
Well differentiated 0/6 (0%) 0/1 (0%) 0/9 (0%) 6/56 (10.7%) 0.149
Moderately differentiated 2/8 (25%) 1/6 (16.7%) 3/21 (14.3%) 32/175 (18.3%) 0.765
Poorly differentiated 0 (0) 0 (0) 1/3 (33.3%) 8/16 (50%) 0.150
Vascular invasion
Nil 2/12 (16.7%) 1/7 (14.3%) 4/29 (13.8%) 32/204 (15.7%) 0.771
Intra-mural 0/1 (O%) 0 (0) 0/4 (O%) 9/35 (25.7%) 0.038
Extra-mural 0 (0) 0 (0) 0 5/8 (62.5%) —
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Table 4 Multivariate analysis of risk factors associated with
lymph node metastasis in patients with early rectal cancer.

Risk factor B OR 95% CI P-value
Depth of tumour penetration
Sml 0 1
Sm2 )0.349 0.706 0.051-9.861 0.796
Sm3 )0.762 0.467 0.070-3.127 0.432
Muscularis )0.276 0.759 0.156-3.682 0.732
propria (T5)
Tumour type
Adenocarcinoma 0 1
Mucinous/signet  0.302 1.352 0.386-4.733 0.637
cell
Tumour grade
Well differentiated O 1
Moderately 0.839 2.315 0.910-5.886 0.078
differentiated
Poorly 2459 11.696 3.262-41.945 <0.001
differentiated
Vascular invasion
Nil 0 1
Intra-mural 0.399 1.490 0.630-3.523 0.363
Extra-mural 2.300 9.973 2.218-44.836 0.003

younger age. With regard to the grade, both sml
tumours were moderately differentiated and therefore
more aggressively growing than the other cancers in the
group. It is, of course, also possible that these patients
had synchronous lesions that went undetected in the
specimen despite very careful histological re-examination.
This is because in FAP the large number of polyps present
can make it difficult to exclude synchronous lesions.
Local treatment, therefore, ought not to be the preferred
option for patients with polyposis syndromes who present
with early rectal cancer.

Whilst the depth of mucosal invasion may be used as a
guide to determine the likelihood of successful local
curative surgery for rectal cancer, it must be used
together with other prognostic indicators of success such
as degree of tumour differentiation, and evidence of
vascular invasion. Where the T, tumour is superficial
(sm1 or sm2) but one of these additional risk factors are
present, the clinician should consider either more aggres-
sive curative resectional surgery, or the use of adjuvant
oncological treatment in the form of chemo- or chemor-
adiotherapy. In addition, Chambers et al. [18] have
suggested that rectal cancer morphology may be used as
an additional factor to determine outcome. They showed
that patients with exophytic (polypoid and sessile) carci-
nomas had better 5-year survival and local recurrence
than patients with non-exophytic (ulcerated and flat)
lesions.
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Several studies have recently reported higher risk of
tumour recurrence [19] and reduced overall long-term
survival [16] following local excision of T, rectal cancers
when compared to radical surgery, with tumour size and
location in the rectum both considered to be important
in determining success. Recently, Wirsing et al. reported
a 34-year retrospective review of patients treated with
transrectal excision for T, rectal cancer with clear margins
and found a 26% rate of local recurrence with 13% of
patients dying from metastatic rectal cancer [20].

Whether the use of chemo- or chemoradiotherapy
improves the outcome following local excision however,
is not at present clear, with some studies suggesting
improved recurrence and disease-free survival [12,21],
but others being less convincing [22].

Radiological staging of rectal cancer using either or
both EUS [7] and pelvic MRI [7,9] is likely to be
important in selecting patients for whom local excision is
appropriate. Whilst preoperative staging of the primary
tumour has advanced significantly in recent years, lymph
node assessment has remained poor. Currently, mesorec-
tal nodal enlargement (5 mm, 6 mm, 10 mm) is the only
consistently used imaging criterion on which the diag-
nosis of metastasis is made. However, there is no
definitive, validated size criterion for the assessment of
malignancy in mesorectal lymph nodes. Nodal enlarge-
ment has major limitations in that metastases in small
lymph nodes or lack of metastases in larger lymph nodes
are wrongly described. A significant number (up to 45%)
of malignant nodes have been shown to be smaller than
5 mm [23,24] and would not be correctly defined using
presently used criteria. Indeed, lymph nodes smaller than
5 mm have been suggestive as prognostic indicators of
local recurrence [25].

Combining preoperative staging with histological
tumour grade and factors such as evidence of vascular
invasion and tumour morphology will allow the clinician
to determine which patients warrant adjuvant therapy,
and may therefore improve the outcome from local
surgery. In addition, new emerging techniques may also
be employed in the future to detect lymph node
involvement by tumour preoperatively such as ultrasmall
particle iron oxide (USPI1O) contrast enhanced MRI [26]
which may contribute to the decision-making process as
to which patients may be suitable for local excision of
early rectal cancer.

It is important to acknowledge the limitations of this
study. Firstly, the data was not collected prospectively.
Having said this, due to the meticulous collection and
storage of specimens by our Pathology Department, the
retrospective material is of a very high quality with
multiple paraffin-embedded blocks stored per patient.
Multiple sections were taken for the purpose of this study
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and we are confident about the determination of T stage
and depth of submucosal invasion in the T, cases.
Secondly, the patient group had undergone curative
resection for rectal cancer and not local resection
suggesting that despite stage, the operating surgeon felt
the need for radical surgery to allow the best chance of
curative treatment. Thirdly, the sample size of the T,
group was relatively small, with the majority of cases in
this study being T, cancers.

Another factor influencing the data is that St Mark’s
Hospital is a tertiary referral centre receiving patients of a
more complicated nature and our dataset includes
patients who may have been considered inoperable by
other centres. In addition, St Mark’s Hospital has a large
number of patients with FAP in its Polyposis Registry and
also receives FAP patients in whom a cancer has already
developed.

Despite these limitations however, this study has
shown that whilst the link between submucosal tumour
depth of invasion and lymphatic spread for early rectal
cancer may exist, it requires further investigation. This
will allow the clinician to decide whether adjuvant
therapy is indicated, and therefore perform an excision
that offers the best chance of loco-regional control and
increased cancer-specific survival. There is a need for
further prospective research comparing not only local
resection (with or without adjuvant oncological thera-
pies) to radical surgery for early rectal cancer in patients
with no other risk factors for lymphatic spread, but also
for research on the use of chemo- and radiotherapy for
locally excised rectal cancers. Long-term follow-up of
these patients will subsequently allow for disease recur-
rence and survival data to be obtained for this treatment
modality.
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Abstract

Objective Sacral nerve stimulation (SNS) is an estab-
lished treatment for faecal incontinence. We aimed to
identify specific factors that could predict the outcome of
temporary and permanent stimulation.

Method A cohort analysis was performed to identify
potential predictive factors in 81 patients who underwent
temporary SNS at a single institution over a 10-year
period (June 1996 to June 2006). Data were obtained
from prospectively collected patient symptom diaries and
quality of life questionnaires, operation reports, anorectal
physiological studies, endoanal ultrasound images and
radiology of lead placement.

Results Clinical outcome of temporary screening was not
affected by patient gender, age, body mass index, severity
or length of symptoms. The need for a repeated

temporary procedure was associated with subsequent
failure during screening (P ¥z 0.008). A low threshold to
obtain a motor response during temporary lead insertion
was associated with improved outcome (P % 0.048).
Evidence of anal sphincter trauma was associated with a
greater risk of failure (P ¥ 0.040). However, there was
no difference in medium-term outcome between patients
with external anal sphincter (EAS) defects and patients
with intact anal sphincter muscles.

Conclusion Variables have been identified that help to
predict the outcome of SNS. The presence of an EAS
defect should not preclude treatment.

Keywords Sacral nerve stimulation, neuromodulation,
faecal incontinence, predictive value of tests, surgery,
obstetric

Introduction

Sacral nerve stimulation (SNS) is an established first-line
surgical treatment for patients with faecal incontinence
(FI) resistant to medical and behavioural therapies [1].
Initially used in those with a structurally intact sphincter
mechanism, the recent evidence suggests that those with
sphincter muscle defects have a similar result from
chronic stimulation [2-5].

One advantage of SNS over alternative surgical
techniques is the ability to evaluate the efficacy of
treatment prior to definitive permanent neurostimulator
implantation. Percutaneous, peripheral nerve evaluation
(PNE), performed under local or general anaesthesia,
assesses the acute response to stimulation. The response
can be variable depending on the nerve root being
stimulated, the proximity of the electrode to the nerve
and the amplitude of stimulation [6]. With stimulation of
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the third sacral nerve root at low amplitudes, a patient
classically experiences a pulsing or vibrating sensation
around the anus. At higher amplitudes, there is a reflex
motor contraction of the anus or pelvic floor with flexion
of the hallux [7]. Some patients do not exhibit this
classical response but still achieve improved continence
with temporary stimulation. This suggests that these
signs cannot be entirely relied on to predict the outcome
of therapy.

In patients showing an adequate response to PNE, a
temporary wire electrode is inserted. This is connected to
an external pulse generator. Patients then commence a
screening evaluation that usually lasts between 1 and
3 weeks. Those who do not respond to acute stimulation
do not proceed to the temporary screening phase.

Patients are deemed eligible for permanent implanta-
tion if temporary stimulation achieves a >50% reduction
in incontinent episodes, as measured by baseline and
temporary stimulation bowel habit diaries. After perma-
nent implantation, one in 10 patients fail to have benefit
from chronic stimulation and others fail to reach the same
efficacy achieved during the trial period [8]. The reasons
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for this subsequent failure have yet to be identified. This
study aimed to identify specific factors that may predict
the success or failure of temporary and permanent SNS in
the treatment of FI.

Method

A retrospective analysis was undertaken of all patients
who had undergone temporary SNS for FI between June
1996 and June 2006 at St Mark’s Hospital, London. The
study population studied consisted of 81 patients, five
men and 76 females with a median age of 53 years (range:
33-73). The length of time with symptoms of FI was a
median of 7 years (range: 1-30). All had failed previous
medical therapy with 69 patients having failed previous
behavioural therapy.

Data had been collected prospectively by means of
bowel habit diaries, the short form 36 (SF-36) quality of
life questionnaire [9], the Rockwood faecal incontinence
quality of life (FIQL) score [10] and subjective clinical
evaluation in the outpatient setting. A review of number
of sessions of biofeedback completed prior to neurostim-
ulation, hospital operating notes, stimulation parameter
settings, anorectal physiological studies at baseline and
with stimulation and endoanal ultrasonography or mag-
netic resonance imaging performed prior to therapy was
also performed.

To test for possible predictive factors, baseline dem-
ographics of sex, age, body mass index (BMI) and length
of symptoms were compared with outcome of temporary
and permanent stimulation. A successful result from
temporary stimulation was defined as a reduction in
episodes of total incontinence of >50%.

Baseline endoanal ultrasound examinations were
reviewed by two investigators blinded to each other
findings and Starck’s score was determined based on the
radial extent, depth and length of any external (EAS) or
internal anal sphincter (IAS) defect [11]. The score
ranges from zero, equal to no sphincter disruption, to a
maximum score of 16 that equates to severe disruption to
both the IAS and EAS. Operating data on temporary and
permanent lead implantation was analysed, as were
stimulation parameters of the temporary and permanent
neurostimulators. Analysis of lead placement was made
from intra-operative imaging.

Statistical analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences version 10.0 (SPSS™, Chicago,
Illinois, USA). Qualitative data were compared using chi-
squared test or two-tailed Fisher exact test. Continuous
variables were analysed by nonparametric tests (Mann-

Whitney U-test, Wilcoxon test and Kruskal-Wallis test).
Statistical significance was indicated by a two-sided
P-value £0.05.

A univariate and multivariate analysis was performed
to identify potential predictive factors in which temporary
and permanent failures were the dependent outcome
variables. Independent variables with a P-value £0.2 by
bivariate statistics were included in a forward stepwise
logistic regression model. The results are reported as
odds ratio (OR) and 95% confidence intervals (CI).

The long-term outcome of SNS was evaluated by
Kaplan—Meier curves for which >50% clinical improve-
ment was the end-point. The curves for patients with
intact anal sphincter muscles and those with EAS defects
were compared using a log rank test.

Results

Eighty-one patients underwent PNE followed by tem-
porary screening. Six patients had two test procedures
because of presumed lead migration and in one patient
three test stimulations were performed. Having a repea-
ted procedure was significantly associated with subse-
quent failure of temporary stimulation (P ¥ 0.008). Of
the seven patients that underwent more than one trial of
screening, four failed to have clinical benefit and were not
considered eligible for permanent implantation. All three
patients deemed eligible underwent permanent implan-
tation. However, on most recent follow-up, only one of
these three subjects had >50% improvement in symptoms
with chronic stimulation (P ¥ 0.052).

Predictors of outcome of PNE and temporary
screening

Outcome of temporary screening was stratified by eligi-
bility for permanent stimulation. Sixty-nine (85%) of the
81 patients were eligible for implantation of a permanent
pulse generator following temporary screening.

There was no significant difference between eligible
and non-eligible groups in terms of age, BMI, length of
symptoms, medication use, number of previous biofeed-
back sessions, baseline episodes of incontinence and
baseline quality of life scores (Table 1). Subanalysis of
those with a BMI 130, suggested a larger proportion of
obese patients failed temporary screening compared with
those with a BMI <30 (43% vs 15%; P ¥4 0.340).

Endoanal ultrasonographic evidence of anal sphincter
trauma (scarring, partial or full length defect) was present
in 46 (57%) patients. A defined defect in either the IAS or
EAS was present in 37 (46%) patients. Outcome did not
relate to the structural integrity of the anal sphincter with
the proportion of patients not eligible for permanent
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Table 1 Median (range) baseline demographics of patients who were eligible (>50% reduction of incontinent episodes) and not eligible
(<50%) for permanent neurostimulation after a 2-week screening period.

Eligible (n ¥ 69) Not eligible (n ¥4 12) P-value
Baseline demographics
Male/female 3/66 2/10 0.102
Age (years) 55 (33-73) 55 (38-67) 0.755
Body mass index (kgZ/m?) 26.29 (19.78-41.77) 26.63 (22.67-46.39) 0.481
History of FI (years) 7 (2-30) 6 (1-17) 0.620
Biofeedback sessions (number) 3 (0-20) 4 (2-6) 0.403
Current medication use 60 (88%) 11 (91%) 0.841
Urge incontinence* 3 (0-52) 3 (0-82) 0.967
Passive incontinence* 7 (0-160) 11 (1-78) 0.496
Total incontinence* 12 (0-161) 16 (4-160) 0.580
Soiling* 9 (0-14) 10.5 (5-14) 0.703
Urgency scoret 4 (1-5) 4 (3-5) 0.799
Rockwood (10) quality of life scores (n ¥ 40) (n%5)
Lifestyle 2.00 (1.00-3.90) 2.50 (1.20-2.70) 0.986
Coping 1.44 (1.00-3.33) 1.38 (1.00-2.11) 0.744
Depression 2.14 (1.00-3.57) 1.86 (1.29-2.29) 0.212
Embarrassment 1.66 (1.00-3.33) 1.33 (1.00-2.00) 0.400
SF-36 quality of life scores (n Y4 40) (n ¥ 5)
Physical function 60 (0-100) 70 (35-90) 0.603
Role — physical 25 (0-100) 50 (0-100) 0.362
Bodily pain 51 (0-100) 84 (30-100) 0.395
General health 60 (0-100) 72 (20-77) 0.829
Vitality 45 (0-90) 30 (0-80) 0.692
Social functioning 50 (0-100) 50 (25-100) 0.817
Role — emotional 66 (0-100) 33 (0-100) 0.821
Mental health 60 (12-100) 52 (16-88) 0.319
Anorectal physiology and EAUS (n Y4 56) (n ¥ 12)
Anal canal length (cm) 2.5 (1-4.5) 2.0 (1-4) 0.111
Resting pressure (cmH,0) 34.5 (8-115) 36.5 (9-105) 0.797
Squeeze increment (cmH,O) 29.5 (5-199) 34 (7-193) 0.633
5 s squeeze increment (cmH,0) 5 (0-75) 2 (0-133) 0.928
Involuntary increment (cmH,O) 42 (6-140) 44 (10-122) 0.941
Threshold volume (ml) 45 (15-120) 37.5 (10-100) 0.207
Urge threshold (ml) 80.5 (25-230) 71.5 (20-140) 0.358
Maximum threshold (ml) 140.5 (50-275) 117 (50-238) 0.476
Anal electrosensation (mA) 8.2 (3.8-75) 10.2 (2.1-17) 0.633
Rectal electrosensation (mA) 22.5 (3.1-46) 23.8 (9-42) 0.764
EAS defect (number of patients) 15 (23%) 1 (8%) 0.441
Starck’s (11) score (range: 0-16) 3 (0-12) 0 (0-12) 0.262

*As measured over a 2-week bowel habit diary card period.

+tUrgency score measuring ability to defer: 1, >15 min; 2, 5-15 min; 3, 1-5 min; 4, <1 min; 5, unable to defer defaecation.
EAS, external anal sphincter; EAUS, endoanal ultrasonography; SF-36, short form 36; Fl, faecal incontinence.

stimulation being similar between those with evidence of
sphincter trauma [seven (15%) patients] and those with
intact sphincters [five (16%) patients; P ¥ 0.914].
Operative data of temporary screening were available
in 77 patients. Some patients had placement of bilateral
temporary screening wires and in these the side that gave
the greatest efficacy of treatment was recorded. Tempor-
ary screening was performed in 40 subjects on the right

side and 37 patients on the left side. The foramen used
was documented as S3 in 69 patients, S2 in four patients
and S4 in the remaining four subjects. Patients were
significantly more likely to fail temporary screening if the
S2 or S4 foramen was documented as the site of electrode
placement (P ¥2 0.019).

Motor responses to stimulation were documented in
61 patients. Eighteen patients (29.5%) did not exhibit toe
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