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Study design: Neurogenic bowel dysfunction (NBD) is a common occurrence after spinal cord injury
(SCI) and in patients with spina bifida or multiple sclerosis. The impact of NBD on well-being is
considerable, affecting both physical and psychological aspects of quality of life. Transanal irrigation
(TAI) of the colon promotes the evacuation of faeces by introducing water into the colon and rectum
through a catheter inserted into the anus. Regular and controlled evacuation in this manner aims at
preventing both constipation and faecal soiling.
Objectives: The aim of this study was to review current evidence for the efficacy and safety of TAI
in patients with NBD.
Materials and methods: A literature search was conducted in PubMed. All identified papers were
assessed for relevance based on the title and abstract; this yielded 23 studies that were considered to be
of direct relevance to the topic of the review.
Results: A multicentre, randomized, controlled trial has supported observational reports in
demonstrating that TAI offers significant benefits over conservative bowel management in patients
with SCI, in terms of managing constipation and faecal incontinence, reducing NBD symptoms and
improving quality of life. Among other populations with NBD, TAI shows the greatest promise in
children with spina bifida; however, further investigation is required. The overall safety profile of TAI is
good, with few, and rare, adverse effects.
Conclusions: Building on the positive data reported for patients with SCI, continued evaluation in the
clinical trial setting is required to further define the utility of TAI in other populations with NBD.
Spinal Cord (2010) 48, 664–673; doi:10.1038/sc.2010.5; published online 9 February 2010
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Introduction

Neurogenic bowel dysfunction (NBD) is a common occur-

rence after spinal cord injury (SCI), and in patients with

spina bifida, multiple sclerosis and other neurological

diseases. In patients with SCI, approximately half have

moderate-to-severe symptoms associated with NBD,1 with

42% experiencing constipation2 and 77% faecal inconti-

nence.3 Approximately 68% of patients with multiple

sclerosis develop bowel symptoms4 and 37% of patients

with Parkinson’s disease have constipation.5 Among children

with spina bifida, constipation is very common and

one-third are faecally incontinent.6,7

Neurological disorder or damage causes bowel dysfunction

by disrupting peristalsis (underactive propulsive or over-

active segmental), or by precipitating rectal distension or

colonic slowing. The extent of the symptoms of NBD (such

as constipation, trouble with defaecation, faecal inconti-

nence) is determined by the underlying pathology. The

pathophysiology is related to the extent of injury and is the

most important factor in determining bowel symptoms in

both SCI and multiple sclerosis. However, whereas lesions

are usually sharply defined and unchanging in patients with

chronic SCI, lesions typically occur at multiple levels within

the central nervous system and tend to vary with time in

patients with multiple sclerosis. As sympathetic (inhibitory)

innervation to the gut originates from the ninth thoracic to

the second lumbar (T9�L2) segments of the spinal cord,

clinical classification of SCI describes lesions as: (1) supra-

conal (above the conus medullaris, where inhibitory input is

lost), (2) within the conus or (3) located in the cauda equina

(where excitatory sacral parasympathetic supply is lost).

In supraconal SCI, an ‘upper motor neurone’-type injury of

the bowel results, delaying gut transit,8 as well as hypertonia

and hyperreflexia of the hindgut.9 Rectal hypertonia results

in reduced rectal compliance and predisposes to reflex
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defaecation and incontinence. In cauda equina lesions, the

efferent limb of the reflex arc to the hindgut is interrupted,

resulting in a ‘lower motor neurone’-type bowel dysfunction

with hypotonia and hyporeflexia.10 Complete SCI has been

shown to result in the most severe degree of bowel

dysfunction.11

The impact of NBD on an individual can be considerable,

affecting self-esteem, personal relationships and social

life.3,12 The severity of NBD correlates inversely with quality

of life1 and, in patients with SCI, the impact of NBD has been

rated as significantly greater than other aspects of the

condition.13

Despite the impact of unmanaged NBD on well-being,

there is a tendency for bowel management to be considered a

low health-care priority. Embarrassment and taboos regard-

ing bowels and incontinence can create a further barrier to

effective treatment. In addition, there is a common mis-

conception that no effective treatment options are available.

Indeed, a limited number of options are available for

managing the symptoms of NBD.

The so-called conservative management strategies are

widely used, comprising diet modification, laxatives, rectal

suppositories, digital stimulation and digital evacuation. By

emptying the bowel regularly, manual evacuation reduces

the risk of unplanned evacuations;14 however, it can take

several hours to complete and must be repeated every 2–3

days. The goals of bowel care for people with NBD should

include promoting dignity and autonomy; these goals are as

essential as reducing urinary tract infection and skin damage.

Therefore, the ideal bowel management regimen should be

self-conducted to promote self-esteem, privacy and indepen-

dence, as well as to minimize carer-associated costs.

Transanal irrigation (TAI) of the colon is designed to assist

the evacuation of faeces from the bowel by introducing

water into the colon and rectum through the anus. The

water is introduced using a specialized catheter and subse-

quently evacuated, when the catheter is removed, together

with the contents of the rectum, sigmoid and, possibly, the

descending colon. By regularly emptying the bowel in this

manner, TAI is intended to help re-establish controlled

bowel function and enable the user to choose the time and

place of evacuation. In patients with faecal incontinence,

efficient emptying of the colon and rectum means that new

faeces do not reach the rectum for B2 days,15 thereby

preventing leakage between irrigations. In patients with

constipation, regular evacuation of the rectosigmoid region

can promote transport through the entire colon and there-

fore prevent blockages.

Two commercially available TAI systems have been

studiedFPeristeen (Coloplast A/S, Humlebaek, Denmark;

Figure 1) and the Enema Continence Catheter (Cardiomed

Supplies, ON, Canada). Data are also available on other

equipments, such as stoma irrigation systems with a cone-

shaped tip. The fine-tuning of actual techniques for irriga-

tion varies between centres, with no standard protocols

having been subjected to trial. Rather, these techniques are

adapted according to individual patients.

There has been no previous comprehensive literature

review of TAI in patients with NBD. Therefore, the aim of

this research was to review and consolidate evidence for the

efficacy and safety of TAI in patients with chronic NBD.

A literature search was conducted in PubMed using the

following search terms: ‘transanal irrigation’; ‘retrograde

continence catheter’; ‘retrograde colonic irrigation’; ‘neuro-

genic bowel dysfunction’; ‘transrectal irrigation’; ‘bowel

dysfunction’ and ‘cauda equina’ or ‘spinal cord injury’ or

‘spina bifida’ or ‘multiple sclerosis’; ‘bowel management’

and ‘cauda equina’ or ‘spinal cord injury’ or ‘spina bifida’ or

‘multiple sclerosis’; ‘conservative bowel management’ and

‘cauda equina’ or ‘spinal cord injury’ or ‘spina bifida’ or

‘multiple sclerosis’; ‘enema continence catheter’; ‘Shandling

catheter’; ‘water enema’; ‘colonic irrigation’; and ‘colonic

enema’. A total of 430 papers were identified and assessed for

relevance to the article based on the title and abstract. This

yielded 23 studies that were considered to be of direct

relevance to the subject of the review article; the remaining

studies were not specifically related to the topic of TAI for

NBD or did not report relevant primary data. All studies on

TAI in patients with NBD were included in the short list

(Table 1), regardless of their size or design. With the

exception of one large, randomized controlled trial (RCT),

most studies were retrospective or observational in nature.

Efficacy of TAI in patients with SCI or cauda equina

An initial open study of an Enema Continence Catheter in

15 patients with NBD (3 with supraconal SCI and 12 with

conal or cauda equina injury) showed some promise at the

time of follow-up of up to 51 months.16 Symptom improve-

ment was observed in 1 of 3 patients with supraconal SCI

and in 7 of 12 patients with conal SCI.

The efficacy of TAI in patients with SCI was subsequently

investigated more definitively in a multicentre, RCT of TAI

with Peristeen compared with conservative bowel manage-

ment.17 This prospective, European trial is currently the

largest of its type to address bowel management in patients

with SCI. In this trial, 87 adults with SCI and NBD were

randomized to either 10 weeks of TAI with lukewarm tap

water (n¼42) or 10 weeks of conservative bowel manage-

ment comprising best supportive management without

irrigation (n¼45).17 SCI was attributed to various aetiologies,

Figure 1 The Peristeen (Coloplast A/S, Humlebaek, Denmark)
transanal irrigation system.
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Table 1 Efficacy of transanal irrigation in patients with neurogenic bowel dysfunction

Patients Study design System/equipment Main findings Strengths (+)/

limitations (�)

Reference

SCI (including mixed populations with a high proportion of SCI patients)

SCI, n¼87

(including

spina bifida,

n¼2)

RCT, 10 weeks

N¼ 42 allocated

to Peristeen

TAI with

Peristeen versus

conservative

management

K Reduced symptoms of constipation

(Cleveland Clinic constipation scoring system)

K Reduced symptoms of faecal incontinence

(St Mark’s faecal incontinence grading system)

K Reduced symptoms of NBD (NBD score)

K Improved QoL (Modified American Society

of Colon and Rectal Surgeons fecal

incontinence score, numeric scale)

K Reduced time spent on bowel management

K Improved intestinal functionality

(numeric box scale)

K Reduced UTIs

K Four adverse events in the TAI group

+ Prospective

+ RCT (CONSORT)

+ Multicentre

+ Standard scoring

systems/scales

Christensen

et al.17

SCI, n¼62

(including

spina bifida,

n¼2; 42 from

RCT)a

Prospective,

before–after study,

10 weeks

Extension to RCT;

patients in conservative

arm offered cross-over

to Peristeen

Peristeen K Confirmed findings from RCT

K No predictors of successful outcome

identified; supports trial of TAI in all suitable

patients

+ Prospective

� Non-comparative

Christensen

et al.18

SCI, n¼33

(including

spina bifida,

n¼12; MS,

n¼2)

Prospective, before–after

study, 3 weeks

Peristeen K Reduced symptoms of NBD (NBD score)

K Improved QoL

K Increased degree of satisfaction

K Reduced time spent on bowel

management

K Improved intestinal functionality

K No adverse events reported

+ Prospective

� Non-comparative

� Short duration

Del Popolo

et al.19

Mixed NBD,

n¼21

(including SCI,

n¼15, spina

bifida, n¼5)

Questionnaire follow-up

and chart review,

non-randomized study,

mean follow-up

16 months

Enema

Continence

Catheter

K Success in 57% of patients

K Overall, 53% still using irrigation

at follow-up

K Improved QoL

+ No loss to follow-up

� End points not

clearly pre-defined

� Small number of

patients

Christensen

et al.16

Mixed NBD,

n¼211

(including SCI,

n¼173 (spina

bifida, n¼32),

MS, n¼ 25)

Questionnaire follow-up

and chart review, mean

follow-up 19 months

Rectal balloon

catheter,

cone-shaped

colostomy tip

or other systems

K Successful outcome in 46% of patients

K Overall, 35% success rate at 3 years

K Positive influence on QoL

K Minor side effects in 48% of patients

K One non-lethal bowel perforation in

50 000 irrigations (0.002%)

+ No loss to follow-up

+ Large number of

patients

+ Long follow-up

� Non-comparative

Faaborg

et al.20

Mixed patients

with

constipation or

incontinence,

n¼348

(including SCI,

n¼68, spina

bifida, n¼18,

MS, n¼ 10)

Questionnaire follow-up

and review of hospital

records, mean

follow-up 21 months

Enema continence

catheter, Peristeen

or a cone-shaped

colostomy tip

(Alterna, Coloplast

A/S, Humlebaek,

Denmark)

K Successful outcome in 47% of patients

K Two non-fatal bowel perforations in

B110000 irrigations

+ Large number of

patients

� Non-comparative

Christensen

et al.21

Spina bifida (also see above)

Spina bifida,

n¼40 youths

Prospective study,

mean follow-up

12 months

Peristeen K Reduced symptoms of bowel dysfunction

K Reduced requirement for assistance

from carer

K Improved opinion of intestinal functionality

K High level of satisfaction

K No adverse events reported

+ Prospective

+ Defined end points

+ Intermediate

follow-up

� Non-comparative

López

Pereira

et al.23

Spina bifida,

n¼31 children

(including SCI,

n¼1)

Prospective,

before–after study,

30 months

Enema

Continence

Catheter

K Increased proportion of continent stools

K Decreased proportion of constipated stools

K Increased satisfaction with bowel

programme

K No adverse events reported

+ Prospective

� Non-comparative

Liptak and

Revell27
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Table 1 Continued

Patients Study design System/equipment Main findings Strengths (+)/

limitations (�)

Reference

Spina bifida,

n¼ 112 children

Descriptive Enema

Continence

Catheter

K Achieved continence rate of 100% + Large number of

patients

� Non-comparative

� End point not

defined

Shandling

and

Gilmour24

Spina bifida,

n¼ 10 children

Descriptive,

follow-up

4–30 months

Enema

Continence

Catheter

K Successful in 7 of 10 patients � End point not

defined

� Non-comparative

� Small number of

patients

Walker

and

Webster25

Spina bifida,

n¼ 33 children

Descriptive,

follow-up; up to

35 months

Enema

Continence

Catheter

K Continence achieved in 32 of 33 patients � End point not

defined

� Non-comparative

� Small number of

patients

Eire et al.26

Spina bifida,

n¼ 24 children

(subgroup of

larger study)

Descriptive Irrigation cone K (Pseudo) continence achieved in 21 of

24 patients

� Non�comparative

� Small number of

patients

Vande Velde

et al.28

Spina bifida,

n¼ 6 adults

Descriptive Retrograde

colonic washout

K 3 Patients were continent but only 1

reported adherence to therapy

� Non-comparative

� No follow-up

� Small number of

patients

Wright31

Spina bifida,

n¼ 41 children

Questionnaire follow-up

and chart review, mean

follow-up 33 months

Cone-tipped

catheter

K Complete faecal continence achieved

in 66% of patients

K Constipation in 39% of patients; no

cases of faecal retention or impaction

K Satisfaction rated high by 63% and

good by 37% of patients

K In all, 5/41 Patients dependent on

others for TAI procedure

+ Long follow-up

� Non-comparative

� End points not pre-

defined

Schöller-

Gyüre

et al.29

Spina bifida,

n¼ 40 children

Questionnaire follow-up

study, median follow-up

1.5 years

Stoma Cone

Irrigation Set or

Colotip

K Procedure worked satisfactorily in 85%

K All patients were constipation-free

K In all, 35/40 were faecally continent

+ Defined end points

� Non-comparative

Mattsson

and Gladh30

Other/mixed populations

Mixed, n¼ 169

(including

anterior

resection

or pouch

surgery,

n¼ 29)

Questionnaire follow-up

study of consecutive

patients, median

follow-up 56 months

Biotrol Iryflex

(Braun Medical BV,

Oss, The

Netherlands)

K Reported to be effective and beneficial

in 54% of patients

K Overall, 45% long-term success rate

K Effective in 47% of patients with

soiling, 41% with faecal incontinence,

65% with obstructive defaecation

disturbances and 79% after low anterior

resection or pouch surgery

K Irrigation-related problems in 74%

of regular users

+ Large number of

patients

+ Structured

questionnaire

� End points not

defined

� Non-comparative

Gosselink

et al.34

Anterior

resection,

n¼ 30

Interview by phone

follow-up study and

chart review

Biotrol Irrimatic

pump (Braun

Medical BV)

K In all, 12 of 21 patients who still

performed irrigation were (pseudo) continent

K Reduction in symptoms of incontinence

(William’s score)

� Non-comparative Koch

et al.35

Anterior

resection,

n¼ 10

Descriptive Commercially

available

colostomy washout

set with cone tip

(Hollister or Tokyo

Eizia)

K Resolved frequent urge to defaecate

in all patients

� Non-comparative

� End points not

defined

� Small number of

patients

Iwama

et al.36
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primarily traumatic. The injury was at the high supraconal

level (T9 or above) for the majority of patients, and patients

with both complete and incomplete injury were included.

The predominant symptom was constipation. At the time of

termination of the treatment, significantly reduced severity

of constipation and faecal incontinence symptoms were

reported in the groups using TAI (intention-to-treat analy-

sis). Significant results in favour of TAI were found for all

outcome measures, both symptom burden and quality-of-life

scores. Additional benefits of the TAI approach were greater

general satisfaction (P¼0.023), reduced time spent on bowel

management (47.0 min versus 74.4 min per day; P¼0.04)

and fewer urinary tract infections (P¼ 0.0052). This robust

clinical trial was the first to show an effective and well-

tolerated prospective intervention in NBD.

At the end of this RCT, 20 of the 45 patients originally

randomized to conservative bowel management were

switched to TAI, and a total of 62 adults were followed up

for 10 weeks.18 The outcome of this extension study

confirmed the clinical outcomes of the initial report

(Table 1). An attempt to define predictors of which patients

may succeed using TAI did not identify any factors (such as

demographic, symptomatic or injury related) using a general

linear model.18

A subsequent prospective, non-randomized study of 33

patients with NBD of varying aetiology further confirmed

Table 1 Continued

Patients Study design System/equipment Main findings Strengths (+)/

limitations (�)

Reference

Post-dynamic

graciloplasty,

n¼46

Questionnaire

follow-up study

Biotrol Irrimatic

pump or

irrigation bag

K (Pseudo) continence achieved in

37% of patients

K Constipation resolved in 30% of patients

K Satisfaction with irrigation in 81%

of patients

K Side effects reported in 61% of patients

� Non-comparative Koch

et al.37

Mixed

continence

disturbances,

n¼32

Questionnaire follow-up

and review of hospital

records, median

follow-up 18 months

Conventional

colostomy

irrigation set

K Success reported in 79% of patients with

faecal soiling and 38% with faecal incontinence

K Irrigation beneficial in 92% of patients with

faecal soiling who did not discontinue irrigation

� Non-comparative

� End points not

defined

Briel

et al.38

Mixed, n¼37

(including

spinal cord

lesion, spina

bifida,

complicated anal

sphincter lesions

or anorectal

surgery and

irradiation

therapy)

Questionnaire follow-up

and review of hospital

records

Enema

Continence

Catheter

K Reduced symptoms in 3 of 16 adults

with constipation/obstructed defaecation

K Reduced frequency of fecal incontinence

in 4 of 9 adults

K Reduced symptoms in 10 of 11 children

with colorectal dysfunction, mainly due

to spina bifida

� End points not

defined

� Non comparative

� Small number of

patients

Krogh

et al.39

Mixed, n¼40

(spina bifida,

n¼6, MS,

n¼3, spinal

injury, n¼ 3)

Questionnaire follow-up

study and retrospective

database search, mean

follow-up 6.8 years for

children and 8.5 years

for adults

Mainly Iryflex

(Braun Medical

BV); occasionally

hand RCI (Braun

Medical BV)

K Overall, 63% of patients still using irrigation

at mean follow-up of 8.5 years

K Overall, 88% of patients satisfied

with irrigation

K Higher satisfaction among younger adults

(aged o40 years versus 440 years) and

among children versus adults

� End points not

defined

� Non-comparative

Cazemier

et al.22

Mixed, n¼39

(MS, n¼1)

Prospective

studyFassessment at

baseline, and 3, 6 and

12 months

Biotrol Irrimatic

pump or irrigation

bag

K Reduced symptoms of incontinence

(Parks’ incontinence score) at 3 months,

6 months and 1 year

K Major improvement in symptom in

3 of 10 patients with constipation

K Decreased mean score for feeling

of incomplete evacuation at 3 months,

6 months and 1 year

K Improved QoL (Short Form 36 health

survey and American Society of Colon and

Rectal Surgery quality of life questionnaire)

+ Prospective

+ Defined end points

� Non-comparative

� Small number of

patients

Koch

et al.32

Abbreviations: MS, multiple sclerosis; NBD, neurogenic bowel dysfunction; QoL, quality of life; RCT, randomized controlled trial; SCI, spinal cord injury;

TAI, transanal irrigation; UTI, urinary tract infection.
aNo new data were collected for these patients in the TAI arm of the RCT.
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the improvement in symptoms and quality of life with TAI,

using Peristeen, and tap water.19 Success rates were similar

for faecal incontinence (68%) and constipation (63%), and a

reduction in pharmaceutical use, time spent on evacuation

and dependence on caregivers was observed.

Follow-up studies have described the successful long-term

use of TAI in the SCI population. Two similar studies,20,21

each with follow-up of nearly 10 years, assessed treatment

success (defined as the patient still using TAI at follow-up, or

whose symptoms had resolved while using it, or who had

died from unrelated causes while using it). The irrigation

systems used included rectal balloon catheters and systems

with a cone-shaped colostomy tip.20,21 Both studies included

adults and children with bowel dysfunction of various

aetiologies. For 74 patients with traumatic SCI, the success

rates were 50% for complete injuries, 58% for high

incomplete injuries and 53% for low incomplete injuries.20

The second long-term follow-up study reported success for

62% of the 68 patients with SCI.21 These authors speculated

that per-protocol success rates could be enhanced by under-

taking a 3-month trial period of irrigation.

Taken together, these data show that for patients with SCI,

TAI is more effective than conservative bowel manage-

ment,17 resulting in an improvement in symptoms18,19 and

quality of life,19 and that success is maintained in the long

term.16,20,21

Efficacy of TAI in patients with spina bifida

Data on the efficacy of TAI in patients with spina bifida

consist mainly of observational studies in children (or

youths) with faecal incontinence (Table 1). Patients with

spina bifida have also been included in TAI studies

conducted in mixed patient populations, but their data have

not been separately reported.17,18,22

A prospective review of 40 patients with spina bifida

(mean age 12.5 years; range 6�25 years) using TAI with

Peristeen, because they did not respond satisfactorily to

conventional bowel management for NBD, was conducted.

The mean follow-up was 12 months. In all 35 children who

completed the study, the use of TAI was associated with

significant improvements in symptoms of bowel dysfunction

(such as difficulty and/or pain during defaecation, feeling of

incomplete emptying, abdominal pain or discomfort before

or after defaecation, as well as sweats or headache during or

after defaecation). Patients’ independence was also im-

proved: with conservative bowel management, 28% of the

patients were partially or totally independent in terms of

evacuating their bowel, whereas with TAI, 46% were partially

or totally independent. Patients’ opinion of their intestinal

functionality was also significantly improved (Po0.0001),

and no adverse events were reported.23

The earliest identified study investigated the Enema

Continence Catheter and lukewarm saline in 112 patients

(aged 4–20 years) with spina bifida and faecal incontinence.

Continence (fewer than three minor leakages per month)

was achieved in all cases.24 Subsequently, this catheter

underwent modification and, in a further open study, was

used to successfully treat 7 of 10 children with spina bifida

and faecal incontinence over a follow-up period of 4–30

months.25 A subsequent report on the Shandling catheter

described the achievement of continence in 32 of 33 patients

(aged 5–22 years with spina bifida and faecal incontinence),

which was maintained during follow-up of 24–35 months,

with the exception of a single child who had undergone

three surgical procedures for rectal prolapse.26

A 30-month follow-up study evaluated TAI with saline

using the Enema Continence Catheter in 30 children with

spina bifida and in 1 child with SCI.27 During the study, the

proportion of children with continent stools increased from

28 to 94% (Po0.01) and the proportion of constipated stools

decreased from 55 to 15% (Po0.01).27

Cone-based TAI systems have also been used in children

with spina bifida. A retrograde tap water enema (with

lukewarm tap water run from a plastic bag into the bowel

through an irrigation cone) achieved continence in 21 of 24

children with spina bifida and faecal incontinence.28

Similarly, hand-warm tap water was used with a cone-tipped

catheter in 41 children with spina bifida (aged 7 months

to 22 years) who experienced faecal incontinence (27%),

constipation (27%) or both.29 After a mean follow-up of 33

months, complete faecal continence was achieved in 66% of

the patients, with constipation occurring only occasionally.

Overall, 63% of the parents/children rated satisfaction with

the procedure as high and 37% as good.29

Mattsson and Gladh30 undertook a study of TAI with a

Stoma Cone Irrigation Set (Colotip, Coloplast A/S, Humle-

baek, Denmark), which worked satisfactorily for 35 of 40

children with spina bifida with a median follow-up of 18

months. Relief of constipation was successfully achieved in

all 40 children and faecal continence was achieved in 35; the

other 5 children had faecal soiling less than once per

month.30 Overall, 90% of parents spontaneously reported

general improvements in the well-being of the child,

including improved appetite, increased alertness and fewer

complaints of stomach pain and headache.30

There are few data from clinical studies of TAI in adults

with spina bifida. Of the 15 adults with spina bifida included

in one observational study, 6 were prescribed retrograde

colonic washout (system type not reported) as all or part of

their bowel management routine: 3 of 6 patients achieved

continence.31 A prospective, non-randomized study in-

cluded 12 adults with spina bifida in a mixed population

of 33 patients with NBD and reported significant improve-

ment in quality of life compared with baseline after 3 weeks

of TAI with Peristeen.19

Two long-term (10-year) follow-up studies in adults and

children20,21 reported success rates of 50% (n¼32) using a

rectal balloon catheter, cone-shaped colostomy tip or other

system20 and of 67% (n¼18) using TAI with Peristeen or a

cone-shaped colostomy tip.21

Although less robust than data in patients with SCI, taken

together, these data show that TAI can reduce constipation27

and achieve faecal continence in both children23–26,28–30 and

adults31 with spina bifida, achieving an improvement in

symptoms,27 independence23 and quality of life,30 and

remaining effective in the long term.16,20,21
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Efficacy of TAI in patients with multiple sclerosis
and other causes of NBD

At present, the majority of data on the efficacy of TAI in

patients with multiple sclerosis comes from observational

studies (Table 1). Patients with multiple sclerosis have

also been included in other studies with mixed patient

populations, but their outcomes have not been reported

separately.19,22,32

The 10-year follow-up studies in adults and children20,21

included some patients with multiple sclerosis. Overall,

reported success rates were 40% for patients (n¼25) using

a rectal balloon catheter, cone-shaped colostomy tip or other

systems,20 and 50% for patients (n¼10) using either

Peristeen or a cone-shaped colostomy tip.21 Results obtained

from a small study in 10 patients with NBD, including 3 with

multiple sclerosis, suggest that TAI may be particularly

beneficial in those with reduced rectal compliance.33

Success with TAI has been achieved in patients with

Parkinson’s disease (2 of 4 patients)20,21 and stroke, cerebral

thrombosis or cerebral palsy (11 of 22 patients).16,20,21,25

Taken together, these data suggest that TAI is an effective

therapy for bowel dysfunction secondary to a range of

neurological disorders, including multiple sclerosis, but

more work needs to be done to expand the evidence base

in these populations.

Efficacy of TAI in other populations

There are reported instances of successful implementation of

TAI for a wide variety of other causes of bowel dysfunction.

In a study by Christensen et al.,21 success with TAI was

reported in patients with idiopathic faecal incontinence

(51%, n¼49), idiopathic constipation (34%, n¼79), dis-

rupted sphincter (52%, n¼21), sequelae of rectal (40%,

n¼15) or anal surgery (25%, n¼12) and incontinence

secondary to rectal prolapse (24%, n¼21). Factors reported

to correlate with a positive outcome with TAI include NBD

and anal insufficiency as the underlying pathology, low

rectal volume at urge to defaecate, low maximal rectal

capacity and low anal squeeze pressure increment.21 In a

study of patients with defaecation disturbances of mixed

aetiology, including soiling (cause not defined, n¼32),

incontinence (cause not defined, n¼71), obstructed defaeca-

tion (n¼ 37) and post low anterior resection or pouch

surgery (n¼29), TAI was considered effective by 54% of

patients. TAI was found to be particularly effective among

patients with obstructive defaecation or defaecation distur-

bances after low anterior resection or pouch surgery, with the

procedure reported to be effective in 65 and 79% of patients,

respectively.34 Importantly, in the post-operative population

with an anastomosis just above the anus, there were no

major complications with TAI after a mean follow-up of 56

months. Other reports have documented the use of TAI after

anterior resection35,36 or after dynamic graciloplasty,37 and

various studies have enrolled mixed patient populations,

including patients with a history of abdominal surgery,

idiopathic (neurogenic) bowel dysfunction, irritable bowel

syndrome, anorectal malformation, coloanal anastomosis,

diabetes mellitus, multiple sclerosis, SCI and neural tube

closure defect.29,32,34,38,39 Owing to the heterogeneous

nature of these mixed patient populations and the low

number of patients of each type, further investigation is

required to confirm the efficacy of TAI in each of these

settings. The potential of TAI in the treatment of the very

distressing low anterior resection syndrome is of particular

interest and merits further investigation, although this will

need a cautious approach to avoid the possibility of

perforation in this at-risk group.

Safety of TAI

Symptoms before, during and after defaecation are common

in patients with NBD. In the RCT, symptoms reported during

or immediately after defaecation when using TAI included

abdominal pain (15.7% of patients), sweating (10.5%), chills

(7.0%), pronounced general discomfort (5.9%), dizziness

(5.4%), nausea (3.0%), headache (3.0%), facial flushing

(2.7%) and anorectal pain (1.4%).17 These symptoms do

not seem to be related to TAI per se, being equally prevalent

in patients using conservative bowel management, with the

exception of sweating, which was significantly less common

in the TAI arm.17 Long-term follow-up studies16,20,21 suggest

that such symptoms are well tolerated by long-term

users of TAI.

There is a report of a child who experienced autonomic

dysreflexia when using the Enema Continence Catheter.27

However, no cases of autonomic dysreflexia were reported in

the TAI arm of the RCT17; in fact, the associated symp-

tomsFsweating, headache, flushing, pronounced general

discomfortFtended to be more common in the conservative

bowel management group (17.3% of patients in the TAI

group versus 30% in the conservative management group;

P¼0.099).

True adverse effects with TAI are infrequent. In the RCT,

four patients with SCI experienced non-serious or unrelated

adverse effects with TAI,17 and in the extension study, there

was one event.18 Other studies have shown no adverse

events during TAI with Peristeen for 3 weeks and 1 year19,23

or TAI with the Enema Continence Catheter for 30

months.27 There have been single reports of rectal prolapse

and pain.30

Bowel perforation, a serious and potentially fatal compli-

cation, has been reported;40–43 however, the circumstances

Fsuch as the type of system used, the type of user and the

level of training received by the userFare not clear in all

cases. Long-term follow-up studies calculated that non-fatal

bowel perforation occurred in B1 per 50 000 irrigations.20,21

It warrants consideration that because the risk of bowel

perforation accumulates with the number of irrigations

performed, the risk of bowel perforation for an individual

using TAI over the duration of a lifetime may be higher than

the risk observed in shorter-duration clinical trials. Before

starting TAI, patients should be counselled that it is an

invasive procedure with the potential to cause harm and, in

rare cases, even death. However, the risks of TAI should be

viewed in context of both the potential improvement in
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quality of life and the risk associated with alternative options

when conservative management fails. More invasive treat-

ments for NBD, such as elective colonic surgery and creation

of a stoma, are associated with far greater morbidity and

mortality than TAI.44 Other reported unwanted effects,

including rectal burn, stricture and inflammation (chemical

colitis), have been associated with non-recommended ex-

tensions of the irrigation technique, such as using hot water

or enema additives. In addition, comorbidity such as

hyponatraemia45,46 and gut lesions47 increase the likelihood

of perforation that is not attributed specifically to TAI.

Theoretically, there is a risk that TAI disturbs the gastro-

intestinal microflora and causes iatrogenic infection;48

however, the current available data do not indicate that this

occurs. TAI has no demonstrable effect on urodynamics.49

In a prospective, long-term follow-up (median, 5.7 years;

range 3.1�9.4 years) of anal physiology in patients with

chronic idiopathic constipation (n¼ 12) or idiopathic

faecal incontinence (n¼10) treated with TAI, no decrease

in anal sphincter function was observed among patients

with constipation. Although a decrease in anal sphincter

function was observed among patients with incontinence,

this was considered related to the natural history of

idiopathic faecal incontinence rather than to side effects

from long-term TAI use. TAI was also found to increase rectal

tolerability but had no effect on rectal compliance; the

former was hypothesized to be explained by patients getting

used to irrigation rather than to changes in mechanical

rectal wall properties.50

In the RCT, approximately one-quarter of patients in the

TAI group did not complete the study.17 Early failures were

mainly attributed to practical problems; of the 12 with-

drawals, 2 were before training, 3 were because of repeated

expulsion of the catheter and 1 each because of rectal

balloon bursts, lack of compliance, dislike of treatment, lack

of effect and adverse effects (pain due to faecal impaction).17

Two patients were lost to follow-up. Similarly, the greatest

proportion of discontinuations occurred in the early stages

of the long-term follow-up study of Faaborg et al.20 Nearly

one in five patients discontinued during the first few months

but, subsequently, the dropout became more gradual,

yielding a success rate of 35% in 3 years, which stabilized

for long-term use.

All potential new users of TAI should undergo a pre-

treatment evaluation to exclude potential contraindications

to treatment. To both optimize the likelihood of a successful

treatment outcome and minimize risk of adverse effects,

patients should also receive thorough instruction and

supervision from an experienced health-care professional

before attempting to perform TAI alone.

New users of TAI should expect a period in which to adapt

and optimize the irrigation regimen to their individual

needs.17 Parameters that may be individualized include

the volume of water used, the frequency and timing of

irrigation and, in the case of Peristeen (which has an

inflatable balloon to hold the catheter in place during

irrigation), the amount of air pumped into the balloon. It is

important that both new users of anal irrigation and their

caregivers accept that the procedure may not be optimal

straight away and that an adaptation period, typically 4–6

weeks,17 is usually required. This adaptation phase may go

some way to explain the relatively high initial dropout rate

observed in some studies. It follows that expectations should

be carefully managed in new users of TAI, to encourage

compliance and provide the opportunity for the procedure

to be optimized in line with characteristics and requirements

of the new user.

TAI systems

A direct comparison of the performance of the various TAI

systems has not been conducted. The only head-to-head

comparison is the RCT, which showed Peristeen to be

significantly better than conservative bowel management

across the range of parameters investigated.17 These are the

most robust data currently available, with other observa-

tional data providing supportive evidence (Table 1).

A health economics assessment of the RCT found a lower

total cost to society of self-administered TAI with Peristeen

compared with conservative bowel management for patients

with SCI.51 Although product-related costs were higher with

TAI, this was offset by lower costs for a caregiver to help with

bowel management and changes/washing due to leakage, as

well lower costs associated with urinary tract infections, and

less time spent by the patient on bowel management.51

Discussion

The benefits of TAI have been shown for patients with SCI in

terms of significantly improved efficacy compared with

conservative bowel management,17 reduction in symptoms

of NBD, and improvement in quality of life.18,19 Data

supporting the utility of TAI in patients with spina bifida

are also accumulating, especially in terms of achieving faecal

continence in children.24–26,28–30

Fewer data have been published for other patient popula-

tions, but further investigation of TAI in clinical trials is

clearly justified. Observational data indicate that patients

with multiple sclerosis benefit from TAI20,21 and studies

are required specifically in this patient population. The

evidence in other groupsFincluding patients with idio-

pathic faecal incontinence and idiopathic constipation,

stroke and cerebral palsy, Parkinson’s disease, and defaeca-

tion disturbances after low anterior resection or pouch

surgery16,20,21,34Fsimilarly requires expanding.

It is evident that TAI with specialized rectal catheters is

superior to conservative management. The research agenda,

nevertheless, needs to be developed. Identifying predictive

factors (possibly anorectal physiological factors or bowel

transit-related factors) would help tailor treatment towards

optimizing benefit in individual patients, as well as help

identify particularly responsive patient groups. Prospectively

collected long-term (10 years plus) data on safety and

efficacy are essential. A prospective trial of escalating

stepwise treatment versus conservative management for

NBD, in terms of quality-of-life outcomes and safety,

would provide this sort of long-term data, and establish
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the place of TAI in the management of NBD. However, such

studies are particularly difficult to undertake. The problems

of defining completeness of injury, and variations in policies

between care units, mean that study populations are likely to

be extremely heterogeneous. Furthermore, the absence of a

reproducible and valid subjective scoring instrument limits

the interpretability of studies in this area, in which symptom

improvementFnot cureFis the aim. Nevertheless, the

chronicity and severity of bowel symptoms in patients with

nerve disorders warrants these exhaustive studies, aiming for

better patient classification and use of commonly accepted

symptom scores.

Apart from one single centre study,15 most publications

have looked at subjective symptomatic outcome data. The

results of this study have provided some validation for the

subsequent use of symptom scores. It is important to re-

validate this relationship between standard accepted symp-

tom scores and emerging manometric measures.

In patients with SCI, significant benefits of TAI with the

Peristeen system have been demonstrated in a head-to-head

comparison with conservative management in terms of

efficacy, quality of life and health economics. The evidence

base for other irrigation systems and of TAI in other patient

populations is largely observational in nature with a

predominance of descriptive studies (Table 1). It would be

advantageous to further investigate TAI in prospective

studies, with defined patient populations and stratification

by baseline characteristics. There is currently a need for

prospective RCTs of TAI in adult patients with spina bifida

and multiple sclerosis.
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