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Abstract The purpose of this study was to assess current

status of antegrade continence enema (ACE) procedure

taking into account the recent improvement in the tech-

nique and outcome. Reviewing our record of 48 patients

with ACE procedure performed between January 2002 and

May 2007, we found that the underlying diagnoses were

idiopathic constipation in 56%, anorectal malformation in

31%, spina bifida in 8% and Hirschsprung’s disease in 4%.

Mean age of operation was 10.7 years. Appendix was used

as stoma in 73% of cases. Stomal stenosis requiring revi-

sion was seen in 6% of cases and continence was achieved

in 92% of cases. A systematic search of database was

performed for the same period. Twenty-four studies

describing 676 patients were found. The mean age was

10 years and various sites used for ACE were, right side of

abdomen in 71%, umbilicus in 15% and left side of

abdomen in 14%. The incidence of open and laparoscopic

procedures were 87 and 13%, respectively. Appendix was

used for stoma in 76% procedures. Other operative

modalities were retubularised colon, retubularised ileum,

caecal button and caecostomy tube, etc. The mean volume

of enema fluid used was 516 ml. The mean evacuation time

was 42 min. Stomal stenosis requiring revision was seen in

13% of cases. Continence was achieved in 93% of cases.

There has been significant improvement in the outcome

during last 5 years in comparison to the outcome published

in late 1990s. Advancements in techniques, better-trained

stoma care nurses and better stoma appliances could have

played major role in this success.
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Introduction

The first description of antegrade colonic irrigation was

made over 100 years ago [1]. The concept of antegrade

continence enema (ACE) procedure was proposed and

popularised by Malone et al. [2], which provided a conti-

nent conduit on the abdominal wall. The goal was to

improve the quality of life in children with faecal incon-

tinence. The purpose of this study was to review our

practice against a systematic review of the ACE procedure

during the last 5 years, in the context of indications,

operative modifications, complications and outcomes.

Patients and methods

We retrospectively reviewed our experience of ACE pro-

cedures performed between January 2002 and May 2007.

For most patients in our series, the appendix was used in

orthotopic manner with imbrication around the base of

appendix, but the caecal wall was not fixed to the

abdominal wall. ACE stoma was placed at the right lower

quadrant of the abdomen and a ‘V’ flap was fashioned at

skin level to prevent stenosis. These outcomes were com-

pared with the other publications during the same period.

A systematic search of English literature was performed.

Data from the patients who had undergone the ACE pro-

cedures (reports published between January 2002 and May

2007) were reviewed retrospectively. Studies that did not

record specified variables were excluded from the analysis.

Studies that reported data as median and range, were pooled

using established formulas to predict mean and variance [3].
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Results

Salient features of our study and the review of literature

have been summarised in Table 1. The most common

indication of ACE in our series was idiopathic constipation,

whereas, spina bifida was the commonest indication in the

literature review. We used conventional open surgery in all

the patients, whereas, in the literature 13% of cases were

found to be performed laparoscopically. As described in the

literature, appendix was the most common conduit used by

us as well. Various other methods described in the literature

were, retubularised colon, retubularised ileum, left sided

percutaneous endoscopic colostomy (PEC), caecal button,

caecostomy tube, laparoscopic assisted caecal button and

laparoscopic assisted percutaneous colostomy (LAPEC). In

our series, full clean status (continence) was achieved in

92% of cases. Of them, 81% achieved this status after ACE

alone and a further improvement in 11% was achieved by

the use of Chait tube in three, internal sphincterotomy in

one child (with ultrashort segment Hirschsprung disease)

and excision of megarectum in another child (with anorectal

malformation). In the literature review, the final outcome

was described in 508 patients and overall continence was

achieved in 93%. In 346 patients, continence was further

classified into total (78%) and partial continence (16%). In

the rest 162 patients, outcome was described as fully con-

tinent or incontinent (failure). In the latter group, full

continence was achieved in 91% of cases. Our enema reg-

imen [4] was bisacodyl stimulant enema, because of small

volume and ease of administration. In the review of litera-

ture, use of many types of enema fluids (i.e. normal saline,

golytely�, soap water, glycerol and various other combi-

nations) were found. The mean volume of enema fluid used

was 516 ml (range 180–3,000). Mean evacuation time of

enema fluid was 42 min(range 5–60). Only four reports

mentioned about transit study. Stomal stenosis requiring

revision was reported in 13% of the cases and in 14%

patients, leak of enema fluid was a significant problem.

Discussion

The ACE procedure has now been widely accepted as an

effective treatment for faecal incontinence and constipa-

tion. Early experiences have been published in the past [5,

6]. We tried to look into our practice of ACE procedure

during the last 5 years which is comparable with current

published results. Variations in the management of the

ACE procedure are numerous as described below with

reference to our practice.

The original Malone technique was a right lower

abdomen incision for dissecting appendix and a small cuff

of caecum with its preserved blood supply. The tip of

appendix was amputated and sutured to the mucosa of

caecum after creating a submucosal tunnel through a taenia

of the caecum. The seromuscular layer of caecum was

sutured over appendix. The idea of reverse implantation of

the appendix was to create a non-refluxing conduit. The

stoma was formed at a previously marked site by anasto-

mosing the cuff of caecum to a broad based skin flap [2].

This technique was soon taken over by orthotopic ap-

pendicocaecostomy with maintaining native blood supply

to the appendix [7–9]. It was advised to imbricate around

the base of appendix and also caecal fixation to the inside

of abdominal wall to make it continent [7, 9]. However, in

a recent study it was found that caecal fixation and wrap

plus fixation was unnecessary [10]. Some authors favoured

Table 1 Current practice in ACE procedure

ACE features Review of literature

(n = 676)

Our series

(n = 48)

Mean age 10.7 years 10 years

Indication of ACE

Spina bifida 67% (n = 452) 8% (n = 4)

Idiopathic constipation 17% (n = 113) 56% (n = 27)

Anorectal malformation 10% (n = 66) 31% (n = 15)

Hirschsprung’s disease 2% (n = 11) 4% (n = 2)

Other 5% (n = 34)

Site

Right 71% (n = 478) 100% (n = 48)

Left 14% (n = 93)

Umbilicus/periumbilical 15% (n = 105)

Technique

Open procedure 87% (n = 588) 100% (n = 48)

Laparoscopic 13% (n = 88)

Conduit used

Appendix 76% (n = 512) 73% (n = 35)

Retubularised colon 12% (n = 84) 19% (n = 9)

Retubularised ileum 4% (n = 29) 8% (n = 4)

Left sided PEC 2% (n = 14)

Caecal button 2% (n = 12)

Caecostomy tube 1% (n = 10)

Laparoscopic assisted

caecal button

1% (n = 7)

LAPEC 1% (n = 7)

Complications

Stomal stenosis needing

revision

13% (74/549) 6% (3/48)

Leak 14% (55/397) 15% (7/48)

Outcome (n = 508/48)

Continence 93% (n = 472) 92%(n = 44)

Incontinence 7% (n = 36) 8% (n = 4)

Mean follow-up

period in months

22 (range 6–64) 24 (range 6–48)
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placing the stoma into the umbilical fold, rendering it

virtually invisible to others [9, 11]. Other authors preferred

to use the left side of abdomen as stoma [12–14]. While

most (over 75%) of the authors used the appendix to make

the stoma, others used retubularised ileum, open caecal

button, caecostomy tube and retubularised colon

(descending, transverse and sigmoid) [14–19]. The recent

trend is towards minimally invasive procedures. Various

operative techniques used successfully were laparoscopic

assisted ACE, laparoscopic assisted caecal button, laparo-

scopic assisted percutaneous colostomy and percutaneous

endoscopic caecostomy and colostomy [10, 13, 20–24]. We

have kept our techniques for the formation of the stoma as

simple as possible; with adherence to the original concept

of delivering the stimulus for evacuation of the whole large

bowel into the caecum as described above.

Stomal stenosis and leaks were the most common

complications of ACE procedure. Various methods

described in the literature for reducing the incidence of

stenosis were insertion of Chait tube, ACE stopper and

combined approach of maceoscopy and colonoscopy, etc.

[25–27]. In our series, we found stenosis requiring revision

in only 6% of cases. This could probably be due to splitting

the tip of appendix and using a ‘V’ flap of skin. Leakage

from stoma was found in 14% of cases of the review as

opposed to 15% of our series. Half of our cases responded

to conservative treatment and the rest required Chait tube.

The options described in the literature for leaking ACE

were caecal imbrication around the appendix, stoppers,

placement of tubes (Chait or silastic) and injection of De-

flux� into the submucosal layer at the junction of conduit

and colon [7, 9, 25–28]. Other important complications of

ACE procedures are abdominal pain, granulation tissue,

stomal infection, stomal prolapse, perforation, peritonitis

and adhesion-obstruction. We treat granulations with a

cream containing triamcilonone and topical antibiotics with

good results.

The main indication of ACE procedure was overflow

incontinence but gradually this method has been tried in

various causes of constipation with increasing success. In

most series, this procedure was offered when maximal

medical treatment failed. Curry et al. [6] described the

success of ACE in three categories: full success, partial

success and failure. The fully continent group was totally

clean or with minor leakage on the night of enema. The

partial continent group was having significant stomal/rectal

leakage and occasional major leaks. They still had to wear

protection but it was perceived as an improvement by the

child and/or by the parent. Failure was described as regular

soiling or continued constipation with no perceived

improvement, whatsoever. Based on this description, full

success, partial success and failure rates were reported as

78, 16 and 6%, respectively (in the literature review). Some

series classified their outcome as full continent (success) or

incontinent (failure). Using this description, the success

and the failure rates were 91 and 9%, respectively. It can be

speculated that probably these authors have added their

partially successful cases in either groups depending on

their final impression. Other studies have used scoring

system (e.g. modified Holschneider and Tempton). We feel

that partial success is a vague term in defining success.

Depending on the clinical impression, patients’ and par-

ents’ satisfaction, final outcome should be divided into two

extreme categories, i.e. total continent or incontinent (as

used in our study). The patients who are still improving

should be kept on incontinent side till a stable status is

achieved.

Faecal incontinence has detrimental emotional effect on

a child. It has been shown in various studies that ACE

improves the quality of life significantly [29–31]. Most of

these assessments were done with structured questionnaires

answered either on the phone or by mail. Compliance of

the patient and family is an important issue in the success

of ACE. Most of the authors mentioned that, when dis-

cussing the outcome of ACE procedure with patients and

families, the realistic target should be described as signif-

icant improvement rather than perfection or complete cure.

The ACE procedure has had a successful journey so far.

In comparison to the initial experience of 300 cases pub-

lished in 1999, where overall success rate was 79% and

stomal complication was 30% [6], the outcome of current

practice is much better. With advancements in facilities

(especially increasing expertise of stoma nurses and stoma

appliances), the ACE procedure has a promising future.

The ACE procedure is not a replacement of conventional

medical treatment, rather it is indicated when this has failed

or has become intolerable for patients and families. Pres-

ence of dysmotility (slow transit) is an important cause of

failure which should always be kept in mind. Sacral nerve

stimulation (SNS) is a newer, but costly modality of min-

imally invasive procedure in the treatment of slow transit

constipation, where a pulse generator and electrodes are

implanted to stimulate sacral nerves. Studies in adults have

shown it to be effective, however, before its use in children

more evidence, perhaps based on colonic manometric and

rectal sensitivity findings, is required (for its indications,

especially against a background of potential improvement

in children) [32, 33].
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