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Abstract
Background. Clean intermittent catheterization (CIC) is a standard treatment for patients who are unable 
to empty the bladder. In the absence of the urethra or if catheterization through the urethra is problematic, 
a continent vesicostomy is used as a catheterizable conduit. The Malone procedure is an established treat-
ment option for children with neurogenic constipation and fecal incontinence.

Objectives. The aim of the study was to report the authors’ experience with continent catheterizable 
conduits (CCCs) in children, to review the results and to determine the efficacy of the technique, with an 
emphasis on continence and the need for revision.

Material and methods. The retrospective study involved children who underwent catheterizable con-
duit procedures from 2000 to 2015. Two kinds of continent stomas were performed: Mitrofanoff vesicosto-
mies for CIC and Malone antegrade continence enemas (MACEs). The 115 patients treated included 66 girls 
and 49 boys. A total of 134 operations were performed; 62 were Mitrofanoff vesicostomies and 72 were 
Malone appendicostomies. In 19 cases, both Mitrofanoff and Malone appendicostomies were formed out 
of 1 appendix divided into 2 parts. In 5 children vesicocutaneous stomas were constructed using Monti’s 
procedure, and in 1 it was constructed from an intussuscepted ileal loop. In 27 patients Malone procedures 
were performed laparoscopically.

Results. The mean follow-up period was 8.6 years. There was no serious morbidity in relation to the sur-
gery. In 9 children local wound infection was noted, and in 9 others stomal stenosis developed. Out of the 
62 children with catheterizable vesicostomies, 59 were continent. The MACE procedure was successful in 
all 72 patients; problems with constipation and fecal incontinence were resolved in all cases. None of the 
laparoscopies needed conversion. 

Conclusions. Continent catheterizable conduits help patients achieve both fecal and urinary continence. 
Laparoscopy is effective in performing the Malone procedure. Stoma-related complications could be avoid-
ed using end-to-side appendix anastomoses to the skin. Stomal incontinence is rare even when a simplified 
technique is employed, using the appendix without cecoplication.
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Severe impairment of bladder function can arise from 
various causes. The most common cause of bladder dys-
function in children is spinal dysraphism. Other causes, 
such as developmental defects (an imperforate anus, 
sacral tumors or sacral agenesis), accidental injuries or 
spinal tumors are rare.1–3

In children with severe bladder dysfunction, the thera-
peutic strategy is focused on 2 tasks: preservation of renal 
function and control of micturition, maintaining urinary 
continence. For those purposes, a  continent, low-pres-
sure, high-volume bladder is essential. 

This is achieved by ensuring complete emptying of the 
bladder.1–3

Since 1972, clean intermittent catheterization (CIC) has 
been the standard treatment for patients who are unable 
to empty the bladder.4 If catheterization through the ure-
thra is problematic or in rare cases of the absence of the 
urethra, a continent vesicostomy (CVS) is performed to 
create a continent catheterizable conduit (CCC). In Paul 
Mitrofanoff ‘s original description from 1980, the CCC is 
made from the appendix.5–7

With improved urological care and the introduction of 
CIC and oral anticholinergics, the majority of children 
with neurogenic bladders survive into adulthood expect-
ing the best quality of life. Decreased bladder capac-
ity can be effectively treated with oral anticholinergics, 
but in some children, bladder augmentation or bladder 
replacement has to be performed. CIC is mandatory to 
empty an augmented bladder; in some children the use of 
a Mitrofanoff stoma is required.5–8

Children with neurogenic bladder also encounter se-
rious problems with defecation and fecal incontinence. 
The first line therapy for neurogenic constipation is 
conservative treatment with dietary recommendations, 
mineral-based and osmotic sugar laxatives, suppositories 
and enemas. In most cases, this kind of treatment proves 

very effective. Children with meningomyelocele are espe-
cially difficult to deal with because constipation caused 
by prolonged colonic transit time is accompanied by fecal 
and gas incontinence caused by sphincter dysfunction.  
Surgical treatment is considered in patients for whom 
non-invasive treatment methods related to stool consis-
tency, its retention and the ability to control defecation 
have proved ineffective. The Malone antegrade conti-
nence enema (MACE) procedure is an established treat-
ment option for children with chronic neurogenic con-
stipation and fecal incontinence. The aim of the Malone 
procedure is to use the appendix as a CCCs for antegrade 
colonic enema (ACE).9–12

The aim of the study was to report the authors’ experi-
ence with CCCs in children, to review the results and to 
determine the efficacy of the technique, with an empha-
sis on continence and the need for revision.

Material and methods

The retrospective study included children who un-
derwent CCC procedures at the Department of Pedi-
atric Surgery at Poznan University of Medical Sciences  
(Poland) between 2000 and 2015. Two kinds of continent 
stomas were performed: Mitrofanoff CVS for CICs and 
Malone appendicostomies for ACE procedures. A total of 
115 patients were treated, comprising 66 girls and 49 boys. 
The patients’ mean age at the time of the operation was 
9.4 years (age range: 2–17 years). A total of 134 CCCs were 
created by a single surgeon, of which 62 (46%) were CVS 
for CICs and 72 (56%) were MACE appendicostomies; in 
19 cases (14%) both stomas were created from a  single 
divided appendix. The types of conduit procedures are 
shown in Table 1.

Continent vesicostomies

In the study period, 62 CVSs were performed to create 
channels for CICs. The mean age of the children who 
underwent this procedure was 8.8 years (age range: 2–17 
years). The Mitrofanoff operation was performed to pro-
vide alternative access to the bladder. It was performed 
as an additional procedure accompanying bladder aug-
mentation, or as a separate operation in boys with pre-
served sensation in the urethra (in the case of boys who 
had undergone bladder exstrophy and boys with com-
plications following posterior urethral valve resection). 

CVS was also proposed for girls with neurogenic blad-
der who had technical problems with self-catheterization 
and for all patients undergoing bladder replacement 
procedures. In 46 children, CVS was an additional pro-
cedure at the time of bladder augmentation (BA); in 5 it 
was performed during a bladder replacement (BR) opera-
tion; in 11 children CVSs were created for CIC of a native 
neurogenic bladder; and in 19 cases both Mitrofanoff and 

Table 1. The types of conduit procedures performed

Procedures Number of children

Creation of CVS into the native bladder
 including:
•	 using the appendix 
•	 using the Monti technique

11

6
3

Creation of CVS for BA or BR
 including:
•	 using the appendix 
•	 2 stomas (MACE + CVS) from a divided 

appendix
•	 using the Monti technique
•	 CVS from intussuscepted ileal loop

51

48

19
2
1

MACE appendicostomy (open surgery)
including:
•	 2 stomas (MACE + CVS) from a divided 

appendix

45

19

Laparoscopic assisted MACE 
appendicostomy 27

CVS – continent vesicostomy; BA – bladder augmentation; BR – bladder
replacement; MACE – Malone antegrade continence enema.
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Malone appendicostomas were formed out of 1 appendix 
divided into 2 parts.

The appendix was used for CVS whenever possible; in 
5 cases a flap of the small intestine was employed using 
the Monti technique, and in 1 case a catheterizable stoma 
was made of an intussusception ileal nipple. 

MACE procedures

The 64 patients qualified for MACE operations were 
those with chronic intractable neurogenic constipation 
and fecal and gas incontinence. The mean age of these pa-
tients was 9.3 years (age range: 5–17 years). In 54 of these 
children defecation problems were caused by a dysraphic 
defect of the lumbar and sacral regions of the spine; in 3 
patients the problems were caused by sacral agenesis; and 
in 1 patient by a sacrococcygeal tumor. In 4 of the children, 
constipation and fecal incontinence remained after a pos-
terior sagittal anorectoplasty for an imperforate anus. In 
all the MACE operations, the appendix was used as a CCC.

The underlying causes of the need for a CCC are listed 
in Table 2. 

In subsequent operations, a  simplified procedure was 
used: the distal tip of the appendix was anastomosed di-
rectly end-to-side to the skin tube. An 8Fr Foley catheter 
was used to stent the appendicocutaneous anastomosis 
for 2 weeks. 

The original description of the Malone procedure re-
lied on a  reversed, tunneled and reimplanted appendix. 
In all the cases in the present study, a simplified in situ 
procedure was performed, using the appendix as a CCC 
without cecoplication. This requires minimal mobiliza-
tion of the appendix and minimal manipulation of the 
blood supply. In neither Mitrofanoff nor Malone proce-
dures there was any anti-reflux tunneling of the proxi-
mal part of the appendix performed, as the continence 
mechanism is a function of the appendix length and the 
mucosal coaptation of the appendiceal lumen. Especially 
in cases in which MACE and CVS were formed from a di-
vided appendix, the length of the 2 conduits was too short 
to allow a  surgical creation of any rational anti-reflux 
mechanism.

Starting 48 h after the operation, daily infusions were 
made through a catheter. 

The catheter remained in the stoma for at least 2 weeks 
after the operation. Afterwards, patients catheterized 
their MACE stoma channels every day, making infusions 
every 2nd or 3rd day. 

Results

The mean follow-up period was 8.6 years (ranging from 
1 to 15 years). There was no mortality or serious mor-
bidity in relation to the surgery. In 7 children (9.7%) who 
underwent MACE procedures and in 2 (3.2%) who under-
went CVS, local wound infection was managed conser-
vatively; however, partial dehiscence in the skin part of 
the fistula in 2 children resulted in channel shortening. 
In 1 patient, complete destruction of the skin part of the 
channel occurred.

All MACE and CVS stomas were catheterized easily 
with a 6–10 Fr feeding tube. Stomal stenosis requiring di-
lation in the office was observed in 6 children (8.3%) who 
had had MACE procedures and in 3 (4.8%) of those who 
had had CVS procedures. Four children were reoperated. 
All 9 of these strictures developed in the first 6 months af-
ter the surgery, and they were all observed in the cases of 
cutaneo-appendico anastomosis with a tubular skin flap.

Out of the 62 CVS children, 59 (95%) were continent. 
One child with an appendix CVS and 1 with a Monti CVS 
had mild urine leakage at maximal bladder capacity; and 
a  girl who had had BR surgery and a  CCC made from 
an intussusception ileal nipple remained incontinent  
after reoperation and finally decided to be diverted with  
a Bricker stoma.

In all the children in the study, the MACE operation 
was successfully performed by both classic and LACE 

Table 2. The causes of bladder and bowel dysfunction

Cause of dysfunction
Number of children

MACE CVS

Status post cystectomy 
rhabdomyosarcoma (RMS)

- 5

Open meningomyelocele (MMC) 56 32

Other defects of the nervous 
system (occult spinal dysraphism, 
sacral agenesis, tumor)

4 7

Cerebral palsy - 3

Bladder exstrophy - 7

Posterior urethral valves - 6

Imperforate anus 4 2

Total 64 62

The MACE operations were carried out either by clas-
sic open surgery or by a  laparoscopically assisted tech-
nique (LACE procedure). The classic operations were 
performed on 45 patients as an additional procedure dur-
ing the augmentation of the bladder. In the 27 patients 
who underwent the MACE operations as a separate pro-
cedure, it was performed laparoscopically. 

In the LACE operations, an umbilical port was used 
for the camera with 2 or 3 additional ports. Two ports 
were used in 25 patients, and in the 2 remaining cases, 
a 3rd port was used. Once the cecum and appendix were 
located, mobilized and freed of any adhesions, a skin in-
cision was made and the distal part of the appendix was 
brought out of the peritoneal cavity with the aid of lapa-
roscopic tools. In the first 23 procedures, an anastomosis 
of the spatulated tip of the appendix with a tubularized 
skin flap was performed. 
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techniques. There was no need for conversion in any of 
the LACE procedures. The laparoscopic method permit-
ted precise location of the appendix and its mobilization, 
freeing it from any adhesions, and made it easy to bring 
the appendix out of the peritoneum. The use of a 3rd port 
for the needle-holder to fix the cecum to the undersur-
face of the abdominal wall prolonged the procedure and 
made it more complicated. 

Following MACE procedures, 59 (92%) out of 64 pa-
tients were continent; in 5 patients (7.8%) mucus leakage 
from the MACE stoma was observed and treated with 
dressing. One patient underwent successful surgical revi-
sion of a stoma with cecoplication. 

In long term observation, 92% of the MACE conduits 
were still in use. In 3 children (4.6%), the MACE stoma 
closed because of discontinued catheterization. In 1 child,  
the perforation of the MACE channel was treated conser-
vatively, but the stoma closed.

Problems with constipation and fecal incontinence 
were resolved in all cases of the MACE operation. In 1 
patient, voluntary defecation without the need for infu-
sions was observed within a  few months after the ACE 
treatment. The patient’s parents decided to give up cathe- 
terization and ACE. 

The overall complications rate is shown in Table 3.

Discussion

The aim of conduit procedures is to provide a channel 
for intermittent catheterization that is continent, easily 
accessible and painless. The indications for construct-
ing a CCC are neurogenic bladder, inability to void with 
urine incontinence and refractory neurogenic constipa-
tion with fecal incontinence. 

Great improvements in the treatment of patients with 
neurogenic bladder was made with the introduction of 
CIC by Jack Lapides in 1971. The next important step was 
made by Paul Mitrofanoff in 1980, who proposed using 
the appendix as an alternative continent channel for CIC 
in patients with urethral strictures. Other tubular struc-
tures have also been proposed as CCC alternatives when 
the appendix is not available, including a fallopian tube, 

the ureter or a short segment of retubularized small bow-
el (the Monti technique).5–7,11–17

CIC with a  CCC enabled further development of re-
constructive urology by applying the ideas of Jan Miku-
licz-Radecki, a  surgeon based in Wrocław, Poland, who 
in 1899 was the first to describe the use of parts of the 
digestive tract for bladder reconstruction.18

The mean age of the children in the present study was 
9.4 years, similar to those in the studies by VanderBrink 
et al., Bani-Hani et al. and Süzer et al.5,12,13 In the majority 
of cases the bladder and bowel dysfunctions were caused 
by meningomyelocele. Those observations are consistent 
with other studies.6,12–14 

In the present study, CCCs for bladder CIC were creat-
ed from the appendix in the majority of the patients (128), 
in 19 children they were formed from a divided appendix, 
and 5 Monti tubes were constructed. Similar ratios were 
reported by Süzer and Castellan.5,16

In augmented patients, CVS was proposed as an ad-
ditional procedure, especially for boys with preserved 
urethra sensation and for girls with technical problems 
with self-catheterization. In children selected for the Mi-
trofanoff procedure on their native bladders, no bladder 
neck surgery was performed, as all of them had proper 
age-related bladder volume with leak-point pressure  
>20 cm H2O.

Most of the children in the present study became conti-
nent: 95% of those who underwent CVA and 92% of those 
who had MACE procedures. One girl with a CVS made of 
an intussuscepted ileal loop remained completely incon-
tinent, and was diverted. In 1 boy with an appendiceal 
CCC and 1 with a Monti tube, minor leakage from the 
CVS was observed at maximal bladder capacity, with no 
need for correction in the patients’ opinion. The conti-
nence rate in the patients in the present study is similar 
to that reported by Clark et al., Farrugia and Malone, and 
Castellan et al., with similar complication rates.14–16 

McAndrew and Malone assessed the outcomes of 112 
CCC channels, both CVA and MACE, and did not find 
any difference in the incidence of complications between 
the 2 types of conduit. They reported that 93% of the 
MACE conduits were continent, but stomal stenosis oc-
curred in 29% of the CVS; stenosis was less common with 
Monti tubes than with appendix CCCs.17 Castellan et al. 
found no difference in the incidence of complications in 
Monti vs appendix conduits.16

Chronic constipation accompanied by fecal and gas in-
continence is a  real problem in patients suffering from 
a  neurogenic bladder. The mechanisms leading to neu-
rogenic constipation and urine incontinence are simi-
lar. Spine malformations or injuries in the lumbosacral 
region can damage somatic and autonomic sensory and 
motor fibers, as well as spinal centers. All the patients 
in the present study had unsuccessfully tried conserva-
tive treatments, following dietary recommendations, oral 
herbal and synthetic, osmotic and stimulant laxatives 

Table 3. Complications of CCC procedures

Complication
Number of children

MACE CVS

Wound infection 7 2

Stoma stenosis 6 3

Leakage of urine – 3

Mucus leakage 5 –

Stoma closure 5 –

Stoma perforation 1 –

Reoperation 3 3

Total 27 (42%) 11 (17%)
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and, as a last resort, used suppositories and colonic ene-
mas. Whenever that kind of treatment proved ineffective, 
surgery was recommended. 

The idea of using the appendix as a CCC in children 
with chronic constipation was conceived in 1989 by  
P.S. Malone. This stoma was supposed to serve for isoperi-
staltic antegrade colonic enema (ACE) for colonic washout.  
A year later, the author described this method in The Lan-
cet. In the first 21-patient group assessed by the author, 
the continent appendicocecostomy was created with or 
without reversal of the appendix. The tip of the appendix 
was anastomosed to a skin tube to avoid problems with 
exposed mucosa.9–11,14 Many modifications of the origi-
nal technique have been described. This stoma has been 
applied in both the ascending and descending colon.19 
The Malone operation can be an additional procedure 
during the augmentation and reconstruction of the blad-
der.11,14–16 When the surgical anatomy is amenable, the 
appendix can be used for the creation of both MACE and 
CVA conduits. The split-appendix technique was used in 
14% of the patients in the present study. In a series of 394 
children reported by VanderBrink et al., the split-appen-
dix technique was used in 11% of the patients.12 

The MACE operation was originally described by 
Malone as a procedure performed in the classic fashion 
with 2 incisions. This has been adapted to a laparoscope-
assisted technique (LACE). To perform a  LACE proce-
dure 2 ports are needed, and an incision in the skin made 
in a place chosen during the laparoscopy, which is then 
used to make the stoma outlet. In the LACE technique, 
the appendix is not reversed.19–22

In 2 patients in the present study, a 3rd port was used for 
the needle-holder for the purpose of fixing the cecum to 
the abdominal wall. This solution, however, was not use-
ful. Manipulation with the needle-holder is complicated 
and makes the procedure longer in comparison to the 
simplified technique, where the cecum is left untouched. 

The LACE operation is not always possible and some 
patients need conversion to classic operation. However, 
in the present study none of the LACE patients required 
conversion.

In the first 18 patients, the end portion of the MACE 
stoma was made of a  flap of skin and joined to the end 
of the appendix. Creating such a skin channel results in 
a better cosmetic effect, although it may cause complica-
tions.11,12,14,16,17,20 In 3 of the LACE patients in the current 
study, local infection of the wound occurred, and in 6 of 
those patients strictures developed. According to other 
authors, such minor complications may be present in  
10–81% of MACE operations, with stoma stenosis in 
about 20–30%. The results of the present study are com-
parable with those from the literature, but with a  lower 
incidence of stomal stenosis.12–14,16,17,23,24

Narayanaswamy et al. suggested that 26% of patients 
with appendicovesicostomy and 60% of patients with 
ileovesicostomy have difficulty with catheterization.24  

To avoid complications of stenosis, the current authors 
suggest not reversing the appendix for CVS and MACE.  
It is preferable not to do any cecoplication with direct 
anastomosis of the conduit to the skin. 

Another complication after Malone procedures is mu-
cus leakage from the stoma, occurring in 5-15% of pa-
tients.10–12,14,16,17,23,24 In the present study, it was seen in 
7.8% of children. 

In long-term observation, 92% of the conduits in the pres-
ent study group were still in use, which is similar to what 
was reported by Farrugia and Malone, and Lamelle et al.15,25 

Although no procedures aimed at creating valve 
mechanisms between the appendix and the cecum were 
performed in the present study, the number of patients 
with complications was close to that reported in the lite- 
rature.10–12,14,16,17,23–25 Secondary ischemia, adhesions and 
scar formation are reduced, alleviating the most common 
complication, stoma stenosis. These results also show 
that cecoplication is not necessary to maintain stomal 
continence after MACE. 

Conclusions 

Continent catheterizable conduits help patients achieve 
both fecal and urinary continence. 

Laparoscopy is effective in performing Malone opera-
tions.

Stoma-related complications can be avoided using end-
to-side appendix anastomoses to the skin. Stomal incon-
tinence is also rare when a  simplified technique, using 
the appendix without cecoplication, is employed. 
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