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Abstract

Introduction: The study aimed to describe the strategies of surgical 
revision for catheterizable channel obstruction and their outcomes, 
including restenosis and new channel incontinence. 
Methods: We retrospectively queried the charts of adults who 
underwent catheterizable channel revision or replacement from 
2000‒2014 for stomal stenosis, channel obstruction, or difficulty 
with catheterization at the Universities of Minnesota, Michigan, 
and Utah. The primary endpoint was channel patency as mea-
sured by freedom from repeat surgical intervention. Secondary 
endpoints included post-revision incontinence and complication 
rates. Revision surgeries were classified by strategy into “above 
fascia,” “below fascia,” and “channel replacement” groupings.
Results: A total of 51 patients who underwent 68 repairs (age 18‒82 
years old; mean 45) were identified who met our inclusion criteria. 
Channel patency was achieved in 66% at a median 19 months post-
revision for all repair types. There was no difference in patency by 
the type of channel being revised, but there was based on revision 
technique, with channel replacement and above the fascia repairs 
being more successful (p=0.046). Channel incontinence occurred 
in 40% and was moderate to severe in 12%. The type of channel 
being revised was strongly associated (p=0.003) with any postop-
erative channel incontinence. Surgical complications occurred in 
29% of all revision procedures, although most were low-grade. 
Conclusions: Surgical revision of continent catheterizable channels 
for channel obstruction can be performed with acceptable rates of 
durable patency and incontinence; however, the surgeon needs to 
have experience in complex urinary diversion and familiarity with 
a variety of surgical revision strategies.

Introduction

Continent catheterizable channels (CCCs) are effective in 
facilitating bladder emptying, maintaining body image, and 
enhancing continence in patients with conditions that com-
promise volitional voiding.1 

CCCs are classified by the bowel segment used and the con-
tinence mechanism created. Commonly used bowel segments 
for construction are the appendix (a.k.a. Mitrofanoff), small 
bowel (Yang-Monti or spiral Casale-Monti), and the ileal cecal 
segment. Two continence mechanisms are commonly used: 1) 
tunneled channels (as described by Mitrofanoff) that rely on a 
flap-valve of bladder wall; and 2) ileocecal valve-dependent 
tapered terminal ileal channels.2 The latter incorporates a cecal 
augment, hence its description as the hemi-Indiana augment 
or the cutaneous catheterizable ileal cecocystoplasty.3

Common complications with CCCs include channel 
incontinence and difficult catheterization. Difficult cath-
eterization, the focus of this manuscript, can be due to: 1) 
skin-level obstruction, known as stomal stenosis; 2) damage 
more proximal within the channel by a false passage or 
ischemia leading to channel obstruction; 3) diverticulum; 4) 
channel redundancy; or 5) parastomal hernia. For brevity in 
this manuscript, we often refer to all of these etiologies as 
channel stenosis, recognizing that not all of these etiologies 
involve obstruction from fibrosis. Between 6% and 36% of 
channels will require intervention for stenosis;4-10 the inci-
dence varies by channel type (e.g., Mitrofanoff vs. Monti vs. 
tapered ileum), as well as patient factors. When conservative 
measures like dilation fail, channel revision surgery may be 
necessary; however, little is known about the success rates 
of revision surgery and what is known is only in children. 
Herein, we describe outcomes for revision surgery in adults 
with CCCs with difficulty catheterizing; we quantify the risk 
of incontinence and restenosis after revision, and describe 
our management algorithm.

Methods

After institutional review board approval, we retrospectively 
reviewed the charts of adults who underwent CCC revision 
or replacement from 2000‒2014 for stomal stenosis, channel 
obstruction, or difficulty with catheterization. Participating 
institutions included three from the Neurogenic Bladder 
Research Group (NBRG): The Universities of Minnesota, 
Michigan, and Utah, which all have dedicated fellowship-
trained reconstructive urologists with busy adult neuro-
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genic bladder practices and multidisciplinary transitional 
medicine clinics. Where the patients were not captured in 
a reconstructive database, a billing code query was used for 
Current Procedural Terminology (CPT) codes 50727 (revision 
of urinary-cutaneous anastomosis), 50830 (urinary undiver-
sion), and 50845 (Mitrofanoff procedure) in order to identify 
potential patients for inclusion in the study. We included 
adults >18 years old who underwent surgical revision in 
the operating room. For patients who underwent multiple 
channel revisions, each procedure was treated as a separate 
procedure to accurately study the durability of each revi-
sion. Excluded procedures included stomal dilations under 
anesthesia and resection of CCCs followed by conversion 
to incontinent conduits. 

Patients were grouped as having either a congenital or 
acquired etiology leading to the creation of their original 
CCC. CCCs were classified by type of bowel and construc-
tion method (Mitrofanoff, Monti, or tapered ileum). They 
were also classified by continence mechanism (tunneled or 
plicated ileocecal valve). Channel revisions were classified 
into the three following categories based on the level of 
the revision surgery (Fig. 1): 1) above the rectus fascia; 2) 
below the fascia; or 3) partial or complete channel replace-
ment. “Above the fascia” repairs included Y-V plasty11 or skin 
advancement flap. “Below the fascia” revisions included any 

channel revision requiring a laparotomy but not channel 
replacement with a new bowel segment. These revisions 
generally included resection of the stenotic portion of the 
channel and either maturation of the healthy end as a new 
stoma, or rarely, an anastomotic repair of the channel. Of 
note, the surgical approach to patients with difficulty cath-
eterizing as a result of channel redundancy is similar to those 
with stenosis, in that after a laparotomy the distal end is 
excised until the appropriate channel length is achieved and 
the new distal end is matured to the skin. The third category, 
channel replacement, involved resection and replacement 
of a segment or all of the channel with a new section of 
bowel. The primary outcome of interest was channel patency 
defined as freedom from re-operation for channel obstruc-
tion. Secondary outcomes included channel continence 
and postoperative complications. Channel continence was 
defined as none, mild (≤1 pad per day or rare instances when 
catheterization schedules weren’t followed) and moderate 
to severe (≥2 pads per day or causing significant impact on 
quality of life). The postoperative complications were rated 
on the Clavien-Dindo scale.12,13

Statistical comparisons were made using the SPSS version 
22 software. Pearson chi-squared analysis was used to com-
pare categorical variables and the Student’s t-test for continu-
ous variables, with statistical significance defined at p<0.05.
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Fig. 1. Levels of obstruction and treatment options for difficult to catheterize continent channels. 
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Results

A total of 51 patients (aged18‒82 years old; mean 45) were 
identified who met our inclusion criteria. There were no 
crossover patients between institutions and each patient had 
stoma revision surgery by only one reconstructive urolo-
gist per institution. There were 68 revisions performed in 
51 patients — 22 men and 29 women. Procedures were 
equally represented from each institution: University of 
Minnesota (n=23), University of Utah (n=17), and University 
of Michigan (n=28).

The etiology of bladder pathology leading to the creation 
of the CCC was equally divided between congenital (49%) 
and acquired (51%) conditions. Overall, spina bifida was 
the most prevalent etiology (n=20, 29%). Spinal cord injury 
was present in 11 (16%), cerebral palsy in six (9%), bladder 
cancer in seven (10%), and two (3%) patients had radiation 
as their primary etiology of bladder dysfunction. The mean 
interval between CCC and revision surgery was 4.6 years. 

The original CCC was a Mitrofanoff in 19 (28%), Monti 
in 25 (37%), and tapered ileal limb in 24 (35%). Revision 
approaches included 29 (43%) above the fascia, 21 (31%) 
below the fascia, and 18 (26%) channel replacements. 
Revision approach differed by channel type (p=0.003, Table 
1), most notable for the fact that no tapered ileal limbs need-
ed channel replacement.

When stratified by congenital vs. acquired 
etiology, patients with congenital etiology 
accounted for most of the below fascia and 
channel replacement revisions (p=0.019). 
Similarly, mean age at revision was associ-
ated with the type of revision (p=0.031): 53 
years for above the fascia, 41 years for below 
the fascia, and 37 years for channel replace-
ment (Table 1).

Channel patency was achieved in 66% 
at a median 19 months (range 0.5‒81) post-
revision followup for all repair types. Above 
the fascia procedures were successful in 
62%, below the fascia in 52%, and channel 
replacement in 89% of patients (p=0.046). 
There was no difference in patency by the 
type of channel being revised: Mitrofanoff 
patency was 74% (n=14), Monti was 68% 
(n=17), and tapered ileum was 58% (n=14) 
after revision (Table 2). No significant rela-
tionships were found between success and 
age, etiology of primary channel creation, 
complications, or incontinence.

Overall, any degree of new incontinence 
occurred in 40% and moderate to severe 
incontinence in 12%. The type of chan-
nel being revised was strongly associated 

(p=0.003) with any postoperative channel incontinence. 
Mitrofanoff, Monti, and tapered ileum had incontinence 
rates of 37%, 64%, and 17%, respectively (Table 3). Type 
of revision strategy was not statistically significantly associ-
ated with incontinence; above the fascia, below the fascia, 
and channel replacements had 31%, 33%, and 61% incon-
tinence rates, respectively (p=0.0948, Table 3). 

Surgical complications occurred in 20/68 (29%) revision 
surgeries, of which, four were Clavien ≥2. Half (8/16) of 
all Grade 1 complications occurred in patients undergoing 
channel replacement (p<0.05).

Discussion

Herein, we demonstrate that surgical revision of CCCs is suc-
cessful in 66% of patients at 1.5 years of followup. Further, 
we show that of all obstructed CCC in this cohort, tapered 
ileum channels had a lower likelihood of needing channel 
replacement, compared to Mitrofanoff or Monti channels. 
All channel revision types had good success, with a trend 
toward higher success (89%) with channel replacement. 
Surgeons should interpret these findings to mean that one 
can pursue an above/below fascia revision when feasible 
because reasonable success rates can be expected. However, 
when a channel cannot be salvaged, channel replacement 

Table 1. Demographics

Variable Cohort Above 
fascia

Below 
fascia

Channel 
replacement

p

Sex

Male 29 (43%) 13 (45%) 9 (43%) 7 (39%) 0.93

Female 39 (57%) 16 (55%) 12 (57%) 11 (61%)  

Age at revision (years), n (%)  45 53 41 37.3 0.031
<30 17 (25%) 4 (14%) 7 (33%) 6 (33%)

30–49 26 (38%) 8 (28%) 10 (48%) 8 (44%)

≥50 25 (37%) 17 (59%) 4 (19%) 4 (22%)

Institution

Minnesota 23 (34%) 5 (17%) 7 (33%) 11 (61%) 0.033
Michigan 28 (41%) 16 (55%) 9 (43%) 3 (17%)  
Utah 17 (25%) 8 (28%) 5 (24%) 4 (22%)  

Etiology 0.019
Congenital 33 (49%) 9 (31%) 15 (71%) 9 (50%)

Acquired 35 (51%) 20 (69%) 6 (29%) 9 (50%)  
Type of channel modified 0.003
Mitrofanoff

Column 
Row 

19
28%
n/a

5 
17%
26%

7 
33%
37%

7 
39%
37%

Monti
Column 
Row 

25
37%
n/a

8
28%
32%

6 
29%
24%

11 
61%
44%

Tapered ileum
Column 
Row 

24
35%
n/a

16
55%
67%

8
38%
33%

0
0
0
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provides a more invasive but successful solution. In high-
volume centres, these surgical revisions/replacements can 
be accomplished with few complications (Clavien-Dindo ≥2 
in 6%) and a low rate of new, severe incontinence (12%).

The rates of surgical revision for CCC stomal/channel 
stenosis have been described mostly in children. Two of 
the largest pediatric series note revision rates of 11.7% and 
24%.5,14 Among 144 adults, Wiesner et al reported 17% revi-
sion rate for stomal stenosis; the mean time to stenosis was 
43.8 months.6 Redshaw et al, in a study of 61 adult patients 
with cutaneous catheterizable ileal cecocystoplasty, found 
only 3‒13% stenosis rate with a relatively short followup of 
16 months.4 Durability of these reconstructions is unknown, 
but all of these series speak to the success rate of an original 
CCC, not the success rate of revision surgery.

In our multi-institutional cohort of CCC revisions, 66% 
of channels were still patent and free from repeat revision 
at a median of 19 months. Success was significantly higher 
after channel replacement surgery (n=16, 89%) than after 
above fascia (n=18, 89%) or below fascia repairs (n=10, 
52%). There was no difference in success by the type of 
channel being revised. This represents the largest series of 
channel revision surgeries in the adult or pediatric literature. 

Compared to our study, Thomas et al describe an 8% failure 
rate among 25 children undergoing Mitrofanoff or Malone 
antegrade continence enema stoma revision.9 Whittam et al 
report a 16.6% revision rate for below the fascia repairs, of 
which, indications were difficulty catheterizing due to angu-
lation in 8.4%, stenosis in 4.1%, and incontinence in 3.4%.15 
Of their revisions, 12.8% required a secondary revision. 
McAndrew et al report a 50% failure rate of revision surgery 
for channel stenosis among 18 children with Mitrofanoffs or 
Malone antegrade continence enema stomas.16

We found a significant relationship between Monti chan-
nels undergoing revision and new postoperative incontinence. 
After revision, 64% (n=16) of Monti revisions experienced 
some incontinence vs. only 37% of Mitrofanoff and 17% of 
tapered ileum channels (p=0.003). Most of this incontinence 
was mild, with only 12% of patients leaking >1 pad per day. 
Because Monti and Mitrofanoff tubes use the same tunneled 
continence mechanism, it is unclear why the continence rates 
would differ. In adults, we typically can only use the appendix 
for a Mitrofanoff in the most ideal cases — thin abdominal 
wall and good capacity bladder. It is possible that the Monti 
channels had a higher rate of incontinence because they were 
more complex patients or the mesentery of the Monti tube 
prevented adequate tunneling compared to the appendix. The 
lower rate of incontinence in the tapered ileal channels may 
be reflective of their unique continence mechanism or the 

Table 2. Primary endpoint — channel patency 

Variable Success
45/68 (66%)

Failure
23/68 (34%)

p

Age 0.39

<30 12 (71%) 5 (29%)

30–49 19 (73%) 7 (27%)

≥50 14 (56%) 11 (44%)

Gender 0.68

Male 20 (69%) 9 (31%)

Female 25 (64%) 14 (36%)

Etiology 0.26

Congenital 21 (64%) 12 (36%)

Acquired 24 (69%) 11 (31%)

Type of channel modified 0.56

Mitrofanoff 14 (74%) 5 (26%)

Monti 17 (68%) 8 (32%)

Tapered ileum 14 (58%) 10 (42%)

Type of revision 0.046
Above fascia 18 (62%) 11 (38%)

Below fascia 11 (52%) 10 (48%)

Channel replacement 16 (89%) 2 (11%)

Complications 0.89

None 32 (67%) 16 (33%)

Clavien 1 10 (63%) 6 (38%)

≥Clavien 2 3 75%) 1 (25%)

Degree of incontinence 0.84

None 27 (66%) 14 (34%)

Mild 12 (63%) 7 (37%)

Moderate to severe 6 (75%) 2 (25%)

Table 3. Secondary endpoint — incontinence

Variable No 
incontinence
41/68 (60%)

Any 
incontinence
27/68 (40%)

p

Age 

<30 9 (53%) 8 (47%) 0.76

30–49 16 (62%) 10 (39%)  

≥50 16 (64%) 9 (36%)  

Gender

Male 21 (72%) 8 (28%) 0.08

Female 20 (51%) 19 (49%)  

Etiology

Congenital 19 (58%) 14 (42%) 0.66

Acquired 22 (63%) 13 (37%)  

Type of channel modified

Mitrofanoff 12 (63%) 7 (37%)

Monti 9 (36%) 16 (64%)

Tapered ileum 20 (83%) 4 (17%) 0.003
Type of revision

Above fascia 20 (69%) 9 (31%) 0.095

Below fascia 14 (67%) 7 (33%)  

Channel replacement 7 (39%) 11 (61%)  

Complications

None 32 (67%) 16 (33%) 0.24

Clavien 1 7 (44%) 9 (56%)  

≥Clavien 2 2 (50%) 2 (50%)  
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fact that 81% of these were present as part of a continent 
pouch rather than a bladder augmentation. Postoperative 
incontinence is a significant concern, especially in patients 
who use a wheelchair and are at high risk for decubitus 
ulcers. Unfortunately, we did not have complete information 
on patients’ preoperative incontinence — most patients who 
underwent revision surgery presented with indwelling cathe-
ters, rendering assessment of preoperative continence difficult. 
The indwelling catheter may have also compromised the con-
tinence mechanism. Although intraoperative measures, such 
as initiating a cough or performing Crede in a full bladder, 
facilitate assessing the degree of incontinence, this evaluation 
may not accurately reflect the risk of postoperative contin-
ence. In contrast to our results, McAndrews et al reported a 
97% continence rate for Mitrofanoff revisions in their pediatric 
series.16 Children differ significantly from adults in terms of 
abdominal girth and fascial integrity, which may, in part, help 
explain our results. Additionally, their series were limited to 
patients with procedures using the appendix. Whittam el al, in 
a series of Monti and spiral Monti revisions, describe a 3.4% 
rate of incontinence following primary revisions and a 50% 
rate of incontinence following secondary revisions.15 Our rates 
of significant incontinence were low (12%).

Surgical complications were common at 29%, although 
Clavien grade ≥ 2 complications were rare (6%) and there 
were no complications higher than Clavien grade 3. The low 
rate of major complications is similar to or lower than that 
found in the literature.17,18 

It is worth noting that not all patients with channel 
obstruction require surgery. In fact, we attempt to manage 
many patients medically before resulting to surgical recon-
struction. Given the lack of direction in the literature for 
managing these complex patients, we propose a manage-
ment algorithm for adults with difficulty catheterizing a CCC; 
this is informed by our surgical and non-surgical experience 
(Fig. 2). In patients without a patent urethra, inability to cath-
eterize a CCC requires emergent intervention. In those with a 
patent urethra, a urethral catheter can be placed acutely. An 
over-distended bladder will often kink the channel or close 
the continence mechanism, so we always re-attempt CCC 
catheterization after urethral Foley decompression. If the 
CCC catheterization is not successful after urethral catheter 
placement, then re-establishment of channel patency should, 
in our opinion, be pursued within a week or so in order to 
avoid completely losing the channel lumen. First attempts at 
the bedside may involve gentle catheterization with small-

Fig. 2. Stepwise approach in managing difficult to catheterize continent channels.
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er catheters and hydrophilic guidewires. Early attempts at 
endoscopy with a pediatric cystoscope/ureteroscope should 
be performed if there is concern for trauma to the channel, 
as perforation and false passage can lead to intra-abdominal 
complications. With the proper path confirmed and a wire 
in place, dilations up to the natural size of the channel can 
be performed safely. A safe method is to use a series of cath-
eters converted to Council tip catheters by cutting the tip off; 
unsafe methods include balloon dilation and dilation by Van 
Buren or Goodwin sounds. Welk et al advocated applica-
tion of a steroid ointment as a lubricant for six weeks after 
leaving the post-dilation catheter in place for 2‒3 weeks.10 
Our practice is to leave a catheter in place for two weeks 
followed by resumption of intermittent catheterization and 
overnight usage of an L-stent to maintain patency if obstruc-
tion is at the skin level.19 The L-stent is especially useful in 
patients who need temporizing management until surgical 
revision, or are poor surgical candidates, or in those who are 
functioning well with it in place between catheterizations.

Several limitations in this study deserve mention. First, these 
data were collected retrospectively. Second, clinical outcomes 
and our management algorithm were created post hoc by 
consensus opinion; surgeons were free to choose the appro-
priate surgical management option at the time of surgery and 
were not guided by a study protocol or care algorithm. Finally, 
some of the details of prior conservative management tech-
niques were not available and so are not presented herein. 
Also, we defined channel patency as freedom from reopera-
tion for channel stenosis. Some patients will have re-stenosis 
that is managed non-operatively; if we were to include them, 
our failure rates would be higher. We excluded non-operative 
management because it is an ill-defined outcome; for instance, 
we have some patients who use an indwelling catheter in 
their channel at night for convenience and others who use 
an indwelling catheter at night in order to dilate the channel. 
Separating these two scenarios from each other would often 
be inaccurate, so we elected to use surgical revision as our 
outcome. Finally, the heterogeneity of underlying etiology of 
bladder dysfunction in our patients, as well as the varied types 
of bladder and catheterizable channel construction weakens 
comparisons between the groups and the conclusions from this 
paper. However, the rarity of patients undergoing advanced 
urological reconstruction does not allow narrowing of the 
patient population to report meaningful results. 

Conclusion

Difficulty catheterizing a CCC can be addressed with surgical 
revision when non-surgical management fails. After surgical 
revision, patients have acceptable rates of durable patency with 
few complications and low rates of incontinence. However, the 
surgeon needs experience in complex urinary diversion and 
familiarity with a variety of surgical revision strategies. Those 

with congenital neuropathic bladder and Mitrofanoff/Monti 
channels undergo more complex revisions/replacements. 
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