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Satisfaction after the Malone antegrade continence enema
procedure in patients with spina bifida

K Imai1, Y Shiroyanagi1, WJ Kim1, T Ichiroku2 and Y Yamazaki1

Study design: Retrospective chart review.
Objective: To evaluate the clinical outcomes and factors influencing patient satisfaction with Malone antegrade continence enema
(MACE) in patients with spina bifida.
Setting: Japan.
Methods: We performed retrospective analysis of 21 patients with spina bifida who underwent surgical creation of an MACE stoma.
Clinical outcomes were evaluated by medical records, operative notes and mailed questionnaires. Patient satisfaction scores
(SSs) were measured on a modified visual analog scale (VAS) from 1 to 10, and the factors influencing the SS were analyzed.
Results: A 100% return rate for the mailed questionnaires was achieved. All patients underwent in situ appendicocecostomy with
cecal plication. There was only one complication that required surgical revision. Regarding fecal continence, the overall success rate
was 90%. Although 4 patients (19%) had severe irrigation pain and 4 patients (19%) found the washout time intolerably long, 18
(85%) of them were satisfied with the MACE procedure. Age at operation, experience of retrograde colonic enema (RCE), experience
of stomal leakage, increased comfort at school or workplace and increased comfort at sleepovers significantly influenced SSs.
Conclusion: MACE is a valuable option in achieving fecal continence in patients with spina bifida, with most patients being satisfied
with the procedure. In our analysis, younger age at operation, previous experience of RCE, no stomal leakage and improvement of
quality of life (enhanced comfort at school, workplace and sleepovers) significantly influenced the high satisfaction after MACE.
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INTRODUCTION

The Malone antegrade continence enema (MACE) procedure, which
was first described in 1990 by Malone et al.,1 has revolutionized the
management and improved the quality of life (QOL) of patients with
spina bifida who suffer from refractory constipation and fecal
incontinence. However, it has been reported in a long-term follow-
up study that a considerable number of patients have ceased the
MACE procedure.2 To select good candidates for the MACE
procedure among patients with spina bifida, it is important to
evaluate not only the status of the bowel, but also the overall
patient satisfaction after the procedure. The aim of this study was
to evaluate the factors that influence overall satisfaction after the
MACE procedure in patients with spina bifida.

MATERIALS AND METHODS
An institutional review board-approved retrospective chart review was

performed of patients with spina bifida who underwent the MACE procedure

between June 2004 and February 2012, performed by a single surgeon at our

institution. We collected demographic information on the patients and their

families, surgical techniques and complications, from medical records and

operative notes. The onymous questionnaire was mailed to all patients to

evaluate the MACE procedure, its complications, clinical outcomes, compar-

ison with prior retrograde colonic enema (RCE), influence on the QOL,

impact on social confidence, satisfaction score (SS) and patients’ recommen-

dations to other patients. In addition, we asked the patients’ caregivers to

assess the changes in their daily life after the MACE procedure. In case of no

response, the patient or caregiver was kindly reminded by telephone.

The patients’ SS was evaluated on a modified visual analog scale (VAS)

from 1 to 10 (Figure 1). In this scale, a higher score represents a higher level

of satisfaction. To evaluate the factors influencing patient satisfaction,

we analyzed the relationship between SS and 17 factors selected from

the onymous questionnaire and demographic data. Data were analyzed

using a two-tailed unpaired t test or Wilcoxon rank-sum test, as appropriate.

For all statistical analyses, Po0.05 was considered as statistically significant.

All statistical analysis was performed using JMP 9 (SAS Institute Inc., Cary,

NC, USA).

RESULTS

During the study period, 22 patients with spina bifida underwent the
MACE procedure at our institution. All patients suffered from
intractable constipation and/or fecal incontinence before surgery. All
the patients returned completed questionnaires (response rate, 100%).
One female patient who refused to use MACE from the outset was
excluded from the study. Hence, a total of 21 patients were included
in this study. Their demographic data are shown in Table 1. There
were 10 males (47%) and 11 females (52%), with a mean age of
19.5 years (range, 7.9–29.5 years). The median follow-up time was
75 months (range, 23–104 months). Clean intermittent catheteriza-
tion of the bladder was performed in all patients and social urinary
continence was achieved in 20 (95%) of them.
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In terms of the surgical procedure, all patients underwent in situ
appendicocecostomy with cecal plication around the appendiceal
base. Of the patients, 20 underwent umbilical anastomosis using the
V-V appendicoplasty technique. Only one patient underwent skin
anastomosis using VR skinplasty at the right lower quadrant of the
abdomen due to the simultaneous performance of umbilical Mitro-
fanoff procedures.3 The Malone stoma was created by laparotomy
in all patients, and 17 patients underwent simultaneous urinary
tract reconstruction, including bladder augmentation, bladder neck
reconstruction, ureterocystostomy and Mitrofanoff procedures.
Assessment of surgical complications indicated that there were only

two complications related to the MACE stoma. One patient with
stomal mucosal prolapse underwent operative revision, while another
one with minor stomal infection was treated with antibiotics. The
remaining 19 patients had no postoperative complications requiring
medical treatment. Of the 21 patients, 13 (62%) were completely

independent following the MACE procedure. In only two patients,
aged 14 and 16 years, the entire enema was performed by caregivers.
The mean irrigation volume using tap water was 1150ml (range, 700–
2000ml). The mean washout time was 60.4min (range, 30–120min).
Four (19%) of the patients found the washout time intolerably long.
Further, four of the patients (19%) felt intolerable irrigation pain.
The criteria for determination of fecal continence were based on

the Malone criteria.4 Full success (totally clean, experiencing only
minor leakage of the washout at night), partial success (clean but with
occasional major leakage) and failure (regular fecal incontinence
episodes) were recognized in 11 (52.4%), 8 (38.1%) and 2 (9.5%) of
the patients, respectively. However, all patients except one expressed
definite improvement of fecal continence after MACE. Of the 21
patients, 1 male patient stopped use of the MACE 6 years after the
operation due to prolonged washout time. However, after use of the
MACE for such a long time, he became able to defecate by himself
regularly.

Patient satisfaction
Of the 21 patients, 18 (85%) indicated SS of 6 or more. The mean SS
was 7.8 (range, 5–10). Table 2 shows the relationship between SS and
17 factors, including demographics and several QOL data. Demo-
graphic data had no relationship with patient satisfaction, except for
age at the time of the operation and experience of RCE. Figure 2
shows the SS of the patients in terms of age at the time of the
operation. Comparison of the group that had surgery at a younger
age (p10 years) with those that had surgery at an older age (410
years) indicated significantly higher SS in the younger age group. The
SS of patients with RCE experience was significantly higher than
patients without RCE experience (P¼ 0.02). Duration of MACE usage
had no effect on SS, there being no significant difference in SS
between short usage (p5 years) and long usage (45 years) groups.
Regarding the MACE procedure and clinical outcomes, independence
in performing the procedure, status of fecal continence, severity of
irrigation pain and tolerability of washout time did not significantly
influence SS. However, patients with occasional stomal leakage
reported significantly lower SS than patients without it (P¼ 0.02).
In the questions about QOL, there were no significant differences in
SS between patients who wore and those who did not wear diapers
during the daytime. Patients who felt enhanced comfort at school or
the workplace and enhanced comfort at sleepovers after MACE
indicated significantly higher SS. Of the 21 patients, 81% said they
would recommend this procedure to other patients with spina bifida.

Answers from caregivers
Eighteen caregivers answered the questionnaire about the change in
their daily life after MACE. Twelve of the eighteen (66%) caregivers
reported that MACE relieved the burden of their daily life. All four
caregivers of the patients who indicated the highest SS answered that
MACE relieved their burden.

DISCUSSION

The MACE procedure, which was first described in 1990 by Malone
et al.,1 has revolutionized the management and improved the QOL of
children with neuropathic bowel, refractory constipation and fecal
incontinence.5,6 In a systematic review of 24 studies, overall fecal
continence was achieved in 93% of the patients.7 However, it is
difficult to compare success rates in patients at different centers and
with different underlying diseases. Acceptance of the MACE
procedure by patients with spina bifida at a special reference center
may be different from that by children with anorectal malformations

Table 1 Patient demographic data

Sex (n)

Male 10

Female 11

Mean age (years) 19.5 (7.9–29.5)

Mean age at operation (years) 14.0 (4.0–23.0)

Median follow-up time (months) 75.0 (23.1–104.1)

Simultaneous urinary tract reconstruction (n)

(þ ) 4

(�) 17

Experience of RCE (n)

(þ ) 11

(�) 10

Ambulation (n)

Ambulatory 14

Wheelchair bound 7

Primary diagnosis (n)

Myelomeningocele 17

Lipomeningocele 4

Abbreviation: RCE, retrograde colonic enema.

10 Very Satisfied

9

8

7

6 Moderately Satisfied

5 Borderline or Moderately Unsatisfied

4

3

2

1 Very Unsatisfied

Figure 1 Modified VAS of SSs from 1 to 10 in the questionnaire. Score 5

means moderately unsatisfied and score 6 means moderately satisfied.
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at a clinic of pediatric surgery. In addition, despite the high success
rates of the MACE procedure, Yardley et al.2 reported in a long-term
follow-up study that a considerable number of patients had ceased
MACE procedures. On the other hand, they described that satisfaction
rates were very high in patients who continued to use MACE over a

long period of time. From this point on, to evaluate the MACE
procedure, it is essential to investigate the success rate not only in
terms of fecal continence, but also the degree of patient satisfaction
after the procedure. If there are, indeed, several predictive factors
influencing patient satisfaction after the MACE procedure, then
knowledge of these factors will be useful to both physicians and
patients when considering the indications of MACE.
Although this series was small, it included only spina bifida patients

with intermittent catheterization. Furthermore, a 100% return rate for
the mailed questionnaires and low dropout rate of MACE made this
study quite adequate for evaluating SS following MACE. The reason
for the low dropout rate (1 out of 21) is unknown. However, one
possible explanation for this could be the continuing support of our
nursing specialists at every patient visit.
The overall success rate in this study, which included partial

success with occasional fecal leakage, was 90%, although only 52%
achieved complete success. The mean age of patients at the time of
evaluation in this study was higher than in previous studies (19.5
versus 10.7 years).7 Vande Velde et al. described that the continent
group of patients with spina bifida tended to be younger. In their
study of MACE in patients with spina bifida, fecal continence was
achieved in 6 of 7 children (86%) and 7 of 11 adults (64%).8 In terms
of surgical complications, our study showed very few complications.
There were no serious complications, such as shunt infection, ileus
and severe stomal stenosis requiring operative revision. Infection of
the catheterizable stoma that developed in one patient was cured
with medical management. Only one patient underwent stomal
revision due to mucosal prolapse. Although occasional minimal
stomal leakage and painful catheterization were recognized in a few
patients, no patient needed additional surgery to fix these problems.
The possible reason for this low complication rate was that we
performed in situ appendicostomy with a cecal plication. With
almost the same techniques, Herndon et al. reported that stomal
revisions were required in 11 (8.7%) patients, which was lower than
other previous reports.7,9 They suggested that the reason for their low
stomal revision rate was preservation of cecal blood supply at the
base of the appendix, thereby limiting its dependence on an isolated
appendiceal mesentery.
In terms of overall patient satisfaction, our study showed a

satisfaction rate (SSX6) of 85% with a mean SS of 7.8 (range, 5–10).

Table 2 Influence of each of the 17 factors on satisfaction scores

(SSs)

Question items N Satisfaction score P-value

Gender 0.32

Male 10 8.3±1.6

Female 11 7.5±1.7

Age at operation (years) o0.01

p10 6 9.5±0.6

410 15 7.2±1.5

Follow-up period (years) 0.97

p5 9 7.7±1.9

45 12 7.9±1.6

Ambulatory status 0.93

Ambulatory 14 7.8±1.7

Wheelchair bound 7 7.9±1.7

Independence after the procedure 0.54

Independent 13 8.0±1.6

Not independent 8 7.5±1.8

Simultaneous urinary tract reconstruction 0.32

(þ ) 4 8.7±0.5

(�) 17 7.6±1.8

Experience of RCE 0.02

(þ ) 11 8.6±1.4

(�) 10 7.0±1.5

Experience of minimal stomal leakage 0.02

(þ ) 5 6.4±0.8

(�) 16 8.3±1.6

Experience of painful catheterization 0.23

(þ ) 10 7.4±1.9

(�) 11 8.3±1.4

Length of washout time 0.15

Tolerable 17 8.1±1.5

Intolerable 4 6.7±2.3

Irrigation pain 0.65

Tolerable 17 8.0±1.7

Intolerable 4 7.5±2.0

Fecal continence 0.09

Full success 11 8.4±1.6

Partial success or failure 10 7.2±1.6

Improvement of constipation 0.34

(þ ) 16 8.0±1.6

(�) 5 7.2±1.92

Improvement of desire to defecate 0.97

(þ ) 14 7.8±1.8

(�) 7 7.8±1.4

Wearing diapers during the daytime 0.51

(þ ) 10 8.1±1.5

(�) 11 7.6±1.9

Enhanced comfort at school or workplace 0.03

(þ ) 16 8.4±1.3

(�) 5 6.2±1.7

Enhanced comfort at sleepovers o0.01

(þ ) 10 9.1±0.8

(�) 11 6.7±0.4

Abbreviation: RCE, retrograde colonic enema.
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Figure 2 SSs of all patients in terms of age at operation.

Satisfaction after the MACE procedure
K Imai et al

56

Spinal Cord



Hoekstra et al.6 reported relatively similar results of SS on almost the
same scale from 1 to 10 in children with intractable defecation
disorders. In their study, 86% of the patients were satisfied, with a
median score of 8 (range, 6–10). In this study, we analyzed the factors
influencing patient satisfaction. To our knowledge, there has been no
study that determined which patient variables have an impact on
patient satisfaction after the MACE procedure, particularly in patients
with spina bifida. Yerkes et al.5 used satisfaction and QOL questions
based on a 5-point Likert scale in 65 patients (including 57 with
myelodysplasia), and found that responses for overall satisfaction were
very satisfied, satisfied and very dissatisfied in 89, 9 and 1.5%,
respectively.5 They opined that it was not possible to stratify patients
to determine the factors influencing patient satisfaction due to the large
percentage of positive responses. To make a detailed analysis of patient
satisfaction, we used a modified VAS from 1 to 10 to assess SS, instead
of the 5-point Likert scale. Although measurement of patient
satisfaction with VAS has not received wide acceptance particularly in
children o10 years of age, it has previously been used in other subjects
and has been shown to be valid in previous reports.10,11 The overall
satisfaction rate in this study was 85.7%, however, only four patients
(19%) scored 10.
Many questions about the MACE procedure and QOL after

the procedure were asked in this cohort, in an attempt to define
the variables predicting patient satisfaction. In our analysis, there were
five factors, including age at operation, experience of RCE, experience
of minimal stomal leakage, enhanced comfort at school or workplace
and enhanced comfort at sleepovers, that significantly influenced SS.
When divided into younger (10 years and younger) and older age (11
years and older) groups, patients with MACE introduction at a
younger age showed significantly higher SS, as demonstrated by the
fact that four of the six patients in the younger age group scored 10
on the VAS in this study. Although the questionnaires were mailed to
the patient and the present age of most patients was above 10 years,
we assume that a parent completed the questionnaire in many of the
younger age group patients. Therefore, their responses may reflect the
opinions of the parent rather than the patient. In fact, the caregivers
of all the four younger age patients who scored 10 on SS answered
that MACE relieved their burden. On the other hand, older age group
patients, particularly adolescents, tended not to be highly satisfied
with the procedure.
In our cohort, previous experience of RCE was significantly related

to the SS. This finding definitely supports stepwise and individually
tailored bowel management programs by a multidisciplinary team
starting in childhood.12 It can be easily imagined that patients and
their caregivers would appreciate the ease of MACE procedures and its
high success rate compared with their previous bowel management
strategy, particularly RCE. Patients who have not previously
experienced problematic bowel management strategies seem to be
not highly satisfied with MACE, regardless of their bowel condition.
In our study, the perfection of continence was not significantly related
to SS. However, the occasional experience of even minimal stomal
leakage significantly decreased SS. This indicates that patients strongly
fear even a small stain on their shirts.
In our previous study, procedure independence was significantly

better in the MACE group compared with the RCE group in children
with spina bifida.13 However, the level of independence was not
significantly related to SS. Furthermore, SS had no relation to whether
or not the patients wore diapers during the daytime. These findings
may reflect the overall limit of independence, complete urinary

continence and fecal continence in these patients. Finally,
significantly higher SS was recognized in patients who felt enhanced
comfort at school, their workplace and at sleepovers after MACE.
Thus, we should not only be concerned about the patients’ bowel
condition, but also strongly encourage and support patients in their
daily life after MACE.
The main limitations of this study include its retrospective design,

using a non-validated questionnaire, small size of the cohort, and the
use of VAS which is not a validated tool for patient satisfaction in
children o10 years of age. Besides these, our study results are also
limited by the fact that the majority of our patients underwent
simultaneous urinary tract reconstruction. Although there was no
significant difference in SS on the basis of status of simultaneous
urinary tract reconstruction, and it was stressed that the focus of the
questionnaire was the MACE procedure, patients’ SS may have been
influenced by their urinary tract condition after surgery. In addition,
assessment of bowel condition was based on the self or caregiver
reported outcomes, without physiologic evaluation.

Conclusions
In our analysis, younger age at operation, previous experience of RCE,
no stomal leakage and improved QOL (greater comfort at school,
workplace and sleepovers) significantly contributed to the high
satisfaction after the MACE procedure in patients with spina bifida.
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