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Abstract

Aim Sacral neuromodulation (SNM) is a minimally

invasive therapy for functional constipation (FC) and is

most often used to treat adults. Recent studies suggest

that SNM may also beneficial in children. However,

comparative data regarding preferred age of SNM for

FC are lacking. Therefore, long-term results of SNM

for FC were compared between children and adults.

Method All patients treated with SNM for FC between

2004 and 2015 were evaluated. Outcomes of children

(age 10–18 years) were compared with those for adults

(≥ 18 years). The primary end-point was a defaecation

frequency of three or more times per week, which is

consistent with the ROME-III criteria. Secondary out-

comes were quality of life (QoL; SF-36) and the Cleve-

land Clinic Constipation Score.

Results One hundred and eighty patients (45 children,

135 adults) were eligible for SNM. The mean age was

15.8 (children) and 41.4 years (adults). One hundred

and twenty-six patients received permanent SNM (38

children, 88 adults). Mean follow-up was 47 months in

both groups. Defaecation frequency increased in both

groups after SNM compared with baseline. Defaecation

frequency in adults was higher than in children. The

increased defaecation frequency was maintained during

the entire follow-up period in both groups. QoL of

children was impaired compared with the Dutch popu-

lation with regard to bodily pain, general health and

vitality. Adults had worse QoL with regard to physical

functioning, bodily pain, general health, vitality and

social functioning compared with the Dutch population.

QoL of children did not differ from adults.

Conclusion Sacral neuromodulation (SNM) should be

considered in children (< 18 years) with FC. However,

the indication of SNM for FC remains debatable con-

sidering the limited improvements and high costs.

Keywords Sacral neuromodulation, constipation,

children, adults, quality of life

What does this paper add to the literature?

It is unknown whether sacral neuromodulation (SNM)
is as effective in the treatment of functional constipation
(FC) for children as for adults. This study demonstrates
that SNM should be considered for children with FC as
the procedure is safe and feasible with comparable long-
term outcomes to those in adults.

Introduction

Constipation is a common functional gastrointestinal

disorder with a prevalence varying from 19% to 30% in

the general population [1] and from 0.7% to 29.6% in

children [2]. Constipation has a significant impact on

the quality of life (QoL) of both patients and their fam-

ilies [3]. Treatment of functional constipation (FC) still

poses a great challenge as one-third of patients do not

respond to current conservative therapies [4,5]. A

minority of these patients undergo major surgery such

as a colostomy or colectomy. However, these proce-

dures are invasive, irreversible and associated with high

morbidity (20%) and mortality (2.6%) [6–8].
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Sacral neuromodulation (SNM) is a relatively novel,

minimally invasive surgical therapy for FC and works

through electrical stimulation of the third sacral nerve.

Success rates of SNM for FC in both children and adults

are controversial. Some studies have reported success

rates of 52%–87% and 84.6%–90% in children and adults,

respectively [9–14]. However, these positive results are at

variance with other studies which report success-rates of

27.3%–29.0%, which according to the authors are associ-

ated with a placebo effect [15–17]. The large variation in

outcomes between children and adults might be related

to different aetiologies of FC in each age group and the

use of different primary outcome parameters [2].

Despite the increasing use of SNM for FC, knowl-

edge regarding the effect of age on the efficacy of SNM

for FC remains unclear. Moreover, comparative data

regarding long-term outcomes between children and

adults are essential to optimize the timing of SNM.

Therefore the aim of this study is to compare long-term

results of SNM for FC between children and adults.

Method

All patients who underwent SNM for FC between 2004

and 2015 were retrospectively reviewed. All patients

had failed conservative treatment prior to evaluation.

Inclusion criteria

Children between 10 and 18 years and adults ≥ 18 years

of age were included if symptoms of FC existed for at

least 3 months prior to visiting our outpatient clinic and

if all conservative treatments such as laxatives, supposito-

ries, enemas, retrograde irrigation and biofeedback ther-

apy failed. Constipation was defined according to the

ROME III criteria for children [18] and adults [19].

Exclusion criteria

Patients were excluded if they suffered from irritable

bowel syndrome with constipation (IBS-C) or IBS with

alternating type (IBS-A) [19], neurological pathology

(e.g. spinal cord transection, multiple sclerosis or

Parkinson’s disease), a psychiatric or psychological

comorbidity or if they had a stoma in situ. Patients

who were pregnant or those attempting to become

pregnant were also excluded. Patients born with a spina

bifida who were able to walk were not excluded.

Assessment

Baseline evaluation consisted of a standardized 3-week

bowel habit diary, Cleveland Clinic Constipation Score

(CCCS) [20], anorectal manometry and defaecography.

All children and adults completed this baseline evalua-

tion. The bowel habit diary was used to assess the

defaecation frequency, presence of straining and use of

laxatives or enemas to stimulate defaecation. Adults

were also asked for sensation of incomplete evacuation

and abdominal pain and bloating. Children were asked

regarding faecal incontinence and withholding beha-

viour. For preference patients filled in the bowel habit

diaries without the use of laxatives. Patients were

allowed to take laxatives if they had no defaecation for

more than 2 days.

The CCCS was used to assess the severity of FC in

both children and adults and consists of a score from 0

(no symptoms) to 30 (severe symptoms). A lower score

indicates lower severity of FC.

Anorectal manometry was performed to evaluate the

rectal sensation threshold and to elicit the rectoanal

inhibitory reflex to rule out Hirschsprung’s disease.

Defaecography was used to assess anorectal configura-

tion, pelvic floor position and the presence of structural

or functional abnormalities. Colon transit time studies

were not performed for every patient and were therefore

not included in this study.

Surgical procedure

The surgical technique for SNM was previously described

and consists of a two-stage procedure [21]. The surgical

procedures were conducted under local or general anaes-

thesia by an experienced surgeon. Children and adults

were operated on by the same surgeons. In short,

anatomical landmarks, fluoroscopy and a testing needle

were used to identify the correct sacral foramen. Correct

placement of the needle was confirmed by contraction of

the pelvic floor. Afterwards a temporary unipolar percuta-

neous nerve evaluation (PNE)-lead (Medtronic Interstim

model 3057, Minneapolis, Minnesota, USA) or a tun-

nelled, quadripolar tined lead (Medtronic Interstim

model 3093/3889) was inserted which was connected to

an external stimulator (Medtronic model 3625 or 3531).

A PNE-lead was used up to 2007, and only in adults.

From 2008 onwards, all patients received a tined lead.

Both PNE and TLP were followed by a 4-week test-per-

iod during which continuous stimulation was applied

using standard settings (amplitude 0.1–10 V, pulse width

210 ls, frequency 16 Hz). The stimulation settings were

optimized during the first week of the 4-week test-period.

During the following 3 weeks patients completed the

3-week bowel habit diary.

After the test-period, the PNE-leads were removed.

A tined lead was left in situ in case of a positive result.

Patients were eligible for permanent implantation in
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case of a defaecation frequency of three or more times

per week after the SNM-screening period based on the

3-week bowel habit diary.

For a PNE lead, an electrode fixed to the sacrum

was inserted in the same foramen as the PNE lead and

connected to a permanent implantable pulse generator

(IPG) which was implanted under general anaesthesia.

For a tined-lead, the IPG was mostly implanted under

local anaesthesia. Based on the patient’s age, amount of

subcutaneous tissue and applied current, one of two

types of IPGs was implanted in a subcutaneous gluteal

pocket under antibiotic cover. The larger neurostimula-

tor (Medtronic Interstim model 3023) was connected

to the definitive electrode lead via a connecting cable

(Interstim model 3095). The smaller type (Interstim

model 3058) was connected directly to the definitive

lead.

Loss of efficacy

Loss of efficacy was defined as a reduced effect or loss

of therapeutic effect after implantation of the IPG after

a period with good effect. Loss of efficacy was treated

according to the algorithm of Dudding et al. [22]. In

short, the electrode and pulse generator were first

checked for technical failure. A technical check of the

SNM system was always accompanied by a plain radio-

graph of the sacrum to exclude displacement of the

electrode. Electrode polarity was changed if patients suf-

fered from loss of efficacy. If changing polarity did not

improve treatment efficacy, the second option was to

increase the stimulation frequency to 21 or 31 Hz. A

stimulation frequency of 31 Hz has only been applied

recently [23,24].

In case of technical failure, a new electrode was

implanted in the same sacral foramen. A contralateral

electrode was implanted in case of clinical failure (loss

of efficacy without technical failure).

Outcomes and follow-up

The primary outcome was defined as a defaecation fre-

quency of three or more times per week without the use

of additional laxatives. Secondary outcomes were change

in straining frequency, abdominal pain and sensation of

incomplete evacuation as assessed by the defaecation

diary. Constipation severity was quantified by the CCCS

and QoL using the Short-Form 36 (SF-36).

The SF-36 is a generic QoL questionnaire that con-

sists of eight sub-domains: bodily pain (BP), general

health (GH), social functioning (SF), physical function-

ing (PF), mental health, vitality (V), functioning physi-

cal role and functioning emotional role. All scales range

from 0 to 100, with a higher score indicating better

QoL [25].

Both primary and secondary outcomes including

CCCS were assessed at baseline, after the screening-per-

iod and at 1, 3, 6 and 12 months following permanent

implantation and annually afterwards in both children

and adults. Anorectal manometry and defaecography

were not repeated during follow-up.

Additionally, both children and adults with a perma-

nent stimulator in situ in December 2015 were asked

to complete the SF-36 for a cross-sectional evaluation

of QoL. If the questionnaires were not returned after

2 weeks, the patients were contacted by telephone and

the questionnaires were sent again.

Complaints of pain related to the position of the

IPG after implantation were observed for a minimum of

3 months. If the pain remained, patients were eligible

for a revision of the pocket. In the early period of

SNM, pain was treated by a relocation of the pulse gen-

erator to the lower abdominal wall or even the subpec-

toral space. Later, relocation of the pulse generator

more caudal or cranial within the buttocks was preferred

over relocation to the abdominal wall.

Wound infections were first aggressively treated with

oral antibiotics. If this did not resolve the infection, the

complete SNM system was removed. A new SNM sys-

tem was implanted 3 months after the infection

resolved.

Statistical analysis

Data are presented as mean (SD) or median (range) for

continuous variables and count (percentage) for cate-

gorical variables. We used paired t-tests to compare fol-

low-up results with baseline data. To compare

outcomes between children and adults we used the

Pearson’s chi-square test for dichotomous variables and

independent t-tests for continuous variables. Results of

the SF-36 questionnaire were compared with the Dutch

population using a one-sample t-test. Long-term effi-

cacy was evaluated as the proportion of successfully

implanted patients at the follow-up evaluations com-

pared with the total number of patients undergoing

SNM-screening. This analysis was performed for the

whole population and for both groups. Primary and sec-

ondary outcomes and SF-36 questionnaires were evalu-

ated using only the proportion of the number of

patients of both groups who actually received a perma-

nent implant. Patients who failed SNM screening were

not included in these analyses due to missing data. Sta-

tistical significance was defined as P < 0.05. Data were

analysed using SPSS (IBM SPSS Statistics for Windows,

Version 22.0, IBM Corp, Armonk, New York, USA).
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Results

During the study period, 180 patients were eligible for

SNM screening (45 children, 135 adults). Patient char-

acteristics are shown in Table 1. Significantly more chil-

dren had a defaecation frequency of three or more

times per week after the SNM screening (84.4% of all

screened children) compared with adults (65.2% of all

screened adults) (P = 0.005).

In total, 201 test periods were conducted and 126

patients (38 children, 88 adults) received permanent

SNM (1 S2 right, 56 S3 right, 62 S3 left, 2 S4 right, 5

S4 left). There was no difference in long-term outcomes

between the different sacral foramina. In total, 82

patients (45.6% of all screened patients; 65.1% of all

patients who received a permanent implant) maintained

a defaecation frequency of three or more times per

week. Mean follow-up was 47.5 (4.5–112.4) months in

children and 47.3 (3.0–146.6) months in adults

(Fig. 1).

Primary outcome

Children’s defaecation frequency per 3 weeks increased

from 5.6 (SD 13.3) (or 1.7 times per week) at baseline

to 16.6 (SD 9.5) (or 5.5 times per week) after SNM

(P < 0.001). Adult defaecation frequency per 3 weeks

increased from 6.7 (SD 11.5) (or 2.2 times per week) at

baseline to 9.9 (SD 15.3) (or 3.3 times per week) after

SNM (P < 0.001). This effect remained significant in

both the children and adults up to 48 months follow-up

(P < 0.001 and P = 0.03, respectively) (Fig. 2). Defae-

cation frequency at baseline (P = 0.55) and after the

test-phase (P = 0.094) did not differ significantly

between children and adults. From 1-month follow-up

up to 5 years of follow-up, the defaecation frequency in

adults (34.3, SD 7.3) was higher than in children (14.0,

SD 7.8) (P = 0.017). After SNM, use of additional laxa-

tives and/or enemas for regular bowel movements was

comparable between children (n = 14; 36.8% of all

patients who received a permanent implant) and adults

(n = 39; 44.3% of all patients who received a permanent

implant) (P = 0.55).

Secondary outcomes

The number of days with abdominal pain per 3 weeks

at baseline decreased from 15.5 (SD 9.6) to 8.4 (SD

8.2) in children (P = 0.014) and from 18.2 (SD 6.7) to

9.2 (SD 6.4) in adults after SNM (P < 0.001). The fre-

quency of abdominal pain remained lower compared

with baseline in children up to 12 months of follow-up

(P = 0.01) and in adults up to 24 months (P = 0.022).

There was no significant difference in the number of

episodes of abdominal pain during follow up between

children and adults (Fig. 3).

Additional symptoms such as straining frequency and

number of bowel actions with sensation of incomplete

evacuation showed a comparable, but nonsignificant,

decrease in both children and adults.

Cleveland Clinic Constipation Score

In children, the mean CCCS decreased from 17.9 (SD

4) at baseline to 8.9 (SD 4.2) after SNM (P < 0.001).

For adults the CCCS was 17.3 (SD 3.5) at baseline vs

8.3 (SD 4.1) after SNM (P < 0.001). The decreased

CCCS was maintained up to 5 years of follow-up in

children (P = 0.004) and up to 36 months in adults

(P = 0.046). There were no significant differences in

Table 1 Patient characteristics.

Children (n = 45) Adults (n = 135) P-value

Male gender, n (%) 3 (6.7%) 12 (8.9%) < 0.001

Mean age (years) (range) 15.8 (10.4–17.9) 41.4 (18.0–78.6) < 0.001

SNM screening, n (%)

Success 38 (84.4%) 88 (65.2%) 0.005

Failed 37 (15.6%) 47 (34.8%)

Mean follow-up (months) (range) 47.5 (4.5–112.4) 47.3 (3.0–146.6) 0.97

Type of electrode

Fixed electrode 30 18 0.001

Tined lead 38 70 0.001

Type of IPG

Interstim I (3023) 34 40 < 0.001

Interstim II (3058) 34 48 < 0.001

SNM, sacral neuromodulation; IPG, implantable pulse generator.
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CCCS between children and adults during follow-up

(Fig. 4).

Short-Form 36

Ten of the 22 children and 36 of the 60 adults still

receiving SNM returned the SF-36, resulting in an

overall response-rate of 56.1%. Follow-up varied

between 6 months and 12.1 years in children and

between 6 months and 11.1 years in adults. Children

scored worse on BP (45.5, SD 23.2), GH (50.4, SD

22.4) and V (42, SD 20.6) compared with the Dutch

population [BP 74.9, SD 23.4 (P = 0.003); GH 70.7,

SD 20.7 (P = 0.019); V 68.6, SD 19.3 (P = 0.003)]

(Fig. 5) [26]. Adults had impaired scores on PF (70.5,

SD 27.8), BP (41.9, SD 24.5), GH (50.7, SD 23.2), V

(55.3, SD 21.5) and SF (69.8, SD 28.6) compared with

the Dutch population [PF 83, SD 17 (P = 0.011); BP

SNM screening n = 180 (100%)

SNM removed n = 8 (17.8%) SNM removed n = 17 (12.6%)

Use of laxatives/enemas n = 14 (31.1%) Use of laxatives/enemas n = 39 (28.9%)

Maintained efficacy n = 22 (48.9%) Maintained efficacy n = 60 (44.4%)

Permanent SNM n = 38 (84.4%) Permanent SNM n = 88 (65.2%)

Drop-out n = 8 (17.8%)
Lost to follow-up n = 8

Follow-up n = 30 (66.7%) Follow-up n = 77 (57.0%)

Death n = 0

Drop-out n = 11 (8.1%)
Lost to follow-up n = 10
Death n = 1

Children n = 45 (100%) Adults n = 135 (100%)

Non-responders n = 7 (15.6%) Non-responders n = 47 (34.8%)

Figure 1 Flow-chart of long-term results regarding maintained efficacy subdivided between children and adults.
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74.9, SD 23.4 (P < 0.001); GH 70.7, SD 20.7

(P < 0.001); V 68.6, SD 19.3 (P < 0.001); SF 84, SD

15.3 (P = 0.005)]. Outcomes of the SF-36 showed no

differences between children and adults.

Loss of efficacy

A total of 60 patients [18 children (40.0% of all screened

children; 47.4% of all children who received a permanent

implant) and 42 adults (31.1% of all screened adults;

47.7% of all adults who received a permanent implant)]

suffered from loss of efficacy which required surgical

intervention. Loss of efficacy in adults occurred in 18 of

the 18 fixed leads (100%) and in 24 of the 70 tined leads

(34.3%). Loss of efficacy occurred more in patients with

a fixed lead compared with a tined lead (P < 0.001).

In 12 patients loss of efficacy was due to failure of

the electrode, these patients received a new electrode.

Efficacy was restored in seven patients after lead-

revision. Five patients suffered from subsequent clinical

loss of efficacy for which they received a contralateral

electrode. The percentages of patients suffering loss of

efficacy were not significantly different between children

and adults (P = 0.97).

Sacral neuromodulation (SNM) failed and was

removed in 25 patients (8 children, 17 adults). Time

between implantation of the permanent implant and date

of removal of SNM was 2.4 (0.7–4.6) years for children

and 2.4 (0.2–7.0) years for adults (P = 0.97). The num-

ber of patients in whom SNM was removed did not dif-

fer significantly between children and adults (P = 0.82).

Other adverse events

Pain or discomfort which required surgical intervention

occurred in 27 patients [5 children (11.1% of all

screened children; 13.2% of all children who received a

permanent implant) and 22 adults (16.3% of all
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Figure 3 Number of days with abdominal pain or bloating per 3 weeks. Numbers beneath the graph represent the number of
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screened adults; 25.0% of all adults who received a per-

manent implant)]. This resulted in 11 surgical proce-

dures in children and 27 surgical procedures in adults.

In children, the IPG was relocated seven times within

the gluteal region and once from the gluteal region to

the abdominal region. In adults, the IPG was relocated

20 times within the gluteal region, four times from the

gluteal region to the abdominal region and three times

from the gluteal region directly to the subpectoral

space.

An infection occurred in one child (2.6% of all chil-

dren with a permanent implant) and in two adults

(2.3% of all adults with a permanent implant). All were

successfully treated with antibiotics.

Discussion

This study showed that SNM had an equally long-term

beneficial effect on defaecation frequency in children

(48.9%) and adults (44.4%) with intractable FC. Fur-

thermore, both children and adults had less frequent

abdominal pain and less constipation as assessed by the

CCCS. QoL after SNM did not differ between children

and adults. Loss of efficacy occurred in 40.0% and

31.1% of all screened children and adults, respectively.

Scarce data are available regarding the long-term

outcome of SNM for FC in children and adults

[9–11,13–16,27]. The sample size of these studies is

often small (4–62 patients) and efficacy is often

reported based on an analysis of the patients who

received a permanent implant only instead of an analysis

of the entire cohort of patients including all SNM-

screenings.

Based on an analysis of the entire cohort of patients,

previous studies reported a clinical efficacy of 49.0%–
61.3% in both children and adults which is comparable

to our results [9–11,14,27,28]. One study reported a

clinical efficacy of 92% in children after a mean follow-

up of 6 months [13]. In contrast, a lower clinical effi-

cacy of SNM of 27.3%–29.0% has also been reported

[15–17].
The efficacy of SNM for FC remains controversial as

only a few studies with a high level of evidence are

available. One sham-controlled study by Dinning et al.

[17] reported a success-rate of 30% in 59 adult patients

with slow-transit constipation after a 3-week period of

SNM. Long-term success-rates in these patients were

18.9% (n = 10) at 1-year follow-up and 5.7% (n = 3) at

2-year follow-up [29]. A recent double-blind, sham-

controlled randomized controlled trial (RCT) by Zerbib

et al. [30] reported comparable results as they found

no difference between subsensoric stimulation and no

stimulation.

There are several reasons for the large variety in out-

come. Firstly, the heterogeneity of symptoms between

patients may be important. It is reported that patients

with more severe symptoms show less improvement

than patients with milder symptoms [14,31,32]. Sec-

ondly, the variation in outcome may also be explained

by the use of different outcome parameters, i.e. a defae-

cation frequency of two [13,27] or three times per

week [10,14]. Finally, the aetiology of FC (i.e. slow

transit constipation, pelvic outlet obstruction) may also

influence the variation in outcome [15–17].
Surprisingly, in our study we found a higher defaeca-

tion frequency in adults than children during follow-up.
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Figure 5 Outcome of the Short-Form-36 questionnaire (PF, physical functioning; RP, role physical; BP, bodily pain; GH, general

health; V, vitality; SF, social functioning; RE, role emotional; MH, mental health). Values are given as mean (SD). *Significantly
different compared with the Dutch population.
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To our knowledge, this is the first study to compare the

long-term outcomes of SNM for constipation between

children and adults. Therefore it is difficult to distin-

guish between an incidental finding or a substantial dif-

ference between the two groups. These results could be

biased due to the small number of patients per group.

We cannot explain this difference from an anatomical or

physiological point of view.

The general understanding of the mechanism of

action of SNM for constipation is poor. Multiple studies

have reported a decreased colon transit time and/or an

increase in colon propulsion waves after implantation of

SNM in patients suffering from slow-transit constipa-

tion [10,33,34]. However, these results could not be

replicated by other studies [16,28,35]. A recent review

evaluated the motor and sensory effects of SNM on the

small intestine, colon and rectum and the effect of

SNM on the central nervous system [36]. The authors

hypothesized that SNM modulates the central defaeca-

tion control. However, more research is required to

better understand the underlying mechanisms of action

of SNM.

Cross-sectional evaluation showed a reduced QoL in

both children and adults after SNM compared with the

Dutch population regarding BP, GH and V. Adults also

had an impaired score on SF. QoL did not differ

between children and adults. A previous study by

Kamm et al. [10] reported an improvement in QoL in

patients with constipation after SNM compared with

baseline. Interpretation of our results and a comparison

with previous studies might be biased due to the

absence of a baseline measurement and the cross-sec-

tional evaluation in our study.

The most common adverse event in this study was

loss of efficacy. Eighteen children and 42 adults expe-

rienced loss of efficacy requiring surgical intervention.

Due to the retrospective nature of this study we could

not differentiate between lack of efficacy and loss of

efficacy. Only a few studies have reported the number

of patients suffering from loss of efficacy after SNM

for constipation. Our results are comparable to a pre-

vious study by Maeda et al., [37] which reported a

loss of efficacy of 45%. The underlying reasons for

waning of efficacy remain unknown. It may be related

to the possibility that prolonged stimulation may

induce nerve injury, but it may also be related to

aging of the patient with concomitant natural physical

decline [37].

Most notable was the high failure rate of the fixed

leads. There are no studies in the field of SNM for con-

stipation reporting the success rates of the different

leads. Therefore we compared our results with the lim-

ited results reported in the field of SNM for faecal

incontinence. As in our study, these previous studies all

reported superiority of the tined lead compared with

the fixed lead [38,39]. However, these results are diffi-

cult to compare because the number of patients in our

study and in the literature are limited. We hypothesize

that the high failure rate could be related to the techni-

cal difference between the fixed and tined leads. How-

ever, suboptimal patient selection may also play a

substantial role. Due to the retrospective design of this

study we could not differentiate between the causes of

failure of SNM.

The strengths of this study are the large patient popu-

lation, the comparison between children and adults and

the use of validated questionnaires. However, there are

also some limitations that need to be addressed. Firstly,

this study included a heterogeneous group of patients,

including patients with slow transit constipation and pel-

vic outlet obstruction. Secondly, different defaecation

diaries were used during follow-up and the early versions

mainly focused on defaecation frequency. This resulted

in missing baseline values regarding secondary outcomes.

Furthermore, we used a cross-sectional approach to

assess general QoL (SF-36) due to the absence of base-

line and follow-up data. These results must be inter-

preted with care as bias cannot be excluded due to the

cross-sectional approach and low response-rate (56.1%)

of this study. It is possible that patients with a lower

QoL did not return the questionnaires, resulting in a

false-positive outcome. Finally, data after 72 months of

follow-up were not reported in this study due to the

small sample size and the number of missing data.

In summary, this study demonstrates that SNM has

similar long-term outcome for children (< 18 years)

and adults with intractable FC. Therefore, in our opin-

ion children suffering from severe constipation should

be eligible for SNM screening.

It remains debatable whether this expensive treat-

ment is a valid option for intractable FC as only half of

all screened patients showed positive effects. Moreover,

loss of efficacy occurred in roughly half of all patients

who received permanent SNM. These outcomes should

be included in the decision-making process regarding

the treatment paradigm between the healthcare provider

and the patient with intractable FC. The options are

continuing care as usual, SNM or more invasive thera-

pies like subtotal colectomy.

There is a RCT currently under way in the Nether-

lands regarding the (cost-) effectiveness of SNM for

constipation in children and adults, comparing SNM

with optimal conservative treatment (ClinicalTrails.gov

no. NCT02961582). This should provide improved

information to help decision-making for both patients

and their doctors.
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