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Abstract

In this review, we summarize current insights into the treatment of functional constipation
(FC) in children. Constipation is a global issue in the pediatric population, with a prevalence
of approximately 9.5%. Initial management involves a combination of non-pharmacological
and pharmacological interventions. However, a significant number of children continue to
experience therapy-resistant FC despite optimal non-pharmacological and pharmacolog-
ical treatments. While studies on novel pharmacological options in children are limited,
adult trials have shown promising results. New agents such as lubiprostone, prucalopride,
linaclotide, and plecanatide have demonstrated improved outcomes compared to placebo
or conventional therapies, particularly in increasing spontaneous bowel movements. Neu-
rostimulation presents an additional treatment modality. Posterior tibial nerve stimulation
appears to be a promising new option, offering high treatment satisfaction and a favorable
safety profile with a low rate of severe adverse events. For children who do not respond
to optimal conservative therapy, the impact on quality of life can be substantial. In such
cases, surgical interventions may be considered, including intrasphincteric botulinum toxin
injections, antegrade continence enema surgery, and, in severe cases, colonic resection or
a diverting ostomy. The choice of surgical treatment remains a subject of ongoing debate.
Therapy-resistant FC in children is a complex and impactful condition. An individualized,
stepwise approach is essential, with surgical options such as colonic resection reserved as a
last resort.

Keywords: functional constipation; pediatrics; surgery; new pharmacological approaches;
neurostimulation

1. Introduction
Constipation in children is a global problem, with a pooled prevalence of 8.17% (95%

CI: 6.33–10.22%) for children from 0 to 4 years old and 11.39% (95% CI: 9.34–14.11%) for
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children 4–18 years old [1,2]. Before a diagnosis of functional constipation (FC) can be
established, organic causes must be excluded. It is essential to perform a thorough physical
examination and, if necessary, to conduct additional diagnostic procedures, such as con-
trast enemas or obtaining anal/rectal biopsies. Possible missed diagnoses could be ultra
short Hirschsprung disease (HD), a subtle recto-perineal fistula or a thickened internal
anal sphincter [3–5]. Neurologic (e.g., spinal cord malformations, pseudo-obstruction
syndrome), metabolic or endocrine disorders (e.g., coeliac disease, cystic fibrosis, hypothy-
roidism) could also cause constipation without clear physical malformations [6]. Otherwise,
according to the pediatric Rome IV criteria, FC is diagnosed in children of all ages when two
or more of the following symptoms are present for at least one month: (1) fewer than three
bowel movements per week, (2) at least one episode of fecal incontinence (FI) per week,
(3) a history of excessive stool retention, (4) a history of painful or hard bowel movements,
(5) the presence of a large fecal mass in the rectum, and (6) large-diameter stools that may
obstruct the toilet [7,8].

Initial treatment of FC typically involves a combination of non-pharmacological and
pharmacological approaches [9]. In clinical practice, the most commonly used first-line
osmotic laxatives are polyethylene glycol (PEG) and lactulose, while bisacodyl or senna are
the stimulant laxatives of choice [10]. However, despite optimal conservative treatment,
a significant group of children continue to experience constipation, which can negatively
affect their quality of life (QoL). It has been reported that approximately 50% of children
referred to a pediatric gastroenterologist remain symptomatic after five years, and around
20% continue to struggle with symptoms of constipation even after ten years despite
intensive treatment [11]. In such cases, more invasive interventions, such as surgery, may
be necessary.

Although there is no consensus definition in the terminology, and the maximal medical
treatment and duration of medical intervention needed before concluding that the patient
is medically unresponsive constipation varies amongst clinicians, for the purposes of
this review, we will refer to medically unresponsive constipation as therapy-resistant
constipation [12]. Conventional laxative and enema-based treatments often do not bring
ultimate patient satisfaction and a decrease in symptoms, but novel therapy options are
being developed rapidly. This review provides an update on both new pharmacological
and surgical management options for children with FC.

2. New Medications
For adults with FC, more and more pharmacological options are available. When

a successful response rate is achieved in the adult population, studies in the pediatric
population are performed. An overview of the following four mentioned drugs can be
found in Table 1.

Table 1. Overview of new pharmacologic options in children with functional constipation.

LUBIPROSTONE LINACLOTIDE PRUCALOPRIDE PLECANATIDE

MECHANISM OF
ACTION

Activates ClC-2 chloride
channels, increasing
intestinal fluid secretion
and promoting motility

Guanylate cyclase-C
agonist; increases cGMP,
stimulating chloride and
bicarbonate secretion via
CFTR channel

Selective 5-HT4 receptor
agonist; enhances colonic
motility and contractions

Guanylate cyclase-C
agonist; increases cGMP,
stimulating chloride and
bicarbonate secretion via
CFTR channel

TYPICAL DOSAGE
(ADULTS) 12 or 24 mcg once daily 145 mcg once daily 2 mg once daily 3 or 6 mg once daily

MOST COMMON SIDE
EFFECT Nausea, diarrhea Diarrhea Headache, abdominal

pain Diarrhea

USE IN PEDIATRICS Limited data, not advised
as treatment option Limited data Not advised as treatment

option No published clinical data
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2.1. Lubiprostone

Lubiprostone, difluoropentyl-2-hydroxy-6-oxooctahydrocyclopenta-heptanoic acid,
activates the chloride channels 2 (ClC-2) located on the gastrointestinal apical cell mem-
brane. When these channels are activated, fluid secretion will be established and softens
the feces, which supports transit through the gastrointestinal tract [13].

Large randomized controlled trials (n = 237 and n = 1171, respectively) evaluating
the effect of lubiprostone in adults with FC and/or IBS-C reported promising results with
significantly more spontaneous bowel movements (SBMs) [14,15].

In the past five years, several studies have been performed to identify the efficacy and
safety of lubiprostone in children with FC. A non-randomized open-label study evaluated
the safety of lubiprostone in children fulfilling the Rome III criteria for FC at 6–17 years
of age. Indeed, lubiprostone (12 mcg or 24 mcg orally) was found to be well tolerated
and without significant adverse events (AEs) [16]. Treatment-emergent adverse events
were mostly mild in intensity, with gastrointestinal disorders (diarrhea, vomiting) most
frequently reported and similar to those reported in adult studies. Subsequently, a mul-
ticenter, randomized, double-blind, placebo-controlled study [17], in which 444 children,
6–17 years of age, and fulfilling the Rome III criteria for FC, used lubiprostone or placebo
for a minimum of twelve weeks, showed no significant difference in SBMs between the
two groups. Indeed, a systematic review evaluating the efficacy and safety of treatments
used for intractable constipation in children confirmed that lubiprostone made little to no
difference in treatment success (RR 1.29, 95% CI 0.87 to 1.92; low certainty evidence) [18,19].
Recently, a randomized controlled, single-blinded trial in 280 children with FC, 8–18 years
of age, evaluated the efficacy of lubiprostone compared to one of the conventional thera-
pies (bisacodyl, sodium picosulfate or lactulose). In contrast to the aforementioned study,
results showed that the number of spontaneous bowel movements (SBMs) when using
lubiprostone was significantly higher compared to conventional therapies. More research
is needed to identify its usefulness since no clear efficacy has been revealed yet. Until then,
lubiprostone will not be a standard laxative therapy for children with FC.

2.2. Linaclotide

Linaclotide is a guanylate cyclase-C (GC-C) receptor agonist. Activating the GC-C
receptor leads to more intestinal fluids, softens feces, and speeds up the transit of stool [20].

In recent years, several studies in adults with FC have shown that linaclotide is an
effective laxative treatment [21]. In 2021, a study reported on 93 children, 8–17 years of
age, fulfilling the Rome IV criteria for irritable bowel syndrome with constipation (IBS-C}
(n = 60) and FC (n = 33) [22]. Linaclotide significantly improved the amount of bowel
movements in these children. However, AEs were reported in 35% of the population, and
therefore, 20% stopped using linaclotide. The most common adverse events reported were
diarrhea and flatulence.

A large study conducted in seven countries evaluated the difference in SBMs when
using linaclotide (n = 166) compared to placebo (n = 164) in children, 6–17 years of age,
fulfilling the Rome III criteria for FC [23]. Compared with placebo, patients treated with lina-
clotide showed significant improvement in SBM frequency and stool consistency (p < 0.001).
Baseline SBM in the linaclotide group was 1.16 times a week, which increased to 3.41 SBMs
a week. In the placebo group, baseline SBM was 1.28 a week compared to 2.29 a week
after intervention. The most frequent treatment-related AE was diarrhea (linaclotide: six
(4%) patients; placebo: two (1%) patients). To our knowledge, these are the only published
studies with children with FC included. More prospective trials are needed, and over a
longer period of time, to be able to draw any conclusions about linaclotide.
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2.3. Prucalopride

Prucalopride is a selective, high-affinity 5-hydroxytryptamine-4 (5-HT-4) receptor
agonist. It is a pro-kinetic drug which, in contrast to the other mentioned medicines,
stimulates motility in the gastro-intestinal tract [24–26].

In adults with FC, studies have shown promising results with an increase in SBM and
an acceptable number of adverse events when prucalopride is used for the treatment of
FC [25,27]. The most common AEs were headache, nausea, abdominal pain and diarrhea.
No significant differences were shown in the number of AEs in adults using prucalopride
or placebo [27,28]. Also, most AEs were transient and mainly present within the first 24 h
of treatment. To date, only a few studies have been performed to evaluate prucalopride
for the treatment of FC in children. In 2014, a large (n = 213), double-blinded randomized
controlled trial (RCT) compared prucalopride placebo in children, from 6 months to 18 years
of age, fulfilling the Rome III criteria for FC [29]. In contrast to the results in adults,
this study showed that there was no significant difference in meeting the endpoints (i.e.,
≥3 SBMs a week and ≤1 episode of FI in two weeks) in using prucalopride compared to
placebo in children with FC. Headache was the most reported AE. After day one, AEs were
reported in 62.3% and 57.9% of the patients using prucalopride or the placebo, respectively.

A more recent study compared the use of conventional therapy with the use of con-
ventional therapy (i.e., rectal disimpaction, bowel cleanout, osmotic or stimulative lax-
atives, pelvic floor physical therapy and modification in behavior) in combination with
prucalopride [30]. The combination of both compounds was not superior to conventional
therapy alone.

The difference in efficacy between adults and children can be explained by the different
pathophysiology of FC between those two groups. In contrast to adults with constipation,
the underlying mechanism of constipation in children is withholding behavior. Since
prucalopride works as a stimulative laxative, the impact in adults is bigger since slow
bowel transit is more often the cause of constipation compared to children [31]. Based on
the current evidence, prucalopride cannot be recommended for routine use in children
with FC.

2.4. Plecanatide

Plecanatide is a 16-amino-acid peptide analog of uroguanylin, an active stimulator
of the guanylate cyclase-C receptors. It eventually leads to an increase in water secretion,
which softens the stool [32].

In adults with FC, some studies evaluating the efficacy of plecanatide have been
completed with potentially positive conclusions [33]. An RCT performed by Cash et al.
included 646 patients with chronic idiopathic constipation and 527 patients with IBS-C [34].
There was a significant difference in response rate when using Plecanatide (3 mg or 6 mg)
compared to placebo. Another study, including 1394 patients, also compared placebo with
2 doses (3 mg and 6 mg) of plecanatide in adults with FC. Results showed a significant
difference in SBM using 3 mg or 6 mg plecanatide compared to placebo, and a low rate of
adverse events [35].

To date, no clinical trials are published in which children with FC are included. Cur-
rently, there is one clinical trial (NCT03596905) underway, comparing plecanatide with
placebo in children with IBS-C, 6–17 years of age. Another registered clinical trial in adoles-
cents with FC plans to evaluate the efficacy and safety of plecanatide as a treatment option
for FC (NCT03120520).
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3. An Insight into Future Study Directions
Tenapanor (a sodium-hydrogen exchanger isoform 3 inhibitor) was recently added

in the treatment of IBS-C in adults [36]. It significantly improves IBS-C-related symptoms
(i.e., daily bowel movements and abdominal pain) compared with placebo [37]. AEs that
were reported were mild and mainly diarrhea and flatulence. Another new option is
mizagliflozin (a sodium-glucose cotransporter 1 inhibitor) [38]. The use of 5 mg or 10 mg
showed significant improvement in SBMs in adults with FC. Reported AEs were diarrhea
and abdominal distension [38,39]. An ileal bile acid transporter called elobixibat is a bile
acid metabolism modulator [40]. A phase 3 trial showed that SBMs increased significantly
compared with placebo. One AE (abdominal pain) was reported in both the elobixibat and
the placebo group. Diarrhea was reported in the elobixibat group in 24% of the patients [41].
A drug-free option which is new in the field is the vibrating capsule [42]. A recent phase
3 trial showed that the vibrating capsule was superior to placebo in treating adults with FC,
and adverse events were reported on a low base. No one withdrew from the trial. Until
now, no studies on children using these modalities have been available [33,36–38,40,42,43].
These options could fulfill a place in the future treatment options for FC in children [44].
An overview of detailed information can be found in Table 2.

Table 2. Overview of future study directions for children with functional constipation.

FEATURE TENAPANOR MIZAGLIFLOZIN ELOBIXIBAT VIBRATING
CAPSULE

MECHANISM OF
ACTION

Inhibits intestinal
sodium/hydrogen
exchanger 3 (NHE3),
reduces sodium
absorption, reduces
fluid resorption

Sodium-glucose
co-transporter 1
(SGLT1) inhibitor;
reduces glucose and
water absorption

Ileal bile acid
transporter (IBAT)
inhibitor; increases bile
acid delivery to colon
to stimulate secretion
of fluids and stimulates
motility

Provides mechanical
stimulation to the colon
via vibration to
enhance motility

TYPICAL DOSAGE 50 mg twice daily 5 or 10 mg once daily 10 mg once daily Once daily before night
time, works after 15 h

MOST COMMON
SIDE EFFECT Diarrhea Diarrhea Abdominal pain,

diarrhea

Mild abdominal
discomfort, sensation
of vibration

USE IN PEDIATRICS No published
clinical data

No published
clinical data

No published
clinical data

No published
clinical data

4. Neurostimulation
Neurostimulation in the patient population with FC includes sacral nerve stimulation

(SNS) and posterior tibial nerve stimulation (PTNS). For SNS, an electrode is placed in the
third sacral foramen, together with the insertion of a stimulation device under the skin near
the iliac wings. Currently, understanding of the working mechanism remains unclear.

SNS targets the sacral nerves, which play a crucial role in the regulation of colonic
motility and anorectal function. By delivering electrical impulses, SNS aims to restore
normal bowel function and alleviate symptoms associated with FC. Studies suggest that
SNS may enhance neural communication within the enteric nervous system, leading to
improved defecation patterns [9]. For the treatment of FI, SNS is already accepted, but
that is not yet the case for the treatment of FC [45]. In 2012, a small retrospective study,
for the first time, included thirteen patients (all girls, age 10–18 years) with functional
constipation according to the ROME III criteria not responding to intensive oral and rectal
laxative treatment, who were assigned for sacral neuromodulation [35]. At presentation,
none of the patients had spontaneous defecation or felt the urge to defecate and all patients
had severe abdominal pain. After sacral nerve modulation (SNM), 11 (of 12) had a normal
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spontaneous defecation pattern of ≥2 times a week without medication, felt the urge to
defecate, and perceived less abdominal pain without relapse of symptoms until 6 months
after implantation. Another study from the same group investigated the long-term efficacy
of sacral neuromodulation (SNM) in children and adolescents aged 10–20 years with chronic
functional constipation refractory to conservative treatments. Similarly, SNS provided
benefits that sustained over a prolonged period of time [46]. Subsequently, others also
reported similar results of SNS in children with intractable chronic constipation, fecal an/or
urinary incontinence, or urinary retention [47]. An American study, in 22 patients (55%
male, median 12 years) with refractory constipation severe enough to require an antegrade
continence enema (ACE), reported that the median ACE frequency decreased from seven
per week at baseline to one per week at 12 months (p < 0.0001). Ten children (45%) had
their cecostomy/appendicostomy closed. Six (27%) children experienced complications
after SNS that required further surgery [48].

A recent open-label, pragmatic RCT included 67 patients (14–80 years) with idiopathic
slow transit constipation (STC), characterized by a defecation frequency of fewer than
three times per week and unresponsiveness to conservative treatments [49]. Patients were
randomized to receive either SNM or personal conservative treatment (PCT). Patients
allocated to PCT continued care as usual (i.e., conservative nonoperative treatment) under
the guidance of their referring physician and equal to their treatment before study partici-
pation. After 6 months, 22 (53.7%) patients were successfully treated with SNM versus 1
(3.8%) patient with PCT (odds ratio 36.4, 95% CI 3.4-387.5, p = 0.003). Patients in the SNM
group experienced an increase in bowel movements per week, along with improvements in
quality-of-life measures. The incidence of adverse events, including wound infection and
the need for repositioning of the device due to a lack of response or lead replacement, was
comparable between the two groups [50–55]. In addition, the cost-effectiveness analysis
suggested that SNM may be a cost-effective option for patients with refractory idiopathic
STC [56].

A key aspect of the study design was the exclusion of patients with outlet obstruc-
tion, including both anatomical disorders such as internal prolapse and functional outlet
obstruction, where patients are unable to relax pelvic floor muscles during defecation. This
exclusion was critical to ensure that the study population consisted solely of patients whose
constipation was due to impaired colonic motility rather than obstructive defecation, which
would probably not respond to SNM.

Due to smaller body size and reduced subcutaneous fat in pediatric patients, placing
the neurostimulator can be challenging, even with the advent of smaller implants in
recent years [36]. This difficulty may result in discomfort from the device and potentially
require repositioning or removal. As children grow, the stimulation lead might shift,
leading to decreased effectiveness, the need for device reprogramming, or additional
revision surgeries. Additionally, the psychological effects of living with an implanted
device should not be overlooked. Nevertheless, the overall morbidity and impact of
sacral nerve stimulation (SNM) are generally considered lower than those associated with
surgical alternatives such as antegrade continence enemas, (subtotal) colonic resection or
stoma formation.

Another option is posterior tibial nerve stimulation (PTNS), a method using a tran-
scutaneous or percutaneous option, i.e., TPTNS and PPTNS. This approach is similar to
SNS. It indirectly stimulates the same sacral nerve roots. Its use in adults has been studied,
but in children, the literature is sparse [57]. In 2023, a study assessed the efficacy and
safety of TPTNS in children aged 4–14 years with FC [58]. Twenty children completed the
study. There was a significant increase in the amount of SBM prior to TPTNS. In addition,
episodes of FI were significantly decreased. Nineteen of the included children would
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recommend this therapy for the treatment of FC. Another uncontrolled study reported on
children, 8–12 years of age, with refractory functional constipation fulfilling the Rome IV
criteria receiving TPTNS [59]. Of the 36 enrolled patients, 28 children completed the study,
receiving TPTNS for 4 weeks. Sixteen patients (57.1%) extended the intervention period for
4 extra weeks, receiving 8 weeks of intervention. TPTNS led to significant improvements
in stool consistency, frequency of defecation, and bowel function scores, with a reduction
in abdominal pain.

TPTNS is a safe, non-invasive method which might be used as a treatment option in
children with therapy-resistant FC.

5. Transanal Irrigation
Transanal irrigation (TAI), also known as retrograde irrigation, is a technique used to

cleanse the colon by flushing it with fluid through a catheter or cone device inserted via the
anus. Among the various colorectal patient populations experiencing FI, children with FC
have shown the most favorable response to TAI [60]. Studies report an average success rate
of 62% [61], indicating that TAI is a safe and effective treatment option for this group.

The most commonly reported side effect is mild pain during the irrigation, affecting
approximately 20% of patients [44]. However, this discomfort rarely results in discontinua-
tion of therapy [61]. One of the key limitations of TAI is the need for ongoing assistance,
particularly in younger children. In one study, only 2 out of 26 (8%) children with FC,
6–18 years of age at start of TAI, were able to perform TAI independently, highlighting the
importance of discussing the procedure’s time demands and dependence on caregivers
with families prior to initiation of this treatment [62].

Despite these challenges, parental satisfaction with TAI remains high. One study
reported that 88% of parents were satisfied with TAI [63]. Health-related Quality of
life (HRQoL) assessments using the PedsQL and PedsQL-GI instruments yielded scores
of 79 and 74, which are respectively high compared to other studies in similar patient
populations [64,65].

Overall, TAI represents a valuable therapeutic option for children with FC, particularly
when conventional educational and medical interventions fail, with or without FI.

6. Surgical Interventions
The primary indication for surgical intervention in patients with FC is the failure

of medical management, which includes laxatives and rectal treatments such as enemas
and transanal irrigation with continuation of symptoms related to constipation and/or FI.
Other indications for surgical intervention are persistent FI and significant rectosigmoid
dilation [66–70]. A variety of surgical options have been documented for the management
of therapy-resistant FC. These include intrasphincteric botulinum toxic injections, antegrade
continence enemas (ACEs), resection of the colon (sigmoid resection) with colorectal or
coloanal anastomosis, total proctocolectomy with an ileoanal anastomosis, and a diverting
stoma [71]. To date, there is scarce evidence for surgical treatment of childhood constipation,
and surgical strategies differ widely among physicians [72].

7. Botulinum Toxin
Botulinum toxin (BTX) injection into the sphincter complex has traditionally been used

in children with HD, internal anal sphincter achalasia, or anal fissures. However, its use has
expanded to include children with therapy-resistant FC, particularly in cases with evidence
of severe withholding behavior or anal sphincter dysfunction [66,67]. The mechanism of
action involves temporary local muscle relaxation by reducing sphincter contraction. These
sphincter problems are ideally documented by anorectal manometry, but often treatment
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for the sphincters is given empirically [73,74]. Typically, BTX (100 units) is diluted with
saline (2 cc) and administered via multiple small injections circumferentially around the
sphincter complex, often distributed across the four quadrants.

This procedure is considered safe, with a review of 1332 injections reporting adverse
effects in fewer than 1% of cases, all of which were self-limiting [75]. Retrospective studies
have reported a response rate of approximately 70% in children with FC [76]. However, a
more recent prospective study comparing children with FC and those with HD found a
lower response rate of 47% in the FC group versus 76% in the Hirschsprung group [77]. It is
important to note that BTX has traditionally been used to relax the internal anal sphincter in
patients with HD. In contrast, patients with FC typically have a normal recto-anal inhibitory
reflex, suggesting that internal sphincter dysfunction is not responsible for their defecation
difficulties. Another retrospective multicenter study assessing the effect of botulinum toxin
in children with FC found a response rate of 21%. Despite this, provider and parental
reported success were significantly higher [76]. However, a more recent prospective study
comparing children with FC and those with Hirschsprung disease found a lower response
rate of 47% in the FC group versus 76% in the Hirschsprung group [77]. Another retro-
spective multicenter study assessing the effect of botulinum toxin in children with FC
found a response rate of 21%. Despite this, provider and parental reported success were
significantly higher [78]. A recent randomized study also found that both intrasphincteric
botulinum toxin injection and intrarectal botulinum toxin with electromotive drug admin-
istration (BoNTA/EMDA) significantly improved constipation symptoms and stool form
within one month. BoNTA/EMDA may offer additional advantages, as it is less costly,
associated with fewer comorbidities, and can be performed without general anesthesia [79].

Given this, botulinum toxin injection remains a valuable therapeutic option for man-
aging therapy-resistant FC in children; however, several important considerations must
be taken into account. Firstly, administration in children generally requires anesthesia,
which adds risk and complexity to the intervention. Additionally, the long-term efficacy
of botulinum toxin injections remains uncertain, as there is limited data on how many
injections are necessary, how long the effects last, and how patients respond over time.
The financial burden of this treatment is also significant, often making it inaccessible for
some families. To better define its role in pediatric FC management, a placebo-controlled,
long-term follow-up trial is urgently needed to establish appropriate dosing, injection
frequency, and sustained clinical benefit [78,80].

8. Antegrade Colonic Enemas
The use of antegrade colonic enemas (ACEs) has emerged as an effective therapeutic

option for children with therapy-resistant FC. ACE procedures are generally considered
minimally invasive and have demonstrated favorable clinical outcomes in both organic
constipation and FC [66]. By enabling antegrade administration of enemas, this approach
facilitates regular colonic evacuation, thereby preventing fecal impaction and reducing
episodes of FI. Various enema solutions can be used, including saline and PEG [81].

Since the technique was first introduced by Malone et al. in 1990 [82], several surgical
modifications have been developed, with a recent shift toward less invasive options such as
laparoscopic percutaneous cecostomy and the Malone appendicostomy [83,84]. Reported
success rates for ACE therapy vary significantly across studies, ranging from 32% to
100%. In approximately 15% of cases, ACE treatment was discontinued due to clinical
improvement, while in 8%, it was halted due to failure, necessitating more invasive surgical
intervention [85]. One of the ways to predict the success of ACE is to try transanal irrigation
first. A stepped approach to the treatment of bowel dysfunction, suggesting the use of TAI
before ACE treatment, was proposed by Mosiello et al. [86]. The importance of this stepped
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approach is emphasized by a retrospective cohort study involving 38 patients with FC,
assessing outcomes of ACE surgery [87]. In that study, 100% of those who had successful
rectal enema management before ACE continued to have success after ACE. In another
retrospective study involving 62 children who were treated with ACE for constipation with
or without FI, 94% used TAI before ACE [88].

Complication rates also vary widely, from 6% to 100%, with another surgical interven-
tion required in 0% to 34% of cases [85]. An analysis comparing the effect of a cecostomy
and a Malone appendicostomy in children with FC, found higher rates of both minor and
major complications following laparoscopic percutaneous cecostomy, with 35% of patients
requiring re-intervention due to major complications [89]. Common complications include
skin lacerations, stoma stenosis, granulation tissue formation, leakage of enema solution,
and tube dislodgement [85].

Despite these risks, ACE treatment is generally well-regarded by patients and their
families and has been associated with sustained improvements in bowel habits and gas-
trointestinal HRQoL [68,69,90]. Ideally, colonic motility is assessed when a patient has
therapy-resistant constipation. Based on these results, therapy can be determined, and ACE
is almost always helpful, particularly in patients with slow but consistent motility (high
amplitude propagated contractions (HAPCs)) throughout the colon [81]. Even for patients
with segmental dysmotility, ACE only was effective in more than 90% of patients. This
treatment has led to a dramatic reduction in the use of colon resections for severe FC [81].
Also, there is good evidence to support the fact that consistent antegrade emptying of the
colon improves the colonic function over time.

9. Resection and Ostomies
The literature on (partial) colonic resections in children with FC remains limited. Sur-

gical decision-making is typically guided by findings from contrast enemas and colonic
manometry [91]. Therapy-resistant FC in children can lead to the development of a megarec-
tum, megasigmoid, or both [91]. In such cases, rectosigmoid resection has been shown to
be effective, as removal of the dilated and dysfunctional bowel segment often results in
improved stooling patterns, disappearance of FI, and enhanced QoL. An ACE for antegrade
flushes following such a resection is usually beneficial [92].

Levitt et al. reported successful outcomes in 12 of 15 children with therapy-resistant FC
and FI who underwent transanal rectosigmoid resection with primary coloanal anastomo-
sis [93]. This operation involved preservation of the anal canal just like for a Hirschsprung’s
pull-through, but as opposed to a sigmoid resection includes removal of the rectum. How-
ever, this study showed that some patients had FI after the surgical treatment of their
constipation (likely from loss of the rectal reservoir), which led to the recommendation
of a laparoscopic low anterior resection [92] (with preservation of the rectum), and with
better results, avoiding fecal incontinence seen in the transanal rectosigmoid group. More
recently, that same group found that antegrade flushes alone (with no resection) helped the
majority of patients, even those with a dysmotile sigmoid, leading to almost no patients
needing a surgical resection of the colon [81]. Therefore, it can be concluded from this new
data that the vast majority of patients do not need any colon segment resected.

Additionally, a prospective study found that 64% of patients who failed to respond
to cecostomy or stoma achieved significant clinical improvement following segmental
or total colonic resection. Notably, resection allowed 75% of children with a preexisting
stoma to return to anal defecation. It is important to note that this group of patients who
failed antegrade flushes and then went on to sigmoid resection, in retrospect, were those
with pelvic floor dyssynergia or anal sphincter dysfunction. Therefore, botulinum toxin
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treatments of the pelvic floor and anal sphincters and/or pelvic floor physical therapy
should be performed prior to consideration of a surgical resection of the colon [81].

It is important to trouble-shoot the antegrade flush before concluding it has failed.
Reflux into the terminal ileum by the flush can occur over time if the ileocecal valve
becomes incompetent. A solution for this is to catheterize into the right colon if the patient
is performing intermittent catheterization of the Malone, or to extend the length of the tube
in the cecostomy [94].

Children with colonic dysmotility or slow-transit constipation may benefit from subto-
tal or total colectomy, on rare occasions, and only after failure of ACE [67,95]. In a single-
center study involving 37 children who underwent sigmoid resection or subtotal colectomy
for therapy-resistant constipation, 91% of parents reported high postoperative satisfac-
tion [96]. Similarly, a retrospective review of 31 children treated with laparoscopic sigmoid
resection combined with a Malone appendicostomy reported that 95% of patients achieved
fecal cleanliness with antegrade flushes [92].

These findings highlight the importance of individualized assessment in children with
therapy-resistant FC unresponsive to medical management and ACE. Colonic resection
should be viewed as a last-resort intervention and should only be considered after thorough
evaluation by a multidisciplinary team.

In the most severe and therapy-resistant cases, the creation of a temporary or perma-
nent stoma for bowel diversion may be warranted. Ileostomy is particularly beneficial for
younger children with diffuse colonic dysmotility whose symptoms significantly impair
growth and development [67]. Even in older children who fail to respond to ACE, tem-
porary diversion can lead to functional improvement and, potentially, successful stoma
reversal, especially when guided by repeat manometric evaluation of the diverted colon [97].
In such a case, if the colon remains inert (no HAPCs throughout), and therefore indicates
diffuse colonic dysmotility, a colonic resection with ileorectal anastomosis may be necessary.

The risks associated with stoma creation must be considered. In one study, where
ileostomy was the predominant type (72.5%) of diversion used, the overall complication rate
reached 95%. Of these, 71.1% were complications requiring re-intervention under anesthesia
or specialized management. Common complications included ileostomy prolapse [98],
abdominal pain (56.5%), difficulty with stool passage (37.1%), leakage (35.5%), and ileus
(27.4%). Ultimately, stoma closure was achieved in 52.5% of patients [99].

These data highlight the complexity of managing therapy-resistant FC and reinforce
the need for careful multidisciplinary evaluation before pursuing surgical interventions.

Thorough patient selection is crucial. In children and adolescents with functional
constipation—after ruling out endocrine, metabolic, neurological, and obstructive causes—
behavioral and psychological factors often have a significant influence. It is essential
to address these factors, as the vast majority of patients experience symptom resolution
without requiring additional pharmacological or surgical treatment.

10. Conclusions
FC is a common, difficult, and frequently long-lasting problem in children. In cases

of therapy-resistant FC, more treatment options are being developed. Studies assessing
new pharmacologic options compared to the current conventional therapies are increasing,
but at the moment, research in children is scarce. Large multi-center trials comparing these
new pharmacological approaches are necessary to identify the most effective strategies.
Future research on new ion exchangers in children will hopefully give us more insight
into optimizing treatment options in children with FC. Neurostimulation, especially PTNS,
seems to be a good approach, with a low adverse event rate; however, data is scarce. TAI
and ACE are valuable options with high patient and parent treatment satisfaction, next to
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pharmacological options. Surgical options are invasive, and careful decision-making by an
experienced multidisciplinary team is necessary.
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