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Abstract
Functional constipation is a common problem in childhood worldwide and has a great impact on social, physical, and emo-
tional functioning of affected children and their caregivers. It is a clinical diagnosis based on the Rome IV criteria. Non-
pharmacological treatment involves education, demystification, lifestyle advice, and toilet training. Pharmacological treatment 
consists of disimpaction, maintenance treatment, and eventually weaning if possible. Polyethylene glycol is considered as 
the first choice of laxative for both disimpaction and maintenance treatment. Different osmotic laxatives, stimulant laxatives, 
lubricants, and enemas are available as alternative pharmacological treatment options. Novel drugs are emerging but evi-
dence to support the widespread application of these drugs in the pediatric population is often lacking and more high-quality 
research is needed in this field. If children remain symptomatic despite optimal pharmacological treatment, botulinum toxin 
injections in the anal sphincter can be considered as an alternative, more invasive treatment option. This review provides 
an update on currently available literature concerning the pharmacologic treatment of functional constipation in children.

1  Introduction

Functional constipation (FC) is a common problem in child-
hood, with a worldwide pooled prevalence of 9.5% [1]. 
Functional constipation is a clinical diagnosis based on the 
Rome IV criteria (Table 1) [2]. Children with FC usually 
present with infrequent painful defecation often accompa-
nied by fecal incontinence and abdominal pain [3]. These 
symptoms greatly impact social, physical, and emotional 
functioning of affected children and their caregivers [4, 5]. 
According to the international guideline from the European 
Society for Paediatric Gastroenterology, Hepatology, and 
Nutrition (ESPGHAN) and the North American Society 
for Pediatric Gastroenterology, Hepatology, and Nutrition 

(NASPGHAN), the first step in the treatment of FC con-
sists of education, demystification, and lifestyle advice [6]. 
Toilet training with a reward system is added if the child 
has a developmental age of at least 4 years [6]. If symptoms 
persist despite non-pharmacological interventions, osmotic 
laxatives are added to the treatment. Despite medical inter-
ventions, a large proportion of patients remain symptomatic. 
In secondary and tertiary care settings, 40% of treated chil-
dren have been reported to remain symptomatic after 6–12 
months [7]. Furthermore, laxatives may have several side 
effects, such as fecal incontinence, flatulence, abdominal 
pain, and nausea [8]. Therefore, new pharmacologic options 
keep emerging and their efficacy and safety are continuously 
investigated. Here, we provide an updated review on the cur-
rently available literature regarding the pharmacologic treat-
ment of FC in children. Aspects related to the evaluation and 
non-pharmacological treatment of FC are discussed briefly.

1.1 � Definition

The pediatric Rome criteria were first developed in 1999 and 
enable the diagnosing of functional gastrointestinal disor-
ders according to symptom-based definitions. Since then, the 
Rome criteria have been revised several times and the last 
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Key Points 

The osmotic laxative polyethylene glycol is recom-
mended as the drug of first choice for both disimpac-
tion and maintenance treatment of pediatric functional 
constipation.

Alternative or additional pharmacological treatment 
options consist of other osmotic laxatives, stimulant 
laxatives, lubricants, and several types of enemas.

Novel drugs, such as lubiprostone, linaclotide, prucalo-
pride, elobixibat, and pyridostigmine, show promising 
results in adults. Because of a lack of evidence in the 
pediatric population, these drugs are not yet included 
in international guidelines for children with functional 
constipation.

revision resulted in the current pediatric Rome IV criteria, 
which were published in 2016 (Table 1) [2]. According to 
the ESPGHAN/NASPGHAN guideline, intractable consti-
pation is defined as constipation not responding to optimal 
conventional treatment for at least 3 months [6].

1.2 � Pathophysiology

Possible organic causes of constipation include metabolic 
or endocrine conditions, anatomical anorectal abnormali-
ties, and neuromuscular conditions such as Hirschsprung’s 
disease or spina bifida [9]. However, in approximately 95% 
of all children with constipation, no organic cause can be 
found and these children are considered to have FC [10].

The pathophysiology of FC is considered to be multi-
factorial. In young children, withholding behavior is one of 
the major contributing factors for developing constipation 

[11]. This behavior is often initiated after a child has expe-
rienced painful defecation due to hard stools [12]. Withhold-
ing stools and postponing defecation results in prolonged 
periods of absorption of water in the colon and rectum. This 
leads to dry and hard stools that are more difficult to pass 
and cause pain during defecation, which further stimulates 
withholding behavior [13]. This often chronic behavior 
can eventually result in fecal impaction. Fecal impaction 
is defined as an excessive amount of hard stool in the rec-
tum [6]. Fecal impaction often causes overflow fecal incon-
tinence, which is caused by soft feces that pass the fecal 
obstruction in the rectum [8]. After prolonged periods of 
withholding and recurring fecal impaction, the rectal com-
pliance increases and larger volumes of stool are necessary 
to generate an urge for defecation, leading to an increase of 
stool retention [13].

Psychological factors and behavioral disorders, such as 
autism spectrum disorders and attention-deficit/hyperactiv-
ity disorder, may also play a role in the pathophysiology of 
FC [14–16]. Psychological factors include stress, adverse 
life events, bullying, and anxiety [17, 18]. Other factors that 
have been suggested to play a role in the development of 
FC are socioeconomic status, specific parental child-rearing 
attitudes, genetics, lifestyle, diet, the gut microbiome, and 
colonic dysmotility [19–21].

2 � Evaluation

A thorough clinical evaluation is the most important part 
in the diagnostic process of FC in children. An extensive 
clinical history and physical examination can be sufficient to 
establish the diagnosis if patients meet the diagnostic Rome 
IV criteria and if symptoms cannot be attributed to an under-
lying organic cause [2]. Healthcare professionals should 
always be cautious of alarm signs for underlying organic 
causes or signs of physical or sexual abuse [6].

Table 1   Rome IV criteria for functional constipation in children [2, 124]

Age < 4 years Developmental age of ≥ 4 years

Rome IV 
criteria

1. < 3 defecations per week
2. History of excessive stool retention
3. History of painful or hard bowel movements
4. History of large-diameter stools
5. Presence of a large fecal mass in the rectum
6. In toilet-trained children, the following additional criteria may be used:
≥ 1 episode of fecal incontinence per week after the acquisition of toileting skills
7. History of large-diameter stools that may obstruct the toilet

1. < 3 defecations in the toilet per week
2. ≥ 1 episode of fecal incontinence per week
3. History of retentive posturing or excessive 

volitional stool retention
4. History of painful or hard bowel movements
5. Presence of a large fecal mass in the rectum
6. History of large-diameter stools that may 

obstruct the toilet
Must fulfill ≥ 2 criteria for ≥ 1 month 

prior to diagnosis
Must fulfill ≥ 2 criteria at least once per week 

for ≥ 1 month prior to diagnosis
Insufficient criteria for diagnosis of irritable 

bowel syndrome with constipation
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Additional diagnostic testing has a limited role in the 
evaluation of FC, but may include investigations such as 
laboratory testing, abdominal radiography, colonic transit 
time measurement, transabdominal rectal ultrasonography, 
and anorectal manometry. These additional tests are only 
indicated when an organic cause is suspected or if children 
do not respond to treatment, and should not be part of the 
routine work-up of constipation [6].

3 � Non‑Pharmacological Treatment

Non-pharmacological treatment is the first step in manage-
ment of FC. The ESPGHAN/NASPGHAN guideline recom-
mends a normal fiber and fluid intake and normal physical 
activity in combination with education and demystification. 
Toilet training is added to the treatment for children with a 
developmental age of at least 4 years [6, 22]. Both patients 
and parents should be educated about the pathophysiology 
of FC and the accompanying fecal incontinence.

Several additional non-pharmacological treatment options 
are available. A recent systematic review and meta-analysis 
evaluated the available evidence and showed that abdominal 
electrical stimulation, Cassia Fistula emulsion, and cow’s milk 
exclusion diet may be effective for increasing defecation fre-
quency [23]. Other non-pharmacological treatment options 
such as prebiotics and probiotics, synbiotics, biofeedback, 
massage therapy, and alternative medicine have not shown to 
significantly improve defecation frequency [23].

4 � Phases of Pharmacological Treatment

Pharmacological treatment is the next step in the manage-
ment of FC, when education, demystification, lifestyle and 
diet advice, and toilet training are not sufficient. Pharma-
cological treatment consists of three phases: disimpaction, 
maintenance treatment, and finally, weaning if possible.

4.1 � Disimpaction

Fecal disimpaction is the first step in pharmacological treat-
ment and is indicated when a hard fecal mass is identified 
in the rectum. Disimpaction also improves the response to 
maintenance treatment [24]. A randomized controlled trial 
among 90 children with FC compared the effect of high-dose 
(1–1.5 g/kg/day) oral polyethylene glycol (PEG) and sodium 
docusate enema for 6 consecutive days on disimpaction, 
and showed no difference in efficacy between both treat-
ments [25]. High-dose PEG, however, is associated with a 
higher frequency of fecal incontinence during this treatment 
phase [25]. Because treatment with rectal enemas is con-
sidered to be more invasive than oral PEG, the ESPGHAN/

NASPGHAN guideline recommends the use of PEG as a 
first choice for disimpaction and enemas can be prescribed 
when PEG is not available [6]. Other oral pharmacologi-
cal options can be considered for disimpaction if high-dose 
oral PEG and enemas are not tolerated or ineffective (e.g., 
lactulose, magnesium citrate, sodium picosulfate). However, 
evidence regarding the effectiveness and well-established 
dosages for disimpaction are often lacking for these alter-
native treatments. For these drugs, studies on disimpaction 
are discussed in the sections below if evidence is available.

4.2 � Maintenance

After successful disimpaction, it is necessary to continue with 
maintenance treatment. The ESPGHAN/NASPGHAN guide-
line recommends the use of PEG as a first choice for mainte-
nance treatment, based on the effectiveness concerning def-
ecation frequency when compared with the other laxatives [6, 
26]. If PEG is not available, lactulose is recommended as an 
alternative osmotic laxative. In addition to these two osmotic 
laxatives, other laxatives are available and are discussed 
below. No randomized controlled trials (RCTs) have evaluated 
the optimal duration for maintenance treatment. The recom-
mendations in the ESPGHAN/NASPGHAN guideline state 
that after 2 weeks of treatment, the effect should be assessed 
in order to intensify treatment if necessary. Furthermore, treat-
ment should be continued for at least 2 months [6, 8]. Children 
who are in the process of being toilet trained should continue 
medication until toilet training is accomplished [27].

Table 2 displays the dosage advice per laxative, based on 
the ESPGHAN/NASPGHAN guideline and the international 
clinical resource website: UpToDate. It is important to note 
that advised dosages can change over time and may vary 
between different guidelines, care centers, and countries.

4.3 � Weaning

After a child has been treated for at least 2 months, weaning 
can be initiated when symptoms are sufficiently reduced or 
absent for at least 1 month [6]. This means that the child has 
a defecation frequency of at least three times per week and 
does not meet the Rome IV criteria for FC anymore. Dos-
ages and dosing frequency should be reduced gradually, in 
order to prevent relapses [6]. It is important to carefully warn 
caregivers and children about the risk of relapses.

5 � Osmotic Laxatives

Osmotic laxatives are the first-choice medication for main-
tenance treatment. Osmotic laxatives are poorly absorbed in 
the gut, which causes an increase in osmolarity, resulting in 
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the influx of water into the intestinal lumen. The increased 
amount of water results in the softening and loosening of 
stools [28]. Additionally, an increase of the intestinal stool 
volume leads to distention of the lumen, which stimulates 
peristalsis and helps with the passing of stools [28].

5.1 � Polyethylene Glycol

Polyethylene glycol is the first-choice laxative for both dis-
impaction and maintenance treatment. Polyethylene glycol 
can be administered orally with or without addition of elec-
trolytes. A recent meta-analysis reported that, for mainte-
nance treatment of FC in children aged 6 months or older, 
PEG with and without electrolytes are equally effective and 

both are well tolerated [29]. However, the addition of elec-
trolytes deteriorates the palatability of PEG, and in some 
children this may negatively affect treatment adherence 
[29]. A retrospective study in 51 children with FC and fecal 
impaction also showed no difference in efficacy between 
PEG with or without electrolytes for disimpaction [30]. 
However, in contrast to the recent meta-analysis, signifi-
cantly more adverse events occurred in children receiving 
PEG with electrolytes compared with PEG without elec-
trolytes; 48% (n = 11/23) versus 4% (n = 1/28). Adverse 
events included electrolyte abnormalities, abdominal pain, 
and nausea and vomiting [30].

Two types of PEG are available: PEG 3350 and PEG 
4000. The numbers represent the molecular weight of the 

Table 2   Pharmacological management of functional constipation in children [6, 8]

PEG polyethylene glycol
a Dosages were updated based on the information available on UpToDate, 29 November, 2022

Dosage

Oral laxatives
 PEG 3350/4000 Maintenance: 0.2–0.8 g/kg/day in 1–2 doses

Fecal disimpaction: 1–1.5 g/kg/day (maximum 6 days)
 Lactulosea 0.7–2 g/kg/day, in 1–2 doses
 Lactitol 1–6 years: 0.5–1 g/kg/day in 2–3 doses

6–12 years: 10–30 g/day in 2–3 doses
12–18 years: 20–60 g/day in 2–3 doses

 Bisacodyla 3–10 years: 5 mg/day, in 1 dose/day (at night)
10–11 years: 5–10 mg/day, in 1 dose/day (at night)
12–18 years: 5–15 mg/day, in 1 dose/day (at night)

 Sennaa Syrup 8.8 mg sennosides/5 mL or tablets 8.6 mg sennosides/tablet
2–6 years: 2.5–3.75 mL, 1 or 2 doses/day
6–11 years: 5–7.5 mL (or 1–2 tablets), 1 or 2 doses/day
12–18 years: 5-15 mL (or 1–3 tablets), 1 or 2 doses/day

 Magnesium hydroxide 2–5 years: 0.4–1.2 g/day, in 1 or more doses
6–11 years: 1.2–2.4 g/day, in 1 or more doses
12–18 years: 2.4–4.8 g/day, in 1 or more doses

 Sodium picosulfate 1 month to 4 years: 2.5–10 mg/day, in 1 dose/day
4–18 years: 2.5–20 mg/day, in 1 dose/day

Rectal laxatives/enemas
 Bisacodyl 2–10 years: 5 mg/day, in 1 dose/day (at night)

>10 years: 5–10 mg/day, in 1 dose/day (at night)
 Sodium lauryl sulfoacetate 1 month to 1 year: 2.5 mL/dose (= 0.5 enema)

1–18 years: 5 mL/dose (= 1 enema)
 Sodium docusatea 2–11 years: 100 mg/5 mL or 283 mg/5 mL, in 1 dose/day

12–18 years: 283 mg/5 mL, one to three times daily
 Sodium phosphatea 2–4 years: 29 mL, in 1 dose/day

5–11 years: 59 mL, in 1 dose/day
12–18 years: 118 mL, in 1 dose/day

Lubricants
 Mineral oil/liquid paraffin Oral:

3–18 years: 1–3 mL/kg/day, 1 or more doses/day (maximum 90 mL/day)
Rectal:
2–11 years: 30–60 mL, in 1 dose/day
> 11 years: 60–150 mL, in 1 dose/day
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molecules at 3.350 and 4.000 g/mol, respectively. Similar 
efficacy and safety for long-term use of PEG 3350 with 
electrolytes compared to PEG 4000 without electrolytes in 
children aged from 6 months to 16 years were reported in a 
randomized double-blind multicenter study [31].

The use of PEG has been studied intensively over the 
last decades. In 2016, a Cochrane meta-analysis included 
studies that compared PEG with placebo, showing a higher 
frequency of stools per week in children treated with PEG 
[26]. Several RCTs have compared the efficacy of PEG and 
lactulose and the same Cochrane meta-analysis reported a 
significantly higher defecation frequency for PEG [26, 32, 
33]. However, these results should be interpreted with cau-
tion because of the low quality of the included studies. In 
addition, the clinical relevance of this difference in defeca-
tion frequency is debatable because the mean difference 
was 0.7 stools per week [26]. The Cochrane meta-analysis 
also included three studies comparing PEG to magnesium 
hydroxide, and showed a significantly higher number of def-
ecations in favor of PEG, although the difference was small 
[26].

The advised dosage for PEG maintenance treatment in 
children of all ages with FC is 0.2–0.8 g/kg/day, with a 
starting dose of 0.4 g/kg/day. It can be administered once 
daily or divided in several doses. Dosages and dosing fre-
quency should be individualized to obtain optimal treatment 
success. For fecal impaction a dosage of 1–1.5 g/kg/day is 
advised, with a maximum of 6 consecutive days [6]. A recent 
systematic review including five studies investigated the 
optimal dose for children aged younger than 2 years with 
FC [34]. Children included in these studies were aged 0–24 
months, with most children aged 6 months or older. Because 
of the limited number of included studies and variability in 
outcome measures for dosages (e.g., mean daily dose, mean 
initial dose, and median daily effective dose), no definite 
conclusions could be made regarding the optimal dosage. 
However, the authors suggest a conservative initial dose to 
minimize side effects and adjust the dose based on clinical 
response [34].

Side effects of PEG are generally minor and include 
flatulence, abdominal pain, nausea, and abdominal bloat-
ing [8]. Recent studies regarding the safety of PEG have 
specifically focused on administration in children under the 
age of 2 years, reporting only minor side effects for these 
young pediatric patients [34, 35]. In patients with water and 
electrolyte balance disturbances (e.g., reduced hepatic or 
renal functioning, or patients taking diuretics), monitoring 
of serum electrolytes should be performed and PEG should 
be prescribed with caution [36].

In recent years, the US Food and Drug Administration has 
received several reports of neuropsychiatric events in chil-
dren taking PEG 3350, including tremors, tics, and obsessive 
compulsive behavior [37]. However, to date, evidence on 

any relationship between PEG and neuropsychiatric events 
remains limited to anecdotal reports [36]. In addition, sev-
eral studies have demonstrated that the administration of 
PEG does not lead to elevated blood levels of neurotoxins in 
children and does not lead to anxiety-like behavior in mice 
[38–40]. The Food and Drug Administration is currently still 
investigating the long-term safety of PEG in children, but 
has stated that no changes in current policy are necessary.

5.2 � Lactulose and Lactitol

Lactulose and lactitol are synthetic disaccharides of lactose, 
which are fermented into low-molecular-weight acids in the 
colon by bacterial enzymes. These acids cause an osmotic 
effect, resulting in an increase of intraluminal fluids. In addi-
tion, the acids result in a lower fecal pH, which stimulates 
colonic peristalsis [28]. If PEG is not available, lactulose is 
the second choice of medication for maintenance treatment 
in children with FC. A Cochrane review included 11 studies 
investigating lactulose and concluded that lactulose is a safe 
and effective laxative in children aged from 6 months to 16 
years [26]. Adverse events are usually minimal and include 
abdominal gas, bloating, and cramping [21].

As previously mentioned, evidence has shown that PEG 
is more effective for the treatment of FC in children than 
lactulose; however, the difference in defecation frequency 
is minor (mean difference of 0.7) [26, 32, 33]. The same 
Cochrane review also compared the efficacy of lactulose 
with mineral oil (liquid paraffin) and magnesium hydroxide 
(milk of magnesia), and showed a statistically significant 
difference in defecation frequency favoring mineral oil and 
magnesium hydroxide. Mean differences were 1.5 and 4.9 
stools per week, respectively [26]. Lactulose also showed no 
statistically significant differences in defecation frequency 
compared to lactitol and senna [26]. Lactulose is recom-
mended for maintenance treatment if PEG is not available, as 
there is more evidence available on the efficacy of lactulose 
than of mineral oil and magnesium hydroxide and because 
lactulose is safe for all ages [6].

In a recent open-label randomized study, the use of high-
dose lactulose (4–6 mL/kg/day) for fecal impaction as an 
alternative for to PEG was investigated and promising results 
were reported [41]. The PEG group showed a faster dis-
impaction response, but there was no significant difference 
in achieving disimpaction after the sixth day of treatment. 
More research is necessary, but these results show that lactu-
lose could perhaps be a good alternative to PEG for fecal 
impaction if PEG is not available [41].

Lactitol is a lactulose-like derivative with an osmotic 
effect and it also functions as a lactulose-derived prebiotic. 
Lactitol showed no significant differences for defecation 
frequency when compared with lactulose [26]. A study 
in adults explored the beneficial effects of lactitol on gut 
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microbial composition and the association with the allevia-
tion of constipation symptoms in 29 patients [42]. The levels 
of Bifidobacterium in the feces increased after administra-
tion of lactitol, and this correlated with an improvement of 
constipation symptoms [42]. These positive results should 
be interpreted with caution because of the small sample size 
of the study.

5.3 � Magnesium Hydroxide

Magnesium hydroxide (also known as milk of magnesia) 
and other magnesium salts, such as magnesium sulfate and 
magnesium citrate, are poorly absorbed particles. The laxa-
tive effect is derived from these hyperosmolar agents causing 
an osmotic gradient [28].

A meta-analysis included three studies comparing PEG 
with magnesium hydroxide with a follow-up of 4 weeks, and 
showed a statistically significant higher defecation frequency 
for PEG (mean difference of 0.69 stools per week) [26]. In 
contrast to these findings, a recent open-label randomized 
controlled trial with a follow-up of 12 months reported no 
difference in treatment success and adverse events between 
the two laxatives [43]. Treatment success was defined as 
three bowel movements per week without episodes of fecal 
incontinence, fecal impaction, or abdominal pain, and no 
need for another laxative. An additional interesting finding 
from this study was that magnesium hydroxide was sig-
nificantly less well tolerated compared with PEG by chil-
dren aged older than 4 years. A higher number of patients 
rejected magnesium hydroxide in this group, which could 
be related to the poor palatability of magnesium hydroxide 
[43]. The hypothesis that magnesium could positively affect 
defecation patterns in children is supported by a recent open-
label comparator-controlled study evaluating the effect of 
magnesium-rich formula in 286 infants aged younger than 
6 months. Infants receiving magnesium-rich formula were 
reported to have a significantly softer stool consistency and 
a significantly higher defecation frequency compared with 
infants receiving regular formula [44].

Side effects of magnesium hydroxide include diarrhea, 
abdominal pain, and bloating. Magnesium hydroxide should 
be used with caution in children with renal insufficiency, 
owing to the increased chance of hypermagnesemia [28].

Oral magnesium citrate is predominantly used for bowel 
cleansing prior to colonoscopy in children and little evidence 
is available for the use in the treatment of FC in children. A 
retrospective study investigated the use of magnesium citrate 
for disimpaction in children with constipation compared to 
PEG via a nasogastric tube and reported similar numbers 
of successful disimpaction, 90% and 85% respectively [45]. 
However, 12% of the children were unable to drink the entire 
dose of magnesium citrate. In this study, the success of dis-
impaction was assessed on an abdominal radiograph and the 

dosage of magnesium citrate consisted of one ounce/year of 
age and was repeated in 3 hours if food-coloring hue liquid 
stools did not pass [45].

6 � Stimulant Laxatives

Stimulant laxatives can be applied as an additional or sec-
ond-line treatment of FC in children when osmotic laxa-
tives alone are not sufficient. Stimulant laxatives enhance 
colonic peristalsis and secretion by stimulation of the enteric 
nervous system [28]. Stimulant laxatives can be subdivided 
into diphenylmethanes (e.g., bisacodyl and sodium pico-
sulfate) and anthraquinones (e.g., senna). These drugs are 
often prescribed as additional treatment and are considered 
to be safe and effective even though there is a shortage of 
well-designed trials in children [8]. Stimulant laxatives are 
generally well tolerated, despite the fact that abdominal pain 
is a common side effect [28].

6.1 � Diphenylmethanes

Bisacodyl and sodium picosulfate belong to the group of 
diphenylmethanes. Diphenylmethanes are hydrolyzed by 
colonic bacteria or brush border enzymes into their active 
metabolites, which promote colonic peristalsis and secretion 
[28]. Bisacodyl can be administered orally or rectally. Oral 
administration starts with 5 mg once daily for children aged 
three years or older, and rectal administration starts with 
5 mg per day for children aged 2 years or older [6]. Rectal 
administration is contraindicated in patients with proctitis 
or anal fissures. Intraluminal administration of bisacodyl is 
used during colonic manometry for the assessment of the 
colonic neuromuscular function in children with treatment-
refractory constipation. Bisacodyl can elicit high-amplitude 
propagating contractions and therefore helps to distinguish 
between patients with normal or impaired colonic propul-
sion [46, 47]. A recent study including 165 children with 
treatment-refractory constipation found that in 93% of chil-
dren intraluminal administration of bisacodyl induced high-
amplitude propagating contractions, confirming the stimulat-
ing effect of bisacodyl on the colonic peristalsis in children 
[48]. However, good-quality evidence for the efficacy and 
safety of bisacodyl in children with FC is lacking [27]. Ran-
domized controlled trials conducted in adults have shown 
that orally administered bisacodyl is effective and safe in 
patients with chronic constipation [49, 50]. Promising results 
for the effectiveness and tolerance of long-term use of bisa-
codyl were reported by a recent retrospective study in 164 
children with FC refractory to conventional treatment [51]. 
The median number of bowel movements increased from 
two to four times per week after 4 weeks of treatment and 
only minor adverse events were reported. However, these 
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results should be interpreted with caution owing to the ret-
rospective nature of the study.

Sodium picosulfate can only be administered orally 
and has a similar effect on colonic peristalsis as orally 
ingested bisacodyl [8]. Evidence for the use of sodium 
picosulfate for the treatment of FC in children is very 
scarce. Only the use of sodium picosulfate in combina-
tion with a high dose of PEG for disimpaction in chil-
dren with constipation has been retrospectively studied 
showing promising results [52, 53]. The highest dosage 
used for PEG ranged from four to eight sachets per day 
(13–14.7 g/sachet) and the highest sodium picosulfate 
dose ranged from 7.5 mg to 10 mg per day [52, 53]. Com-
mon adverse effects of bisacodyl and sodium picosulfate 
include abdominal pain, nausea, and diarrhea [8]. Studies 
investigating treatment with only sodium picosulfate in 
children with constipation are lacking.

6.2 � Anthraquinones

Senna contains various anthraquinones, which are metab-
olized by intestinal bacteria into their pharmacological 
active metabolites. These active metabolites stimulate 
colonic motility and prevent the reabsorption of water 
from the colon [28]. Senna can only be administered 
orally. Little evidence is available regarding the efficacy 
of senna for the treatment of FC in children. Only one ran-
domized controlled trial with a small sample size (n = 37) 
compared the differences in outcome after treatment with 
senna or mineral oil in children with chronic FC. Senna 
showed poorer results with respect to defection frequency 
and fecal incontinence after 3 months of follow-up [54]. 
Another crossover study compared senna to lactulose in 
children with constipation aged younger than 15 years, 
but showed no significant difference in the number of 
patients passing stools per day [55]. Senna was admin-
istered in a dosage of 10–20 mL daily and lactulose at 
10–15 mL daily [55]. Common side effects are diarrhea, 
abdominal pain, nausea, and flatulence and young chil-
dren are at risk of diaper rash, blisters, and peeling skin 
[8, 56]. A literature review on the side effects of senna 
for children with constipation identified eight publica-
tions, consisting of case reports and case series, reporting 
perineal blisters and severe perineal rash [57]. In addi-
tion, a retrospective review of 796 children with FC or 
constipation, due to various organic diseases, investigated 
senna-related side effects. In 2.2% of this population, blis-
ters and rash were reported, a correlation was found with 
higher doses of senna (median of 60 mg/day) and with 
children who were in diapers [57]. However, because of 
the retrospective design of this study and the high risk 
of bias, these results should be interpreted with caution.

7 � Lubricants

Lubricants exert their laxative effect by softening or lubri-
cating stools. Mineral oil, also known as liquid paraffin, is 
one of the most commonly used lubricants. It is an orally 
administered oily liquid comprising hydrocarbons obtained 
from petroleum and is not absorbed by the colon or small 
bowel [28, 58].

A small number of RCTs have compared mineral oil 
with other laxatives such as PEG, lactulose, and senna. A 
Cochrane systematic review included two studies compar-
ing PEG and mineral oil, and showed no significant differ-
ence in the increase of defecation frequency after 1 month of 
treatment [26]. However, the quality of the studies was very 
low because of sparse data and a high risk of bias [26, 59, 
60]. However, mineral oil is suggested to be more effective 
than lactulose and senna for the treatment of FC in chil-
dren [26]. Two RCTs comparing mineral oil with lactulose 
were included in the Cochrane review and showed a sig-
nificant difference in stools per week (mean difference of 
4.94) favoring mineral oil, but again the quality of evidence 
was low because of the small sample size and risk of bias 
[26, 61, 62]. One randomized controlled trial with a small 
sample size reported a higher defecation frequency and less 
fecal incontinence for mineral oil compared with senna [54].

Mineral oil is considered to be safe for the treatment of 
FC in children and the most common side effects, such as 
abdominal pain, nausea, vomiting, diarrhea, and flatulence, 
are generally mild [26]. Another adverse event is the leakage 
of mineral oil out of the anus, which can result in irritated 
skin around the anus and cause stains on clothes [8]. Over 
the years, multiple cases of severe adverse events, such as 
granulomas of the intestinal tract and lipoid pneumonia, 
have been reported [58, 63, 64]. Therefore, the Commit-
tee on Safety of Medicines advises that mineral oil should 
not be administered to children aged under 3 years. In addi-
tion, children with swallowing difficulties should also not 
receive mineral oil because they are at a greater risk of 
aspiration and developing lipoid pneumonia. Mineral oil is 
best avoided in children with coagulation disorders because 
there is a theoretic concern that long-term use of mineral 
oil reduces the absorption of fat-soluble vitamins [58, 65].

8 � Enemas

Enemas are rectally administered fluids containing ingredi-
ents that can cause an increase in gut motility or intestinal 
fluid secretion. Some enemas contain multiple ingredients 
and combine both mechanisms of action [8]. The effect usu-
ally occurs within minutes after administration. Enemas are 
predominantly used for fecal impaction and are not the first 
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choice for maintenance treatment of children with FC [6]. 
Several different enemas solutions are currently used in prac-
tice for the treatment of FC in children. Sodium docusate is a 
surface-active agent that stimulates the retention of water in 
the stools, which softens the stools and exerts the lubricating 
effect [28]. Reported side effects include abdominal pain and 
anal discomfort [21]. Sodium lauryl sulfoacetate softens the 
feces by redistributing the water that is bound to hard feces. 
This enema does not exert an osmotic effect and is predomi-
nantly prescribed in infants [8]. Sodium phosphate enemas 
contain a hyperosmolar phosphate solution and are contrain-
dicated for patients with or suspected of Hirschsprung’s dis-
ease or renal insufficiency. These patients are at a greater 
risk of developing hyperphosphatemia [8]. Other adverse 
events are mostly minor and include abdominal pain, emesis, 
and diarrhea [66]. Some enemas contain a combination of 
ingredients, for example, an enema consisting of docusate, 
magnesium citrate, mineral oil, and sodium phosphate [67].

The effect of enemas on disimpaction has been investi-
gated by a limited number of studies. A systematic review 
included two studies comparing the effect of oral PEG to 
enemas (dioctyl sulfosuccinate sodium and milk and molas-
ses) for disimpaction in children aged 1–17 years with FC 
[68]. The primary outcome was treatment success, defined 
as the absence of fecaloma in one study and no need to visit 
the emergency department in the other study [68]. A meta-
analysis of the two studies showed a significantly reduced 
success rate for PEG; however, the difference was minor 
(risk ratio of 0.83) and therefore not clinically relevant. Sec-
ondary outcomes reported a higher defecation frequency for 
PEG, but also an increased risk of watery stools and fecal 
incontinence [68]. The results of this systematic review, 
however, should be interpreted with caution because of the 
high risk of bias of the included studies and the sparse data. 
Recently, the short-term efficacy and safety of promelaxin 
microenemas compared to PEG in infants and toddlers with 
FC were explored in a randomized controlled non-inferiority 
trial [69]. In accordance with previous studies, both treat-
ments were considered equally effective. The primary out-
come was the response rate, defined as three or more stools 
per week and an average increase of one stool per week if 
the baseline frequency was already three bowel movements 
per week. The study reported 183 adverse events, but con-
cluded that these were all unrelated to both treatment arms. 
However, no further information nor explanation about these 
adverse events and their relation with the treatments was 
given [69].

The efficacy of different enema solutions used in pediatric 
emergency departments was investigated by a retrospective 
study in 768 children with constipation with and without 
underlying anatomical disorders [67]. The enema solutions 
included sodium phosphate, pink lady, and soap suds, and 
the study reported that there was no significant association 

between stool output (small, medium, or large) and enema 
solution. In addition, a low rate of side effects was reported 
for all enemas, side effects were minor and consisted mostly 
of abdominal pain and vomiting [67]. It is worth mentioning 
that soap suds are widely used in emergency departments; 
however, little evidence is available supporting their efficacy 
and safety [70]. In the past, several case reports have men-
tioned soap-induced colitis, raising safety concerns regard-
ing the treatment of constipation with soap suds [71, 72]. It 
is recommended to use other, more extensively studied treat-
ments for disimpaction, such as those mentioned above [72]. 
A recent retrospective case series report from Japan explored 
the use of olive oil enemas as adjunctive treatment in 118 
children with severe chronic constipation, with and without 
underlying medical disorders [73]. The authors reported that 
the use of olive oil enemas in combination with glycerin was 
effective in 79.6% of children with FC. Effectiveness was 
defined as achieving fecal disimpaction within several visits 
to the outpatient department, in which the absence of previ-
ous symptoms was considered as fecal disimpaction [73].

The long-term use of enemas has only been investigated 
by one randomized controlled trial. The study explored the 
regular use of enemas as an addition to conventional main-
tenance treatment in 100 severely constipated children (aged 
8–18 years) with a follow-up of 52 weeks [74]. Conventional 
treatment consisted of education, behavioral strategies, and 
PEG. The study showed no additional positive effect for def-
ecation frequency, fecal incontinence frequency, and overall 
treatment success and suggested that enemas should not be 
used for maintenance treatment.

9 � Novel Therapies

In recent years, several new pharmacological treatment 
options have been investigated for childhood FC. For most 
of these medications, trials were first performed in adults 
and subsequently in the pediatric population. Applying 
knowledge obtained from adult studies to the pediatric 
population requires great care because of the differences 
in physiology and pharmacokinetics between children and 
adults [21]. As previously mentioned, psychological and 
behavioral factors play a major role in the pathophysiol-
ogy of FC in children. Withholding behavior is considered 
to be the most contributing factor in the development of 
constipation in children, whereas this barely plays a role 
in the pathophysiology of FC in adults. Hence, it is impor-
tant that studies evaluating the efficacy and safety of new 
drugs for the treatment of FC are conducted in the pedi-
atric population. International recommendations for trials 
in children with FC recommend to conduct randomized, 
double-blind, placebo-controlled clinical trials with a par-
allel group [75]. Furthermore, FC should be defined per 
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the Rome IV criteria, the follow-up period should at least 
be 8 weeks, and treatment success should be defined as no 
longer fulfilling the Rome IV criteria [75].

9.1 � Prosecretory Agents

Lubiprostone, linaclotide, and plecanatide are prosecretory 
agents that modulate epithelial channels in the intestine, 
stimulating the secretion of fluids into the intestinal lumen 
and increasing stool volume, aiming to accelerate colonic 
transit [21]. Lubiprostone activates the type 2 chloride 
channels on enterocytes, which leads to an increased 
intestinal fluid secretion [76]. Multiple RCTs have been 
performed in adults with FC, and have shown that lubi-
prostone is safe and increases spontaneous bowel move-
ments in adults [77–80]. Less evidence is available in the 
pediatric population. An open-label study including 127 
children aged 3–17 years and ≥ 12 kg in weight suggested 
that lubiprostone is efficacious and safe for children with 
FC [81]. However, this study did not include a control 
group and therefore carried a risk of a placebo effect. In 
a recent large, multicenter, double-blind RCT, the effec-
tiveness and safety of lubiprostone in 606 children with 
FC aged 6–17 years was investigated [82]. The authors 
concluded that lubiprostone can be considered safe for 
children aged 6 years or older, but the drug showed no 
significant difference in the improvement of spontaneous 
bowel movements compared to placebo after 9 weeks of 
treatment [82]. Another multicenter open-label trial inves-
tigated the safety of lubiprostone in children with FC aged 
6–17 years (mean age 10.3 years). In line with the other 
trials, the drug was well tolerated in children [83]. Side 
effects of lubiprostone are generally minor and include 
nausea, vomiting, abdominal pain, and diarrhea [82]. 
All three studies mentioned above performed a subgroup 
analysis for efficacy and safety based on the administered 
dose. Children were allocated to a dosage of 12 µg once a 
day, 12 µg twice a day, or 24 µg once a day, depending on 
their weight. None of the studies reported any difference 
between the dosages for efficacy and safety [81–83].

Linaclotide increases the intestinal fluid secretion by acti-
vating the guanylate cyclase C receptor [21]. Linaclotide has 
been proven to be safe and efficient for the treatment of FC 
and irritable bowel syndrome with constipation in adults 
[84, 85]. Thus far, only one retrospective non-controlled trial 
evaluated the use of linaclotide for the treatment of FC in 
60 children with a median age of 13.9 years [86]. The study 
showed a positive clinical response based on the physician’s 
assessment in 45% of children with FC (n = 60/93) after 
2.5 months of follow-up. However, 20% of all children (n 
= 19/93), including children with irritable bowel syndrome 
with constipation, stopped using linaclotide because of side 

effects [86]. The occurrence of the most commonly reported 
adverse events, such as diarrhea and abdominal pain, was 
analyzed per dose: 72 µg or 145 µg. In the subgroup receiv-
ing 72 µg, 60% (n = 6/10) of the patients reported an 
adverse event compared with 28% (n = 14/50) in the sub-
group receiving 145 µg. The safety and efficacy of different 
dosages of linaclotide in children aged 6–17 years with FC 
were evaluated in a multicenter, randomized, double-blind, 
placebo-controlled trial; however, the study has not yet been 
published (NCT02559570). Another phase III study is cur-
rently recruiting patients and will also investigate linaclotide 
in children with FC (aged 6–17 years) [NCT04026113]. In 
addition, there is an ongoing phase II study that investigates 
the effect of linaclotide in younger children with FC (aged 
2–5 years) [NCT04110145].

Plecanatide is a new guanylate cyclase C receptor agonist, 
which is considered safe and effective in adults with chronic 
idiopathic constipation [87–89]. However, to date, no studies 
on the use of plecanatide in the pediatric population have 
been published. More evidence will become available soon, 
as two ongoing phase II studies in the pediatric population 
are registered. These studies evaluate the efficacy and safety 
of plecanatide in adolescents with chronic idiopathic consti-
pation based on the Rome III criteria (NCT03120520) and 
in children (aged 6–18 years) with irritable bowel syndrome 
with constipation (NCT03596905).

9.2 � Serotonergic Agents

Serotonin or 5-hydroxytryptamine (5-HT) is a central and 
enteric neurotransmitter that binds to the 5-HT4 receptors 
in the intestine. This results in the increase of fluid secretion 
and gut motility, which promotes the passage of stool [21]. 
Multiple 5-HT4 agonists have been developed, including 
prucalopride, velusetrag, and naronapride.

Prucalopride is a selective, high-affinity 5-HT4 receptor 
agonist. A meta-analysis of 16 studies has shown that the 
drug is well tolerated and effective for adults with constipa-
tion [90]. Prucalopride increases the frequency of sponta-
neous bowel movements per week and the side effects are 
acceptable and minor [90]. Two studies in the pediatric pop-
ulation have been published. An open-label phase I study in 
37 children, who all received a single dose of 0.03 mg/kg of 
prucalopride, suggested that prucalopride was well tolerated 
in children (aged 4–12 years) with FC [91]. The authors also 
suggested that the drug could potentially be clinically effec-
tive, based upon positive findings for defecation frequency, 
stool consistency, and fecal incontinence frequency [91]. 
However, a subsequent multicenter, randomized, placebo-
controlled, double-blind, phase III trial assessing the safety 
and efficacy of prucalopride in 213 children with FC con-
cluded that prucalopride was no more effective than placebo 
[92]. Children with a body weight under 50 kg received 0.04 
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mg/kg of prucalopride once daily, and children weighing 
> 50 kg received 2 mg of prucalopride once daily, no differ-
ences between both subgroups were found. At present, an 
ongoing phase III clinical trial is investigating the efficacy 
and long-term safety of prucalopride in 255 children with 
FC (NCT04759833).

Velusetrag and naronapride are also 5-HT4 receptor ago-
nists and phase II trials in adults with chronic constipation 
show positive results on bowel movement frequency [93, 
94]. No studies have been performed in the pediatric popula-
tion yet and there are no future studies planned.

9.2.1 � Differences Between Adults and Children

The difference in the effect of lubiprostone and prucalorpide 
compared with the adult population can possibly be related 
to the fact that withholding behavior plays a major role in 
the pathophysiology of FC in children. Pharmacological 
treatment may soften the stool and improve gut motility, 
but it is not expected to overcome withholding behavior [92]. 
This raises questions regarding the preferred study design 
for future trials in children with FC. It could be suggested 
to exclude children with withholding behavior in future 
studies investigating specific drugs that have been proven 
effective in adults but not yet in children, in order to assess 
whether children without withholding behavior do improve 
after treatment. However, this would also exclude a pro-
portion of children fulfilling the Rome IV criteria for FC 
and this would severely limit the generalizability of these 
study results. Another factor that should be considered when 
comparing pediatric and adult studies are the differences in 
diagnostic criteria and the primary outcome measures used 
in these studies [95].

9.3 � Bile Acids

Endogenous deconjugated bile salts increase intraluminal 
fluid secretion and colonic motility by activating bile acid 
receptors in enteric neurons [21, 96]. Bile salts comprise 
free bile acids. Chenodeoxycholic acid is a primary bile acid 
that improves colonic transit times and increases the number 
of bowel movement in adults [97, 98]. Fecal bile acid com-
position was determined in 165 children with and without 
FC in an observational study [99]. The study showed that a 
small subset of children with FC (n = 6/73) had an altered 
metabolism of chenodeoxycholic acid, suggesting that bile 
acids may play a role in childhood FC [99]. No studies have 
been performed in the pediatric population exploring the use 
of bile acids for treatment of FC. Elobixibat is a novel drug 
that affects bile salt metabolism by inhibiting ileal bile acid 
transporters. Normally, most bile salts are bound to the bile 
acid transporters in the ileum and only a small concentration 
continues to the colon. Elobixibat inhibits the reabsorption 

of bile acids in the small intestine, resulting in higher con-
centrations of bile acids in the colon. A recent systematic 
review and meta-analysis in Japanese adults with chronic 
idiopathic constipation according to the Rome criteria 
included three RCTs and showed a significant improvement 
in weekly spontaneous bowel movements compared with 
placebo [100]. Two other RCTs, which were not included in 
the systematic review also showed that elobixibat increased 
colonic transit and softened stool consistency [101, 102]. 
Currently, no pediatric studies on the use of elobixibat 
for FC have been performed nor are these currently being 
conducted.

9.4 � Cholinesterase Inhibitors

Pyridostigmine is an acetylcholinesterase inhibitor that 
increases the availability of acetylcholine in the neuromus-
cular junctions. This results in an improvement of transmis-
sion of impulses and thereby stimulates the gastrointestinal 
motility [21, 103]. A small number of studies regarding the 
efficacy and safety of pyridostigmine for the treatment of FC 
are available, and even less for FC in the pediatric popula-
tion. An observational case series of 13 adults with slow-
transit constipation (n = 6) or intestinal pseudo-obstruction 
(n = 7) investigated the effect of pyridostigmine on con-
stipation symptoms. Patients with slow-transit constipa-
tion showed no improvement in symptoms, in contrast to 
the group with recurrent pseudo-obstruction that did show 
an improvement in symptoms [104]. Similar results for 
improvement in defecation frequency and stool consistency 
were found in a randomized double-blind controlled study 
comparing pyridostigmine and bisacodyl in 68 adults with 
refractory chronic constipation [103]. A case series of four 
children with gastrointestinal motility disorders reported 
decreased abdominal distention, increased defection fre-
quency, improved enteral feeding tolerance, and minor side 
effects after treatment with pyridostigmine [105]. At present, 
no further studies investigating the efficacy and safety of 
this drug are being performed in children with constipation.

10 � Botulinum Toxin Injection (Botox®)

If patients do not respond to optimal conservative treatment, 
one of the last treatment options is the botulinum toxin injec-
tion (BTI), also known as Botox®, in the anal sphincter [6]. 
Botulinum toxins inhibit the release of acetylcholine from 
neurons, resulting in partial chemical paralysis of the muscle 
and thereby relaxation of the injected anal sphincter mus-
cles. A BTI is usually administered under general anesthesia. 
It is generally injected into the internal anal sphincter, divid-
ing the total dose over four to eight injections each in differ-
ent sites of the muscle [106]. The pharmacological effect of 
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botulinum toxin is transient because over time new neu-
romuscular junctions may develop and the function of the 
original neural endplate is restored [107]. The relaxing 
effect lasts 3–6 months; therefore, patients often require 
one or more subsequent injections [108]. Botox® dosages 
used in studies investigating BTI in children with defeca-
tion disorders vary widely, with a range from 12 to 200 
U in total, but 100 U seems to be a commonly used dos-
age [109]. In addition, the number of injections and the 
specific sites of the injections in the anal sphincter also 
differ between studies. Currently, there are no guidelines 
available that provide advice for the dosage of BTI in 
children with FC.

A BTI has been shown to be effective and safe for 
the treatment of children with impaired rectal evacuation 
due to Hirschsprung’s disease or internal anal sphincter 
achalasia [109–112]. These data, however, cannot simply 
be applied to children with FC, who have a normal recto-
anal inhibitory reflex. Nevertheless, a BTI could help in 
breaking through the vicious cycle of stool withholding 
in children with FC. Because of the temporary paralysis 
of the anal sphincter, withholding stools is not possible 
and stool consistency becomes softer, which results in 
less pain during defecation. A BTI is used in clinical 
practice as a treatment of last resort; however there is a 
lack of RCTs providing evidence for the efficacy of BTI 
in children with FC. A recent prospective cohort study 
investigated the effect of BTI on constipation symptoms 
in children with FC (n = 17).

[106] After 2 months of follow-up, 47% of the caregiv-
ers of the children (n = 7/15) reported that the BTI had an 
overall positive effect and the outcome measures of abdomi-
nal pain severity and constipation severity improved sig-
nificantly compared with baseline. After 4 months, 60% 
of the caregivers (n = 6/10) reported an overall positive 
effect. Three children with FC received an additional injec-
tion between 2 and 4 months follow-up and were analyzed 
separately [106]. This was a non-randomized non-controlled 
study with a small FC population (n = 17), so these results 
should be interpreted with great care. A recent randomized 
controlled study included 40 pediatric patients with FC 
(according to Rome IV criteria) with obstruction defecation 
syndrome (according to the National Institute for Health and 
Care Excellence definition) [113]. The study explored the 
role of a BTI as an addition to conventional treatment for 
FC, which consisted of a modified diet, toilet training, and 
stimulant laxatives. The authors concluded that the addi-
tion of a BTI did not result in significant improvement of 
defecatory problems assessed by the Rintala score [113]. 
However, it should be considered that the Rintala score is 
established to evaluate fecal continence and it does not nec-
essarily reflect constipation severity.

11 � Prognosis and Follow‑Up

A large proportion of children with FC respond well to treat-
ment with acceptable side effects and will recover within 
a year [7]. The prognosis and prognostic factors of FC in 
children were investigated in a systematic review, including 
14 heterogeneous prospective follow-up studies with a total 
of 1752 children [7]. This systematic review reported that 
half of the children treated for FC were recovered and taken 
off laxatives after 6–12 months of follow-up. An additional 
10% were symptom free, but still being treated with laxa-
tives. After a follow-up of 1–2 years and 5–10 years, the 
recovery rate was 58% and 56%, respectively [7]. Children 
treated in a pediatric gastroenterology department showed 
a higher recovery rate than children treated in general pedi-
atric departments [7]. In contrast to the large group of chil-
dren that will recover, a sizable group remains symptomatic 
regardless of treatment and can remain symptomatic into 
adolescence or adulthood [114–116].

Research on factors influencing the clinical course of FC 
in children is limited [6]. A systematic review attempted to 
perform a meta-analysis on prognostic factors, but because 
of the large variations in prognostic factors between studies 
this was not possible [7]. Some studies have suggested that 
a longer period of time between the age of onset and the first 
presentation is negatively related to recovery [116, 117]. 
There is strong evidence that demographics such as sex and 
a positive family history have no prognostic value [6]. A 
recent prospective study in 122 children with FC (defined 
by the Rome III criteria) explored the association between 
self-efficacy, the belief that one has the skill to succeed at 
a goal, and treatment success [118]. Treatment success was 
defined as having at least three bowel movements and no 
fecal incontinence episodes in the third week of treatment. 
Patients who were successfully treated, scored higher on 
the self-efficacy questionnaire before the clinic visit, imme-
diately after, and at a follow-up of 3 weeks than the group 
that did not respond to treatment [118]. This study showed 
that self-efficacy is associated with treatment success of FC 
in children after a short-term follow-up and the authors sug-
gest that enhancing self-efficacy in children with FC may 
be a good addition to improve treatment outcome [118]. 
Another factor that is crucial for treatment success is treat-
ment adherence. Poor adherence to pharmacological main-
tenance treatment is common in children and is considered 
to play an important role in poor outcomes [119–121]. Taste 
and palatability of orally administered drugs can be a great 
problem for the tolerability of children for medications and 
should be considered when deciding on treatment options 
[122]. Evidence on treatment adherence in children with FC 
is limited. In a recent cross-sectional survey study including 
115 children with FC, as defined by the Rome IV criteria, 
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adherence to PEG treatment was evaluated and associated 
factors were identified [123]. This study showed that poor 
treatment adherence is common in children with FC, as only 
37% of all children were adherent to the treatment with PEG. 
Treatment inconvenience, dissatisfaction with treatment, and 
the emotional impact of a child’s constipation symptoms 
were identified as factors that may have a negative effect on 
treatment adherence [123].

12 � Conclusions

Pediatric FC is a common problem. Diagnosis is made based 
on the Rome IV criteria after evaluation of a thorough clinical 
history and physical examination. Additional diagnostic test-
ing is only indicated when an organic cause is suspected or if 
children do not respond to treatment despite optimal treatment. 
The pathophysiology of FC is considered to be multifactorial, 
and withholding behavior plays a major role. The first step in 
treating FC involves education, demystification, lifestyle advice, 
and toilet training (when developmental age is at least 4 years). 
Pharmacological treatment with laxatives consists of three steps: 
disimpaction, maintenance treatment, and ultimately weaning if 
possible. Polyethylene glycol is considered as the first choice of 
laxative for both disimpaction and maintenance treatment. For 
disimpaction, high-dose PEG is recommended and if PEG is 
not available enemas are second choice. The osmotic laxative 
lactulose is the second option for maintenance treatment. Stimu-
lant laxatives (bisacodyl or senna) or lubricants (mineral oil) 
can be considered as alternative or additional treatment options 
if children are not responsive to the initial treatment. A large 
proportion of children remains symptomatic after 6–12 months 
of treatment; therefore, it is necessary that new pharmacologi-
cal options are being developed and investigated. Novel drugs, 
such as lubiprostone, linaclotide, prucalopride, elobixibat, and 
pyridostigmine, show promising results. However, high-quality 
randomized controlled clinical trials in the pediatric population 
are needed to establish the efficacy and safety for these new 
treatment options, including the investigation of optimal dos-
ages. Pharmacological pediatric trials should consider the dif-
ferent pathophysiology, definition of FC, and primary outcomes 
for the pediatric population compared to adults when setting up 
the study design. If children remain symptomatic despite opti-
mal conservative treatment, BTIs in the anal sphincter can be 
considered as an alternative treatment option.

Declarations 

Funding  No sources of funding were used to support the writing of 
this article.

Conflict of interest  Anna de Geus, Robert B. Flint, and Merit M. 
Tabbers have no conflicts of interest that are directly relevant to the 
content of this article. Ilan J.N. Koppen has received consulting fees 

from Mahana Therapeutics, a speaker fee from Wellspect, and fund-
ing for an investigator-initiated study from Wellspect. All of the above 
were related to the topic of functional gastrointestinal disorders, but 
not related to any pharmacological treatment. Marc A. Benninga is 
consultant for Mallinckrodt, Shire, Danone, FrieslandCampina, HIPP, 
Norgine, Coloplast, United Pharmaceuticals, and Wellspect. All hono-
raria were paid to the hospital (Amsterdam UMC).

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Availability of data and material  Not applicable.

Code availability  Not applicable.

Author contributions  MMT received an invitation from the journal 
to write this article. The literature search and first draft of the manu-
script was performed by AdG. All authors have made substantial con-
tributions to the entire manuscript by providing critical revisions on 
the work that have led to the manuscript. All authors have read and 
approved the final version of the manuscript.

Open Access  This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Koppen IJN, Vriesman MH, Saps M, Rajindrajith S, Shi X, van 
Etten-Jamaludin FS, et al. Prevalence of functional defecation 
disorders in children: a systematic review and meta-analysis. 
J Pediatr. 2018;198:121-30.e6. https://​doi.​org/​10.​1016/j.​jpeds.​
2018.​02.​029.

	 2.	 Hyams JS, Di Lorenzo C, Saps M, Shulman RJ, Staiano A, van 
Tilburg M. Functional disorders: children and adolescents. Gas-
troenterology. 2016. https://​doi.​org/​10.​1053/j.​gastro.​2016.​02.​
015.

	 3.	 van Dijk M, Benninga MA, Grootenhuis MA, Last BF. Preva-
lence and associated clinical characteristics of behavior problems 
in constipated children. Pediatrics. 2010;125(2):e309–17. https://​
doi.​org/​10.​1542/​peds.​2008-​3055.

	 4.	 Vriesman MH, Rajindrajith S, Koppen IJN, van Etten-Jamaludin 
FS, van Dijk M, Devanarayana NM, et al. Quality of life in chil-
dren with functional constipation: a systematic review and meta-
analysis. J Pediatr. 2019;214:141–50. https://​doi.​org/​10.​1016/j.​
jpeds.​2019.​06.​059.

	 5.	 Varni JW, Bendo CB, Nurko S, Shulman RJ, Self MM, Fran-
ciosi JP, et al. Health-related quality of life in pediatric patients 
with functional and organic gastrointestinal diseases. J Pediatr. 
2015;166(1):85–90. https://​doi.​org/​10.​1016/j.​jpeds.​2014.​08.​022.

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.jpeds.2018.02.029
https://doi.org/10.1016/j.jpeds.2018.02.029
https://doi.org/10.1053/j.gastro.2016.02.015
https://doi.org/10.1053/j.gastro.2016.02.015
https://doi.org/10.1542/peds.2008-3055
https://doi.org/10.1542/peds.2008-3055
https://doi.org/10.1016/j.jpeds.2019.06.059
https://doi.org/10.1016/j.jpeds.2019.06.059
https://doi.org/10.1016/j.jpeds.2014.08.022


355An Update of Pharmacological Management in Children with Functional Constipation

	 6.	 Tabbers MM, DiLorenzo C, Berger MY, Faure C, Langendam 
MW, Nurko S, et al. Evaluation and treatment of functional con-
stipation in infants and children: evidence-based recommenda-
tions from ESPGHAN and NASPGHAN. J Pediatr Gastroenterol 
Nutr. 2014;58(2):258–74. https://​doi.​org/​10.​1097/​mpg.​00000​
00000​000266.

	 7.	 Pijpers MA, Bongers ME, Benninga MA, Berger MY. Functional 
constipation in children: a systematic review on prognosis and 
predictive factors. J Pediatr Gastroenterol Nutr. 2010;50(3):256–
68. https://​doi.​org/​10.​1097/​MPG.​0b013​e3181​afcdc3.

	 8.	 Koppen IJ, Lammers LA, Benninga MA, Tabbers MM. Manage-
ment of functional constipation in children: therapy in practice. 
Paediatr Drugs. 2015;17(5):349–60. https://​doi.​org/​10.​1007/​
s40272-​015-​0142-4.

	 9.	 Castiglia PT. Constipation in children. J Pediatr Health Care. 
2001;15(4):200–2. https://​doi.​org/​10.​1067/​mph.​2001.​115885.

	 10.	 Loening-Baucke V. Prevalence, symptoms and outcome of con-
stipation in infants and toddlers. J Pediatr. 2005;146(3):359–63. 
https://​doi.​org/​10.​1016/j.​jpeds.​2004.​10.​046.

	 11.	 Loening-Baucke V. Constipation in early childhood: patient 
characteristics, treatment, and longterm follow up. Gut. 
1993;34(10):1400–4. https://​doi.​org/​10.​1136/​gut.​34.​10.​1400.

	 12.	 Mugie SM, Di Lorenzo C, Benninga MA. Constipation in child-
hood. Nat Rev Gastroenterol Hepatol. 2011;8(9):502–11. https://​
doi.​org/​10.​1038/​nrgas​tro.​2011.​130.

	 13.	 Voskuijl WP, van Ginkel R, Benninga MA, Hart GA, Tamin-
iau JA, Boeckxstaens GE. New insight into rectal function in 
pediatric defecation disorders: disturbed rectal compliance 
is an essential mechanism in pediatric constipation. J Pediatr. 
2006;148(1):62–7. https://​doi.​org/​10.​1016/j.​jpeds.​2005.​08.​061.

	 14.	 McKeown C, Hisle-Gorman E, Eide M, Gorman GH, Nylund 
CM. Association of constipation and fecal incontinence 
with attention-deficit/hyperactivity disorder. Pediatrics. 
2013;132(5):e1210–5. https://​doi.​org/​10.​1542/​peds.​2013-​1580.

	 15.	 Peeters B, Noens I, Philips EM, Kuppens S, Benninga MA. 
Autism spectrum disorders in children with functional defeca-
tion disorders. J Pediatr. 2013;163(3):873–8. https://​doi.​org/​10.​
1016/j.​jpeds.​2013.​02.​028.

	 16.	 Kuizenga-Wessel S, Koppen IJN, Vriesman MH, Di Lorenzo C, 
van Dijk M, Beelen MLR, et al. Attention deficit hyperactivity 
disorder and functional defecation disorders in children. J Pediatr 
Gastroenterol Nutr. 2018;66(2):244–9. https://​doi.​org/​10.​1097/​
mpg.​00000​00000​001695.

	 17.	 Oswari H, Alatas FS, Hegar B, Cheng W, Pramadyani A, Ben-
ninga MA, et al. Epidemiology of Paediatric constipation in 
Indonesia and its association with exposure to stressful life 
events. BMC Gastroenterol. 2018;18(1):146. https://​doi.​org/​10.​
1186/​s12876-​018-​0873-0.

	 18.	 Philips EM, Peeters B, Teeuw AH, Leenders AG, Boluyt N, 
Brilleslijper-Kater SN, et al. Stressful life events in children with 
functional defecation disorders. J Pediatr Gastroenterol Nutr. 
2015;61(4):384–92. https://​doi.​org/​10.​1097/​mpg.​00000​00000​
000882.

	 19.	 Mugie SM, Benninga MA, Di Lorenzo C. Epidemiology of con-
stipation in children and adults: a systematic review. Best Pract 
Res Clin Gastroenterol. 2011;25(1):3–18. https://​doi.​org/​10.​
1016/j.​bpg.​2010.​12.​010.

	 20.	 van Dijk M, de Vries GJ, Last BF, Benninga MA, Groot-
enhuis MA. Parental child-rearing attitudes are associated 
with functional constipation in childhood. Arch Dis Child. 
2015;100(4):329–33. https://​doi.​org/​10.​1136/​archd​ischi​
ld-​2014-​305941.

	 21.	 Vriesman MH, Koppen IJN, Camilleri M, Di Lorenzo C, Ben-
ninga MA. Management of functional constipation in children 
and adults. Nat Rev Gastroenterol Hepatol. 2020;17(1):21–39. 
https://​doi.​org/​10.​1038/​s41575-​019-​0222-y.

	 22.	 Bardisa-Ezcurra L, Ullman R, Gordon J. Diagnosis and manage-
ment of idiopathic childhood constipation: summary of NICE 
guidance. BMJ. 2010;340:c2585. https://​doi.​org/​10.​1136/​bmj.​
c2585.

	 23.	 Wegh CAM, Baaleman DF, Tabbers MM, Smidt H, Benninga 
MA. Nonpharmacologic treatment for children with functional 
constipation: a systematic review and meta-analysis. J Pediatr. 
2022;240:136-49.e5. https://​doi.​org/​10.​1016/j.​jpeds.​2021.​09.​
010.

	 24.	 Borowitz SM, Cox DJ, Kovatchev B, Ritterband LM, Sheen 
J, Sutphen J. Treatment of childhood constipation by primary 
care physicians: efficacy and predictors of outcome. Pediatrics. 
2005;115(4):873–7. https://​doi.​org/​10.​1542/​peds.​2004-​0537.

	 25.	 Bekkali NL, van den Berg MM, Dijkgraaf MG, van Wijk MP, 
Bongers ME, Liem O, et al. Rectal fecal impaction treatment 
in childhood constipation: enemas versus high doses oral PEG. 
Pediatrics. 2009;124(6):e1108–15. https://​doi.​org/​10.​1542/​peds.​
2009-​0022.

	 26.	 Gordon M, MacDonald JK, Parker CE, Akobeng AK, Thomas 
AG. Osmotic and stimulant laxatives for the management 
of childhood constipation. Cochrane Database Syst Rev. 
2016;2016(8):CD009118. https://​doi.​org/​10.​1002/​14651​858.​
CD009​118.​pub3.

	 27.	 Baaleman DF, Rajindrajith S, Devanarayana NM, Di Lorenzo C, 
Benninga MA. Defecation disorders in children: constipation and 
fecal incontinence. In: Stefano Guandalini AD, editor. Textbook 
of pediatric gastroenterology, hepatology and nutrition. 2nd ed. 
Geneva: Springer Nature Switzerland; 2021. p. 279–304.

	 28.	 Hoekman DR, Benninga MA. Functional constipation in child-
hood: current pharmacotherapy and future perspectives. Expert 
Opin Pharmacother. 2013;14(1):41–51. https://​doi.​org/​10.​1517/​
14656​566.​2013.​752816.

	 29.	 Krassas G, Cranswick N, Katelaris P, Naganathan V, Gullotta 
J. Polyethylene glycols with or without electrolytes for con-
stipation in children: a network meta-analysis. Pediatr Ther. 
2018;8(344):2161–0665.

	 30.	 Boles EE, Gaines CL, Tillman EM. Comparison of polyethyl-
ene glycol-electrolyte solution vs polyethylene glycol-3350 for 
the treatment of fecal impaction in pediatric patients. J Pediatr 
Pharmacol Ther. 2015;20(3):210–6. https://​doi.​org/​10.​5863/​
1551-​6776-​20.3.​210.

	 31.	 Bekkali NLH, Hoekman DR, Liem O, Bongers MEJ, van Wijk 
MP, Zegers B, et al. Polyethylene glycol 3350 with electrolytes 
versus polyethylene glycol 4000 for constipation: a randomized, 
controlled trial. J Pediatr Gastroenterol Nutr. 2018;66(1):10–5. 
https://​doi.​org/​10.​1097/​mpg.​00000​00000​001726.

	 32.	 Dheivamani N, Thomas W, Bannerjii R, Mukherjee M, Mitra 
M. Efficacy of polyethylene glycol 3350 as compared to lactu-
lose in treatment of ROME IV criteria-defined pediatric func-
tional constipation: a randomized controlled trial. Indian J 
Gastroenterol. 2021;40(2):227–33. https://​doi.​org/​10.​1007/​
s12664-​021-​01148-w.

	 33.	 Jarzebicka D, Sieczkowska-Golub J, Kierkus J, Czubkowski P, 
Kowalczuk-Kryston M, Pelc M, et al. PEG 3350 versus lactulose 
for treatment of functional constipation in children: randomized 
study. J Pediatr Gastroenterol Nutr. 2019;68(3):318–24. https://​
doi.​org/​10.​1097/​mpg.​00000​00000​002192.

	 34.	 Rachel H, Griffith AF, Teague WJ, Hutson JM, Gibb S, Goldfeld 
S, et al. Polyethylene glycol dosing for constipation in children 
younger than 24 months: a systematic review. J Pediatr Gastroen-
terol Nutr. 2020;71(2):171–5. https://​doi.​org/​10.​1097/​mpg.​00000​
00000​002786.

	 35.	 Roy D, Akriche F, Amlani B, Shakir S. Utilisation and safety 
of polyethylene glycol 3350 with electrolytes in children under 
2 years: a retrospective cohort. J Pediatr Gastroenterol Nutr. 

https://doi.org/10.1097/mpg.0000000000000266
https://doi.org/10.1097/mpg.0000000000000266
https://doi.org/10.1097/MPG.0b013e3181afcdc3
https://doi.org/10.1007/s40272-015-0142-4
https://doi.org/10.1007/s40272-015-0142-4
https://doi.org/10.1067/mph.2001.115885
https://doi.org/10.1016/j.jpeds.2004.10.046
https://doi.org/10.1136/gut.34.10.1400
https://doi.org/10.1038/nrgastro.2011.130
https://doi.org/10.1038/nrgastro.2011.130
https://doi.org/10.1016/j.jpeds.2005.08.061
https://doi.org/10.1542/peds.2013-1580
https://doi.org/10.1016/j.jpeds.2013.02.028
https://doi.org/10.1016/j.jpeds.2013.02.028
https://doi.org/10.1097/mpg.0000000000001695
https://doi.org/10.1097/mpg.0000000000001695
https://doi.org/10.1186/s12876-018-0873-0
https://doi.org/10.1186/s12876-018-0873-0
https://doi.org/10.1097/mpg.0000000000000882
https://doi.org/10.1097/mpg.0000000000000882
https://doi.org/10.1016/j.bpg.2010.12.010
https://doi.org/10.1016/j.bpg.2010.12.010
https://doi.org/10.1136/archdischild-2014-305941
https://doi.org/10.1136/archdischild-2014-305941
https://doi.org/10.1038/s41575-019-0222-y
https://doi.org/10.1136/bmj.c2585
https://doi.org/10.1136/bmj.c2585
https://doi.org/10.1016/j.jpeds.2021.09.010
https://doi.org/10.1016/j.jpeds.2021.09.010
https://doi.org/10.1542/peds.2004-0537
https://doi.org/10.1542/peds.2009-0022
https://doi.org/10.1542/peds.2009-0022
https://doi.org/10.1002/14651858.CD009118.pub3
https://doi.org/10.1002/14651858.CD009118.pub3
https://doi.org/10.1517/14656566.2013.752816
https://doi.org/10.1517/14656566.2013.752816
https://doi.org/10.5863/1551-6776-20.3.210
https://doi.org/10.5863/1551-6776-20.3.210
https://doi.org/10.1097/mpg.0000000000001726
https://doi.org/10.1007/s12664-021-01148-w
https://doi.org/10.1007/s12664-021-01148-w
https://doi.org/10.1097/mpg.0000000000002192
https://doi.org/10.1097/mpg.0000000000002192
https://doi.org/10.1097/mpg.0000000000002786
https://doi.org/10.1097/mpg.0000000000002786


356	 A. de Geus et al.

2021;72(5):683–9. https://​doi.​org/​10.​1097/​mpg.​00000​00000​
003074.

	 36.	 Koppen IJN, Broekaert IJ, Wilschanski M, Papadopoulou A, 
Ribes-Koninckx C, Thapar N, et al. Role of polyethylene glycol 
in the treatment of functional constipation in children. J Pediatr 
Gastroenterol Nutr. 2017;65(4):361–3. https://​doi.​org/​10.​1097/​
mpg.​00000​00000​001704.

	 37.	 Saint Louis C. Drug for adults is popular as children’s remedy. 
The New York Times; 2012.

	 38.	 Williams KC, Rogers LK, Hill I, Barnard J, Di Lorenzo C. PEG 
3350 administration is not associated with sustained elevation of 
glycol levels. J Pediatr. 2018;195:148-53.e1. https://​doi.​org/​10.​
1016/j.​jpeds.​2017.​11.​028.

	 39.	 Schiller LR, Santa Ana CA, Porter J, Fordtran JS. Validation 
of polyethylene glycol 3350 as a poorly absorbable marker for 
intestinal perfusion studies. Dig Dis Sci. 1997;42(1):1–5. https://​
doi.​org/​10.​1023/a:​10188​63032​425.

	 40.	 Salman SS, Williams KC, Marte-Ortiz P, Rumpf W, Mashburn-
Warren L, Lauber CL, et al. Polyethylene glycol 3350 changes 
stool consistency and the microbiome but not behavior of CD1 
mice. J Pediatr Gastroenterol Nutr. 2021;73(4):499–506. https://​
doi.​org/​10.​1097/​mpg.​00000​00000​003222.

	 41.	 Shatnawi MS, Alrwalah MM, Ghanma AM, Alqura’an ML, 
Zreiqat EN, Alzu’bi MM. Lactulose versus polyethylene glycol 
for disimpaction therapy in constipated children, a randomized 
controlled study. Sudan J Paediatr. 2019;19(1):31–6. https://​doi.​
org/​10.​24911/​sjp.​106-​15468​05996.

	 42.	 Li XQ, Zhang XM, Wu X, Lan Y, Xu L, Meng XC, et al. Ben-
eficial effects of lactitol on the composition of gut microbiota in 
constipated patients. J Dig Dis. 2020;21(8):445–53. https://​doi.​
org/​10.​1111/​1751-​2980.​12912.

	 43.	 Worona-Dibner L, Vázquez-Frias R, Valdez-Chávez L, Ver-
diguel-Oyola M. Efficacy, safety, and acceptability of polyethyl-
ene glycol 3350 without electrolytes vs magnesium hydroxide in 
functional constipation in children from six months to eighteen 
years of age: a controlled clinical trial. Rev Gastroenterol Mex 
(Engl Ed). 2021. https://​doi.​org/​10.​1016/j.​rgmxen.​2021.​12.​005.

	 44.	 Benninga MA, Vandenplas Y. The magnesium-rich formula 
for functional constipation in infants: a randomized compar-
ator-controlled study. Pediatr Gastroenterol Hepatol Nutr. 
2019;22(3):270–81. https://​doi.​org/​10.​5223/​pghn.​2019.​22.3.​270.

	 45.	 Philichi L, Yuwono M. A retrospective study comparing polyeth-
ylene glycol-electrolyte solution with magnesium citrate for treat-
ment of fecal disimpaction. Gastroenterol Nurs. 2018;41(2):141–
4. https://​doi.​org/​10.​1097/​sga.​00000​00000​000315.

	 46.	 Bassotti G, Chiarioni G, Germani U, Battaglia E, Vantini I, 
Morelli A. Endoluminal instillation of bisacodyl in patients with 
severe (slow transit type) constipation is useful to test residual 
colonic propulsive activity. Digestion. 1999;60(1):69–73. https://​
doi.​org/​10.​1159/​00000​7591.

	 47.	 Battaglia E, Grassini M, Dore MP, Bassotti G. Usefulness of 
bisacodyl testing on therapeutic outcomes in refractory constipa-
tion. Dig Dis Sci. 2018;63(11):3105–11. https://​doi.​org/​10.​1007/​
s10620-​018-​4988-5.

	 48.	 Heitmann PT, Wiklendt L, Thapar N, Borrelli O, Di Lorenzo 
C, Yacob DT, et al. Characterization of the colonic response 
to bisacodyl in children with treatment-refractory constipation. 
Neurogastroenterol Motil. 2020;32(8): e13851. https://​doi.​org/​
10.​1111/​nmo.​13851.

	 49.	 Kamm MA, Mueller-Lissner S, Wald A, Richter E, Swallow 
R, Gessner U. Oral bisacodyl is effective and well-tolerated in 
patients with chronic constipation. Clin Gastroenterol Hepatol. 
2011;9(7):577–83. https://​doi.​org/​10.​1016/j.​cgh.​2011.​03.​026.

	 50.	 Noergaard M, Traerup Andersen J, Jimenez-Solem E, Bring 
CM. Long term treatment with stimulant laxatives: clinical 
evidence for effectiveness and safety? Scand J Gastroenterol. 

2019;54(1):27–34. https://​doi.​org/​10.​1080/​00365​521.​2018.​
15638​06.

	 51.	 Bonilla S, Nurko S, Rodriguez L. Long-term use of bisacodyl 
in pediatric functional constipation refractory to conventional 
therapy. J Pediatr Gastroenterol Nutr. 2020;71(3):288–91. https://​
doi.​org/​10.​1097/​mpg.​00000​00000​002795.

	 52.	 Lamanna A, Dughetti LD, Jordan-Ely JA, Dobson KM, Dynan 
M, Foo A, et al. Treatment of fecal impaction in children using 
combined polyethylene glycol and sodium picosulphate. JGH 
Open. 2018;2(4):144–51. https://​doi.​org/​10.​1002/​jgh3.​12062.

	 53.	 Jordan-Ely J, Hutson JM, Southwell BR. Disimpaction of chil-
dren with severe constipation in 3–4 days in a suburban clinic 
using polyethylene glycol with electrolytes and sodium picosul-
phate. J Paediatr Child Health. 2015;51(12):1195–8. https://​doi.​
org/​10.​1111/​jpc.​12939.

	 54.	 Sondheimer JM, Gervaise EP. Lubricant versus laxative in the 
treatment of chronic functional constipation of children: a com-
parative study. J Pediatr Gastroenterol Nutr. 1982;1(2):223–6. 
https://​doi.​org/​10.​1097/​00005​176-​19820​1020-​00012.

	 55.	 Perkin JM. Constipation in childhood: a controlled comparison 
between lactulose and standardized senna. Curr Med Res Opin. 
1977;4(8):540–3. https://​doi.​org/​10.​1185/​03007​99770​91152​68.

	 56.	 Spiller HA, Winter ML, Weber JA, Krenzelok EP, Anderson DL, 
Ryan ML. Skin breakdown and blisters from senna-containing 
laxatives in young children. Ann Pharmacother. 2003;37(5):636–
9. https://​doi.​org/​10.​1345/​aph.​1C439.

	 57.	 Vilanova-Sanchez A, Gasior AC, Toocheck N, Weaver L, Wood 
RJ, Reck CA, et al. Are Senna based laxatives safe when used as 
long term treatment for constipation in children? J Pediatr Surg. 
2018;53(4):722–7. https://​doi.​org/​10.​1016/j.​jpeds​urg.​2018.​01.​
002.

	 58.	 Sharif F, Crushell E, O’Driscoll K, Bourke B. Liquid paraffin: a 
reappraisal of its role in the treatment of constipation. Arch Dis 
Child. 2001;85(2):121–4. https://​doi.​org/​10.​1136/​adc.​85.2.​121.

	 59.	 Karami H, Khademlou M, Niari P. Polyethylene glycol versus 
paraffin for the treatment of childhood functional constipation. 
2009.

	 60.	 Rafati M, Karami H, Salehifar E, Karimzadeh A. Clinical effi-
cacy and safety of polyethylene glycol 3350 versus liquid paraf-
fin in the treatment of pediatric functional constipation. Daru. 
2011;19(2):154–8.

	 61.	 Urganci N, Akyildiz B, Polat TB. A comparative study: the effi-
cacy of liquid paraffin and lactulose in management of chronic 
functional constipation. Pediatr Int. 2005;47(1):15–9. https://​doi.​
org/​10.​1111/j.​1442-​200x.​2004.​02001.x.

	 62.	 Farahmand F. A randomised trial of liquid paraffin versus lactu-
lose in the treatment of chronic functional constipation in chil-
dren. 2007.

	 63.	 Zanetti G, Marchiori E, Gasparetto TD, Escuissato DL, Soares 
Souza Jr A. Lipoid pneumonia in children following aspiration of 
mineral oil used in the treatment of constipation: high-resolution 
CT findings in 17 patients. Pediatr Radiol. 2007;37(11):1135–9. 
https://​doi.​org/​10.​1007/​s00247-​007-​0603-1.

	 64.	 Bandla HP, Davis SH, Hopkins NE. Lipoid pneumonia: a 
silent complication of mineral oil aspiration. Pediatrics. 
1999;103(2):E19. https://​doi.​org/​10.​1542/​peds.​103.2.​e19.

	 65.	 Clark JH, Russell GJ, Fitzgerald JF, Nagamori KE. Serum 
beta-carotene, retinol, and alpha-tocopherol levels dur-
ing mineral oil therapy for constipation. Am J Dis Child. 
1987;141(11):1210–2. https://​doi.​org/​10.​1001/​archp​edi.​1987.​
04460​11008​0028.

	 66.	 Hansen SE, Whitehill JL, Goto CS, Quintero CA, Darling 
BE, Davis J. Safety and efficacy of milk and molasses enemas 
compared with sodium phosphate enemas for the treatment 
of constipation in a pediatric emergency department. Pediatr 

https://doi.org/10.1097/mpg.0000000000003074
https://doi.org/10.1097/mpg.0000000000003074
https://doi.org/10.1097/mpg.0000000000001704
https://doi.org/10.1097/mpg.0000000000001704
https://doi.org/10.1016/j.jpeds.2017.11.028
https://doi.org/10.1016/j.jpeds.2017.11.028
https://doi.org/10.1023/a:1018863032425
https://doi.org/10.1023/a:1018863032425
https://doi.org/10.1097/mpg.0000000000003222
https://doi.org/10.1097/mpg.0000000000003222
https://doi.org/10.24911/sjp.106-1546805996
https://doi.org/10.24911/sjp.106-1546805996
https://doi.org/10.1111/1751-2980.12912
https://doi.org/10.1111/1751-2980.12912
https://doi.org/10.1016/j.rgmxen.2021.12.005
https://doi.org/10.5223/pghn.2019.22.3.270
https://doi.org/10.1097/sga.0000000000000315
https://doi.org/10.1159/000007591
https://doi.org/10.1159/000007591
https://doi.org/10.1007/s10620-018-4988-5
https://doi.org/10.1007/s10620-018-4988-5
https://doi.org/10.1111/nmo.13851
https://doi.org/10.1111/nmo.13851
https://doi.org/10.1016/j.cgh.2011.03.026
https://doi.org/10.1080/00365521.2018.1563806
https://doi.org/10.1080/00365521.2018.1563806
https://doi.org/10.1097/mpg.0000000000002795
https://doi.org/10.1097/mpg.0000000000002795
https://doi.org/10.1002/jgh3.12062
https://doi.org/10.1111/jpc.12939
https://doi.org/10.1111/jpc.12939
https://doi.org/10.1097/00005176-198201020-00012
https://doi.org/10.1185/03007997709115268
https://doi.org/10.1345/aph.1C439
https://doi.org/10.1016/j.jpedsurg.2018.01.002
https://doi.org/10.1016/j.jpedsurg.2018.01.002
https://doi.org/10.1136/adc.85.2.121
https://doi.org/10.1111/j.1442-200x.2004.02001.x
https://doi.org/10.1111/j.1442-200x.2004.02001.x
https://doi.org/10.1007/s00247-007-0603-1
https://doi.org/10.1542/peds.103.2.e19
https://doi.org/10.1001/archpedi.1987.04460110080028
https://doi.org/10.1001/archpedi.1987.04460110080028


357An Update of Pharmacological Management in Children with Functional Constipation

Emerg Care. 2011;27(12):1118–20. https://​doi.​org/​10.​1097/​
PEC.​0b013​e3182​3b0088.

	 67.	 Anderson J, Furnival RA, Zhang L, Lunos SA, Sadiq Z, Strutt 
JR, et al. A comparison of the efficacy of enema solutions 
in pediatric emergency department patients. J Emerg Med. 
2019;57(4):461–8. https://​doi.​org/​10.​1016/j.​jemer​med.​2019.​
07.​009.

	 68.	 Dziechciarz P, Wojtyniak K, Horvath A, Szajewska H. Enema 
versus polyethylene glycol for the management of rectal fae-
cal impaction in children with constipation: a systematic 
review of randomised controlled trials. Prz Gastroenterol. 
2015;10(4):234–8. https://​doi.​org/​10.​5114/​pg.​2015.​52184.

	 69.	 Strisciuglio C, Coppola V, Russo M, Tolone C, Marseglia GL, 
Verrotti A, et al. Promelaxin microenemas are non-inferior to 
oral polyethylene glycol for the treatment of functional con-
stipation in young children: a randomized clinical trial. Front 
Pediatr. 2021;9: 753938. https://​doi.​org/​10.​3389/​fped.​2021.​
753938.

	 70.	 Chumpitazi CE, Henkel EB, Valdez KL, Chumpitazi BP. Soap 
suds enemas are efficacious and safe for treating fecal impaction 
in children with abdominal pain. J Pediatr Gastroenterol Nutr. 
2016;63(1):15–8. https://​doi.​org/​10.​1097/​mpg.​00000​00000​001073.

	 71.	 Sheibani S, Gerson LB. Chemical colitis. J Clin Gastroenterol. 
2008;42(2):115–21. https://​doi.​org/​10.​1097/​MCG.​0b013​e3181​
51470e.

	 72.	 Koppen IJ, Di Lorenzo C. Do we really need soap to clean the 
rectum? J Pediatr Gastroenterol Nutr. 2016;63(1):1–2. https://​
doi.​org/​10.​1097/​mpg.​00000​00000​001144.

	 73.	 Yokoi A, Kamata N. The usefulness of olive oil enema in 
children with severe chronic constipation. J Pediatr Surg. 
2021;56(7):1141–4. https://​doi.​org/​10.​1016/j.​jpeds​urg.​2021.​03.​
024.

	 74.	 Bongers ME, van den Berg MM, Reitsma JB, Voskuijl WP, Ben-
ninga MA. A randomized controlled trial of enemas in combina-
tion with oral laxative therapy for children with chronic constipa-
tion. Clin Gastroenterol Hepatol. 2009;7(10):1069–74. https://​
doi.​org/​10.​1016/j.​cgh.​2009.​06.​018.

	 75.	 Koppen IJN, Saps M, Lavigne JV, Nurko S, Taminiau J, Di Lor-
enzo C, et al. Recommendations for pharmacological clinical 
trials in children with functional constipation: the Rome Foun-
dation Pediatric Subcommittee on Clinical Trials. Neurogastro-
enterol Motil. 2018;30(4): e13294. https://​doi.​org/​10.​1111/​nmo.​
13294.

	 76.	 Simrén M, Tack J. New treatments and therapeutic targets for 
IBS and other functional bowel disorders. Nat Rev Gastroen-
terol Hepatol. 2018;15(10):589–605. https://​doi.​org/​10.​1038/​
s41575-​018-​0034-5.

	 77.	 Johanson JF, Ueno R. Lubiprostone, a locally acting chloride 
channel activator, in adult patients with chronic constipation: a 
double-blind, placebo-controlled, dose-ranging study to evaluate 
efficacy and safety. Aliment Pharmacol Ther. 2007;25(11):1351–
61. https://​doi.​org/​10.​1111/j.​1365-​2036.​2007.​03320.x.

	 78.	 Johanson JF, Morton D, Geenen J, Ueno R. Multicenter, 
4-week, double-blind, randomized, placebo-controlled trial of 
lubiprostone, a locally-acting type-2 chloride channel activa-
tor, in patients with chronic constipation. Am J Gastroenterol. 
2008;103(1):170–7. https://​doi.​org/​10.​1111/j.​1572-​0241.​2007.​
01524.x.

	 79.	 Fukudo S, Hongo M, Kaneko H, Takano M, Ueno R. Lubipros-
tone increases spontaneous bowel movement frequency and qual-
ity of life in patients with chronic idiopathic constipation. Clin 
Gastroenterol Hepatol. 2015;13(2):294-301.e5. https://​doi.​org/​
10.​1016/j.​cgh.​2014.​08.​026.

	 80.	 Barish CF, Drossman D, Johanson JF, Ueno R. Efficacy and 
safety of lubiprostone in patients with chronic constipation. 

Dig Dis Sci. 2010;55(4):1090–7. https://​doi.​org/​10.​1007/​
s10620-​009-​1068-x.

	 81.	 Hyman PE, Di Lorenzo C, Prestridge LL, Youssef NN, Ueno R. 
Lubiprostone for the treatment of functional constipation in chil-
dren. J Pediatr Gastroenterol Nutr. 2014;58(3):283–91. https://​
doi.​org/​10.​1097/​mpg.​00000​00000​000176.

	 82.	 Benninga MA, Hussain SZ, Sood MR, Nurko S, Hyman P, Clif-
ford RA, et al. Lubiprostone for pediatric functional constipa-
tion: randomized, controlled, double-blind study with long-term 
extension. Clin Gastroenterol Hepatol. 2022;20(3):602-10.e5. 
https://​doi.​org/​10.​1016/j.​cgh.​2021.​04.​005.

	 83.	 Hussain SZ, Labrum B, Mareya S, Stripling S, Clifford R. Safety 
of lubiprostone in pediatric patients with functional constipation: 
a nonrandomized, open-label trial. J Pediatr Gastroenterol Nutr. 
2021;73(5):572–8. https://​doi.​org/​10.​1097/​mpg.​00000​00000​
003280.

	 84.	 Lembo AJ, Schneier HA, Shiff SJ, Kurtz CB, MacDougall JE, 
Jia XD, et al. Two randomized trials of linaclotide for chronic 
constipation. N Engl J Med. 2011;365(6):527–36. https://​doi.​org/​
10.​1056/​NEJMo​a1010​863.

	 85.	 Atluri DK, Chandar AK, Bharucha AE, Falck-Ytter Y. Effect of 
linaclotide in irritable bowel syndrome with constipation (IBS-
C): a systematic review and meta-analysis. Neurogastroenterol 
Motil. 2014;26(4):499–509. https://​doi.​org/​10.​1111/​nmo.​12292.

	 86.	 Baaleman DF, Gupta S, Benninga MA, Bali N, Vaz KH, Yacob 
D, et al. The use of linaclotide in children with functional consti-
pation or irritable bowel syndrome: a retrospective chart review. 
Paediatr Drugs. 2021;23(3):307–14. https://​doi.​org/​10.​1007/​
s40272-​021-​00444-4.

	 87.	 Barish CF, Griffin P. Safety and tolerability of plecanatide in 
patients with chronic idiopathic constipation: long-term evidence 
from an open-label study. Curr Med Res Opin. 2018;34(4):751–
5. https://​doi.​org/​10.​1080/​03007​995.​2018.​14300​24.

	 88.	 Shailubhai K, Comiskey S, Foss JA, Feng R, Barrow L, Comer 
GM, et al. Plecanatide, an oral guanylate cyclase C agonist acting 
locally in the gastrointestinal tract, is safe and well-tolerated in 
single doses. Dig Dis Sci. 2013;58(9):2580–6. https://​doi.​org/​10.​
1007/​s10620-​013-​2684-z.

	 89.	 Miner PB Jr, Koltun WD, Wiener GJ, De La Portilla M, Prieto 
B, Shailubhai K, et al. A randomized phase III clinical trial of 
plecanatide, a uroguanylin analog, in patients with chronic idi-
opathic constipation. Am J Gastroenterol. 2017;112(4):613–21. 
https://​doi.​org/​10.​1038/​ajg.​2016.​611.

	 90.	 Sajid MS, Hebbar M, Baig MK, Li A, Philipose Z. Use of pruca-
lopride for chronic constipation: a systematic review and meta-
analysis of published randomized, controlled trials. J Neurogas-
troenterol Motil. 2016;22(3):412–22. https://​doi.​org/​10.​5056/​
jnm16​004.

	 91.	 Winter HS, Di Lorenzo C, Benninga MA, Gilger MA, Kearns GL, 
Hyman PE, et al. Oral prucalopride in children with functional 
constipation. J Pediatr Gastroenterol Nutr. 2013;57(2):197–203. 
https://​doi.​org/​10.​1097/​MPG.​0b013​e3182​92f9ea.

	 92.	 Mugie SM, Korczowski B, Bodi P, Green A, Kerstens R, 
Ausma J, et al. Prucalopride is no more effective than placebo 
for children with functional constipation. Gastroenterology. 
2014;147(6):1285-95.e1. https://​doi.​org/​10.​1053/j.​gastro.​2014.​
09.​005.

	 93.	 Goldberg M, Li YP, Johanson JF, Mangel AW, Kitt M, Beattie DT, 
et al. Clinical trial: the efficacy and tolerability of velusetrag, a 
selective 5-HT4 agonist with high intrinsic activity, in chronic 
idiopathic constipation: a 4-week, randomized, double-blind, 
placebo-controlled, dose-response study. Aliment Pharmacol Ther. 
2010;32(9):1102–12. https://​doi.​org/​10.​1111/j.​1365-​2036.​2010.​
04456.x.

	 94.	 Shin A, Camilleri M, Kolar G, Erwin P, West CP, Murad MH. 
Systematic review with meta-analysis: highly selective 5-HT4 

https://doi.org/10.1097/PEC.0b013e31823b0088
https://doi.org/10.1097/PEC.0b013e31823b0088
https://doi.org/10.1016/j.jemermed.2019.07.009
https://doi.org/10.1016/j.jemermed.2019.07.009
https://doi.org/10.5114/pg.2015.52184
https://doi.org/10.3389/fped.2021.753938
https://doi.org/10.3389/fped.2021.753938
https://doi.org/10.1097/mpg.0000000000001073
https://doi.org/10.1097/MCG.0b013e318151470e
https://doi.org/10.1097/MCG.0b013e318151470e
https://doi.org/10.1097/mpg.0000000000001144
https://doi.org/10.1097/mpg.0000000000001144
https://doi.org/10.1016/j.jpedsurg.2021.03.024
https://doi.org/10.1016/j.jpedsurg.2021.03.024
https://doi.org/10.1016/j.cgh.2009.06.018
https://doi.org/10.1016/j.cgh.2009.06.018
https://doi.org/10.1111/nmo.13294
https://doi.org/10.1111/nmo.13294
https://doi.org/10.1038/s41575-018-0034-5
https://doi.org/10.1038/s41575-018-0034-5
https://doi.org/10.1111/j.1365-2036.2007.03320.x
https://doi.org/10.1111/j.1572-0241.2007.01524.x
https://doi.org/10.1111/j.1572-0241.2007.01524.x
https://doi.org/10.1016/j.cgh.2014.08.026
https://doi.org/10.1016/j.cgh.2014.08.026
https://doi.org/10.1007/s10620-009-1068-x
https://doi.org/10.1007/s10620-009-1068-x
https://doi.org/10.1097/mpg.0000000000000176
https://doi.org/10.1097/mpg.0000000000000176
https://doi.org/10.1016/j.cgh.2021.04.005
https://doi.org/10.1097/mpg.0000000000003280
https://doi.org/10.1097/mpg.0000000000003280
https://doi.org/10.1056/NEJMoa1010863
https://doi.org/10.1056/NEJMoa1010863
https://doi.org/10.1111/nmo.12292
https://doi.org/10.1007/s40272-021-00444-4
https://doi.org/10.1007/s40272-021-00444-4
https://doi.org/10.1080/03007995.2018.1430024
https://doi.org/10.1007/s10620-013-2684-z
https://doi.org/10.1007/s10620-013-2684-z
https://doi.org/10.1038/ajg.2016.611
https://doi.org/10.5056/jnm16004
https://doi.org/10.5056/jnm16004
https://doi.org/10.1097/MPG.0b013e318292f9ea
https://doi.org/10.1053/j.gastro.2014.09.005
https://doi.org/10.1053/j.gastro.2014.09.005
https://doi.org/10.1111/j.1365-2036.2010.04456.x
https://doi.org/10.1111/j.1365-2036.2010.04456.x


358	 A. de Geus et al.

agonists (prucalopride, velusetrag or naronapride) in chronic 
constipation. Aliment Pharmacol Ther. 2014;39(3):239–53. 
https://​doi.​org/​10.​1111/​apt.​12571.

	 95.	 Nurko S, Saps M. Treating constipation with prucalopride: one 
size does not fit all. Gastroenterology. 2014;147(6):1214–6. 
https://​doi.​org/​10.​1053/j.​gastro.​2014.​10.​024.

	 96.	 Ticho AL, Malhotra P, Dudeja PK, Gill RK, Alrefai WA. 
Bile acid receptors and gastrointestinal functions. Liver Res. 
2019;3(1):31–9. https://​doi.​org/​10.​1016/j.​livres.​2019.​01.​001.

	 97.	 Rao AS, Wong BS, Camilleri M, Odunsi-Shiyanbade ST, McKin-
zie S, Ryks M, et al. Chenodeoxycholate in females with irritable 
bowel syndrome-constipation: a pharmacodynamic and phar-
macogenetic analysis. Gastroenterology. 2010;139(5):1549–58, 
1558.e1. https://​doi.​org/​10.​1053/j.​gastro.​2010.​07.​052.

	 98.	 Odunsi-Shiyanbade ST, Camilleri M, McKinzie S, Burton D, 
Carlson P, Busciglio IA, et al. Effects of chenodeoxycholate and 
a bile acid sequestrant, colesevelam, on intestinal transit and 
bowel function. Clin Gastroenterol Hepatol. 2010;8(2):159–65. 
https://​doi.​org/​10.​1016/j.​cgh.​2009.​10.​020.

	 99.	 Hofmann AF, Loening-Baucke V, Lavine JE, Hagey LR, Steinbach JH, 
Packard CA, et al. Altered bile acid metabolism in childhood func-
tional constipation: inactivation of secretory bile acids by sulfation 
in a subset of patients. J Pediatr Gastroenterol Nutr. 2008;47(5):598–
606. https://​doi.​org/​10.​1097/​MPG.​0b013​e3181​6920a6.

	100.	 Nakajima A, Shoji A, Kokubo K, Igarashi A. A systematic review 
and network meta-analysis on the efficacy of medications in the 
treatment of chronic idiopathic constipation in Japan. Gastro-
enterol Res Pract. 2021;2021:5534687. https://​doi.​org/​10.​1155/​
2021/​55346​87.

	101.	 Simrén M, Bajor A, Gillberg PG, Rudling M, Abrahamsson H. 
Randomised clinical trial: the ileal bile acid transporter inhibitor 
A3309 vs. placebo in patients with chronic idiopathic constipation: 
a double-blind study. Aliment Pharmacol Ther. 2011;34(1):41–50. 
https://​doi.​org/​10.​1111/j.​1365-​2036.​2011.​04675.x.

	102.	 Wong BS, Camilleri M, McKinzie S, Burton D, Graffner H, 
Zinsmeister AR. Effects of A3309, an ileal bile acid transporter 
inhibitor, on colonic transit and symptoms in females with func-
tional constipation. Am J Gastroenterol. 2011;106(12):2154–64. 
https://​doi.​org/​10.​1038/​ajg.​2011.​285.

	103.	 Soufi-Afshar I, Moghadamnia A, Bijani A, Kazemi S, Shokri-
Shirvani J. Comparison of pyridostigmine and bisacodyl in the 
treatment of refractory chronic constipation. Caspian J Intern 
Med. 2016;7(1):19–24.

	104.	 O’Dea CJ, Brookes JH, Wattchow DA. The efficacy of treatment 
of patients with severe constipation or recurrent pseudo-obstruc-
tion with pyridostigmine. Colorectal Dis. 2010;12(6):540–8. 
https://​doi.​org/​10.​1111/j.​1463-​1318.​2009.​01838.x.

	105.	 Manini ML, Camilleri M, Grothe R, Di Lorenzo C. Application 
of pyridostigmine in pediatric gastrointestinal motility disorders: 
a case series. Paediatr Drugs. 2018;20(2):173–80. https://​doi.​org/​
10.​1007/​s40272-​017-​0277-6.

	106.	 Baaleman DF, Hallagan A, Halleran DR, Orsagh-Yentis DK, 
Levitt MA, Wood RJ, et al. Anal botulinum toxin in children 
with Hirschsprung disease and functional constipation: a pro-
spective cohort study. Eur J Pediatr Surg. 2022. https://​doi.​org/​
10.​1055/s-​0042-​17510​48.

	107.	 Apkon SD, Cassidy D. Safety considerations in the use of 
botulinum toxins in children with cerebral palsy. PM R. 
2010;2(4):282–4. https://​doi.​org/​10.​1016/j.​pmrj.​2010.​02.​006.

	108.	 Ma J, Elsaidi GA, Smith TL, Walker FO, Tan KH, Martin E, 
et al. Time course of recovery of juvenile skeletal muscle after 
botulinum toxin A injection: an animal model study. Am J Phys 
Med Rehabil. 2004;83(10):774–80. https://​doi.​org/​10.​1097/​01.​
phm.​00001​37315.​17214.​93. (quiz 81–83).

	109.	 Halleran DR, Lu PL, Ahmad H, Paradiso MM, Lehmkuhl H, 
Akers A, et  al. Anal sphincter botulinum toxin injection in 

children with functional anorectal and colonic disorders: a large 
institutional study and review of the literature focusing on com-
plications. J Pediatr Surg. 2019;54(11):2305–10. https://​doi.​org/​
10.​1016/j.​jpeds​urg.​2019.​03.​020.

	110.	 Chumpitazi BP, Fishman SJ, Nurko S. Long-term clinical out-
come after botulinum toxin injection in children with nonrelaxing 
internal anal sphincter. Am J Gastroenterol. 2009;104(4):976–83. 
https://​doi.​org/​10.​1038/​ajg.​2008.​110.

	111.	 Bobkiewicz A, Francuzik W, Krokowicz L, Studniarek A, 
Ledwosiński W, Paszkowski J, et al. Botulinum toxin injection 
for treatment of chronic anal fissure: is there any dose-dependent 
efficiency? A meta-analysis. World J Surg. 2016;40(12):3064–72. 
https://​doi.​org/​10.​1007/​s00268-​016-​3693-9.

	112.	 Roorda D, Abeln ZA, Oosterlaan J, van Heurn LW, Derikx JP. 
Botulinum toxin injections after surgery for Hirschsprung dis-
ease: systematic review and meta-analysis. World J Gastroenterol. 
2019;25(25):3268–80. https://​doi.​org/​10.​3748/​wjg.​v25.​i25.​3268.

	113.	 Radwan AB, Gadallah MA, Shahawy MR, Albagdady AA, Talaat 
AA. Can botulinum toxin help in managing children with func-
tional constipation and obstructed defecation? J Pediatr Surg. 
2021;56(4):750–3. https://​doi.​org/​10.​1016/j.​jpeds​urg.​2020.​06.​044.

	114.	 van Ginkel R, Reitsma JB, Büller HA, van Wijk MP, Taminiau 
JA, Benninga MA. Childhood constipation: longitudinal follow-
up beyond puberty. Gastroenterology. 2003;125(2):357–63. 
https://​doi.​org/​10.​1016/​s0016-​5085(03)​00888-6.

	115.	 Michaud L, Lamblin MD, Mairesse S, Turck D, Gottrand F. Out-
come of functional constipation in childhood: a 10-year follow-
up study. Clin Pediatr (Phila). 2009;48(1):26–31. https://​doi.​org/​
10.​1177/​00099​22808​320599.

	116.	 Bongers ME, van Wijk MP, Reitsma JB, Benninga MA. Long-
term prognosis for childhood constipation: clinical outcomes in 
adulthood. Pediatrics. 2010;126(1):e156–62. https://​doi.​org/​10.​
1542/​peds.​2009-​1009.

	117.	 van den Berg MM, van Rossum CH, de Lorijn F, Reitsma JB, Di 
Lorenzo C, Benninga MA. Functional constipation in infants: a 
follow-up study. J Pediatr. 2005;147(5):700–4. https://​doi.​org/​
10.​1016/j.​jpeds.​2005.​05.​032.

	118.	 Santucci NR, Rein LE, van Tilburg MA, Karpinski A, Rosenberg 
A, Amado-Feeley A, et al. Self-efficacy in children with func-
tional constipation is associated with treatment success. J Pediatr. 
2020;216:19–24. https://​doi.​org/​10.​1016/j.​jpeds.​2019.​08.​062.

	119.	 DiMatteo MR, Giordani PJ, Lepper HS, Croghan TW. Patient 
adherence and medical treatment outcomes: a meta-analysis. 
Med Care. 2002;40(9):794–811. https://​doi.​org/​10.​1097/​00005​
650-​20020​9000-​00009.

	120.	 Taddeo D, Egedy M, Frappier JY. Adherence to treatment in 
adolescents. Paediatr Child Health. 2008;13(1):19–24. https://​
doi.​org/​10.​1093/​pch/​13.1.​19.

	121.	 Milgrom H, Bender B, Ackerson L, Bowry P, Smith B, Rand C. 
Noncompliance and treatment failure in children with asthma. J 
Allergy Clin Immunol. 1996;98(6 Pt 1):1051–7. https://​doi.​org/​
10.​1016/​s0091-​6749(96)​80190-4.

	122.	 Ivanovska V, Rademaker CM, van Dijk L, Mantel-Teeuwisse AK. 
Pediatric drug formulations: a review of challenges and progress. 
Pediatrics. 2014;134(2):361–72. https://​doi.​org/​10.​1542/​peds.​
2013-​3225.

	123.	 Koppen IJN, van Wassenaer EA, Barendsen RW, Brand PL, 
Benninga MA. Adherence to polyethylene glycol treatment in 
children with functional constipation is associated with parental 
illness perceptions, satisfaction with treatment, and perceived 
treatment convenience. J Pediatr. 2018;199:132-9.e1. https://​doi.​
org/​10.​1016/j.​jpeds.​2018.​03.​066.

	124.	 Benninga MA, Faure C, Hyman PE, St-James-Roberts I, Schech-
ter NL, Nurko S. Childhood functional gastrointestinal disor-
ders: neonate/toddler. Gastroenterology. 2016. https://​doi.​org/​10.​
1053/j.​gastro.​2016.​02.​016.

https://doi.org/10.1111/apt.12571
https://doi.org/10.1053/j.gastro.2014.10.024
https://doi.org/10.1016/j.livres.2019.01.001
https://doi.org/10.1053/j.gastro.2010.07.052
https://doi.org/10.1016/j.cgh.2009.10.020
https://doi.org/10.1097/MPG.0b013e31816920a6
https://doi.org/10.1155/2021/5534687
https://doi.org/10.1155/2021/5534687
https://doi.org/10.1111/j.1365-2036.2011.04675.x
https://doi.org/10.1038/ajg.2011.285
https://doi.org/10.1111/j.1463-1318.2009.01838.x
https://doi.org/10.1007/s40272-017-0277-6
https://doi.org/10.1007/s40272-017-0277-6
https://doi.org/10.1055/s-0042-1751048
https://doi.org/10.1055/s-0042-1751048
https://doi.org/10.1016/j.pmrj.2010.02.006
https://doi.org/10.1097/01.phm.0000137315.17214.93
https://doi.org/10.1097/01.phm.0000137315.17214.93
https://doi.org/10.1016/j.jpedsurg.2019.03.020
https://doi.org/10.1016/j.jpedsurg.2019.03.020
https://doi.org/10.1038/ajg.2008.110
https://doi.org/10.1007/s00268-016-3693-9
https://doi.org/10.3748/wjg.v25.i25.3268
https://doi.org/10.1016/j.jpedsurg.2020.06.044
https://doi.org/10.1016/s0016-5085(03)00888-6
https://doi.org/10.1177/0009922808320599
https://doi.org/10.1177/0009922808320599
https://doi.org/10.1542/peds.2009-1009
https://doi.org/10.1542/peds.2009-1009
https://doi.org/10.1016/j.jpeds.2005.05.032
https://doi.org/10.1016/j.jpeds.2005.05.032
https://doi.org/10.1016/j.jpeds.2019.08.062
https://doi.org/10.1097/00005650-200209000-00009
https://doi.org/10.1097/00005650-200209000-00009
https://doi.org/10.1093/pch/13.1.19
https://doi.org/10.1093/pch/13.1.19
https://doi.org/10.1016/s0091-6749(96)80190-4
https://doi.org/10.1016/s0091-6749(96)80190-4
https://doi.org/10.1542/peds.2013-3225
https://doi.org/10.1542/peds.2013-3225
https://doi.org/10.1016/j.jpeds.2018.03.066
https://doi.org/10.1016/j.jpeds.2018.03.066
https://doi.org/10.1053/j.gastro.2016.02.016
https://doi.org/10.1053/j.gastro.2016.02.016

	An Update of Pharmacological Management in Children with Functional Constipation
	Abstract
	1 Introduction
	1.1 Definition
	1.2 Pathophysiology

	2 Evaluation
	3 Non-Pharmacological Treatment
	4 Phases of Pharmacological Treatment
	4.1 Disimpaction
	4.2 Maintenance
	4.3 Weaning

	5 Osmotic Laxatives
	5.1 Polyethylene Glycol
	5.2 Lactulose and Lactitol
	5.3 Magnesium Hydroxide

	6 Stimulant Laxatives
	6.1 Diphenylmethanes
	6.2 Anthraquinones

	7 Lubricants
	8 Enemas
	9 Novel Therapies
	9.1 Prosecretory Agents
	9.2 Serotonergic Agents
	9.2.1 Differences Between Adults and Children

	9.3 Bile Acids
	9.4 Cholinesterase Inhibitors

	10 Botulinum Toxin Injection (Botox®)
	11 Prognosis and Follow-Up
	12 Conclusions
	References




