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Objective: The long-term efficacy and safety of polyethylene glycol (PEG)

in constipated children are unknown, and a head-to-head comparison of the

different PEG formulations is lacking. We aimed to investigate noninfer-

iority of PEG3350 with electrolytes (PEG3350þE) compared to PEG4000

without electrolytes (PEG4000).

Methods: In this double-blind trial, children aged 0.5 to 16 years with

constipation, defined as a defecation frequency of <3 times per week, were

randomized to receive either PEG3350þE or PEG4000. Primary outcomes

were change in total sum score (TSS) at week 52 compared to baseline, and

dose range determination. TSS was the sum of the severity of 5 constipation

symptoms rated on a 4-point scale (0–3). Noninferiority margin was a

difference in TSS of �1.5 based on a 95%-confidence interval [CI].

Treatment success was defined as a defecation frequency of �3 per week

with <1 episode of fecal incontinence.

Results: Ninety-seven subjects were included, of whom 82 completed the

study. Mean reduction in TSS was�3.81 (95% CI:�4.96 to�2.65) and�3.74

(95%CI: �5.08 to �2.40), for PEG3350þE and PEG4000, respectively.

Noninferiority criteria were not met (maximum difference between groups:

�1.81 to 1.68). Daily sachet use was: 0 to 2 years: 0.4 to 2.3 and 0.9 to 2.1; 2 to

4 years: 0.1 to 3.5 and 1.2 to 3.2; 4 to 8 years: 1.1 to 2.8 and 0.7 to 3.8; 8 to

16 years 0.6 to 3.7 and 1.0 to 3.7, in PEG3350þE and PEG4000, respectively.

Treatment success after 52 weeks was achieved in 50% and 45% of children,

respectively (P¼ 0.69). Rates of adverse events were similar between groups,

and no drug-related serious adverse events occurred.

Conclusions: Noninferiority regarding long-term constipation-related

symptoms of PEG3350þE compared to PEG4000 was not

demonstrated. However, analysis of secondary outcomes suggests similar

efficacy and safety of these agents.

Key Words: children, fecal incontinence, functional constipation, long-

term use, PEG3350, PEG4000
(JPGN 2018;66: 10–15)
onstipation is a common problem in childhood with
a reported prevalence ranging from 0.7% to 29.6% (median
C

12%) (1). In most cases, there is no organic cause, and it is thus referred
to as functional constipation (2,3). Functional constipation is usually
treated with behavioral interventions and laxatives. Polyethylene
glycol (PEG) is recommended as a first-line laxative for both fecal
disimpaction and maintenance treatment (3,4). PEG (or macrogol) is a
polymer which is not metabolized, and minimally absorbed in the
gastrointestinal tract (5). Consequently, it creates an osmotic gradient
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in the lumen of the colon, leading to retention of fluid in the intestine,
resulting in softening and loosening of stools. Various formulations of
PEG have been developed, using PEG 3350 and PEG 4000 (with a
molecular weight of 3350 and 4000 g/mol, respectively), with or
without the addition of electrolytes (6). Both PEG 3350 and PEG
4000 are effective in childhood constipation (6,7).

It has been demonstrated that PEG is safe to use for up to
6 months in adults with chronic constipation (8). Similarly, analyses
of small groups of patients suggest that PEG is safe for long-term
use in children (9,10). Recently, however, concerns have been
raised that compounds such as ethylene glycol or diethylene glycol
may be ingested as impurities of PEG or may be formed when PEG
is degraded after ingestion, leading to adverse effects (11). Conse-
quently, the Food and Drug Administration has decided to sponsor a
study on the safety of PEG in children (12).

To date, several head-to-head studies in adults with consti-
pation have been performed that compare different PEG formula-
tions, showing comparable efficacy and safety (13–16). A recent
meta-analysis concluded that the addition of electrolytes to PEG
does not appear to offer any clinical benefits in the management of
adults with constipation (17).

Presently, head-to-head data comparing different PEG for-
mulations for treatment of childhood constipation are lacking.
Furthermore, it is unknown whether PEG is safe and efficacious
for long-term use in children.

Therefore, we aimed to investigate the noninferiority of PEG
3350 with electrolytes (PEG3350þE) compared to PEG 4000
without electrolytes (PEG4000) with respect to constipation-related
symptoms in children. Secondary aims were to compare efficacy,
rates of adverse events, and average dose between the 2 agents
during 1 year of treatment.

METHODS

Study Design
We performed a double-blind, randomized, multicenter,

parallel-group controlled trial in 1 academic hospital and 3 teaching
hospitals in the Netherlands. The respective Medical Ethics Com-
mittees of the participating hospitals reviewed and approved the
research protocol. This study is registered at ClinicalTrials.gov
(NCT01810653).

Study Population

Between January 2006 and December 2007, children were
recruited from the outpatient clinics of the participating hospitals.
Eligible children were aged 6 months to 16 years, with <3
spontaneous bowel movements per week. Patients with drug-
induced constipation or an organic cause for constipation (ie,
neurological disorders, Hirschsprung disease, or anal anomalies)
were excluded, as well as patients with previous gastrointestinal
surgery (except appendectomy), known metabolic or endocrine
disorders, intellectual disability, or cerebral palsy. Furthermore,
use of PEG within 2 months before inclusion or current use of
other drugs influencing gastrointestinal function (eg, lactulose,
loperamide, cisapride) was not allowed. Before inclusion, written
informed consent was obtained from subjects’ parents or legal
representatives. Additionally, subjects ages 12 years or older pro-
vided written informed consent themselves.

Randomization, Treatment Allocation, and
Blinding

Subjects were randomly assigned to either PEG3350þE or
PEG4000 at a ratio of 1:1. Subject randomization numbers were
www.jpgn.org
generated by a licensed Clinical Research Organization and incor-
porated into double blind labeling. A set of subject numbers and
associated treatments were sent to the investigators. Randomization
numbers were allocated sequentially in the order in which the
subjects were enrolled. Subjects were stratified into 4 different
age groups: 6 months to 2 years (0–2 years), 2 years to 4 years
(2–4 years), 4 years to 8 years (4–8 years), and 8 years to 16 years
(8–16 years). Randomization number allocation was performed by
an independent employee of the clinical research organization via
telephone. Study medication was provided in blank, single-dose
sachets. Identical packaging and labeling ensured treatment blind-
ing. Neither the patient nor the study personnel was aware of the
treatment allocation.

Protocol

Eligible subjects recorded a bowel diary 1 week before the
start of the study medication to assess gastrointestinal symptoms at
baseline. In this week, the use of laxatives was not allowed. When
baseline assessment confirmed a defecation frequency<3 times per
week, subjects were randomized.

During the first 3 days of treatment, all subjects received a
rectal enema once daily for 3 consecutive days to remove any rectal
fecal impaction. Subjects ages 6 months to 3 years received enemas
of 5 mL containing 45 mg of sodium laurylsulfoacetate, 450 mg of
sodium citrate, and 3.125 g of sorbitol (Microlax, Johnson &
Johnson Consumer b.v., Amersfoort, the Netherlands). Subjects
ages 3 to 6 years received enemas of 60 mL containing 60 mg
sodium docusate and 15 g sorbitol. Subjects older than 6 years
received enemas of 120 mL containing 120 mg of sodium docusate
and 30 g of sorbitol.

On the fourth day of treatment, subjects started with either
PEG3350þE (Transipeg, Bayer Consumer Care AG, Basel,
Switzerland) or PEG4000 (Forlax, Zambon, Amersfoort, the
Netherlands). PEG4000 sachets contained 4 g of PEG with a
molecular weight of 4000 g/mol. PEG3350þE sachets contained
2.95 g of PEG with a molecular weight of 3350 g/mol and electro-
lytes: 37.5 mg potassium chloride, 73 mg sodium chloride, 284 mg
sodium sulfate, and 84 mg sodium hydrogen carbonate.

Participants younger than 2 years initially received 1 sachet
per day. Participants older than 2 years initially received 2 sachets
per day. The dose could be adjusted based on individual titration
during the follow-up visits, with a maximum of 4 sachets per day.
When defecation did not occur within 3 consecutive days, rescue
medication was allowed. In children younger than 6 years, rescue
medication was an enema (as described above). In older children,
rescue medication was either an enema or an oral dose of 5-mg
bisacodyl. In total, 8 visits were scheduled (weeks 0, 1, 2, 4, 8, 12,
26, and 52 after enrollment).

Outcome Assessment

During the first 12 weeks of the study, and the weeks before
the visits at week 26 and 52, parents or legal representatives
recorded the following in daily diaries: defecation frequency, stool
consistency, fecal incontinence frequency, and adverse events.
Furthermore, for subjects younger than 2 years, diaries were used
to score the following 5 constipation-related symptoms on a 4-point
scale (0¼ none, 1¼mild/sometimes, 2¼moderate/regular, and
3¼ severe/often): crying attributed to abdominal pain/cramps; diar-
rhea; flatulence; crying during defecation; redness attributed to
straining during defecation. For subjects older than 2 years, diaries
were used to score the following symptoms on the same scale:
abdominal pain/cramps; diarrhea; flatulence; painful defecation;
straining at defecation. The Total Sum Score (TSS) was calculated
11
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as the sum of the scores of the respective 5 constipation-related
symptoms, ranging from 0 to 15 points, with higher scores reflect-
ing more (severe) symptoms.

There were 2 primary outcomes: the change in TSS at
week 52 compared to baseline, and dose range determination,
calculated as the number of sachets used per patient per day per
age group. Secondary outcomes included the proportion of subjects
with treatment success (defined as a defecation frequency >3 times
per week and <1 episodes of fecal incontinence per week), defeca-
tion frequency, stool consistency (hard, normal, soft, or watery) and
fecal incontinence frequency. Duration of treatment was calculated
as the number of days from inclusion to the date of last intake of
study medication. If the date of last intake of study medication was
not available (eg, if the subject was lost to follow-up), the last visit
date was used instead. Safety was assessed by evaluating the
number of (serious) adverse events. Whether an adverse event
was considered to be drug-related was determined by the reporting
local investigator based on the temporal sequence from drug
administration, the recovery on discontinuation and the recurrence
on reintroduction of study medication, underlying, concomitant or
intercurrent diseases, concomitant medication or treatment, and the
pharmacology and pharmacokinetics of the study medication.

Statistical analysis

All randomized children were included in the intention-to-
treat (ITT) population. With the exception of the primary analysis,
all analyses were performed in the ITT population. The primary
analysis was performed in the per-protocol (PP) population, which
consisted of all subjects who completed the study according to the
protocol. Subjects were excluded from the PP population in case of
any of the following: >1 of the 7 study visits missing; missing data
at baseline and/or at week 52; data missing for several weeks;
nonresponse as evidenced by use of rescue medication for >2
consecutive weeks; use of laxatives in the week before inclusion
up to the day of randomization; withdrawal from the study. The
primary analysis was performed to evaluate noninferiority of
PEG3350þE to PEG4000 with respect to change in TSS at
week 52 compared to baseline. A 2-sided 95% confidence interval
[CI] was used in the noninferiority analysis, with a noninferiority
margin of an absolute difference in TSS of 1.5. Thus, noninferiority
of PEG3350þE to PEG4000 could be concluded if the 2-sided 95%
CI of the absolute difference in mean change in TSS between
treatment groups was entirely below the value 1.5 (which is
equivalent to 1-sided testing with a CI of 97.5%).

For continuous data with a normal distribution, means and
standard deviations (SD) were reported, t tests were used to evaluate
differences between 2 groups and 1-way analysis of variances (with
post-test for linear trend when appropriate) were used to evaluate
differences between >2 groups. For continuous data with a non-
normal distribution, medians and interquartile ranges (IQR) were
reported, and Mann–Whitney U tests were used to evaluate differ-
ences between groups. For categorical data, Fisher exact tests were
used. Significance was set at P< 0.05. Statistical analysis was
performed using SAS software, Version 9 of the SAS System for
Windows (SAS Institute Inc. Cary, NC).

Sample Size

Assuming equality, with for each group an estimated mean
TSS of 7.5 with a SD of 2.4, a sample size of 41 evaluable subjects
per treatment group was required to demonstrate noninferiority of 2
treatment groups with a power of 80% (b¼ 0.2), a significance level
of 0.05 (a¼ 0.05) and a noninferiority margin of an absolute
difference in TSS score of 1.5.
12
Missing Data

If �2 of 5 TSS components were missing, it was assumed
that the respective symptoms did not occur. If >2 of 5 constipation-
related symptoms were missing, the TSS of that week was consid-
ered missing. Subjects with insufficient data to calculate the TSS at
baseline were excluded from the PP population. In analyses of
treatment success, subjects with missing data were considered
treatment failures.

RESULTS

Subjects
Between April 2006 and December 2007, a total of 97 children

(ITT population) were included and randomized, of whom 82 com-
pleted the study (Fig. 1). Follow-up was completed in December
2008. Reasons for withdrawal were lost to follow-up (n¼ 5), insuffi-
cient response (n¼ 2), consent withdrawal (n¼ 2), noncompliance
(n¼ 1), and other (n¼ 5). Another 20 subjects were excluded from
the PP population because of missing baseline data (n¼ 16), because
of the use of laxatives up until inclusion (n¼ 2), or because of the use
of rescue medication for >2 consecutive weeks, indicating nonre-
sponse (n¼ 2). The PP population consisted of 62 subjects. Baseline
characteristics in both the ITT population and the PP population were
similar between groups (Table 1 and Supplemental Table 1, Supple-
mental Digital Content 1, http://links.lww.com/MPG/B88). Mean age
at the onset of constipation was 23.9 (SD 30.5) months and 21.4 (SD
20.5) months in the PEG3350þE and PEG4000 groups, respectively
(P¼ 0.64; ITT population). Children younger than 2 years had a mean
number of 1.2 (SD 1.1) and 1.6 (SD 0.5) bowel movements per week,
in the PEG3350þE and PEG4000 groups, respectively (ITT popu-
lation). In children older than 2 years, the mean defecation frequency
on the toilet was 1.6 (SD 0.8) and 1.2 (SD 0.9) in the PEG3350þE
and PEG4000 groups, respectively (ITT population). Almost all
(99%) subjects fulfilled Rome III criteria for functional constipation
(Supplemental Table 2, Supplemental Digital Content 2, http://
links.lww.com/MPG/B89).

Primary Outcomes

Total Sum Scores
Average TSSs in the PP population during the study are

shown in Figure 2. Mean reduction in TSS at week 52 compared to
baseline was �3.81 (95% CI: �4.96 to �2.65; n¼ 26) in the
PEG3350þE group and �3.74 (95% CI: �5.08 to �2.40;
n¼ 29) in the PEG4000 group. Mean difference between groups
in change between baseline and week 52 was �0.07 with a 95% CI
of �1.81 to 1.68. Consequently, noninferiority criteria were not
met. In both groups, TSS scores decreased as the study progressed.

Dose Range Determination

The dose range based on the number of sachets used per day
was 0.4 to 2.3 and 0.9 to 2.1 in subjects 0 to 2 years; 0.1 to 3.5 and
1.2 to 3.2 in subjects 2 to 4 years; 1.1 to 2.8 and 0.7 to 3.8 in subjects
4 to 8 years; 0.6 to 3.7 and 1.0 to 3.7 in subjects 8 to 16 years, in
PEG3350þE and PEG4000, respectively.

Secondary Outcomes

Dosing and Duration of Treatment
No difference was found in mean daily number of sachets used

during the whole study period (PEG3350þE: 1.74 [SD 0.78];
PEG4000: 1.80 [SD 0.60]; P¼ 0.67). Mean daily dose of PEG relative
to body weight was 0.29 g/kg (SD: 0.17) and 0.43 g/kg (SD: 0.17), for
www.jpgn.org

http://links.lww.com/MPG/B88
http://links.lww.com/MPG/B89
http://links.lww.com/MPG/B89


FIGURE 1. Flow diagram of the progress through trial phases.
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PEG3350þE and PEG4000, respectively (P< 0.001). In both treat-
ment groups, older subjects used lower doses of PEG relative to body
weight (0 to 2 years: 0.45 and 0.65 g/kg; 2 to 4 years: 0.32 and 0.48 g/kg;
4 to 8 years: 0.25 and 0.35 g/kg; 8 to 16 years: 0.15 and 0.26 g/kg;
P< 0.001 and P< 0.0001; linear trend: P< 0.0001 and P< 0.0001; in
PEG3350þE and PEG4000, respectively). Mean duration of treat-
ment was 261 days (SD 147) in the PEG3350þE group and 327 days
(SD 88) in the PEG4000 group (P¼ 0.009).

Treatment Success and Use of Rescue Medication

The rate of treatment success ranged from 33% and 25% at
week 1 to 50% and 45% at week 52, for subjects treated with
www.jpgn.org
PEG3350þE and PEG4000, respectively (Fig. 3). At all visits, no
significant differences were found in rates of treatment success
between treatment groups. Rescue medication was used at least
once in 35% (17/48) of the subjects in the PEG3350þE group and
18% (9/49) in the PEG4000 group (P¼ 0.07).

Safety

A total of 143 adverse events were reported by 56 subjects
(58%; Supplemental Table 3, Supplemental Digital Content 3,
http://links.lww.com/MPG/B90). Five serious adverse events were
reported in 2 subjects (2%): dehydration (n¼ 2), upper respiratory
tract infection (n¼ 1), metabolic acidosis (n¼ 1), constipation
13
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TABLE 1. Baseline characteristics (ITT population)

PEG3350þE (n¼ 48) PEG4000 (n¼ 49)

Age, y, mean (SD) 5.5 (3.9) 5.0 (3.3)

Males, n (%) 22 (46%) 18 (37%)

Weight, kg, mean (SD) 22.9 (15.6) 19.3 (7.9)

Height, cm, mean (SD) 112.2 (27.7) 109.3 (21.9)

Race

White, n (%) 43 (90%) 46 (94%)

Black, n (%) 0 (0%) 1 (2%)

Other, n (%) 5 (10%) 2 (4%)

<2 y of age: bowel movements per week, mean (SD) 1.2 (1.1) 1.6 (0.5)

�2 y of age: bowel movements on toilet per week, mean (SD) 1.6 (0.8) 1.2 (0.9)

�2 y of age: proportion of subjects with fecal incontinence (%) 76% 82%

�2 y of age: urinary incontinence (%) 18% 16%

Mean age at first complaints of constipation, mo, mean (SD) 23.9 (30.5) 21.4 (20.5)

Previous laxative treatment, n (%) 34 (71%) 38 (78%)

ITT¼ intention-to-treat; PEG¼ polyethylene glycol; SD¼ standard deviation.
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(n¼ 1). Both subjects were randomized to PEG3350þE. None of
the serious adverse events were considered to be drug-related
(Supplemental Table 4, Supplemental Digital Content 4, http://
links.lww.com/MPG/B91). Six subjects (6%) reported a total of 8
adverse events that were suspected to be related to the study drug
(Supplemental Table 4, Supplemental Digital Content 4, http://
links.lww.com/MPG/B91). No differences in rates of adverse events,
serious adverse events, or drug-related adverse events were found
between groups.

DISCUSSION
The primary aim of this study was to evaluate whether

PEG3350þE was noninferior to PEG4000 with respect to long-
term constipation-related symptoms in children with constipation.
The primary endpoint was not met and thus noninferiority of
PEG3350þE versus PEG4000 was not demonstrated. Conse-
quently, we cannot rule out that PEG3350þE is inferior to
PEG4000. However, there are 2 potential other reasons why non-
inferiority criteria were not met. First, standard deviations of the
change in the primary outcome were larger than expected, leading
to a lower statistical power than anticipated. Second, the PP
population, in which the primary outcome was assessed, was
smaller than anticipated, owing to a large number of subjects with
insufficient baseline data. Indeed, noninferiority criteria were met if
FIGURE 2. Average total sum score by week and treatment group.
Whiskers indicate 95% confidence intervals (per-protocol popula-

tion). PEG¼polyethylene glycol.

14
the number of evaluable subjects per group was the anticipated 41
(assuming no change in means and standard deviations; data not
shown). No difference between the treatment arms was found with
respect to constipation symptoms, treatment success, and adverse
events, suggesting that both treatments are likely to have similar
long-term efficacy and safety.

No difference was found in the mean daily number of sachets
used. However, the mean daily dose of PEG relative to body weight
was significantly lower in subjects receiving PEG3350þE com-
pared to subjects receiving PEG4000. Furthermore, older subjects
used significantly lower doses of PEG relative to body weight in
both treatment groups. These findings suggest that the recom-
mended starting dose of PEG maintenance treatment of
0.4 g � kg�1 � day�1 (3) may not be universally applicable, but
instead depends on a subjects’ age or body weight, and the specific
PEG formulation. To our knowledge, no previous head-to-head
comparisons between various PEG formulations have been per-
formed in children.

Duration of treatment was shorter in subjects receiving
PEG3350þE compared to subjects receiving PEG4000, potentially
indicating that PEG3350þE could successfully be tapered and
stopped earlier in the course of treatment. It may, however, also
reflect that subjects receiving PEG4000 were less eager to taper and
stop the treatment, because PEG4000 may be more palatable than
PEG3350þE (15).

One year after inclusion, approximately half of subjects in
both groups were successfully treated. This appears to be somewhat
lower than reported in most previous studies investigating the
FIGURE 3. Success rates of PEG3350þ E vs PEG4000 at all visits after
start of treatment (intention-to-treat population). No difference was

found between treatment arms. PEG¼polyethylene glycol.

www.jpgn.org
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efficacy of PEG for childhood constipation, although reported
response rates vary widely (9,18–23). A potential explanation
for the relatively low response rate may be our long follow-up
compared to other studies, considering that a large proportion of
children with constipation will eventually relapse after successful
treatment (24). However, in the present study, therapeutic effect
appeared to gradually increase over time. Furthermore, the response
rate may also be an underestimation, resulting from conservative
handling of missing data with respect to treatment success.

Recently, concerns have been raised regarding the long-term
safety of PEG (11). Therefore, safety was an important secondary
outcome of this study. Both PEG3350þE and PEG4000 were well
tolerated. Although the majority of subjects in both groups experi-
enced an adverse event, only a small proportion of subjects experi-
enced drug-related adverse events, and none of these were severe.
Although these findings are reassuring, results from an ongoing
study will help definitively determine whether long-term use of
PEG in children is safe (12).

Strengths of our study are its prospective, randomized,
double-blind, head-to-head nature and the long follow-up. To
our knowledge, our study has the longest prospective follow-up
of the efficacy and safety of laxatives in childhood constipation. A
weakness is the high proportion of withdrawals and incomplete
baseline data. Furthermore, Rome criteria—often considered a
criterion standard for the diagnosis of pediatric functional consti-
pation—were not used for the selection of subjects. However,
almost all included subjects fulfilled Rome III criteria for functional
constipation. Another limitation is that the TSS was used as a
primary outcome measure, which has never been used previously.
Indeed, the value of the TSS in determining the outcome of
treatment for functional constipation remains to be determined.
However, there is no consensus on how the efficacy of treatment for
childhood constipation should be assessed, and a wide variety of
outcome measures are used (25).

In conclusion, PEG3350þE and PEG4000 are efficacious
and well tolerated in the treatment of pediatric functional constipa-
tion. No significant differences with respect to efficacy and safety
were found between both treatments. However, noninferiority of
PEG3350þE compared to PEG4000 regarding long-term consti-
pation related symptoms could not be demonstrated, probably
related to the small sample size.
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