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Introduction

Colonoscopy is one of the most important diagnostic and 
therapeutic procedures of colon disorders (1-3). Adequate 
bowel preparation is necessary as bowel imaging is critical in 

this examination. The success of colonoscopy is determined 

by high-quality bowel preparation which makes the 

intestinal mucosa visible, and it helps to diagnose and treat 

smoothly, also it may minimize the risk of contamination 

Original Article

Single versus split dose polyethylene glycol for bowel preparation 
in children undergoing colonoscopy: a systematic review and 
meta-analysis

Jinjin Cao1#, Weiying Zhang2#, Jiajie Hu3#, Yan Huang4, Li Zhao4, Rong Cai4, Ying Bao4, Mei Li4

1Department of Gastroenterology, Children’s Hospital of Nanjing Medical University, Nanjing, China; 2Department of Emergency, Children’s 

Hospital of Nanjing Medical University, Nanjing, China; 3The Fourth School of Clinical Medicine of Nanjing Medical University, Nanjing, China; 
4Department of Nursing, Children’s Hospital of Nanjing Medical University, Nanjing, China

Contributions: (I) Conception and design: J Cao, W Zhang, M Li; (II) Administrative support: J Cao, W Zhang, J Hu, Y Huang; (III) Provision of 

study materials or patients: J Cao, Y Huang, L Zhao, R Cai; (IV) Collection and assembly of data: J Cao, W Zhang, L Zhao, Y Huang, R Cai; (V) 

Data analysis and interpretation: J Cao, Y Huang, R Cai, Y Bao, M Li; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All 

authors.
#These authors contributed equally to this work.

Correspondence to: Mei Li. Department of Nursing, Children’s Hospital of Nanjing Medical University, No. 72, Guangzhou Road, Nanjing, China. 

Email: nrh8809@163.com.

Background: Polyethylene glycol (PEG) has been widely used for bowel preparation. However, the 
efficacy and safety of single and split dose PEG for bowel preparation in children undergoing colonoscopy 
remain unclear, it is necessary to evaluate the role of single and split dose PEG for bowel preparation in 
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95% confidence interval (95% CI).
Results: Four RCTs with 249 children were included. There was no significantly difference in the efficacy 
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0.29 to 0.85); the incidence of nausea in split dose PEG for bowel preparation was significantly lower than 
that of single dose (OR =2.1, 95% CI: 1.29 to 3.42); there was no significant difference on the incidence of 
abdominal pain between two regimes (OR =1.39, 95% CI: 0.67 to 2.89).
Conclusions: Split dose PEG seems to be more superior to single dose for children undergoing 
colonoscopy. However, considering that the number of included RCTs are very limited, more related studies 
on this issue are needed in the future.
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during surgery (3-6). The adverse consequences caused 
by insufficient intestinal cleaning include incomplete 
visualization, missed lesion detection, reduced safety, 
prolonged examination time, shortened follow-up interval, 
and increased economic burden on patients (4,7). In the 
population of children, the methods of bowel preparation 
must be selected according to the age, size, and clinical status 
of patients (8). Adequate bowel preparation is considered to 
be the most difficult part of the colonoscopy process since 
children have a much greater problem with agents compared 
with adults who are more likely to take them. Efficacy, safety 
and tolerance are all the factors needed to be considered. In 
clinical practice, the choice of intestinal cleanser depends 
more on the experience of each medical department. Since 
the wide differs of bowel preparation, it remains a challenge 
for pediatric colonoscopy to select an ideal preparation 
regimen. To date, there are only a few well-controlled 
studies have been published in the pediatric population.

From the consideration of efficacy, safety profile and ease 
of usage, polyethylene glycol (PEG) which as an osmotic 
agent is seemed to be the drug choice. This has been proved 
in several studies (9-11) and is being proposed as laxative of 
choice for colon preparation by adult as well as by pediatric 
guidelines (3,12). The main concern with PEG preparation 
is that of large volume of fluid that a patient has to drink. 
In pediatric population, drinking large volume of PEG 
over a fixed time is further complicated by poor tolerability. 
Although PEG has been found to be safe in children (13),  
but it is often associated with nausea, vomiting and 
abdominal distension (14).

In order to overcome the volume related issues of 
single dose PEG, the study was commonly conducted 
in adult population with a divided dose regimen. In 
split dose regimen, the same dose of PEG is given in 
half, half the night before and half the morning of the 
colonoscopy. Multiple randomized controlled trials (RCTs) 
(15,16) as well as meta-analysis (17), have documented 
the superiority of split dose over single dose in terms 
of efficacy and tolerability in adult patients. Split dose 
PEG is now the choice of preparation for colonoscopy in 
adults (3). However, the recent meta-analysis in children 
mainly compare efficacy of various agents but they fail to 
specifically compare various regimens of the same agent 
(i.e., PEG) (8), the optimization of using PEG in pediatric 
population remains unclear.

Therefore, the aim of this systematic review is to evaluate 
the efficacy and tolerability of split dose as compared to 
single dose PEG solution in pediatric patients undergoing 

colonoscopy.
We present the following article in accordance with the 

PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-582).

Methods

Eligibility criteria

RCTs written in English were included, independent of 
publication status, publication date, risk of bias, publication 
results. Trials were included if they enrolled children 
undergoing colonoscopy while using PEG for bowel 
preparation. Included studies had to compare single versus 
split dose regimen of PEG. The primary outcome was the 
efficacy of bowel preparation. Secondary outcomes were the 
tolerability and safety of bowel preparation. Adverse effects 
included nausea, vomiting, abdominal pain, bloating. The 
common indications for colonoscopy were bloody stool 
and abdominal pain. Case reports, qualitative studies, and 
reviews articles were excluded. All studies were screened 
independently by two authors according to the selection 
criteria. The studies were selected when the two reviewers 
consented. Any differences regarding inclusion studies were 
resolved by a third reviewer. Since our manuscript is a meta-
analysis, no ethical permissions were needed. The study 
conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013).

Search methods

MEDLINE, EMBASE, and CENTRAL were searched 
for keywords describing the condition, intervention, or 
comparator from inception to September 1, 2019. Searching 
was conducted through strategies used in PubMed and 
the instructions and rules of each database. The search 
terms were as following: “Child” OR “children” AND 
“Polyethylene Glycols” OR “Macrogol” OR “Polyethylene 
Oxide”  OR “Oxide ,  Polyethylene”  OR “Oxides , 
Polyethylene” OR “Polyethylene Oxides” OR “Polyethylene 
oxide” OR “Polyoxymethylene” OR “Polyglycol” OR 
“Polyethylene Glycol” OR “Glycol, Polyethylene” OR 
“Glycols, Polyethylene” OR “Carbowax” OR “PEG” AND 
“Colonoscopy” OR “Colonoscopies” OR “Colonoscopic 
Surgical Procedures” OR “Colonoscopic Surgical 
Procedure” OR “Procedure, Colonoscopic Surgical” 
OR “Procedures, Colonoscopic Surgical” OR “Surgical 
Procedure, Colonoscopic” OR “Surgery, Colonoscopic” OR 
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“Surgical Procedures, Colonoscopic” OR “Colonoscopic 
Surgery” OR “Colonoscopic Surgeries” OR “Surgeries, 
Colonoscopic” AND “Cathartics” OR “Bowel preparation” 
OR “Bowel Evacuants” OR “Evacuants, Bowel” OR 
“Purgatives” OR “Bowel Preparation Solutions” OR 
“Preparation Solutions, Bowel” OR “Solutions, Bowel 
Preparation”. The reference lists of the retrieved studies 
and previous reviews and meta-analyses were manually 
searched for potential RCTs. An information specialist 
reviewed the search strategies.

Data extraction

Two rev iewers  independent ly  ex t rac ted  data  on 
interventions and outcomes. They also recorded study 
and patient characteristics including first author, year of 
publication, study location, target population, intervention 
of single versus split dose group, main outcomes, and 
conclusions.  They compared results and resolved 
disagreements by discussion with a third party. Authors 
were contacted to clarify ambiguities and to request data on 
outcomes missing in primary reports.

Quality assessment

The two authors independently assessed the risk of bias 
in the included RCTs. Reviewers evaluated the following 
items for each RCT: sequence generation, allocation hiding, 
patient and personnel blindness, result evaluator blindness, 
incomplete result data, and selective reporting and other 
issues. According to the judgment criteria, each part can be 
classified as low, high, or unclear risk.

Data synthesis and analysis

The extracted data were processed and analyzed with Review 
Manager (version 5.3) (18). All data were independently 
extracted and carefully checked by the two authors. Binary 
outcomes were showed as Mantel-Haenszelstyle odds ratios 
(ORs) with 95% confidence intervals (CIs). Continuous 
outcomes were indicated as mean differences (MDs). And 
fixed-effect model was used in the case of homogeneity 
(P>0.10 and I2<50%). And random-effect model was 
conducted in the case of significant heterogeneity (P>0.10 
and I2≥50%). If there was significant heterogeneity, we 
tried to perform subgroup analysis and further analyzed the 

source of heterogeneity in RCT. The publication bias was 
assessed by a funnel plot and asymmetry was checked by 
performing an Egger regression test. Differences with P<0.1 
were considered as being statistically significant.

Results

Screening

The electronic searches resulted in 96 unique citations 
(Figure 1). After reference and full-text screening, after 
screening the titles and abstracts of the citations, we 
included 17 potentially related studies for another round 
of full-text review. These studies were further screened and 
reviewed. Finally, four studies (5,19-21) were included in 
this present meta-analysis.

Included studies

The four included studies that compared 249 pediatric 
patients, comprising 106 patients who underwent single dose 
of PEG and 143 patients who underwent split dose of PEG. 
All of the four RCTs were conducted in different countries, 
namely, Iran, India, Thailand, and the USA (Table 1).

Risk of bias assessment

Figures 2,3 demonstrate the risk of bias of included in 
the four RCTs. Although all of the RCTs mentioned the 
randomization, the method of randomization of one RCT 
Konanki 2010 remained unclear, meanwhile none reported 
allocation blinding. Given the nature of interventions, 
informed consent was taken from either parent of all 
children, blinding participants and personnel is impossible. 
No study reported the blinding design on participants and 
personnel. On the outcome assessment process, all the 
trails reported that the attending staffs were blinded to the 
preparation regimen which were considered as low risk of 
bias. Reporting bias was not detected.

Outcome analysis

As the trial’s populations and interventions were judged 
in high similarity, four studies included in data synthesis 
were eligible for meta-analysis, resulting in a total of 356 
participants. This review used fixed-effect to produce an 
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overall summary of included trials.

Efficacy of bowel preparation

All the trails reported the comparisons of efficacy between 
single- versus split-dose regimen. The summary OR on the 
satisfactory preparation was 0.36 (95% CI: –0.12 to 1.10), 
and heterogeneity was evident (P=0.03, I2=72%) (Figure 4).

Acceptability

All the trails reported the acceptability of the two regimens. 

The summary OR on the acceptability was 0.50 (95% 
CI: 0.29 to 0.85), and heterogeneity was evident (P=0.92, 
I2=0%) (Figure 5).

Adverse effects

All the trails reported the adverse effects of the two regimens 
including nausea, abdominal pain. The summary OR on 
the incidence of nausea was 2.10 (95% CI: 1.29 to 3.42), 
and heterogeneity was evident (P=0.35, I2=9%) (Figure 6).  
The summary OR on the incidence of abdominal pain was 
1.39 (95% CI: 0.67 to 2.89), and heterogeneity was evident 

Figure 1 Flow chart of study selection. RCT, randomized controlled trial.
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(P=0.51, I2=0%) (Figure 7).

Subgroup and sensitivity analyses

We did not conduct subgroup analyses in this study 
because of the small heterogeneity and limited number of 
the included RCTs. We attempted to evaluate publication 
bias by a funnel plot. However, publication bias was not 
determined due to the limited number of the included RCTs 
(less than 10). Sensitivity analyses are used to investigate 

the influence of one study on the overall risk estimate by 
removing one study in each turn for every included result. 
The results suggested that the overall risk estimates were 
not substantially changed by any single study.

Discussion

To take single or split dose polyethylene glycol for bowel 
preparation in children undergoing colonoscopy is an 
important question that warrants discrete verification. The 

Table 1 The characteristics of included RCTs

Study [author year] Country Participants Age (years) Single dose group Split dose group Conclusions

Konanki [2010] USA 32 2–21 Patients were instructed to 
take 4.5 gm/kg/day PEG 
3350 up to a maximum 
dose of 255 g

Three days regimen, 
patients received  
1.5 g/kg/day, up to a 
daily maximum dose of 
85 gm and total dose 
of 255 g

One day bowel 
preparation in children is 
safe, effective and well 
tolerated. Physicians 
should consider offering 
a 1-day option

Najafi [2015] Iran 100 2–14 2 g/kg PEG powder (17 g  
in 240 mL water or another 
beverage) and 5 mg 
bisacodyl suppository 
(BD) the day before 
colonoscopy

1.5 g/kg PEG with 
fruit juices for 2 days 
and 5 mg bisacodyl 
suppository (BD) 
for 2 days before 
colonoscopy

The 1-day PEG plus 
bisacodyl regimen for 
bowel preparation is as 
effective as the 2-day 
regimen in children; 
furthermore, it is well 
tolerated and has low 
adverse effects

Sriphongphankul 
[2019]

Thailand 45 2–18 A full single dose (PEG-
ELS solution starting at 
6–10 PM the day-before 
colonoscopy at a dose of 
100 mL/kg, maximum 4 L, 
all in 4 hours)

Two split doses with 
PEG-ELS solution 
the day-before 
colonoscopy at a 
dose of 50 mL/kg and 
repeated the second 
dose of 50 mL/kg  
(maximum 2 L 
each dose) with an 
adjusted interval time 
approximately 8– 
12 hours after the 
first dose depends on 
the planned time for 
colonoscopy

The split-dose regimen 
of PEG-ELS for bowel 
preparation suggests 
superior efficacy, 
potential tolerability, 
and acceptability 
as compared to the 
traditional full single-
dose regimen

Tripathi [2019] India 179 1–18 Single-dose group 
received 4,000 mL/1.73 m2 
PEG solution day before 
colonoscopy

Split-dose group 
received half dose 
day before and the 
remaining half on the 
day of colonoscopy

Split-dose PEG is more 
effective than single-
dose regimen for bowel 
preparation with better 
tolerability and improved 
sleep quality in pediatric 
population

RCT, randomized controlled trial; PEG, polyethylene glycol; ELS, electrolyte solution.



3033Annals of Palliative Medicine, Vol 9, No 5 September 2020

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2020;9(5):3028-3037 | http://dx.doi.org/10.21037/apm-20-582

purpose of the current systematic review was to summarize 
available evidence to the use of PEG for colonic preparation 
in pediatric population. The principal conclusions confirm 
that use of split-dose regimens results in greater proportions 
of children with adequate preparations. However, due to 
the small sample sizes of some studies (45 and 32) and the 
lack of demographic data specifically assessing the children 
who underwent colonoscopy, we failed to address any lack 
of generality and possible selection bias in the summary 
findings. However, we noted some statistical heterogeneity, 

which indicates inconsistencies in the study results, proving 
many possible explanations for preplanned sensitivity 
analyses and meta-regression searches.  Alterations in 
clinical protocol (e.g., PEG and PEG 3350 may differ in 
efficacy), as well as the presence of two different dose-
defined regiments and the main definition of intestinal 
cleanliness, it may explain these differences in observation 
and statistical results.

Currently, electrolyte-free PEG is the mainstay of 
children with constipation. It has proven to be effective, 
safe, tasty and has excellent compliance (22). Due to 
these characteristics, the PEG as a choice of enteric 
preparation has been studied. PEG is considered an 
effective intestinal cleansing regimen and is associated 
with less electrolyte imbalance (23,24). Several studies 
(14,25-27) have demonstrated that PEG is superior or 
equal on efficacy of bowel preparation comparing with 
other regimens (senna, NaPico with magnesium citrate, 
sodium phosphate) among pediatric populations. Both 
senna and sodium phosphate can cause side effects, such 
as dehydration, which lead extra fluids intake to the 
patients. Furthermore, previous studies (9,28) have shown 
that PEG can be used as a safe and effective formulation 
for children at a dose of 1.5 g/kg for 4 days. However, 
it has been reported that bowel preparation should be 
ideally completed in a shorter period of time (12). Several 
other intestinal preparation therapies have been used for 
colonoscopy in children. Traditionally, PEG and electrolyte 
lavage fluids have been used in children with satisfactory 
results. However, its acceptability and tolerance are limited 
due to its salty taste and the large volume, the insertion 
nasogastric tube that is often required for children (29).  
Another commonly used effective formulation is sodium 

Figure 2 Risk of bias graph.

Figure 3 Risk of bias summary.
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phosphate, however, it may cause electrolyte abnormalities, 
such as severe hyperphosphatemia and hypocalcemia (30). 
Besides, it can lead to colonic mucosal changes that mimic 
inflammatory bowel disease (31). Another bowel preparation 
therapies combining different drugs (such as magnesium 
citrate, bisacodyl, relaxants et al.) have shown variable 
efficacy and adverse effects (32,33). Previous study (34) 
has reported the efficacy and safety of a 1-day PEG bowel 
preparation protocol for colonoscopy in children, but they 

have not use standard scoring systems to assess outcomes 
such as tolerance and adequacy of the bowel preparation. 
In addition, children must drink a large amount of PEG 
solution (1.9 liters) with a commercially available sports 
drink within 2 hours. The results of our synthesized analysis 
have indicated that split-dosed PEG regimen provide 
excellent acceptance and efficacy without major adverse 
effects. Furthermore, the present regimen can be used 
during the period of weekend, resulting in children to avoid 

Figure 4 The forest plot for the efficacy of bowel preparation. CI, confidence interval.

Figure 5 The forest plot for the acceptability. CI, confidence interval.

Figure 6 The forest plot for the incidence of nausea. CI, confidence interval.
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unnecessary loss of school days.
For the colonoscopy procedure, there are some concerns 

with taking one dose or split dose of the bowel preparation 
solution. For example, the bowel movements during the 
transfer to the endoscopic unit may cause inconvenience to 
children. A randomized study comparing split and single-
dose bowel preparations found that patients in the split-dose 
group had more toilet stops on their way to the hospital (35). 
However, the patients in the split-dose group found easier 
completion of bowel preparation with more satisfaction 
compared to the single-dose group. Another concern is that 
the bowel preparation solution is inhaled from the stomach 
into the lungs after sedation. However, previous study has 
found that no difference in residual gastric volume between 
patients who fasted for 2 h and those who fasted for 6–23 h  
(36,37). Ideal bowel preparation should be effective, safe 
and easily accepted by children (38). PEG seems to meet 
these requirements (39). However, the appropriate duration 
and dose need to be determined by further RCTs.

Several  l imitat ions must  be considered in this 
study. Firstly, synthesis was severely limited due to the 
heterogeneity of clinical and methodological methods, 
which was reflected in less research in meta-analysis. 
Secondly, the blind method and allocation design in the 
included RCTs remained unclear, and the nature of bowel 
preparation makes it difficult to perform blind methods. 
Future research should focus more on improving the study 
design to make the results more reliable. Thirdly, the 
assessment of satisfactory preparation and acceptability 
in the included RCTs was still quite subjective, and 
there might be significant deviations, so it is necessary 
to conduct future studies on those indicators with 

standardized scales.

Conclusions

Taking all the evidence together, split-dose PEG is 
more effective than single-dose for children underwent 
colonoscopy. Considering the small sample size of the 
included studies and the inconsistent evaluation tools. 
Future studies should be conducted in multiple centers 
to expand the sample size and with unified tools so as to 
summarize the research results as well as to obtain stronger 
evidence.
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