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INTRODUCTION

Abstract

Introduction: Colonoscopy is the gold standard for evaluation of the colonic mucosa. Colon cleansing in
preparation for colonoscopy depends on finding of polyps which can be adenomatous with malignant potential
and the possibility of degenerating into colon cancer. Objective: This study’s objective was to compare the
efficacy and safety of three types of preparations for colon cleansing: a single four liter dose of polyethylene
glycol (PEG) vs. two 2 liter doses of PEG vs. two low volume (1L + 1L) doses of PEG. Methods: This is a
randomized controlled clinical trial of patients who underwent elective colonoscopy at a University clinic. It was
blinded for the doctor who evaluated colon cleansing. Seventy four patients 74 patients were randomized into
each group. The main parameter of effectiveness was integral preparation of adequate quality measured on
the Boston scale. Secondary parameters were the percentage of adverse events, tolerability and detection
rate of polyps. Results: Complete preparation of the entire colon was achieved significantly more often with
4 liters divided into two 2 liter doses followed by the other divided alternative (1 L + 1 L). It was achieved least
frequently with in the single dose: 79.7%, 75.7% and 63.5%, respectively, p = 0.019. Differences were also
found in the detection of polyps (13.5%, 24.3% and 9.5%, respectively, p = 0.037). ) There were no differences
in presentation of at least one adverse event (p = 0.254) or in tolerability (p = 0.640). Conclusions: The two
divided dose preparations had higher colon cleansing and polyp detection efficacies than did the single 4L
dose while there were no differences in occurrence of adverse events and tolerability. The divided PEG 2L
dose could be a very good option for elective colonoscopy preparation.
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degree of cleanliness of the colon determines the success
of colonoscopy. (7) All colonoscopy examinations should

Colonoscopy, the gold standard for evaluating the mucosa
of the colon, (1, 2) is especially important for finding
polyps which decreases the incidence and mortality from
colon cancer since adenomatous polyps are potentially
malignant. (3, 4). Colon cancer is the second leading can-
cer cause of death in women and the third in men. (5)
Effective preparation for colonoscopy is important
because it allows a gastroenterologist to efliciently detect
more polyps and other pathologies of the colon. (2, 6) The

state the quality of the colon preparation. The quality crite-
rion should be to achieve good or very good preparation as
measured by the Boston Bowel Preparation Scale (BBPS)
in more than 95% of the explorations. (8-14)

Intestinal preparations are evaluated on the bases of three
criteria: efficacy, safety and tolerability. The efficacy of diffe-
rent bowel preparation regimens has been assessed and quan-
tified in several studies, systematic reviews and meta-analyzes.
Differences of regimens, dosages, dietary restrictions, patient
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characteristics, adjuvant agents and assessment methods
among the various the studies have led controversy regarding
their results. In 2014, the guidelines of the Multi-Society Task
Force on Colorectal Cancer (MSTF) in the United States sta-
ted that a divided 4 liter dose of PEG with electrolytes provi-
des high quality preparation. The guidelines also indicate that
low-volume two liter formulations of PEG achieve intestinal
cleansing in healthy patients without constipation and that
the results are not inferior to the 4 L formulation. (10) This
was supported by a recent metaanalysis of 47 randomized
controlled clinical trials with 13,487 patients. It compared a
single dose of PEG taken the day before colonoscopy with
a divided dose of PEG (Odds ratio [OR] : 2.51; 95% confi-
dence interval [CI]: 1.86-3.39) (15). Tolerability was better
with 2 L PEG than with 4 L PEG (OR: 2.23; 95% CI 1.67-
2.98). (2, 10, 15, 16) The metaanalysis concluded that more
uniform definitions should be developed through studies
with parameters such as adverse effects, polyps, detection of
adenomas and return to daily activities. (15)

In Colombia, there are only a few studies of colon pre-
paration for colonoscopy. A randomized, double-blind,
cost-effectiveness study compared PEG and mannitol in
a fourth-level hospital in Bogotd and concluded that both
intestinal preparations for diagnostic colonoscopy provide
similar colonic cleansing results. They are both safe, reliable
and well-tolerated treatments, but Mannitol costs signifi-
cantly less. (17) Efficacy was not compared.

At the Clinica Universitaria Colombia, PEG is the drug
of choice for the gastroenterology service because it has
good cleaning efficacy and is very safe for patients with
tecal occult blood, digestive bleeding, chronic diarrhea,
abdominal pain, and irritable bowel symptoms as well as
being sage for colon cancer screening. (18, 19)

Because of the need to optimize quality of preparation,
a randomized blinded clinical trial was designed to eva-
luate the efficacy and safety of colon cleansing with three
different PEG preparations including the low volume 2
L divided PEG dose (Two one liter doses each with two
envelopes of PEG 3350).

MATERIALS AND METHODS
Study Design

This is a randomized, blind, parallel, controlled clinical trial
that evaluates the efficacy and safety of three preparations:
4 L PEG in a single dose, 4 L PEG divided (2L +2 L) and
divided 2 L PEG (1L + 1 L). Participants were equally allo-
cated among the 3 groups (74:74:74). The doctor who eva-
luated colon cleansing using the BBPS did not know which
preparation had been used.

Patients

Patients who were 18 to 75 years whose attending physi-
cian prescribed colonoscopy due to occult fecal blood,
digestive bleeding, diarrhea, abdominal pain, and/or irri-
table bowel symptoms or for screening and who signed an
informed consent form were included. Patients were exclu-
ded because of pregnancy, lactation, nausea, chronic vomi-
ting, intestinal obstruction, neurological hypomotility syn-
drome, severe constipation (less than one deposition per
week), colon resection> 50%, known allergy at PEG, major
psychiatric disease, history of gastroparesis diagnosed by
scintigraphy, and chronic renal failure under treatment by
hemodialysis. Patients were selected from the gastroente-
rology department of the Clinica Universitaria Colombia,
a fourth level hospital.

Result Variables

Primary Parameters of the Study

The primary parameters of this study were total scores on
the BBPS by segments and integrally (the sum of the three
segments) were used. Scores of six or higher were defined
as adequate preparation while those under six were defined
as inadequate preparation.

Secondary Study Parameters

Secondary study parameters were the percentage of adverse
events, the rate of detection of adenomas (polyps) and
the percentage of tolerability for the preparation of colon
cleansing reported by the patient.

Sample Size

Sample size estimation for evaluation of differences
among the three types of preparations was determined at
a difference between the minimum preparation or equal
preparations of 20% with a reliability of 95% and a power
of 90%. The minimum size in the three groups was calcu-
lated at 74 (74:74:74) and with a loss adjustment of 10%
(82:82:82).

Randomization

The biostatistical epidemiological method of permuted
block randomization of patients was used. One was added
to an evenly distributed random number between 0 and 1
that had been multiplied by six. Then it was rounded off to
the lowest whole number. The possible permutations of the
3 study groups (1. ABC, 2. ACB, 3. BAC, 4. BCA, 5. CAB,
6. CBA) were taken into account. Then, a sequence of 74
random numbers between 1 and 6 were generated in Excel
2013 to obtain 74 random triples.
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Three strategies were used to identify patients: 1) outpa-
tients for whom a gastroenterologist indicated a need for
colonoscopy; 2) telephone calls to patients scheduled for
colonoscopy; and 3) email to patients scheduled for colo-
noscopy with subsequent telephone explanation. Patients
who entered the gastroenterology service consecutively
and met the selection criteria were randomly assigned the
permutations chosen. Once the patient met the selection
criteria including signed informed consent, the investiga-
tor gave her or him a sealed and numbered envelope with
the previously randomized preparation (which the doctor
who assessed the degree of colon cleansing did not know).
Subsequently, s/he was given the data collection form
which had been evaluated and approved by the Ethics and
Research Committee. Forms were filled out and delivered
by the patient on the day colonoscopy was performed.

Interventions

All preparations evaluated used either Nulytely® or Klean-
Prep® PEG 3350.

Group 1: 4 L PEG divided (2L + 2L)

Patients were instructed to dissolve one envelope of PEG in
1 L of water and another envelope of PEG in another liter
of water and take them at 8:00 pm the night before the exa-
mination. Then the instructions called for patients to repeat
this procedure at 3:00 am if colonoscopy was scheduled in
the morning. If the colonoscopy was scheduled in the after-
noon, the patients were instructed to repeat the procedure
at or after 8:00 am.

Group 2: 2 L PEG divided (low volume) (1L + 1L)
Patients were instructed to dissolve 2 envelopes of PEG
in 1 L of water and take them at 8:00 pm the night before
the examination. at 8:00 pm the night before the examina-
tion. Then the instructions called for patients to repeat this
procedure at 3:00 am if colonoscopy was scheduled in the
morning. If the colonoscopy was scheduled in the after-
noon, the patients were instructed to repeat the procedure
at 10:00 am.

Group 3: 4 L PEG in a single dose

Patients were instructed to individually dissolve 4 envelo-
pes of PEG in 4 L of water. In other words, each envelope of
PEG was to be dissolved in one L of water separately from
the other three. Then the instructions called for patients to
drink all four liters of water with PEG at 8:00 pm the night
before the examination, if it had been scheduled for the
morning. If the colonoscopy was scheduled in the after-
noon, the patients were instructed to drink all four liters of
water at 6:00 am on the day of the procedure.
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As recommended by the guidelines of the American
Society of Anesthesiologists (ASA), patients were asked
not to consume any food orally for at least 4 hours prior to
the procedure to avoid the risk of aspiration associated with
sedation. (2)

Once the colonoscopy had been performed, the doctor
who performed the procedure evaluated the cleanliness of
the colon according to the BBPS. Scores from 0 to 3 were
assigned with 0 indicating inadequate, 1 indicating bad, 2
indicating good and 3 indicating excellent. Cohen’s kappa
coeflicient, a measure of intra-observer reliability, was 0.77.
(3,12,13).

Data Collection Instrument

The data collection form included information on sex, age,
comorbidities, abdominal surgery, type of preparation, eva-
luation of colon cleansing in three segments according to
the BBPS, type of doctor who performed the colonoscopy
(gastroenterology fellow or, gastroenterologist). It also
included a subjective questionnaire about adverse events
including abdominal distension, abdominal pain, vomiting,
sleep disturbance and work or school absenteeism, a sub-
jective rating of preparation tolerability of good, tolerable,
bad or very bad, and questions about constipation. These
questions asked about frequency of bowel movements
(defining constipation as a bowel movement once every
three or more days), hard feces, excessive effort, and need
for digital manipulation to facilitate evacuation. Finally, the
form included body mass index (BMI) and whether or not
polyps were found during colonoscopy

Ethical Considerations

The clinical trial protocol was approved by the Ethics
and Research Committee of the Fundacién Universitaria
Sanitas and the Organizacién Sanitas Internacional
(CEIFUS 2748-16 of February 19, 2016). Written infor-
med consent was obtained from all patients who participa-
ted in the study.

Statistical Analysis

For qualitative variables, simple frequencies and percen-
tages were used to describe clinical and demographic cha-
racteristics. For quantitative variables, measures of central
tendency (averages and medians) and measures of disper-
sion (standard deviation and range) were used. Normality
of the distributions of numerical variables was evaluated
with Kolmogérov-Smirnov tests and the Shapiro-Wilk
test. Homogeneity of variances was assessed with Levene’s
test. Kruskal-Wallis non-parametric analysis of variance
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(ANOVA) and multiple KW comparisons were also used.
Pearson’s x test was used to measure differences in propor-
tions of qualitative variables among the three preparations,
and exact likelihood tests were used to measure expected
values less than five. The information was systematized in
an Excel 2016 database and debugged and processed with
SPSS version 23 (IBM) and Stata 14.0.

RESULTS

A total of 279 patients were evaluated. The effective sample
size was 222 patients randomized into three groups (Figure 1).

Demographic and Clinical Characteristics

In the total study population, 60.8% of the study partici-
pants were women, and the average age of participants was
49.9 +13.1 years. Table 1 shows that there are no significant
differences among the groups in terms of demographic and
clinical characteristics of the patients included in the study.

Efficacy

Preparation Quality

Cleaning quality was significantly better in the transverse
and left colon with the two divided dose preparation sche-
mes than in the single dose scheme. No statistically signi-
ficant differences were found between the divided dose
alternatives. In the right colon, the cleaning quality was

better in the 2 L + 2 L divided dose group than in the other
two schemes.

Statistically significant differences were found among the
three schemes in the overall BBPS (sum of three segments).
The highest score was in group 2 L + 2 L and the biggest
difference was between that group and the 4 L group. There
were no statistically significant differences between the two
divided dose groups (2L +2Lvs. 1L+ 1L).

The percentage of excellent or good results for the overall
BBPS (>6) was significantly higher in the 2 L + 2 L alterna-
tive, followed by the other divided alternative (1 L + 1 L),
and lowest in the single dose (4 L) alternative (Table 2).
Statistically significant differences were found in the polyp
detection rate. Alternative 1 L + 1 L had the highest detec-
tion rate (Table 2).

Safety

At least one adverse event was reported in 113 patients
(50.9%). Descriptions of the various adverse events and
their frequencies are presented in Table 3. School or work
absenteeism was reported for 97 patients (43.7%), and abdo-
minal distention and pain were the most frequently reported
events. No statistically significant differences were observed
in the study preparation schemes and no differences were
found per individual event (when at least one adverse event
or an average of adverse events was reported) (Table 3).

The overall tolerability scores of the scale subjectively
measured in the data collection questionnaire as good,

Individuals evaluated for participation

(n=279)
Excluded (n = 57)
> Exclusion criteria:
Colon resection >50 %, (n = 2)
Refused to participate (n = 3)
v
Randomized
(n=222)
v Y v

Evaluated for participation
(n=74)

Evaluated for participation
(n=74)

Evaluated for participation
(n=74)

\/

'

\

Analyzed according to protocol
(n=74)

Analyzed according to protocol
(n=74)

Analyzed according to protocol
(n=74)

Figure 1. Study Flow Chart
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Table 1. Demographic and clinical characteristics among the three preparation scheme groups

4 L Preparation divided Low volume divided 4 L undivided p
(2L+2L)) preparation (1L +11L) preparation
Women, n (%) 49 (66.2) 49 (66.2) 45 (60.8) 0.730
Age in years, Average + SD 494 £13.9 52.6 £12.2 476+129 0.060
Overweight, BMI> 25 kg/m? 34 (45.9) 35 (47.3) 29 (39.2) 0.568
Comorbidities, n (%) 35 (47.3) 28 (37.8) 31(41.9) 0.505
Abdominal surgery, n (%) 36 (48.6) 36 (48.6) 35 (47.3) 0.982
Examination scheduled in the morning, n (%) 22 (29.7) 21(28.4) 22 (29.7) 0.979
SD: standard deviation; BMI: body mass index.
Table 2. Measurement of quality of colon cleansing preparation according to preparation scheme
4 L divided Preparation Low volume divided 4 L undivided p
(2L+2L) preparation (1L +1L) preparation
Right colon
Excellent 55 (74.3) 44 (59.5) 45 (60.8) 0.050
Good 14 (18.9) 25(33.8) 17 (23.0)
Bad 5(6.8) 5(6.8) 9(12.2)
Inadequate 0 0 3(4.1)
Transverse colon
Excellent 61 (82.4) 58 (78.4) 46 (62.2) 0.019
Good 12 (16.2) 11 (14.9) 21(28.4)
Bad 1(1.4) 5(6.8) 4(5.4)
Inadequate 0 0 3(4.1)
Left colon
Excellent 64 (86.5) 57 (77.0) 50 (67.6) 0.019
Good 9(12.2) 10 (13.5) 16 (21.6)
Bad 1(1.4) 7(9.5) 5(6.8)
Inadequate 0 0 3(4.1)
Overall BBPS score, Average + SD 83+£12(9) 79+£1.7(9) 74+£23(9) 0.036
Excellent preparation (BBPS 28), n (%) 59 (79.7) 56 (75.7) 47 (63.5) 0.069
Excellent or good preparation (BBPS 26), n (%) 72(97.3) 67 (90.5) 62 (83.8) 0.019
Rate of detection of polyps (adenomas), n (%) 10 (13.5) 18 (24.3) 7(9.5) 0.037
BBPS: Boston Bowel Preparation Scale; SD: standard deviation.
Table 3. Reported adverse effects and patient tolerability of colon preparation
4 L divided Low volume divided 4 L undivided p
preparation (2L +21L) preparation (1L +11L) preparation
Abdominal pain, n (%) 18 (24.3) 11(14.9) 16 (21.6) 0.337
Abdominal distension, n (%) 25(33.8) 17 (23.0) 17 (23.0) 0.228
Vomiting, n (%) 10 (13.5) 6 (8.1) 10 (13.5) 0.498
Sleep disturbance, n (%) 13 (17.6) 18 (24.3) 10 (13.5) 0.231
At least one adverse event 43 (58.1) 37 (50.0) 33 (44.6) 0.254
Adverse event per patient, mean + SD 0.89£0.93 (1) 0.70 £ 0.87 (0.5) 0.72 £0.96 (0) 0.279
Absenteeism, n (%) 33 (44.6) 35 (47.3) 29(39.2) 0.599
Patient toleration, n (%) 67 (90.5) 68 (91.9) 70 (94.6) 0.640

SD: standard deviation

146 Rev Colomb Gastroenterol / 34 (2) 2019

Original articles



tolerable, bad or very bad were high, and there were no sig-
nificant differences among the three schemes.

DISCUSSION

This study was a randomized controlled clinical trial in which
the BBPS was used for assessment. The overall sample inclu-
ded 222 patients and had a power of 90%, 95% reliability,
and high quality information. Noninferiority of divided dose
regimens with PEG for elective colonoscopy was evidenced.
Four liter (2 L + 2 L) and low volume (1 L + 1 L) have divi-
ded doses high efficacy and safety profiles and have greater
efficacy than do single doses. (15) For the transverse and
left colon, the scores of the BBPS are better for split-dose
regimens than for the single dose 4 L regimen. This is an
important result, because divided doses could become the
recommended system for colon cleansing before elective
colonoscopy, as shown by the studies by Martel et al. (15)
(OR 2.51; 95% CI 1.86- 3.39), Téllez-Avila et al. (20) (p =
0.045) and Kilgore et al. (19) (OR 3.70; 95% CI 2.79-4.91)
and as already shown in literature. (18, 21-24)

The efficacy of the low volume regimen (1 L + 1 L) is
comparable with that of the normal divided volume (2 L
+ 2 L) for the preparation of the colon in elective colonos-
copy. It is important to note that our Spanish and English
literature search found no studies on low volume divided
PEG regimens, which makes this study novel.

No statistically significant differences were found in
colon cleansing between the two divided dose regimens
for any of colon segments, nor were statistically significant
differences found for frequency of adverse effects among
the three regimens that were compared. This result would
indicate that low volume alternatives can be recommen-
ded equally. To our knowledge, this is the first study that
evaluates a divided low volume dose of 2 L. It shows no
inferiority with respect to the alternatives evaluated. In the
literature, only single low volume doses have been evalua-
ted. They were found to be more effective and to have less
adverse effects in the article published by Téllez-Avila et
al. in Mexico. They concluded that divided-dose and low-
volume preparations were better than a single 4 L dose the
day before the examination. (20)

Our study found significant differences in the rates of
detecting adenomas (p = 0.037) between the 2 L + 2 L
and the 4 L single dose schemes. The detection of adeno-
mas was higher in divided doses, especially in the 1 L + 1
L scheme. This finding should be subjected to additional
analyses because the differences between the divided pre-
parations cannot be attributable to the differences in the
quality of the preparation as they were similar in the two

divided dose groups.

Limitations

This analysis has some limitations. First, it was not possible
to blind the patients to the alternative that they used even
though the endoscopist was blinded at the time of the eva-
luation of the scale. Second, the patients took the preparation
at home without direct control by researchers. Nevertheless,
this mitigated by strict control and telephone and email
follow-ups to remind, advise and guarantee compliance with
instructions. Third, tolerability was assessed with a scale that
had not been validated, so its results should be interpreted
with caution. However, the main outcome, colon cleansing,
was assessed with a validated instrument, the BBPS.

CONCLUSIONS

The two divided dose schemes, 4 L (2 L + 2 L) and low
volume 2 L (1 L + 1 L), were most effective for colon clean-
sing according to the overall BBPS scores. No differences
in safety were found between divided dose and single dose
preparations. Both divided dose preparations were better
than the single 4L dose given the day before the colonos-
copy was performed. Polyps detection was greatest with
the divided 2L + 2 L dose.
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