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Effectiveness of 2-liter Split-dose versus 2-liter
Non-split-dose Polyethylene Glycol for
Bowel Preparation in Colonoscopy
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Theeranun Sanpajit MD'!, Wanich Piyanirun MD!, Chaipichit Puttapitakpong MD'
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Background: Adequate bowel cleansing is essential for effective and safe colonoscopy. However, standard 4 liters or low
volume 2 liters bowel preparation regimen uses a lot of water that cause pain in patients.

Objective: To compare the degree of colon cleansing using 2-liter split-dosage and 2-liter non-split-dosage and evaluate the
outcome from bowel preparation.

Materials and Methods: This study was a single-blind, randomized study, which conducted in tertiary-care institutions. All
enrolled patients who underwent colonoscopy were randomized to receive 2-liter split-dose polyethylene glycol [PEG] or
2-liter non-split-dose PEG. The bowel preparation scale and questionnaires were evaluated after the procedure.

Results: One hundred and eighty patients were evaluated in this study, 91 patients received 2-liter split-dose and 89 patients
received 2-liter non-split-dose PEG. Boston bowel preparation scale [BBPS] scores were not significantly different in both
groups (8.7+0.6 in 2-liter spilt group vs. 8.6+0.6 in 2-liter non-split group, p = 0.25). Cecal intubation rate, willingness to
repeat colonoscopy and overall satisfaction were also not different in both groups. However, more patients chose 2-liter
spilt-dose regimen than 2-liter non-split regimen for the next colonoscopy (66.7% vs. 33.3%, p = 0.003).

Conclusion: Two-liter split-dose PEG was as effective as two-liter non-split-dosage for bowel cleansing in colonoscopy.
However, split dose has superior palatability compared to non-split dose.
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Colorectal cancer [CRC] is the second leading
cause of cancer-related deaths in the United StatesV.
Data from hospital-based cancer registry of the National
Cancer Institute of Thailand in 2014® reported CRC
was the most common form of cancer in male, and the
third most common form of cancer in female after breast
and cervical cancer. Colonoscopy can prevent CRC
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by detection and removal of precancerous lesions. The
success of colonoscopy links closely to the adequacy
of pre-procedural bowel preparation. Unfortunately,
up to 20% to 25% of all colonoscopies are reported to
have an inadequate bowel preparation®®. Adverse
consequences of ineffective bowel preparation include
lower adenoma detection rate, longer procedural time,
lower cecal intubation rate, increased electrocautery
risk, and shorter intervals between examinations“”.
Polyethylene glycol [PEG] is a non-absorbable
solution that should pass through the bowel without
net absorption or secretion. Large volumes (4L) are
required to achieve a cathartic effect®. Unfortunately,
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5% to 15% of patients cannot intake large volume
formula and thus cause insufficient bowel
preparation®'”. Recent study show high-volume
PEG (>3L) and low-volume PEG (<3L) had the same
effect in bowel cleanliness!"'>. However, low-volume
PEG (<3L) was still problematic in small patients as the
quantity were still too large for small patients which
meant they would then need to reschedule their
colonoscopy. Splitting dose meant half of the bowel
preparation dose is given on the day of colonoscopy.
There is a large body of evidence showing superior
efficacy of a split dose compared to the traditional
regimen'®.

The purpose of study was to evaluate the
degree of colon cleansing and other outcome in the
patients who undergone clective colonoscopy by
comparing low volume (2L) PEG split and low volume
(2L) non-split dosage.

Materials and Methods
Patients

This study was a single-blind, prospective,
randomized controlled study of adult patients who
undergone routine elective colonoscopy which
conducted in Phramongkutklao Hospital, Bangkok,
Thailand between February 2016 and November 2016.
All patients with an appropriate indication for
colonoscopy were considered eligible (age 18 to 80
years old, American Society of Anesthesiologists
physical status class 1 or 2 with accepted consent form).
Exclusion criteria were pregnant or lactating women,
significant gastroparesis or gastric outlet obstruction,
known or suspected bowel obstruction, history of any
gastrointestinal tract surgery, history of inflammatory
bowel disease, allergy to PEG, severe chronic renal failure
(creatinine clearance <30 mL/min), severe congestive
heart failure (New York Heart Association class 3 or 4),
compromised swallowing reflex or mental status,
patients who morbid obesity (body mass index >40 kg/
m?), history of prolonged laxative and opioid and
history of previous failure of adequate bowel
preparation for colonoscopy.

Bowel preparation method

PEG used in the present study was Niflec®
(Meiji, Japan), which composed of macrogol 4,000 plus
electrolytes (sodium sulfate, sodium hydrogen
carbonate, sodium chloride and potassium chloride)
and is taken by diluting into 2L of plain water. The
quantity per interval was 250 mL every 15 minutes. In
cases of the non-split dosage, the entire dose was
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administered in the morning at about 5.00 to 7.00 am of
the procedure day. In case of the split dosage, half
dose preparation started in the evening of preprocedure
day at about 9.00 to 10.00 pm and remaining dose was
given in the morning at about 5.00 to 6.00 am on the
procedure day.

Diectary advice was given to all patients.
Consumption of fruit, legumes, or vegetable were for-
bidden 3 days prior to the procedure. On the day before
colonoscopy patients had a light breakfast and lunch
but a semiliquid dinner (clear soup, yoghurt or
compote). Solid food was not allowed at the start of the
bowel preparation phrase. All patients were instructed
to fast from midnight before procedure day but some
anti-hypertensive drugs and minimal plain water were
permitted.

Randomization and blinding

Patients were enrolled by the medical
personnel of the endoscopy unit after assessment of
appropriate indications and ruling out any contra
indications to the procedure or to the use of PEG
solutions. Patients were randomly allocated to receive
one of the 2 different bowel preparation regimens
(split-dosage vs. non-split-dosage), using a computer
generated, and random number list with at permutative
block of 4. After a protocol was selected, only
endoscopy nurses would have the information on
treatment allocation and advice each patient about the
regimen of bowel preparation.

Assessment of bowel preparation scoring system

Bowel cleansing from recorded images were
assessed by J.I. who were unaware of the preparation
method. Boston bowel preparation scale [BBPS] was a
selected scale used in our study. BBPS was evaluated
in 3 segments (right colon, transverse colon and
left colon) with a score of 0 (solid stools) to 3 (no
residual staining) for each segment. Adequate bowel
preparation was defined as a score of >2 for each
segment. The maximum summation BBPS score for a
perfectly clean colon without any residual liquid is 9
and the minimum summation score for an unprepared
colon is 017,

Colonoscopy and endpoint measurement

In the morning of a colonoscopy, immediately
before the procedure, a nurse questioned the patients
about their experiences and satisfactions by using a
standardized questionnaire. Patients were asked about
compliance, tolerance and last stool character. The
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endoscopists were not allowed during this process.
Colonoscopies were performed by endoscopists who
were unaware of the treatment allocation.

Full colonoscopy was defined as the scope
reach ileocecal valve and cecum. Failed colonoscopy
was defined as endoscope could not reach ileocecal
valve and cecum. Overall procedure times was the times
between the endoscope enter and withdraw from the
anus.

The primary endpoint was the degree of
colon cleansing which was evaluated by BBPS. The
secondary endpoints were cecal intubation rate, overall
procedure times and patient’s satisfaction. The
patient’s satisfaction was evaluated with a 10-cm visual
analog scale which 10 means excellent and 0 means
very poor.

Any adverse events related to bowel
preparation (nausea, vomiting, bloating, abdominal pain,
headache, etc) were recorded by the endoscopy nurse,
and all participants were monitored for adverse events
during colonoscopy.

Sample size calculation and statistical analysis

This study was a non-inferiority design for
comparing the degree of colon cleansing using
standard 2-liter non-split-dosage and 2-liter split-
dosage.According to the previous study in 201019,
the calculated sample size would be 164 patients
with an alpha error of 5%, a power of 99%. Unpaired
t-tests and variance analysis were used for multiple
comparisons for continuous data. Categorical variables
were tested by using corrected Chi-square or 2-sided
Fisher exact tests when appropriate. All statistical
analyses were performed with SPSS (version 15.0;
SPSS Inc., Chicago, IL, USA), and p<0.05 was
considered significant. Intention-to-treat analysis was
performed.

Ethics

Ethical approval for the present study was
granted by the institutional review boards of Royal
Thai Army Medical Department, Phramongkutklao
Hospital, Bangkok, Thailand and conformed to
the provisions of the Declaration of Helsinki. This
study registered with Thai clinical trial registry (TCTR
20160609005). In addition, all eligible patients were
asked to sign written, informed-consent documents.

Results

Study population
A total of 180 patients were included and
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randomized to the non-spilt-dosage regimen (n = 89)
and split-dosage regimen (n = 91). Demographic and
clinical features are shown in Table 1. Age, gender,
body mass index [BMI], underlying discases were
similar in both groups. The mean age of the patients
was 62.5+11.5 years, 51.1% were male and the mean
BMI was 23.6+3.5 kg/m”. Education level of the patients
were higher in non-split group. Both groups had similar
underlying disease but diabetes mellitus was
significantly more common in spilt dosage regimen
(11.2% in non-spilt group vs. 25.3% in split group,
p=0.015). Some patients had more than one underlying
diseases. Indication in colonoscopy was similar in
both groups. Colorectal cancer screening was the most
common indication. Cecal intubation was not
significantly different between the two groups.

Quiality of bowel cleansing

The mean summation of BBPS in all segments
were similar in both groups (8.74+0.6 in non-spilt
group, 8.610.6 in spilt group, p=0.25). Scales of 3 were
predominantly found in transverse and left side colon,
whereas scales of 2 was predominantly found in right
side colon as shown in Table 2.

Procedure findings

Mean total procedure time was 35+16 minutes
in non-split group, and 43+25 minutes in split group
(p = 0.012). Findings in colonoscopy were similar
in both groups but colonic diverticulosis were
significantly found in only the non-split group. The
most common finding was colonic polyps. Colonic
polyps were detected in 83 of 180 patients (46.1%).
Some patients had more than one finding. Others finding
in colonoscopy were lipoma in two cases and foreign
body in one case.

Failed colonoscopy was found in 4 cases
(2.2%, 2 cases in non-split group and 2 cases in split
group). Causes of failed colonoscopy were reflex
bradycardia in 1 case, nearly obstructive mass in 2
cases and sigmoid redundant with acute angle in 1
case. Patients from 3 of these cases were sent to
specialist cardiologist and the colorectal surgeon for
proper management. In the last case, the patient was
sent to perform virtual colonoscopy and the result was
normal. Cecal intubation failed in 11 cases (6.1%, 2 cases
in non-split and 7 cases in split group).

Tolerability and satisfaction

Overall satisfaction was excellent in both
groups as shown in Table 3. The mean numeric rating
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Table 1. Demographic and clinical features

Parameters Non-split dosage (n =89)  Split dosage (n=91) p-value

Age (years), mean + SD 62.0+11.0 63.0+12.0 0.306

Male sex, n (%) 52 (58.4) 40 (44) 0.052

BMI (kg/m?), mean + SD 23.6+3.3 23.543.7 0.840

Education, n (%) 0.009
Non-education 3(3.4) 2(2.2)

Below bachelor degree 20 (22.5) 40 (44)
Bachelor degree and higher 66 (74.2) 49 (53.8)

Underlying diseases, n (%) 82 (92.1) 77 (84.6) 0.116
Hypertension 52 (58.4) 54 (59.3) 0.901
Dyslipidemia 41 (46.1) 46 (50.5) 0.547
Diabetes mellitus 10 (11.2) 23 (25.3) 0.015
Others”* 10 (11.2) 6 (6.6) 0.274

Indication for colonoscopy, n (%)

Colorectal cancer screening 63 (70.8) 66 (72.5) 0.890
Iron deficiency anemia 12 (13.5) 14 (15.4) 0.358
Diarrhea 6(6.7) 4(4.4) 0.263
Others™* 8(9.9) 7(7.7) 0.452

Total procedure time (min), mean + SD 35+16 43.0+£25.0 0.012

Cecal intubation, n (%) 87 (97.8) 84 (92.3) 0.663

Colonoscopic findings, n (%)

Normal 21 (23.6) 18 (19.8) 0.533
Colonic polyp(s) 42 (47.2) 41 (45.1) 0.769
Colonic diverticulosis 27 (30.3) 42 (46.2) 0.028
Ulcer(s) 2(2.2) 7(7.7) 0.169
Tumor 3(34) 3(3.3) 1.000
Hemorrhoids 19 (21.3) 18 (19.8) 0.854
Others* 1(1.1) 2(2.2) 1.000

BMI = body mass index; SD = standard deviation

“ Other underlying diseases include chronic viral hepatitis, chronic kidney disease, previous ischemic stroke and allergic

rhinitis.

“* Other indications include weight loss, chronic abdominal pain and abnormal radiological examination.

* Other findings include lipoma and foreign body.

scale score of satisfaction was 9.5 (standard deviation,
1) in both groups which 10 means excellent and 0 means
very poor. One hundred and seventy one of 180 (95%)
patients were willing to repeat colonoscopy in the future
if needed. When we ask for a favorable regimen, most
ofthe patient (120 of 180, 66.7%) selected split-dosage
regimen as a future regimen. Only one patient in non-
split group reported nausea and bloating. Serious
adverse event was not reported in our study.

Discussion

Colonoscopy is one of the most important
tools to prevent colorectal cancer. Effectiveness of
colonoscopy depends on the cleanliness of bowel
preparation. The current guideline recommends 4-litre
split-dose PEG (2L or 3L on the night before and 2L
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or 1L the day of procedure, respectively) for bowel
preparation!$2D.

Corporaal et al reported low volume PEG
(2L on the day of procedure) was as effective as 4L of
PEG®? but cleanliness in the right colon was less
frequently satisfactory with 2L PEG than with 4L PEG.
However, 2L of PEG was better tolerated by small
patients, especially in Asians.

This study showed that bowel cleanliness in
2-litre spilt-dose PEG (1L on the night before and 1L
the day of procedure) was not different from 2-litre
non-split PEG. Moreover, cecal intubation rate and
adenoma detection rate were not different between
groups. This result was similar to the study of Marmo
et al which showed that degree of colon cleansing
in spilt low volume PEG was superior to non-spilt low
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Table 2. Quality of bowel cleansing in different regimens

Non-split dosage (n=89)  Split dosage (n=91) p-value
Summation of BBPS score, mean + SD 8.7+0.6 8.6+0.6 0.250
BBPS score at each segment, n (%)
Right side colon 0.573
1 2(2.2) 2(2.2)
2 24 (27) 28 (30.8)
3 63 (70.8) 61 (67)
Transverse colon 0.048
1 2(2.2) 0
2 0 4(4.4)
3 87 (97.8) 87 (95.6)
Left side colon 0.805
1 0 0
2 6 (6.7) 7(7.7)
3 83 (93.3) 84 (92.3)
BBPS = Boston bowel preparation scale; SD = standard deviation
Table 3. Tolerability and satisfaction in different regimens
Non-split dosage Split dosage p-value
(n=289) (n=91)
Overall satisfaction®, mean + SD 10+1 9+1 0.171
Willing to repeat colonoscopy if needed, n (%) 85 (95.5) 86 (94.5) 1.000
Favorable regimen, n (%) 0.003
Non-split dosage 39 (43.8) 21(23.1)
Split dosage 50 (56.2) 70 (76.9)

SD = standard deviation

“ 10 point scales, 0 means very poor and 10 means excellent

volume'®. However, in that study, low volume PEG
patients were encouraged to drink at least 1L of
additional clear fluid.

In the present study, the right colon tended
to be dirtier than transverse and left colon but all
segments of the colon were also adequately cleaned
(BBPS >2). Total procedure time was longer in split
group. This is due to numbers of polyps that were
higher than the non-split group, so it took times for
polypectomy. However, there was no difference in
adenoma detection rate.

This study had several strengths. First, we
used BBPS to access quality of bowel cleansing. BBPS
has been validated by studies as the best scoring
system and was recommended by US multi-society task
force on colorectal cancer. Score of 5 or higher was
associated with only a 2% rate of repeat colonoscopy
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owing to inadequate preparation. Second, we evaluated
level of education for each groups. Patients’ education
level is very important for bowel cleansing. However, it
did not affect the bowel cleansing score as we closely
advised the patients as well as giving them the
information sheets and contact number in case they
had a problem with bowel preparation. The patients
in our study were very cooperative regardless of their
level of education and so their education level has no
impact on the results. Third, we used only PEG without
any additional agents (e.g. ascorbic acid or bisacodyl)
that may cause some adverse side effects. So there
were no side effect in this study.

This study had some limitations. First,
population consisted of only Thais and low BMI
patients which do not reflect the patients in western
countries. Second, population were selected by more
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strict criteria that do not reflect the patient in real world.
Third, this study was a single-center study.

Conclusion

The efficacy of low volume (2L) PEG was
good. There is no serious adverse side effects in colon
cleanliness for colonoscopy and the effect from non-
split dosage and split dosage were the same. However,
most patients favored split dose regimen. We suggested
larger scale studies and perform in western countries
for further evaluation.

What is already known on this topic?

The 2-liter non-split dose PEG was widely used
for bowel preparation regimen in Thailand. This study
showed that bowel cleanliness in that regimen was
good.

What this study adds?

The 2-liter split-dose PEG was as effective as
2-liter non-split-dosage for bowel cleansing in
colonoscopy.
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