
World Journal of 
Gastroenterology
World J Gastroenterol  2017 August 28; 23(32): 5829-6008

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Published by Baishideng Publishing Group Inc



S

EDITORIAL

5829	 Role of tissue microenvironment resident adipocytes in colon cancer

Tabuso M, Homer-Vanniasinkam S, Adya R, Arasaradnam RP

REVIEW

5836	 Ophthalmic manifestations in patients with inflammatory bowel disease: A review

Troncoso LL, Biancardi AL, de Moraes Jr HV, Zaltman C

5849	 Laparoscopic appendectomy for acute appendicitis: How to discourage surgeons using inadequate therapy

Hori T, Machimoto T, Kadokawa Y, Hata T, Ito T, Kato S, Yasukawa D, Aisu Y, Kimura Y, Sasaki M, Takamatsu Y, Kitano T, 

Hisamori S, Yoshimura T

5860	 Long non-coding RNAs in hepatocellular carcinoma: Potential roles and clinical implications

Niu ZS, Niu XJ, Wang WH

MINIREVIEWS

5875	 Nano albumin bound-paclitaxel in pancreatic cancer: Current evidences and future directions

Giordano G, Pancione M, Olivieri N, Parcesepe P, Velocci M, Di Raimo T, Coppola L, Toffoli G, D’Andrea MR

ORIGINAL ARTICLE

Basic Study

5887	 Comparison between tocotrienol and omeprazole on gastric growth factors in stress-exposed rats

Nur Azlina MF, Qodriyah HMS, Chua KH, Kamisah Y

5895	 (-)-Epigallocatechin-3-gallate enhances poly I:C-induced interferon-λ1 production and inhibits hepatitis C 

virus replication in hepatocytes

Wang YZ, Li JL, Wang X, Zhang T, Ho WZ

5904	 Effects and mechanism of adenovirus-mediated phosphatase and tension homologue deleted on 

chromosome ten gene on collagen deposition in rat liver fibrosis

Xie SR, An JY, Zheng LB, Huo XX, Guo J, Shih D, Zhang XL

Retrospective Study

5913	 Integrating TYMS, KRAS  and BRAF  testing in patients with metastatic colorectal cancer

Ntavatzikos A, Spathis A, Patapis P, Machairas Ν, Peros G, Konstantoudakis S, Leventakou D, Panayiotides IG, 

Karakitsos P, Koumarianou A

Contents Weekly  Volume 23  Number 32  August 28, 2017

� August 28, 2017|Volume 23|Issue 32|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 32  August 28, 2017

Clinical Trials Study

5925	 Characterizing gastrointestinal stromal tumors and evaluating neoadjuvant imatinib by sequencing of 

endoscopic ultrasound-biopsies

Hedenström P, Nilsson B, Demir A, Andersson C, Enlund F, Nilsson O, Sadik R

Observational Study

5936	 Novel predictors for lymph node metastasis in submucosal invasive colorectal carcinoma

Yim K, Won DD, Lee IK, Oh ST, Jung ES, Lee SH

5945	 Changes with aging in gastric biomarkers levels and in biochemical factors associated with Helicobacter 

pylori  infection in asymptomatic Chinese population

Shan JH, Bai XJ, Han LL, Yuan Y, Sun XF

Prospective Study

5954	 Modified Helicobacter  test using a new test meal and a 13C-urea breath test in Helicobacter pylori  positive 

and negative dyspepsia patients on proton pump inhibitors

Tepeš B, Malfertheiner P, Labenz J, Aygen S

5962	 Real time endoscopic ultrasound elastography and strain ratio in the diagnosis of solid pancreatic lesions

Okasha H, Elkholy S, El-Sayed R, Wifi MN, El-Nady M, El-Nabawi W, El-Dayem WA, Radwan MI, Farag A, El-sherif Y, 

Al-Gemeie E, Salman A, El-Sherbiny M, El-Mazny A, Mahdy RE

5969	 Efficacy and safety of sofosbuvir and daclatasvir in treatment of kidney transplantation recipients with 

hepatitis C virus infection

Xue Y, Zhang LX, Wang L, Li T, Qu YD, Liu F

Randomized Controlled Trial

5977	 New botanical drug, HL tablet, reduces hepatic fat as measured by magnetic resonance spectroscopy in 

patients with nonalcoholic fatty liver disease: A placebo-controlled, randomized, phase Ⅱ trial

Jeong JY, Sohn JH, Baek YH, Cho YK, Kim Y, Kim H

Randomized Clinical Trial

5986	 Randomized clinical trial comparing fixed-time split dosing and split dosing of oral Picosulfate regimen for 

bowel preparation

Jun JH, Han KH, Park JK, Seo HL, Kim YD, Lee SJ, Jun BK, Hwang MS, Park YK, Kim MJ, Cheon GJ

META-ANALYSIS

5994	 Systematic review and meta-analysis of colon cleansing preparations in patients with inflammatory bowel 

disease

Restellini S, Kherad O, Bessissow T, Ménard C, Martel M, Taheri Tanjani M, Lakatos PL, Barkun AN

II August 28, 2017|Volume 23|Issue 32|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 32  August 28, 2017

III August 28, 2017|Volume 23|Issue 32|WJG|www.wjgnet.com

CASE REPORT

6003	 Postoperative inflammation as a possible cause of portal vein thrombosis after irreversible electroporation 

for locally advanced pancreatic cancer

Su JJ, Su M, Xu K, Wang PF, Yan L, Lu SC, Gu WQ, Chen YL

LETTERS TO THE EDITOR

6007	 Comment on “Efficacy and adverse events of cold vs  hot polypectomy: A meta-analysis”

Sun HH, Huang SL, Bai Y



NAME OF JOURNAL 
World Journal of  Gastroenterology

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 

CA 90822, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director
Yuan Qi, Vice Director
Ze-Mao Gong, Vice Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Yuan Qi
Responsible Electronic Editor: Fen-Fen Zhang	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

http://www.wjgnet.com

PUBLICATION DATE
August 28, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 23  Number 32  August 28, 2017

Editorial board member of World Journal of Gastroenterology , Mitsushige 
Sugimoto, MD, PhD, Associate Professor, Division of Digestive Endoscopy, 
Shiga University of Medical Science Hospital, Otsu 520-2192, Japan

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
The WJG Editorial Board consists of  1375 experts in gastroenterology and hepatology 
from 68 countries.
    The primary task of  WJG is to rapidly publish high-quality original articles, reviews, 
and commentaries in the fields of  gastroenterology, hepatology, gastrointestinal endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology (WJG) is now indexed in Current Contents®/Clinical Medicine, 
Science Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index 
Medicus, MEDLINE, PubMed, PubMed Central and Directory of  Open Access Journals. The 
2017 edition of  Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year 
impact factor: 3.176), ranking WJG as 29th among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

I-IX	  Editorial Board

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

FLYLEAF

IV August 28, 2017|Volume 23|Issue 32|WJG|www.wjgnet.com



Jae Hyuck Jun, Koon Hee Han, Jong Kyu Park, Hyun Il 
Seo, Young Don Kim, Sang Jin Lee, Baek Gyu Jun, Min 
Sik Hwang, Yoon Kyoo Park, Gab Jin Cheon, Department 
of Internal Medicine, Gangneung Asan Hospital, University of 
Ulsan College of Medicine, Gangneung 25440, South Korea

Myeong Jong Kim, Catholic Kwandong University, Gangneung 
25440, South Korea 

ORCID number: Jae Hyuck Jun (0000-0002-8005-8215); 
Koon  Hee  Han  (0000-0003-1844-1712) ;  Jong  Kyu 
Park (0000-0002-5474-6794); Hyun Il Seo (0000-0003- 
1844-1712); Young Don Kim (0000-0001-9003-9862); Sang 
Jin Lee (0000-0001-6297-7966); Baek Gyu Jun (0000-0003- 
4693-9542); Min Sik Hwang (0000-0003-2661-7087); 
Yoon Kyoo Park (0000-0002-9371-7064); Myeong Jong 
Kim (0000-0001-5204-1312); Gab Jin Cheon (0000-0001- 
5937-5999).

Author contributions: Jun JH planned the study protocol 
and main write up of the article; Han KH helped in write up of 
article and screening of patients; Han KH and Seo HI performed 
majority of colonoscopy; Park JK, Kim YD, Lee SJ, Jun BG, 
Hwang MS, Park YK, and Cheon GJ were responsible for 
patient enrollment, screening and manuscript drafting; Kim MJ 
contributed to data analysis and interpretation; all the authors 
reviewed and approved the final version to be published.

Institutional review board statement: The study was reviewed 
and approved by the Gangneung Asan Hospital Institutional 
Review Board. 

Clinical trial registration statement: This study is registered at 
[https://cris.nih.go.kr/cris/search/search_result_st01_en.jsp?seq=
8192&ltype=&rtype=]. The registration identification number is 
[KCT0002348].

Informed consent statement: All study participants, or their 
legal guardian, provided informed written consent prior to study 
enrollment.

Conflict-of-interest statement: All authors claim no conflict of 
interest.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Koon Hee Han, Associate professor, 
Department of Internal Medicine, Gangneung Asan Hospital, 
University of Ulsan College of Medicine, 38 Bangdong-gil, 
Sacheon-myeon, Gangneungsi 25440, 
South Korea. 9292@gnah.co.kr 
Telephone: +82-33-6103139
Fax: +82-33-6108130 

Received: April 12, 2017
Peer-review started: April 12, 2017
First decision: May 16, 2017
Revised: June 10, 2017
Accepted: July 22, 2017
Article in press: July 24, 2017
Published online: August 28, 2017

Abstract
AIM
To compare the efficacy of fixed-time split dose and split 
dose of an oral sodium picosulfate for bowel preparation.

5986 August 28, 2017|Volume 23|Issue 32|WJG|www.wjgnet.com

ORIGINAL ARTICLE

Randomized clinical trial comparing fixed-time split dosing 
and split dosing of oral Picosulfate regimen for bowel 
preparation

Randomized Clinical Trial

Jae Hyuck Jun, Koon Hee Han, Jong Kyu Park, Hyun Il Seo, Young Don Kim, Sang Jin Lee, Baek Gyu Jun, 
Min Sik Hwang, Yoon Kyoo Park, Myeong Jong Kim, Gab Jin Cheon

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v23.i32.5986

World J Gastroenterol  2017 August 28; 23(32): 5986-5993

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



METHODS
This is study was prospective, randomized controlled 
study performed at a single Institution (2013-058). 
A total of 204 subjects were assigned to receive one 
of two sodium picosulfate regimens (i.e. , fixed-time 
split or split) prior to colonoscopy. Main outcome 
measurements were bowel preparation quality and 
subject tolerability.

RESULTS
There was no statistical difference between the fixed-
time split dose regimen group and the split dose 
regimen group (Ottawa score mean 2.57 ± 1.91 
vs  2.80 ± 2.51, P  = 0.457). Cecal intubation time 
and physician’s satisfaction of inspection were not 
significantly different between the two groups (P  = 
0.428, P  = 0.489). On subgroup analysis, for afternoon 
procedures, the fixed-time split dose regimen was 
equally effective as compared with the split dose 
regimen (Ottawa score mean 2.56 ± 1.78 vs  2.59 ± 
2.27, P  = 0.932). There was no difference in tolerability 
or compliance between the two groups. Nausea was 
21.2% in the fixed-time split dose group and 14.3% in 
the split dose group (P  = 0.136). Vomiting was 7.1% 
and 2.9% (P  = 0.164), abdominal discomfort 7.1% 
and 4.8% (P  = 0.484), dizziness 1% and 4.8% (P  = 
0.113), cold sweating 1% and 0% (P  = 0.302) and 
palpitation 0% and 1% (P  = 0.330), respectively. Sleep 
disturbance was two (2%) patients in the fixed-time 
split dose group and zero (0%) patient in the split dose 
preparation (P  = 0.143) group.

CONCLUSION
A fixed-time split dose regimen with sodium picosulfate 
is not inferior to a split dose regimen for bowel prepa
ration and equally effective for afternoon colonoscopy.

Key words: Colonoscopy; Bowel preparation; Split 
dose preparation; Sodium picosulfate; Ottawa Bowel 
Preparation Scale

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Fixed-time split dose bowel preparation was 
not inferior to a split dose regimen in bowel cleansing 
using the Ottawa Bowel Preparation Scale. The average 
score using the Ottawa Scale was 2.57 ± 1.91 in the 
fixed-time split dose group and 2.80 ± 2.51 in the 
split dose group (P  = 0.457). There was no statistical 
difference in mean Ottawa score between the two 
groups when the procedure was performed in the 
morning or afternoon (2.56 ± 1.78 vs  2.59 ± 2.27, P  = 
0.932). Therefore fixed-time split dosing with soduim 
picosulfate is as effective as split dosing for subjects 
scheduled for colonoscopy in the afternoon.  

Jun JH, Han KH, Park JK, Seo HL, Kim YD, Lee SJ, Jun BK, 
Hwang MS, Park YK, Kim MJ, Cheon GJ. Randomized clinical 
trial comparing fixed-time split dosing and split dosing of oral 

Picosulfate regimen for bowel preparation. World J Gastroenterol 
2017; 23(32): 5986-5993  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i32/5986.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i32.5986

INTRODUCTION
Currently, colorectal cancer is the third most common 
cancer in the world and its incidence is rapidly 
increasing in Asian countries[1]. Colonoscopy is an 
indispensable procedure for the diagnosis and treat­
ment of various colon diseases[2]. Colonoscopy also 
prevents colorectal cancer by detecting and eliminating 
precancerous lesions[3-5]. For an accurate colonoscopy, 
however, it is necessary to perform an appropriate 
colon preparation[6-8]. Unfortunately, about 20% to 
25% of colonoscopies have been reported to occur 
following inadequate bowel preparation[5-7]. In 27% 
of patients who had poor bowel preparation, more 
than 10 mm of polyps were not observed on the first 
colonoscopy. Therefore the importance of bowel pre­
paration was further emphasized[3].

A variety of bowel preparation agents have 
been developed to reduce the large amount of fluid 
consumption and bad taste that can occur during 
bowel preparation for colonoscopy[9,10]. One a mixture 
of sodium picosulfate and magnesium citrate, available 
in Korea (Picolight® powder, Pharmbio Korea Co., 
Ltd, Seoul, Korea), is low-volume bowel cleansing 
agent with low toxicity in children and adults[11]. 
This formulation is widely used because of its good 
compliance with dosage, and excellent bowel cleansing 
effect[12]. According to the latest guidelines, sodium 
picosulfate can be taken with only 2 liters of water, 
which can increase patient compliance[13,14]. The original 
cleansing protocol entailed two sachets of sodium 
picosulfate, one at 5 pm and one at 10 pm on the day 
before colonoscopy. However, a two-day split dose of 
one sachet at 7 pm on the day prior to colonoscopy 
and a second sachet four hours before colonoscopy, is 
also reported as a good regimen for bowel preparation 
and is nearly equivalent to the use of a polyethylene 
glycol (PEG) solution[15,16]. In addition, according to a 
recent report, it is most effective to finish the bowel 
cleansing three-to-four hours before the scheduled 
time of the procedure[12]. 

However as this regimen is based on western diet 
and lifestyle, it is not necessarily the right method for 
Koreans, who typically eat more high fiber vegetables 
than westerners. In the case of Gangneung Asan 
Hospital located in Gangwon Province, the accessibility 
of patients is deteriorated by the surrounding moun­
tainous environment. Therefore, it is difficult for some 
patients to adjust their preparation to colonoscopy 
time. For the medical staff (doctor, nurse, pharmacist), 
it is also inconvenient to explain the proper regimen 
for effective bowel preparation. Additionally, in patients 
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who have to undergo abdominal ultrasound and 
esophagogastroduodenoscopy at the same time, the 
results may not be accurate.

We hypothesized that sufficient water intake and 
effective low residue diet, combined with a fixed-
time split dose intake of two, or plus one sachets 
of sodium picosulfate would result in non- inferior 
bowel preparation and patient compliance to the split 
dose regimen. We compared the efficacy of bowel 
cleansing between the split dose group (last split dose 
of sodium picosulfate was assigned four hours prior to 
the colonoscopy) and the fixed-time split dose group 
(last split dose of picosulfate was assigned at 5:00 
am in cases in which the colonoscopy was performed 
in the morning (09:30 to 11:30 h) and at 6:00 am in 
cases in which the colonoscopy was performed in the 
afternoon (13:00 to 15:00 h) using the Ottawa Bowel 
Preparation Scale[8]. Colonoscopies are often scheduled 
in the afternoon, and the split dose may not leave a 
clean colon by then. Therefore, we further compared 
the bowel cleansing effect between the morning and 
afternoon examination groups. We also assessed 
patient compliance and tolerability to the two bowel 
preparation regimens. 

MATERIALS AND METHODS
Patients
This study was designed as a prospective single center, 
single blind, randomized control study of ambulatory 
outpatients at the Gangneung Asan Hospital, Republic 
of Korea. 

From August 2014 to November 2015, a total of 
240 consecutive patients, between the ages of 18 and 
76 years who were scheduled to undergo colonoscopy 
were included. The indications for colonoscopy included 
colon cancer screening; a family history of colorectal 
cancer or lower GI symptoms such as constipation or 
change of bowel habits. 

Exclusion criteria included: (1) pregnant women; 
(2) acute abdomen; (3) history of dehydration and /or 
drug allergy; (4) congestive heart failure; (5) chronic 
liver disease or renal insufficiency; (6) history of colon 
resection or abdominal surgery within six months; and 
(7) participation in other clinical studies within four 
weeks prior to randomization. Patients who refused 
to provide informed consent were also excluded. 
Following agreement to participate, patients were 
randomized by computer-generated random numbers 
to assign them to one of the two preparation regimens. 
All patients were provided written instructions by the 
clinical staff. A total of two expert endoscopists who 
reviewed the Ottawa Bowel preparation Scale and 
who were blinded to the method of bowel preparation 
participated in the study. This study was approved 
by Institutional Review Board of the Gangneung 
Asan Hospital (IRB: 2013-058), and all participating 
patients, or their regal guardian provided informed 

written consents prior to study enrollment.

Preparation instructions
Patients were randomized to the fixed-time split dose 
and split dose of the sodium picosulate group. Each 
group received three sachets of sodium picosulfate 
(Picolight® powder, Pharmbio Korea Co., Ltd, Seoul, 
Korea), each containing sodium picosulfate hydrate 
10 mg, magnesium oxide 3.5 g, and citric acid 12 g. 
On the third day prior to the colonoscopy, the patients 
were advised to ingest a low residue diet by doctor 
and nurse. In the fixed-time split dose group, patients 
who scheduled to undergo colonoscopy in the morning 
(9:30-11:30 am) were instructed to dissolve one 
sachet of sodium picosulfate in 250 mL of water and 
drink it at 7:00 pm on the day before colonoscopy and 
at 5:00 am on the day of colonoscopy. Each time, they 
were to drink 1.25 L of water successively. The patients 
who scheduled in the afternoon (13:00-15:00), were 
instructed to take their first dose at 8:00 pm on the 
day before colonoscopy and their second dose at 6:00 
am on the day of colonoscopy in the same method. 
In the split dose group, the patients were instructed 
to take the first sachet of sodium picosulfate at 7 pm 
on the day before colonoscopy and then four hours 
before the colonoscopy on the day of procedure, in 
the same method. In both groups, in case of any signs 
of incomplete bowel preparation (i.e., stool residue 
or unclear fluid was noted after defecation) observed 
one hour after the second dose of sodium picosulfate, 
they also instructed to take an additional one sachet of 
sodium picosulfate dissolved in 250 mL of water and 
successive 0.75 L of water.

Colonoscopy
Colonoscopies were performed with the patients under 
conscious sedation by a consultant gastroenterologist. 
All colonoscopies were performed between 9:30 am 
and 3:00 pm (morning session between 9:30 and 
11:30 am, and afternoon session between 1:00 pm 
and 3:00 pm). Intravenous midazolam 2 mg was 
used for sedation in patients in whom there was no 
contraindication; half of that dose was used in patients 
over the age of 60 years.

Additional sedation was used if required and per­
missible. Pulse, blood pressure, and oxygen saturation 
were measured in all patients before, during, and after 
the procedure. 

Data collection
Before the colonoscopy, a questionnaire survey was 
conducted on the compliance of the subjects and side 
effects of the sodium picosulfate. We evaluated the 
compliance with dosing time and regimen, and the 
degree of discomfort felt by the patients was recorded 
separately as sleep disorder, nausea, vomiting, 
abdominal pain, abdominal discomfort, dizziness, 
cold sweating, and/or palpitation. We also evaluated 
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RESULTS
In this prospective, randomized, investigator-blinded 
study, we enrolled 240 patients between August 2014 
and November 2015. Of the 240 patients randomized, 
36 were excluded due to the following: failure to 
complete bowel preparation as advised (n = 16); 
failure to cecal intubation due to abdominal pain or 
vomiting, colon cancer (n = 3); withdrawal of consent 
(n = 10, fixed-time split dose group; 5, split dose 
group; 5); and a completely unprepared colon (n = 
7, fixed-time split dose group; 4, split dose group; 
3). Ultimately, 99 patients in the fixed-time split dose 
group and 105 in the split dose group completed the 
study and were analyzed (Figure 1). The characteristics 
of the patients in the two groups are shown in Table 1. 
There were no statistical difference between the two 
groups with respect to gender, height, weight, mean 
age, BMI, and/or history of abdominal surgery and DM 
(Table 1).

Quality of bowel preparation 
Using the Ottawa Bowel Preparation Scale, the mean 
Ottawa score was 2.57 ± 1.91 in the fixed-time split 
dose preparation and 2.80 ± 2.51 in the split dose 
preparation (P = 0.457)(Figure 2).

Cecal intubation time and physician’s satisfaction of 
the inspection were not significantly different between 
the two groups (P = 0.428, P = 0.489)(Table 2). 

On subgroup analysis of fixed-time split dose 
preparation, there was no difference of mean Ottawa 
score between the morning colonoscopy (9:30 to 
11:30 am) and the afternoon (1:00-3:00 pm) colonos­
copy groups (2.56 ± 1.78 vs 2.59 ± 2.27, P = 0.932) 
(Figure 3).

Tolerability of the preparation and sleep disturbance
Nausea was complained of in 21.2% of the patients 
with the fixed-time split dose preparation and in 14.3% 
with split dose preparation (P = 0.136). Vomiting was 
reported by 7.1% and 2.9% (P = 0.164), abdominal 
discomfort by 7.1% and 4.8% (P = 0.484), dizziness 

the amount of consumed water. Colonoscopy was 
performed by two endoscopists who did not know 
the used regimen. The Ottawa Bowel Preparation 
Scale was used to evaluate the degree of bowel 
preparation[8]. This scale assesses cleanliness and 
volume state, separately. Cleanliness was assessed 
further separately for the right colon (cecum - ascending 
colon), mid-colon (transverse - descending colon), and 
rectosigmoid colon on a five-point scale (no liquid = 
0, minimal liquid, no suctioning required = 1, suction 
required to see mucosa = 2, wash and suction = 3, 
solid stool, not washable = 4). The degree of residual 
fluid in the entire colon was classified from 0 to 2. 
A score of 0 indicates excellent bowel preparation, 
and a score of 14 indicates that colonoscopy is im­
possible[8,17]. The cecal intubation time was also 
measured and compared. Starting and cecal intubation 
time was recorded. After the colonoscopy, the bowel 
preparation quality and satisfaction of the procedure 
(via a 10-point physician’s satisfaction of inspection) 
was rated by two investigators who were blinded to 
the type of preparation. The results were recorded on 
a standardized form.

Statistical analysis
In this study, the level of significance was assumed 
to be 5% with regards to the number of effective 
subjects. The second type error was 0.2, the power 
was maintained at 80%, and the effect size was 10%. 
The total number of subjects necessitated at least 91 
subjects in each group. A total of 240 subjects (120 
subjects per group) were required for a follow-up loss 
of about 30%. 

This study was designed as a one-sided χ2 test for 
non-inferiority. Statistical analysis was performed using 
IBM SPSS ver. 23.0 for Windows (IBM, Armonk, NY, 
United States). The variables expressed as percentages 
(characteristics of the study subject, adverse effects) 
were used in χ2 test (Fisher’s exact test). The means of 
the two groups (Ottawa Bowel Preparation Scale value, 
satisfaction, insertion time, and degree of disgust) was 
used in Student’s t-test. 

240 patients randomized

214 patients included in the study

Group A (fixed time split dose), 
n  = 104

Group B (split dose)
n  = 110

Withdrawal: 5

99 patients enrolled 105 patients enrolled

26 patients excluded after randomization
   16 patients had failure to complete bowel
   preparation as advised protocol
   3 patients had failure to cecal intubation
   7 patients had complete unprepared colon

Withdrawal: 5

Figure 1  Study design: Group randomization.
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by 1% and 4.8% (P = 0.113), cold sweating by 1% 
and 0% (P = 0.302) and palpitation by 0% and 1% (P 
= 0.330), respectively. Sleep was disturbed in two (2%) 
patients in the fixed-time split dose preparation and 
zero (0%) patients in the split dose preparation (P = 
0.143) groups (Table 2).

DISCUSSION
Colonoscopy is the most effective tool for diagnosing 
colon diseases, including inflammation bowel disease 
and colorectal cancers. Good quality of bowel pre­
paration can lead to good colonoscopy results, while 
incomplete bowel preparations decreases cecal 
intubation and adenoma detection rates[18]. It also 
increases patient’s discomfort and procedure costs[5]. 
Sodium picosulfate is safe and effective for bowel 
preparation with good tolerability and fewer side 
effects than the standard 4L PEG solution[15,19-21]. It is 
known from a meta-analysis of 29 studies that the 
use of a split dose on the day before and on the day 
of the procedure can induce more effective bowel 
preparations than a dosing regimen on the day before 
the procedure[7]. Recently, the use of a split dose 
regimen of sodium picosulfate was reported more 
superior than a previous-day regimen and the Ottawa 

Bowel Preparation Scale score was the lowest at three-
to-four hours after the last cleansing[12].

Although sodium picosulfate is a low-volume 
agent for bowel preparation that has been available 
in Korea since December 2011, we often experienced 
indications that this agent showed limited bowel 
preparation capacity. It is often inconvenient for 
medical staff members to explain the effective bowel 
preparation time to the patients because each patient 
has a different examination time. In addition, in 
patients with poor compliance, such as elderly patients 
or those who live far away from the hospital due to 
their local characteristics, it is often difficult to maintain 
the effective bowel cleansing time and thus the bowel 
cleansing often becomes inadequate. Therefore, we 
hypothesized that if the patient has adequate dietary 
control and water intake before colonoscopy, it is 
possible to obtain effective bowel preparations by 
instructing them regarding a fixed dosing time varied 
according to a morning or afternoon test time. 

First, we compared the Ottawa Bowel Preparation 
Scale score in the fixed-time split dose group and 
the split dose group to confirm the appropriate bowel 
preparations. There was no significant difference 
between the two groups (Table 2 and Figure 2). 
Additionally Ottawa scores according to each segment 
were no significantly different between the experimental 
group and the control group (Table 2).

Sixty-seven patients (68% of fixed-time split dose 
group) and 70 patients (67% of split dose group) 
completed bowel preparation with two sachets of 
sodium picosulfate (Table 3). We think these results 
are due to the Korean life style and high fiber diet, 
which include foods such as “Kimchi” and seaweed, 
and two sachets of sodium picosulfate are insufficient 
for bowel preparation. Therefore we recommend three 
sachets of sodium picosulfate and adequate modification 
of water intake. 

The prospected randomized clinical trials to compare 
the preference and efficacy of sodium picosulfate in 
Korea proved that three sachets of sodium picosulfate 
regimen were as effective as conventional high volume 
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Figure 2  Comparison of Ottawa Score between the fixed-time split dose 
(group A) and split dose (group B) preparation.

Table 1  Patients characteristics

Group A ( fixed time 
split dose preparation) 

n  = 99

Group B (split 
dose preparation) 

n  = 105

P value

Male: Female 61:38   57:48 NS
Mean age, r 54.6 ± 11.5 54.3 ± 9.4 NS
   Age ≥ 65 20 (20.2) 16 (15.2) NS
Weight (kg) 64.7 ± 11.7   65.4 ± 11.3 NS
BMI (kg/m2) 23.8 ± 3.05   24.2 ± 2.88 NS
   BMI ≥ 30 4 (4) 4 (3.8) NS
History of 
abdominal surgery 

7 (7.1) 7 (6.7) NS

History of 
Diabetus mellitus 

8 (8.1) 12 (11.4) NS

NS: Nonspecific.

Jun JH et al . Fixed-time split dose bowel preparation

4

3

2

1

0

O
tt

aw
a 

sc
or

e

 Morning               Afternoon 
               Group

2.56
2.59

P  = 0.932

Figure 3  Comparison of Ottawa Score between the morning and 
afternoon preparation of fixed-time split dose regimen.
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PEG solution. And sodium picosulfate groups reported 
superior palatability and tolerability[22-24].

But patients with renal insufficiency, uncontrolled 
cardiovascular problems, liver disease, metabolic 
disease and admitted patients were excluded from this 
study. Therefore, these results are inapplicable to high-
risk or admitted patients and additional studies are 
warranted.

Second, we compared the bowel cleansing effects 
of the sodium picosulfate between the morning 
colonoscopy and afternoon colonoscopy groups. There 
was no significant difference between the two groups 
(Figure 3). According to this results, fixed-time dosing 
regimen may be convenient for patients for bowel 
preparation who are undergoing other procedures, 
such as abdominal ultrasound and esophagogastro­
duodenoscopy on the same day. However, this result is 
in conflict with a previous study that shows the lowest 
Ottawa Bowel Preparation Scale score when endoscopy 
was performed three-to-four hours after the completion 
of bowel preparation[12,17,25-27]. The European Society 
of Gastrointestinal Endoscopy also recommends that 
the last preparation to colonoscopy interval should be 
minimized and should be no longer than four hours. 
In cases of the afternoon colonoscopy group, the gap 
between last dosing and colonoscopy time was six to 
nine hours. 

We believe that there are several reasons for 
these result. In this study, we suggests that if the 
patients has an accurate understanding of bowel 
cleansing time and method, that this may be more 
important than other additional factors. Considering 
the Korean life style and diet pattern, we emphasized 
that patients should take relatively more water (3 L 
to 4 L) than typical, and should consume low residue 
diet starting three days before colonoscopy. The 
second consideration is that the previous study was 
mainly focused PEG solution rather than sodium 
picosulfate, so the bowel cleansing result of sodium 
picosulfate observed in this study may be different 
from that in the previous study[17]. In addition, previous 
studies conducted with sodium picosulfate were 
mainly performed involving westerners, and these 
individuals may consume diets different from that of 
an Asian’s diet, therefore further studies on Asians are 
needed[12,28].

Our study has several limitations. First, because 
all enrolled patients were Koreans who eat a more 
high-fiber diet than most westerners do, our protocol 
consisted of recommending a relatively large amount 
of fluid (3 L to 4 L) intake and suggesting low residue 
diet three days before colonoscopy. Therefore this 
study’s results may differ from western data due to the 
inclusion of different dietary patterns and other ethnic 
groups. 

Second, although there was no difference in bowel 
preparation between the morning colonoscopy and the 
afternoon colonoscopy groups (Figure 3), the number 
of patients enrolled in the afternoon group was smaller 
(74 vs 25). To obtain more accurate results, analysis of 
a larger number of patients is needed.

Lastly, the lower success rate for bowel preparation 
with two sachets of sodium picosulfate and 3L of water 
intake (68% of the fixed-time split dose group), led 
us to recommend three sachets of sodium picosulfate 

Table 3  Comparison of Ottawa Score between the fixed time 
split dose (group A) and split dose (group B) preparation

Group A (fixed time 
split dose preparation) 

n  = 99

Group B (split dose 
preparation) 
n  = 105

P 
value

Sodium picosulfate 
   2 sachets 2.43 ± 1.90 (n = 67) 3.00 ± 2.68 (n = 70) 0.158
   3 sachets 2.84 ± 1.95 (n = 32) 2.40 ± 2.10 (n = 35)  0.375
   2 or 3 sachets 2.57 ± 1.91 (n = 99)   2.80 ± 2.51 (n = 105) 0.457

Table 2  Results of bowel cleansing and adverse effects 

Group A (fixed time split dose preparation) 
n  = 99

 Group B (split dose preparation) 
n  = 105

P value

Mean total Ottawa preparation score1 2.57 ± 1.91 2.80 ± 2.51 0.457
   Age ≥ 65 3.40 ± 2.03 3.38 ± 2.98 0.976
   Right colon, mean (0-4) 0.92 ± 0.71 0.96 ± 0.82 0.692
   Mid colon, mean (0-4) 0.76 ± 0.74 0.76 ± 0.83 0.969
   Rectosigmoid colon, mean (0-4) 0.73 ± 0.68 0.74 ± 0.85 0.886
   Residual fluid, mean (0-2) 0.17 ± 0.43 0.33 ± 0.56 0.023
Adverse GI symptoms, n (%)
   Nausea 21 (21.2) 14 (13.3) 0.136
   Vomiting 7 (7.1) 3 (2.9) 0.164
   Sleep disturbance 2 (2) 0 (0) 0.143
   Abdominal discomfort 7 (7.1) 5 (4.8) 0.484
   Dizziness 1 (1) 5 (4.8) 0.113
   Cold sweating 1 (1) 0 (0) 0.302
   Palpitation 0 (0) 1 (1) 0.330
Mean cecal intubation time, min ± SD 5.02 ± 3.42 4.70 ± 2.27 0.428
Physician's satisfaction of inspection 8.17 ± 1.21 8.04 ± 1.51 0.489

1With the Ottawa bowel preparation scale, lower scores indicate better preparation.
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and adequate water intake (Table 3). Because dietary 
factors and amount of water intake can greatly affect 
the success of bowel preparation, to find the optimal 
conditions for effective bowel preparation, further 
studies on these factors are needed. 

In conclusion, the fixed-time split dose bowel 
preparation is equally effective as compared with the 
conventional split dose bowel preparation. This method 
is also convenient for medical staffs (i.e., doctors, 
nurses and pharmacists) as a means to simplify ex­
plaining the bowel cleansing protocol to patients, and 
may possibly increase the compliance of patients in 
bowel preparation.
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COMMENTS
Background
Sodium picosulfate is a widely used bowel cleansing agent, but there is no 
standard recommendation for the adequate bowel cleansing time. Studies have 
shown that the split preparation is better than the conventional previous evening 
preparation for bowel preparation quality and patient’s compliance. The split 
dose option is also endorsed by the American College of Gastroenterology and 
is considered an optimal choice for colonoscopy. Previous studies have proven 
that the bowel cleansing effect is the best when taking the sodium picosulfate 
three to four hours before colonoscopy. However, this regimen is based on data 
from western countries, which have different dietary patterns from that of many 
Asians including Koreans. Additionally, this protocol is not easy to ensure in 
patients who have low accessibility to hospitals. Patients who are scheduled 
to undergoing ultrasound and esophagogastroduodenoscopy on the morning 
of the same day morning also may have inaccurate results. Considering the 
Korean high fiber dietary pattern, the authors compared the quality of bowel 
preparation between a fixed -time split dose group and split group after training 
them to intake a sufficient amount of water and consume a low residue diet 
beginning three days before colonoscopy. The primary endpoint was the quality 
of bowel preparation.

Research frontiers
The quality of bowel preparation and optimal time of colonoscopy is important 
for successful colonoscopy. Compliance of patients is also considered 
modifiable factor for good results. Various studies are being conducted to 
determine the optimal time of colonoscopy after last dose of bowel preparation. 

Innovations and breakthroughs
This is the first randomized controlled study to evaluate the efficacy of fixed-
time split dosing of oral picosulfate for bowel preparation. In this study there 
was no statistical difference in the quality of bowel preparation between the 
fixed-time split dose bowel preparation and the split dose bowel preparation. 
Therefore, fixed-time split dose bowel preparation can be an alternative 
regimen for successful colonoscopy. 

Applications
This study would be used to improve compliance for colonoscopy and 
convenience for the medical staff in instructing patients on the regimen of bowel 
cleansing agents.

Terminology
Fixed-time bowel preparation: the patients take the last split dose of laxative at 
a set time according to the morning and afternoon colonoscopy.

Peer-review
This article presents an important issue. This is the first study to compare the 
bowel cleansing effect when the last split dosing time was fixed. Methods and 
study population are adequate, and conclusions are reasonable and of possible 
practical use. Overall this study is timely and interesting to the readership.
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