
World Journal of 
Gastroenterology
World J Gastroenterol  2017 May 28; 23(20): 3569-3760

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

Published by Baishideng Publishing Group Inc



S

EDITORIAL

3569	 Hepatitis C in injection drug users: It is time to treat

Grassi A, Ballardini G

3572	 Cyclooxygenase 2 in liver dysfunction and carcinogenesis: Facts and perspectives

Martín-Sanz P, Casado M, Boscá L

REVIEW

3581	 First quarter century of laparoscopic liver resection

Morise Z, Wakabayashi G

3589	 Hepatitis A virus infection and hepatitis A vaccination in human immunodeficiency virus-positive patients: 

A review

Lin KY, Chen GJ, Lee YL, Huang YC, Cheng A, Sun HY, Chang SY, Liu CE, Hung CC

3607	 Brain changes detected by functional magnetic resonance imaging and spectroscopy in patients with 

Crohn's disease

Lv K, Fan YH, Xu L, Xu MS

3615	 Perspectives of traditional Chinese medicine in pancreas protection for acute pancreatitis

Li J, Zhang S, Zhou R, Zhang J, Li ZF

MINIREVIEWS

3624	 Transition of pediatric to adult care in inflammatory bowel disease: Is it as easy as 1, 2, 3?

Afzali A, Wahbeh G

3632	 Colorectal cancer population screening programs worldwide in 2016: An update

Navarro M, Nicolas A, Ferrandez A, Lanas A

ORIGINAL ARTICLE

Basic Study

3643	 Urinary metabolic insights into host-gut microbial interactions in healthy and IBD children

Martin FP, Su MM, Xie GX, Guiraud SP, Kussmann M, Godin JP, Jia W, Nydegger A

3655	 M2-like Kupffer cells in fibrotic liver may protect against acute insult

Zheng QF, Bai L, Duan ZP, Han YP, Zheng SJ, Chen Y, Li JS

Contents Weekly  Volume 23  Number 20  May 28, 2017

� May 28, 2017|Volume 23|Issue 20|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 20  May 28, 2017

3664	 Sonographic appearance of anal cushions of hemorrhoids

Aimaiti A, A Ba Bai Ke Re MMTJ, Ibrahim I, Chen H, Tuerdi M, Mayinuer

3675	 Effect of NDC80 in human hepatocellular carcinoma

Ju LL, Chen L, Li JH, Wang YF, Lu RJ, Bian ZL, Shao JG

3684	 Animal experimental studies using small intestine endoscope

Liu JH, Liu DY, Wang L, Han LP, Qi ZY, Ren HJ, Feng Y, Luan FM, Mi LT, Shan SM

Retrospective Cohort Study

3690	 Radiological response and inflammation scores predict tumour recurrence in patients treated with 

transarterial chemoembolization before liver transplantation

Nicolini D, Agostini A, Montalti R, Mocchegiani F, Mincarelli C, Mandolesi A, Robertson NL, Candelari R, Giovagnoni A, 

Vivarelli M

Retrospective Study

3702	 Surgical management of liver diseases invading the hepatocaval confluence based on IH classification: The 

surgical guideline in our center

Li W, Han J, Wu ZP, Wu H

Observational Study

3713	 Study on the value of serum miR-106b for the early diagnosis of hepatocellular carcinoma

Shi BM, Lu W, Ji K, Wang YF, Xiao S, Wang XY

Prospective Study

3721	 Clinical significance of expression of proliferating cell nuclear antigen and E-cadherin in gastric carcinoma

Hu L, Li HL, Li WF, Chen JM, Yang JT, Gu JJ, Xin L

META-ANALYSIS

3730	 Different techniques for harvesting grafts for living donor liver transplantation: A systematic review and 

meta-analysis

Li H, Zhang JB, Chen XL, Fan L, Wang L, Li SH, Zheng QL, Wang XM, Yang Y, Chen GH, Wang GS

CASE REPORT

3744	 Successful treatment of a pancreatic schwannoma by spleen-preserving distal pancreatectomy

Xu SY, Wu YS, Li JH, Sun K, Hu ZH, Zheng SS, Wang WL

3752	 Preoperative detection and localization of small bowel hemangioma: Two case reports

Takase N, Fukui K, Tani T, Nishimura T, Tanaka T, Harada N, Ueno K, Takamatsu M, Nishizawa A, Okamura A, Kaneda K

II May 28, 2017|Volume 23|Issue 20|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 20  May 28, 2017

III May 28, 2017|Volume 23|Issue 20|WJG|www.wjgnet.com

LETTERS TO THE EDITOR

3758	 Non-invasive stimulation techniques to relieve abdominal/pelvic pain: Is more always better?

Harvey MP, Watier A, Dufort Rouleau É, Léonard G



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: Cai-Hong Wang	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

http://www.wjgnet.com

PUBLICATION DATE
May 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 20  May 28, 2017

Editorial board member of World Journal of Gastroenterology , Jia Liu, MD, 
Associate Professor, Department of Infectious Diseases, Institution of Infection 
and Immunology, Union Hospital, Tongji Medical College, Huazhong University of 
Science and Technology, Wuhan 430022, Hubei Province, China

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, Digital Object Identifier, and Directory of  
Open Access Journals. The 2015 edition of  Journal Citation Reports® released by Thomson 
Reuters (ISI) cites the 2015 impact factor for WJG as 2.787 (5-year impact factor: 2.848), rank-
ing WJG as 38 among 78 journals in gastroenterology and hepatology (quartile in category Q2). 

I-IX	  Editorial Board

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

FLYLEAF

IV May 28, 2017|Volume 23|Issue 20|WJG|www.wjgnet.com



Jin-Hua Liu, Li Wang, Zhe-Yu Qi, Hai-Jun Ren, Yan Feng, 
Feng-Ming Luan, Liang-Tian Mi, Department of General 
Surgery, Affiliated Dalian Municipal Friendship Hospital of 
Dalian Medical University, Dalian 116001, Liaoning Province, 
China

Dan-Yang Liu, Department of Endocrinology, Affiliated Dalian 
Municipal Friendship Hospital of Dalian Medical University, 
Dalian 116001, Liaoning Province, China

Li-Ping Han, Department of Anesthesiology, Affiliated Dalian 
Municipal Friendship Hospital of Dalian Medical University, 
Dalian 116001, Liaoning Province, China 

Shu-Mei Shan, Dalian Ming Sheng Technology Development 
Co., Ltd., Dalian 116001, Liaoning Province, China

Author contributions: Liu JH and Liu DY contributed equally 
to this paper; Liu JH and Liu DY performed the majority of 
experiments and analyzed the data; Wang L, Qi ZY and Ren HJ 
performed the molecular investigations; Han LP was responsible 
for animal anesthesia; Feng Y and Luan FM treated the animals; 
Mi LT designed and coordinated the research; Liu JH and Liu DY 
wrote the paper; Shan SM provided small intestine endoscope.  

Supported by Dalian Medical Science Research Project. 

Institutional review board statement: This study was 
approved by the Institutional Review Board of the Affiliated 
Dalian Municipal Friendship Hospital of Dalian Medical 
University.

Conflict-of-interest statement: To the best of our knowledge, 
no conflict of interest exists. 

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: Dan-Yang Liu, PhD, Department of 
Endocrinology, Affiliated Dalian Municipal Friendship Hospital 
of Dalian Medical University, 8 Sanba Square, Zhongshan 
District, Dalian 116001, Liaoning Province, 
China. flower-zsr@163.com
Telephone: +86-135-91774867
Fax: +86-411-82713281

Received: January 20, 2017
Peer-review started: January 20, 2017
First decision: February 21, 2017
Revised: February 28, 2017
Accepted: March 21, 2017
Article in press: March 21, 2017
Published online: May 28, 2017

Abstract
AIM
To assess the feasibility and safety of a novel enteros
cope, negative-pressure suction endoscope in examining 
the small intestine of a porcine model. 

METHODS
In vitro  experiments in small intestinal loops from 20 
pigs and in vivo  experiments in 20 living pigs were 
conducted. 

RESULTS
In in vitro  experiments, a negative pressure of > 0.06 
MPa was necessary for optimal visualization of the 
intestine, and this pressure did not cause gross or 
histological damage to the mucosa. For satisfactory 
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examination of the small intestine in vivo , higher 
negative pressure (> 1.00 MPa) was required. Despite 
this higher pressure, the small intestine did not show 
any gross or microscopic damage in the suctioned 
areas. The average time of examination in the living 
animals was 60 ± 7.67 min. The animals did not 
experience any apparent ill effects from the procedure. 

CONCLUSION
Small intestine endoscope was safely performed 
within a reasonable time period and enabled complete 
visualization of the intestine in most cases. 

Key words: Small intestine endoscope; Endoscope; 
Animal experiment; Endoscopic examination; Negative-
pressure suction

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

Core tip: The main component of endoscopes is an 
ultrafine tubular endoscope, with an added external 
propeller, to assist in the migration of the endoscope 
through the intestine.

Liu JH, Liu DY, Wang L, Han LP, Qi ZY, Ren HJ, Feng Y, 
Luan FM, Mi LT, Shan SM. Animal experimental studies 
using small intestine endoscope. World J Gastroenterol 2017; 
23(20): 3684-3689  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i20/3684.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i20.3684

INTRODUCTION
Endoscopic examination of the small intestine remains 
a challenge. Endoscopes currently used in the diag­
nosis and treatment of gastrointestinal diseases 
include capsule gastroscope[1], duodenoscope, double-
balloon endoscope, single-balloon enteroscope, and 
colonoscope. The detection range of these instruments 
is from the mouth to the duodenum and from the 
anus, retrogradely, to the cecum[2-5]. Negative-pressure 
suction small intestine endoscope has been proposed 
as a solution to this problem. Its working principle is 
similar to the functions of suction cups of parasites, 
and its operating principles are similar to those of 
double-balloon and single-balloon endoscopes. The 
main component of negative-pressure endoscopes 
is an ultrafine tubular endoscope, with an added 
external propeller, to assist in the migration of the 
endoscope through the intestine. The endoscope is 
intended to enable the collection of intestinal fluids and 
tissue samples as well as to aid in the diagnosis and 
treatment of small intestinal diseases. 

Small intestine endoscopes have been developed 
independently in China, with regard to the intellectual 
property rights. Three patent licenses from the Chinese 

State Intellectual Property Office, as well as two patent 
licenses from the Japanese State Intellectual Property 
Office, have been granted for these endoscopes[2-6].

In the present study, we aimed to assess the 
feasibility and safety of a negative-pressure suction 
endoscope in examining the small intestine of pigs.

MATERIALS AND METHODS
Materials
The materials used included freshly excised small 
intestines, with the complete mesentery, from 20 live 
pigs (150 kg; 2 years of age); a negative-pressure 
suction small intestine endoscope (Figure 1); four 
electric suction units (Yuyue, 7A-23D; Nanjing, China), 
with pressures ranging from 0.06 to 1.00 Mpa; the 
cardinal machine; heatless light source; monitor 
(Jiangsu matt phillips photoelectric technology Co., 
LTD); computer; fixative solution; refrigerator; tissue 
sectioning instrument; and microscope.

In vitro experiments
The cardinal machine, heatless light source, monitor, 
and negative-pressure suction device were switched 
on. Under the control of an operator, the working 
component of the endoscope was inserted into the 
prepared pig small intestine, the suction tubes on the 
slider were pulled, and the suction cup-like inlets on 
the front at the sides of the endoscope were examined 
to determine whether they properly sucked the small 
intestine. The areas surrounding the inlets were 
smeared with methylene blue, the suction force was 
increased, and the suction tubes on the sliders were 
pulled, thus causing the small intestine to pile up 
behind the working component of the endoscope. After 
the operation, the suctioned areas, which were stained 
with methylene blue, were biopsied for microscopic 
examination.

In vivo experiments
All animal experiments were conducted according 
to the institutional guidelines for the care and use 
of animals. The animal protocol was designed to 
minimize pain or discomfort to the animals. The ethical 
standards of experiments were in accordance with the 
guidelines provided by the Committee for the Purpose 
of Control and Supervision of Experiments on Animals. 
Animals were fasted for 2 d prior to being anesthetized 
with ketamine hydrochloride injection (5 mg/kg). 
The negative-pressure suction device, the cardinal 
machine, heatless light source, and monitor were 
switched on. The endoscope was inserted into the 
mouth of the pigs, and if necessary, a small amount 
of air was introduced before the examination of the 
digestive tract. During the examination, the suction 
tubes on the slider were pulled, which gradually 
caused the intestine to pile up like sleeves around the 
main lens. The intestinal surface was examined as the 
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suction tubes were being pulled. An attempt was made 
to reach the ileocecal junction in each animal. The diet, 
activity, and defecation of the pigs were monitored for 
2 wk after the operation.

Statistical analysis
Data were analyzed using SPSS version 12.0 for 
windows (SPSS Inc., Tokyo). All data are expressed as 
mean ± SD. Continuous data were compared using 
t tests (n = 20), with P-values < 0.05 considered 
statistically significant. 

RESULTS
In vitro experiments
The operator used the propelling arm of the endoscope 
to grasp the small intestine by applying negative-
pressure suction from the electric suction unit. When 
the suction force was not sufficiently strong, the 
endoscope could not grasp the small intestine firmly; 
the initial pressure required for the endoscope to 
properly function was greater than 0.06 MPa. During 
the operation, the small intestine appeared to pile up 
in a sleeve-like manner around the main lens. Through 
the image acquisition window at the front of the main 
lens, the backward movement of the small intestine 
could be followed and the inner intestinal walls could 
be examined. In total, only 80% of the ileocecal 
junction were observed in four pigs, whereas a 4-m 
length of the small intestine was visualized in all 20 
pigs. The examination required an average of 40 ± 
5.47 min (95%CI: 38.8-41.1). No histological damage 
to the small intestine was evident in the areas where 
negative-pressure suction had been applied. 

In vivo experiments
On the basis of the results from the in vitro experiments, 

the initial pressure for the in vivo examinations was set 
at > 0.06 MPa. When the pressure was greater than 1.00 
MPa, no slippage was seen. Small intestine endoscope 
was successful in all the 20 pigs, and the procedure 
required an average of 60 ± 7.67 min (95%CI: 
56.41-63.59). The average depth of insertion was 2.0 
m. After the examination, all pigs were able to eat; 
18 were able to defecate by the second day, and 2 by 
the third day. During the 2-week observation period 
after endoscopy, no pigs showed signs of abdomi­
nal distension, bloody stool, constipation, or other 
complications, and their food intake, activity levels, 
sleep patterns, defecation patterns, and urination were 
normal.

Examinations of histological sections from areas 
of the small intestine that were sucked by negative 
pressure did not show any breakage, shedding of 
large areas of the intestinal villi, tissue displacement, 
deformation, or damage to the glandular structures in 
the submucosal layer. The normal orderly arrangement 
of smooth muscle layers was maintained, and the 
muscle cells were clearly outlined (Figure 2).

DISCUSSION
Endoscopic examination of the small intestine has 
always presented a tough challenge. Small intestine 
endoscopy has been proposed as a technique that 
might help overcome this challenge. Therefore, in 
the present study, we evaluated the feasibility and 
safety of this approach through in vitro and in vivo 
experiments in a porcine model. 

In the in vitro experiments, we established that the 
pig small intestine was tolerant to negative pressures 
that were acceptable for endoscopic examination of 
the intestinal wall, and indeed tolerant to even much 
higher pressures. At a pressure of > 0.06 MPa, the 
endoscope functioned smoothly, and 4-m segments 
of the small intestine were successfully examined in 
the intestines from all 20 animals studied. No visual 
damage was noted in the areas of the small intestine 
that were repeatedly sucked. Moreover, tissue biopsy 
specimens from those areas showed no signs of 
submucosal damage or breakage in the muscle layers. 
Therefore, we concluded that the negative pressure 
exerted by the suction endoscope was within the 
tolerance level of the small intestine. Indeed, we 
found that the intestine had an extremely high level of 
tolerance to negative pressure; even when 6 MPa of 
negative-pressure was exerted, no apparent damage 
to the sucked areas was noted. The positive results of 
these in vitro experiments encouraged us to proceed 
with in vivo experiments. 

 In live pigs, we found that somewhat higher 
negative pressure was needed, as compared to the 
in vitro condition, in order to prevent slippage of the 
bowel. Thus, we used a pressure of > 1.00 MPa, which 
permitted successful examination of the intestines of 
all 20 animals. The average time of completing the in 
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Figure 1  Schematic diagram of negative-pressure suction small intestine 
endoscope. 1: Observation eyehole; 2: Windows for outgoing light; 3: Clamp 
tube; 4: Nozzle; 5: Rotating section; 6: Suction tube retainers; 7: Suction hole; 
8: Slider retainer; 9: Slider; 10: Button for water and air inlet; 11: Button for 
water and air suction inlets; 12: Biopsy sample inlet; 13: Button for rotation of 
external propeller; 14: Air inlet; 15: Water inlet; 16: Air and water suction inlet; 
17: Ground wire inlet; 18: Input terminal of heatless light source; 19: Image 
output terminal; 20: Main engine; 21: Monitor; 22: Air compressor. The length 
of the negative-pressure suction small intestine endoscope is 2.5 m. The main 
endoscope diameter is 12 mm. The imaging system used is Medical CMOS. 
The power system involves negative-pressure suction, and the light used is 
cold light.
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not associated with any serious effects, and can avoid 
pain.

This endoscope is designed based on the ultrafine 
endoscope, and has four power modes. It is inserted 
into the cavity through the mouth while the patient 
is under general anesthesia, thus enabling the small 
intestine to pile up at the proximal end along the 
primary eyepiece, while the detector at the distal end 
can perform detection or treatment. Experimental 
results on animals confirmed that endoscopic exam­
ination using our newly designed endoscope has the 
following advantages compared to the Japanese double-
balloon endoscope: (1) quicker examination; (2) high 
operability and ease of mastery; (3) low cost; and (4) 
short slippage distance[7-15]. Moreover, endoscopic 
examination using our newly designed endoscope is 
more advantageous than capsule endoscopy in terms 
of (1) clearer images; (2) uninterrupted examination; 
(3) ability to collect pathological samples or conduct 
endoscopic treatment; (4) short examination duration; 
and (5) not causing ileus[16-30]. The most important 
feature of small intestine endoscope is its rapid 
examination speed; it only takes an average of 60 ± 
7.67 min to complete the examination of a 4-m-long 
small intestine with complete mesentery, which is 2 
h less than the average examination time required 
for Japanese Fujinon double-balloon endoscope, 
as reported in the literature. In the present study, 
we provided evidence (Figure 3) to support the 
manufacture of this endoscope, which will be beneficial 
for patients, alleviate pain, and help ensure that 

vivo examinations was 60 ± 7.67 min.
The time for this procedure was considerably shorter 

than that reported for double-balloon endoscope 
performed in Fuji, Japan, which took an average of 
3-4 h per examination. The Japanese researchers also 
found that slippage of the intestine occurred when the 
two balloons were alternated, whereas we found no 
slippage when the working pressure level was set as > 
1.00 MPa. 

We believe that it is encouraging that the negative-
pressure suction endoscope did not histologically 
damage the small intestine, and that the animals 
had no evident adverse effects associated with the 
procedure; indeed, they resumed normal defecation 
within 2-3 d after the operation and had no signs of 
discomfort during the 2 postoperative weeks. This 
study in pigs indicated that small intestine endoscope 
is feasible and can be performed safely in a reasonable 
length of time. The entire small intestine was visualized 
in a high percentage of animals, and neither gross nor 
microscopic damage to the intestine was noted. We are 
hopeful that this promising technique for examination 
of the small intestine will soon be evaluated in human 
subjects. In addition, we are planning an experiment 
on human subjects, which will enable the commercial 
application of this type of endoscope in the small 
intestine.

The small intestine endoscope had four power 
modes, and the examination speed was greater 
than that with the double-balloon and single-balloon 
endoscope. The curve formed by the endoscope is 

A B

C D

Figure 2  Light microscopic images of a tissue section from an area of the small intestine to which endoscopic negative-pressure suction had been applied 
in vivo. A: No damage to the smooth muscle is evident; B: No histologic damage is evident; C: No submucosal or glandular damage is present; D: No submucosal 
damage is present. Hematoxylin-eosin staining, × 400 magnification.
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no blind spots are present during examination and 
treatment with the small intestine endoscope.

COMMENTS
Background
Endoscopic examination of the small intestine remains a challenge. 
Endoscopes currently used in the diagnosis and treatment of gastrointestinal 
diseases include capsule gastroscope, duodenoscope, double-balloon 
endoscope, single-balloon enteroscope, and colonoscope.

Research frontiers
The small intestine endoscope has four power modes, and the examination 
speed is greater than that with the double-balloon and single-balloon 
endoscope. The curve formed by the endoscope is not associated with any 
serious effects, and can avoid pain.

Innovations and breakthroughs
Small intestine endoscopes have been developed independently in China, 
with regard to the intellectual property rights. Three patent licenses from the 
Chinese State Intellectual Property Office, as well as two patent licenses from 
the Japanese State Intellectual Property Office, have been granted for these 
endoscopes.

Applications
In live pigs, they found that somewhat higher negative pressure was needed, 
as compared to the in vitro condition, in order to prevent slippage of the 
bowel. Thus, they used a pressure of > 1.00 MPa, which permitted successful 
examination of the intestines of all 20 animals. The average time of completing 
the in vivo examinations was 60 ± 7.67 min.

Terminology
Small intestine endoscope is a medical device for the diagnosis and treatment 
of small intestine diseases.

Peer-review
This is an interesting study about the small intestine enteroscopy. In this study, 
Liu et al assessed the feasibility and safety of a novel enteroscopic technique, 
negative-pressure suction enteroscopy, for examining the small intestine in a 
porcine model. Experiments in small intestinal loops from 20 pigs, and in vivo 
experiments in 20 living pigs, were conducted. The authors found that the 
enteroscopy was safely performed within a reasonable time period and enabled 
complete visualization of the intestine in most cases.
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