
World Journal of
Clinical Cases

World J Clin Cases  2019 September 26; 7(18): 2658-2915

ISSN 2307-8960 (online)

Published by Baishideng Publishing Group Inc



W J C C World Journal of
Clinical Cases

Contents Semimonthly  Volume 7  Number 18  September 26, 2019

OPINION REVIEW
2658 Effective  use  of  the  Japan  Narrow  Band  Imaging  Expert  Team  classification  based  on  diagnostic

performance and confidence level
Hirata D, Kashida H, Iwatate M, Tochio T, Teramoto A, Sano Y, Kudo M

MINIREVIEWS
2666 Low fermentable oligosaccharides, disaccharides, monosaccharides, and polyols diet in children

Fodor I, Man SC, Dumitrascu DL

2675 High-resolution colonic manometry and its clinical application in patients with colonic dysmotility: A

review
Li YW, Yu YJ, Fei F, Zheng MY, Zhang SW

ORIGINAL ARTICLE

Retrospective Study

2687 Predictors of rebleeding and in-hospital mortality in patients with nonvariceal upper digestive bleeding
Lazăr DC, Ursoniu S, Goldiş A

2704 Analgesic effect of parecoxib combined with ropivacaine in patients undergoing laparoscopic hepatectomy
Huang SS, Lv WW, Liu YF, Yang SZ

2712 Prognostic significance of 14v-lymph node dissection to D2 dissection for lower-third gastric cancer
Zheng C, Gao ZM, Sun AQ, Huang HB, Wang ZN, Li K, Gao S

Observational Study

2722 Wall shear stress can improve prediction accuracy for transient ischemic attack
Liu QY, Duan Q, Fu XH, Jiang M, Xia HW, Wan YL

Prospective Study

2734 Characterization of microbiota in systemic-onset juvenile idiopathic arthritis with different disease severities
Dong YQ, Wang W, Li J, Ma MS, Zhong LQ, Wei QJ, Song HM

SYSTEMATIC REVIEWS
2746 Sinusoidal obstruction syndrome: A systematic review of etiologies,  clinical  symptoms, and magnetic

resonance imaging features
Zhang Y, Jiang HY, Wei Y, Song B

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18I

https://www.wjgnet.com


Contents
World Journal of Clinical Cases

Volume 7  Number 18  September 26, 2019

META-ANALYSIS
2760 Respiratory training interventions improve health status of heart failure patients: A systematic review and

network meta-analysis of randomized controlled trials
Wang MH, Yeh ML

CASE REPORT
2776 Mycobacterium chimaera infections following cardiac surgery in Treviso Hospital, Italy, from 2016 to 2019:

Cases report
Inojosa WO, Giobbia M, Muffato G, Minniti G, Baldasso F, Carniato A, Farina F, Forner G, Rossi MC, Formentini S,

Rigoli R, Scotton PG

2787 Giant squamous cell carcinoma of the gallbladder: A case report
Junior MAR, Favaro MDL, Santin S, Silva CM, Iamarino APM

2794 Liver re-transplantation for donor-derived neuroendocrine tumor: A case report
Mrzljak A, Kocman B, Skrtic A, Furac I, Popic J, Franusic L, Zunec R, Mayer D, Mikulic D

2802 Calcifying fibrous tumor originating from the gastrohepatic ligament that mimicked a gastric submucosal

tumor: A case report
Kwan BS, Cho DH

2808 Pancreatitis, panniculitis, and polyarthritis syndrome caused by pancreatic pseudocyst: A case report
Jo S, Song S

2815 Glomus tumor of uncertain malignant potential of the brachial plexus: A case report
Thanindratarn P, Chobpenthai T, Phorkhar T, Nelson SD

2823 Conservative pulp treatment for Oehlers type III dens invaginatus: A case report
Lee HN, Chen YK, Chen CH, Huang CY, Su YH, Huang YW, Chuang FH

2831 Propofol pump controls nonconvulsive status epilepticus in a hepatic encephalopathy patient: A case report
Hor S, Chen CY, Tsai ST

2838 Teriparatide as nonoperative treatment for femoral shaft atrophic nonunion: A case report
Tsai MH, Hu CC

2843 Successful repair of acute type A aortic dissection during pregnancy at 16th gestational week with maternal

and fetal survival: A case report and review of the literature
Chen SW, Zhong YL, Ge YP, Qiao ZY, Li CN, Zhu JM, Sun LZ

2851 Inferior pancreaticoduodenal artery pseudoaneurysm in a patient with calculous cholecystitis: A case report
Xu QD, Gu SG, Liang JH, Zheng SD, Lin ZH, Zhang PD, Yan J

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18II



Contents
World Journal of Clinical Cases

Volume 7  Number 18  September 26, 2019

2857 ALK-positive anaplastic large cell lymphoma of the thoracic spine occurring in pregnancy: A case report
Yang S, Jiang WM, Yang HL

2871 Multiple gastric adenocarcinoma of fundic gland type: A case report
Chen O, Shao ZY, Qiu X, Zhang GP

2879 Repair of the portal vein using a hepatic ligamentum teres patch for laparoscopic pancreatoduodenectomy:

A case report
Wei Q, Chen QP, Guan QH, Zhu WT

2899 Pleomorphic lipoma in the anterior mediastinum: A case report
Mao YQ, Liu XY, Han Y

2905 Guillain-Barré syndrome in a patient with multiple myeloma after bortezomib therapy: A case report
Xu YL, Zhao WH, Tang ZY, Li ZQ, Long Y, Cheng P, Luo J

2910 Bowen’s disease on the palm: A case report
Yu SR, Zhang JZ, Pu XM, Kang XJ

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18III



Contents
World Journal of Clinical Cases

Volume 7  Number 18  September 26, 2019

ABOUT COVER Editorial Board Member of World Journal of Clinical Cases, Shao-Ping Yu,
MD, Associate Professor, Chief Doctor, Department of Gastroenterology
and Hepatology, Dongguan Kanghua Hospital, Dongguan 523080,
Guangdong Province, China

AIMS AND SCOPE The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases)
is to provide scholars and readers from various fields of clinical medicine
with a platform to publish high-quality clinical research articles and
communicate their research findings online.
  WJCC mainly publishes case reports, case series, and articles reporting
research results and findings obtained in the field of clinical medicine and
covering a wide range of topics including diagnostic, therapeutic, and
preventive modalities.

INDEXING/ABSTRACTING The WJCC is now indexed in PubMed, PubMed Central, Science Citation Index

Expanded (also known as SciSearch®), and Journal Citation Reports/Science Edition.

The 2019 Edition of Journal Citation Reports cites the 2018 impact factor for WJCC

as 1.153 (5-year impact factor: N/A), ranking WJCC as 99 among 160 journals in

Medicine, General and Internal (quartile in category Q3).

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Ji-Hong Liu

Proofing Production Department Director: Yun-Xiaojian Wu

NAME OF JOURNAL
World Journal of Clinical Cases

ISSN
ISSN 2307-8960 (online)

LAUNCH DATE
April 16, 2013

FREQUENCY
Semimonthly

EDITORS-IN-CHIEF
Dennis A Bloomfield, Bao-Gan Peng, Sandro Vento

EDITORIAL BOARD MEMBERS
https://www.wjgnet.com/2307-8960/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
September 26, 2019

COPYRIGHT
© 2019 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18IX

mailto:bpgoffice@wjgnet.com


W J C C World Journal of
Clinical Cases

Submit a Manuscript: https://www.f6publishing.com World J Clin Cases  2019 September 26; 7(18): 2675-2686

DOI: 10.12998/wjcc.v7.i18.2675 ISSN 2307-8960 (online)

MINIREVIEWS

High-resolution colonic manometry and its clinical application in
patients with colonic dysmotility: A review

Yu-Wei Li, Yong-Jun Yu, Fei Fei, Min-Ying Zheng, Shi-Wu Zhang

ORCID number: Yu-Wei Li
(0000-0002-5488-242X); Yong-Jun
Yu (0000-0002-0138-7329); Fei Fei
(0000-0002-6815-7931); Min-Ying
Zheng (0000-0002-1120-8371); Shi-
Wu Zhang (0000-0002-5052-2283).

Author contributions: All authors
contributed equally to this
manuscript with conception and
design of the study, literature
review and analysis, manuscript
drafting, critical revision, and
editing, and final approval of the
submission.

Conflict-of-interest statement: The
authors declare no conflict of
interest.

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/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: April 12, 2019
Peer-review started: April 12, 2019
First decision: June 28, 2019
Revised: July 26, 2019
Accepted: August 20, 2019
Article in press: August 20, 2019

Yu-Wei Li, Yong-Jun Yu, Department of Colorectal Surgery, Tianjin Union Medical Center,
Tianjin 300071, China

Fei Fei, Min-Ying Zheng, Shi-Wu Zhang, Department of Pathology, Tianjin Union Medical
Center, Tianjin 300071, China

Fei Fei, Shi-Wu Zhang, Nankai University School of Medicine, Nankai University, Tianjin
300071, China

Corresponding author: Shi-Wu Zhang, MD, PhD, Chief Doctor, Department of Pathology,
Tianjin Union Medical Center, Jieyuan Road, Hongqiao District, Tianjin 300071, China.
30117012@nankai.edu.cn
Telephone: +86-13652136865
Fax: +86-22-87721989

Abstract
The detailed process and mechanism of colonic motility are still unclear, and
colonic motility disorders are associated with numerous clinical diseases. Colonic
manometry is considered to the most direct means of evaluating colonic
peristalsis. Colonic manometry has been studied for more than 30 years;
however, the long duration of the examination, high risk of catheterization, huge
amount of real-time data, strict catheter sterilization, and high cost of disposable
equipment restrict its wide application in clinical practice. Recently, high-
resolution colonic manometry (HRCM) has rapidly developed into a major
technique for obtaining more effective information involved in the physiology
and/or pathophysiology of colonic contractile activity in colonic dysmotility
patients. This review focuses on colonic motility, manometry, operation, and
motor patterns, and the clinical application of HRCM. Furthermore, the
limitations, future directions, and potential usefulness of HRCM in the evaluation
of clinical treatment effects are also discussed.

Key words: High-resolution colonic manometry; Constipation; High-amplitude propulsive
contractions; Low-amplitude propagated contractions; Colonic dysmotility
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Core tip: Colonic motility disorders are associated with numerous clinical diseases, while
the detailed process and mechanism of colonic motility remain unclear. High-resolution
colonic manometry (HRCM) has rapidly developed into a major technique for obtaining
greater insight into the physiology and/or pathophysiology of colonic contractile activity
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in patients with colonic motility disorders. This review focuses on colonic motility,
manometry, operation, and motor patterns, as well as the clinical application of HRCM,
and aims to assess whether the results of HRCM have led to the establishment of
diagnostic criteria and/or have helped guide the treatment of patients.

Citation: Li YW, Yu YJ, Fei F, Zheng MY, Zhang SW. High-resolution colonic manometry
and its clinical application in patients with colonic dysmotility: A review. World J Clin Cases
2019; 7(18): 2675-2686
URL: https://www.wjgnet.com/2307-8960/full/v7/i18/2675.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i18.2675

INTRODUCTION
The main function of the colon is to absorb water and electrolytes, form and store
feces, and expel feces at the appropriate time. Also, the microbiome living in the colon
is  hugely  important  in  the  organisms’  homeostasis.  The  detailed  process  and
mechanism  of  colonic  peristalsis  are  still  unclear,  partly  because  of  the  lack  of
appropriate animal models. Nevertheless, colonic manometry is considered be the
most direct means of evaluating colonic peristalsis.

Colonic motility disorders are associated with numerous clinical conditions, such as
constipation, irritable bowel syndrome, inflammatory bowel disease, Hirschsprung
disease,  and  various  intestinal  cancers[1-3].  High-resolution  colonic  manometry
(HRCM)  has  gradually  become  an  important  means  to  help  diagnose  colonic
dysmotility and guide clinical treatment[4]. Although the human colon is about 120 cm
long,  only  5  to  16  recording sites  have been set  in  colonic  manometry  catheters
traditionally[5]. Owing to the spatial resolution and catheter length, most of the colonic
manometry data are usually lost. Recently, HRCM with water perfusion that records
the peristaltic contractions of the entire colon with a 36-channel catheter has been
introduced[6,7]. The tightly spaced sensors can provide detailed images of the colonic
transmission patterns, which can allow a functional evaluation of various colorectal
diseases based on peristaltic contractions in the entire colon[8-10].

HRCM can record the dynamic colonic contractions of different colorectal segments
in real  time through the implantation of a manometry catheter into the ileocecal
junction through the anus[11]. Although other inspection techniques are difficult to
replace,  the  results  of  HRCM  provide  functional  and  objective  data  on  the
transmission and movement of the whole colon[10,12]. This review focuses on colonic
motility, manometry, operation, and motor patterns, as well as the clinical application
of  HRCM,  and  aims  to  assess  whether  the  results  of  HRCM  have  led  to  the
establishment  of  diagnostic  criteria  and/or  have  helped guide  the  treatment  of
patients. The current status and future directions of HRCM are also discussed.

DEFECATION AND PHYSIOLOGICAL PROCESS OF
COLONIC PERISTALSIS
Defecation has two stages: The first stage is the involuntary stage and the second
stage  is  the  autonomous  stage[13].  In  the  autonomous  stage,  the  pressure  in  the
abdomen increases and the pressure in the pelvis decreases, which can straighten the
angle between the anus and rectum and increase the pressure in the rectum. High
pressure in the rectum leads to the relaxation of the internal anal sphincter. When the
external anal sphincter is also sufficiently relaxed, defecation can be completed[14-16].
Normal colonic motility is a coordinated activity by the smooth muscle, intestinal
nervous system, Cajal cells, and autonomic nervous system comprising sympathetic
and parasympathetic nerve cells[17,18].

SEGMENTAL MOVEMENT OF THE COLON
Colonic motility is  mostly segmental  and usually represented by low-amplitude
propagated contractions (LAPCs), and the pressure of LAPCs is 5–40 mmHg[19]. These
LAPCs  are  represented  by  waves  of  burst  contraction  of  short  spikes  in  an

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18

Li YW et al. HRCM and colonic motility

2676



electromyogram[20,21]. They include single contractions and paroxysmal contractions.
The frequency of paroxysmal contractions is usually irregular; however, occasionally,
rhythmic patterns occur. The rhythmic patterns represent only about 6% of the entire
colonic contraction activity. The frequency of rhythmic paroxysmal contractions is 2–8
times per  minute,  although the frequency of  3  times per  minute is  predominant
especially in the descending colon and sigmoid colon. The frequency of 3 times per
minute accounts for more than 80% of the total rhythmic frequency. This rhythm
pattern commonly occurs in the junction area between the sigmoid and rectum, where
there  is  no  functional  sphincter  according  to  some  studies[22].  The  absence  of  a
functional sphincter can lead to dysfunction in the defecation process, which can
explain the pathological mechanism of some functional constipation disorders[23,24].

There is a periodic contraction activity in the rectum, namely, the so-called rectal
motility complex wave. The rectal motility complex wave cannot propagate and is
irrelevant to the motility of the anus or stomach[25,26]. However, recent evidence has
suggested that  the appearance of  rectal  motility  complex waves occurs  with the
increase of anal pressure[27,28]. The higher pressure in the anus than that in the rectum
may be a mechanism of anterior rectal fecal incontinence.

PROPAGATED MOVEMENT OF THE COLON
There  are  two  main  types  of  contraction  activities:  LAPCs  and  high-amplitude
propagation contractions (HAPCs),  which are represented by the spikes of burst
contraction in an electromyogram[6,29].  The major  difference between LAPCs and
HAPCs lies in their amplitude.

In colonic manometry, HAPCs represent large-scale colonic movement[30,31]. Colonic
motility has been described and quantified in healthy volunteers with long-term
recording. The following details about HAPCs were obtained: (1) In the colon of
healthy individuals, HAPCs have an average frequency of 6 every 24 h, which last for
more than 10 s long, spread for at least 30 cm distance, and ends at the junction of the
sigmoid colon and the  rectum;  (2)  Because  their  average  amplitude reaches  120
mmHg, it is easy to distinguish HAPCs from other background conditions on the
manometric recording image; (3) HAPCs are often initiated from the ascending colon.
Previous studies have shown that the appendix is also involved in this activity; (4) In
some circumstances, HAPCs can initiate from the end of the ileum; (5) Most HAPCs (
95%) propagate in the oro-aboral direction, but rarely in the distal colon, and HAPCs
are often associated with defecation;  and (6)  HAPCs are associated with specific
physiological or behavioral events, and there are more HAPCs in the daytime (80%)
than at night. During the daytime, HAPCs often appear after meals (50%) and in the
morning  during  awakening  (35%).  As  shown  by  radiologic  analysis,  the  major
function of HAPCs is to push an amount of colon contents to the distal of the colon,
which can lead to a right-left pressure gradient. In addition, HAPCs may be induced
by oral or intracavitary injection of laxatives. However, it should be noted that: (1)
Not all HAPCs lead to excretion; and (2) Excretion is not always accompanied by
HAPCs  (especially  liquid  excretion,  which  does  not  require  a  strong  pushing
force)[6,29].

Compared with HAPCs, the amplitude of propagation contractions in LAPCs is no
more than 50 mmHg, which occur 45 to 120 times within 24 h, usually in the range of
5 to 40 mmHg. Similar to HAPCs, the LAPCs occur more noticeably during the day
than  at  night,  whose  appearance  increases  after  meals  and  after  waking  up.
Preliminary studies about pressure measurements have shown that LAPCs may be
related to  the  transport  and discharge  of  gases  (inflation)  and liquid  feces.  It  is
interesting that the frequency of LAPCs considerably increases in ulcerative colitis
and other intestinal diseases with diarrhea symptoms.

POSTPRANDIAL RESPONSE AND GASTROCOLIC REFLEX
Postprandial colon response is another important event that merits attention. In 1913,
Hertz et al[32,33] described the ileal and colonic reactions after meals, and demonstrated
that active peristalsis at the end of the ileum could cause the contents of the intestine
to pass through the ileum into the colon, causing a considerable amount of movement
to appear in the colon. Ritchie et al[34] also reported in 1968 that there is a decrease in
haustral shunting and an increase in segmental propulsion after meals. Moreno-Osset
et al[35,36] reported that considerable amounts of movements occur in the transverse
colon, descending colon, and sigmoid colon after meals, which was proved by tracer
observation. In that study, there was a significant increase in colonic pressure events
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including an increase of HAPCs and common colonic motility after meals. A colon
transport study involving a high-calorie diet reported a relevant increasement of the
intestinal contents’ propulsion, and some colonic manometry studies also showed an
increased  frequency  of  HAPCs  after  meals[37,38].  The  ultimate  result  of  colonic
movement is defecation. The pressure events recorded in colonic manometry coincide
with the radiographic observation of the actual movement of the colon wall before
defecation.

COLONIC MANOMETRY
It is traditionally believed that the colonic contraction function can be measured by
placing a pressure-sensitive catheter into the length of the colon cavity. Most studies
were conducted using water-filled catheters, whereas solid-state manometric catheters
have also been used in a few cases[39,40]. In water perfusion manometry, the interval
between the recording positions on the catheter is variable. A manometric catheter is
customized according to the patient’s age and the objectively measured length of the
colon. The interval can be determined according to the length of the catheter and that
of the colon. The interval is usually less than 5 cm, and the interval of high-resolution
manometry is usually 1–2 cm. The micro water perfusion system is a low-compliance,
low-perfusion pressure measurement system, with each pressure-measuring hole
connected to a single pressure sensor through a separate chamber (channel). Distilled
water is performed in perfusion at a constant pressure at a constant low rate[41].

The colon contraction hinders the current and its  velocity,  forming a pressure
measurement  channel.  The resistance of  each port  is  measured according to  the
change  of  pressure.  The  system  has  the  advantage  of  simple  and  relatively
inexpensive components, in which the catheter can be easily sterilized under high
pressure. The main disadvantage of the system is that it needs to be connected to the
filling pump and recording equipment, and cannot make recordings during bodily
movements. Furthermore, the amount of water during long-term colonic manometry
needs to be monitored, and a mix of dextrose water and normal saline is used to avoid
electrolyte imbalances. Especially in infants, the potential risk of water intoxication
should be taken into account[5,42].

Solid-state catheters consist of numbers of micro-sensors covered with pressure-
sensitive membranes, which can measure a wide range of amplitude. Compared with
the traditional water perfusion module, the solid-state pressure gauge can record the
transmitted signal through a portable digital recorder, which can be used for dynamic
research and acquisition of  more representative data[7,43,44].  The disadvantages of
colonic manometry with solid-state catheters are the high cost of sensors, the fragility
of the catheters, and the limited number of channels.

CATHETER PLACEMENT
Catheters are always placed retrogradely, although they can be placed anterogradely
from the stoma to the distant colon. Bowel preparation is necessary for colonoscopy,
and some studies have shown that bowel preparation may affect basic movement.
Endoscopy is used to place the catheter. The biopsy forceps can clamp the manometric
catheter through the suture ring at the tip of the catheter. When the position of the
catheter is determined, the forceps are opened and then slowly retracted. In recent
studies, the catheter was clamped to the colonic mucosa to avoid displacement and
abscission during manometry. Once the manometry is completed, the catheter can be
easily  pulled  out.  Another  method of  catheter  placement  is  through the  biopsy
channel. In this method, the catheter is not fixed to the intestinal wall, and will be
pulled out after the colonoscopy[6,9,29].

The colonic manometric catheter is guided by endoscopy, and colonic dilatation
and poor bowel preparation, especially in patients with constipation, can make the
catheter  placement  difficult.  It  should  be  emphasized that  endoscopy is  always
performed with the patient under sedation or general anesthesia. Proximal colon
catheter placement can also be performed by an experienced radiologist, for which
general anesthesia is not necessary; however, this method expose patients to more
radiation.

NEW COLONIC MANOMETRY TECHNIQUES

Dynamic colonic manometry for 24 h

WJCC https://www.wjgnet.com September 26, 2019 Volume 7 Issue 18

Li YW et al. HRCM and colonic motility

2678



The limitation of traditional colonic manometry is the time of the procedure. Some
features of colonic manometry such as diurnal variations are easily omitted in short-
term manometry. The 24-h colonic manometry method is considered to a good choice,
and can assess colonic peristalsis influenced by environmental factors, diet, and sleep
patterns. Dynamic water perfusion colonic manometry has been used in the clinical
setting; however, solid-state manometric catheters, which do not restrict the patient’s
activity, are preferred. Solid-state catheters are placed at multiple sites of the colon
wall through a colonoscopy. The end of the catheter is fixed to the hip and connected
to  the  portable  recorder.  Patients  are  allowed to  move,  eat,  and defecate  in  the
hospital[42,45,46]. However, compared to short-term colonic manometry, whether the
additional information gathered in the 24 h study can change the clinical management
remains unclear.

Wireless pH pressure capsules
The United States Food and Drug Administration has approved the use of wireless
pH pressure capsules to measure gastric emptying and intestinal transit times[47,48]. The
pH, pressure, and temperature throughout the gastrointestinal tract can be measured
after the large capsule has been swallowed. The data are transmitted to the data
receiver  and  then  analyzed.  The  time  of  gastric  evacuation  is  from  the  time  of
swallowing  the  capsule  to  the  time  when the  pH value  is  higher  than  6,  which
indicates that the capsule has been discharged from the stomach into the duodenum
and entered the  neutral  pH from the  acidic  environment.  Wireless  pH pressure
capsules can only measure the colonic pressure; it is not able to evaluate the peristalsis
or propagation of colonic contractions. In addition, the gastric evacuation time of the
wireless pH pressure capsule is likely to be long, as the gastric evacuation of non-
digestible solids is different from that of digestible food[49,50]. Wireless pH pressure
capsules  are  useful  in  assessing colonic  motility  as  an alternative  radiation-free
marker; however, their cost is unjustifiably large when they are used only for the
purpose of assessing colonic motility.

HRCM
High-resolution manometry has been widely used in the evaluation of the esophagus
and the anorectum. Similar colon assessment techniques are being developed. The
sensor spacing in HRCM is 1 cm, whereas the traditional catheter spacing is more
than 5 cm. All the data are transferred to professional computers for recording and
analysis[38,51].

Prospective  studies  are  needed  to  identify  the  applications  of  HRCM  and  to
provide criteria for its use in clinical practice. HRCM has a value in evaluating colonic
motility in children with complex biopsychosocial disorders[52,53]. In most other colonic
manometric studies, the presence or absence of HAPCs is used to distinguish between
persons with colonic motility disorders and healthy people. For example, in healthy
people, the frequency of HAPCs is reported to be 6 to 20 times within 24 hours, while
in severe constipation patients,  this frequency is shown to decrease or disappear
completely. However, the results of HRCM have confirmed that HAPCs also appear
in some patients with constipation[29].

Because the maximum diameter of colonic dilatation is 50 mm but the diameter of
the  colonic  manometer  catheter  is  only  3–5  mm,  most  minor  intestinal  wall
movements and pressure events may be overlooked by colonic manometry. A study
using a pneumatic device confirmed that pressure measurements might miss up to
70% of contraction events when the diameter of the colon exceeds 5.6 cm. It should be
noted that the 5.6 cm diameter quoted here was obtained through isobaric balloon
expansion of the colon, which cannot represent the natural colonic state. In fact, there
are still doubts about the colonic motor evaluation ability of colonic manometry. In a
short-term (3  h)  study of  descending colon movement,  there  was  no  significant
difference in the frequency of  HAPCs between healthy controls  and constipated
patients. In patients with constipation, the colon can produce stress events related to
normal colonic motility, which is an important issue when attempting to diagnose
constipation and guide its treatment by colonic manometry[6,29].

These data suggest that retrograde transmission events occurring in the human
colon  are  actually  progressive,  whose  occurrence  may  be  to  block  anterograde
transmission  and  help  mix  the  colon  contents.  Retrograde  transmission  can
immediately occur during and after anterograde transmission, and helps the intestinal
wall to have enough time to absorb water and electrolytes. This also explains why the
speed of intestinal content passage is much slower through the colon than through
other areas of the gastrointestinal tract. It can be concluded that although intestinal
manometry cannot detect every pressure wave in the colon, it can detect most of the
important movement patterns. Although HAPCs have attracted the attention of many
researchers, a well-developed system for assessing normal colonic motility needs to
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incorporate all detectable colon events.

CLINICAL APPLICATION
Identification of the etiology and the diagnosis of functional intestinal diseases are
essential for the choice of clinical therapeutic strategies and for improving the quality
of  life  of  patients.  However,  the  current  treatment  is  not  appropriate  for  a
considerable number of patients with functional intestinal diseases. To improve the
treatment strategies and therapeutic effects, it is necessary to identify the etiology of
the disease. The use of colonic manometry can help clinicians reveal the truth about
these diseases.

Unfortunately, especially in adults, there are no guidelines for the use of colonic
manometry in the diagnosis and treatment of functional intestinal diseases including
constipation.

Colonic  manometry  has  been  used  in  only  a  few  studies  in  patients  with
constipation[6,10,29]. First, some studies using colonic manometry failed to identify colon
contraction  events  in  constipated patients  with  delayed transit.  Second,  colonic
manometry  could  not  be  used  to  distinguish  patients  with  colonic  slow-transit
disorder from patients with rectal evacuation disorders in a study about colonic motor
dysfunction. Third, colonic manometry has been used in a subgroup analysis of 40
adults with slow-transit constipation. These 40 patients were divided into four groups
according to the frequency of HAPCs, colon response to high-calorie meals,  and
increased sigmoid pressure events. However, the clinical significance of the outcomes
remains uncertain. Another study showed that colonic manometry cannot be used to
distinguish patients with slow-transit constipation or with evacuation disorders from
those with normal-transit constipation according to the colonic motility patterns and
pressure measurement. The study also showed that decreased colonic tension and/or
compliance appeared in 40% to 53% of patients with constipation at fasting and/or
after meals, whereas 47% to 60% of patients did not show these characteristics.

Intractable constipation
Increased colon transit time, reduced propulsive movements, and the poor response
to dietary fiber and laxatives are the typical clinical symptoms of constipation[2,3]. The
most  commonly  used  diagnostic  criteria  for  constipation  are  the  Rome IV,  and
different clinical therapeutic strategies are applicable to different types and stages of
constipation. In patients with intractable constipation, colonic manometry can be used
to evaluate the severity of constipation, confirm the effectiveness of drug treatment,
guide surgical procedures including shunt placement and partial colectomy, and
assess the function of the disconnected colon before closing the stoma. Li et al[29] have
reported that constipation could be categorized into different types and subtypes
including implement qualitative constipation (IQC), functional constipation (FC),
mixed IQC and FC, and functional outlet obstruction constipation (FOOC) based on
the results of HRCM. In mild IQC patients, the number of HAPCs with complete
transmission was ≥ 1 and ≤ 3, or the number of LAPCs with complete transmission
was > 10, and the LAPC amplitude had no change after neostigmine injection, which
needed a conservative treatment. Moderate IQC showed no HAPCs, while LAPCs
with complete transmission could be observed (the number was ≤ 10), and no colonic
response occurred after using neostigmine, which is a relative indication for surgery.
Severe IQC showed no HAPCs or LAPCs with complete transmission, while HAPCs
and LAPCs could be induced after neostigmine injection, serving as an indication for
a total or subtotal colectomy. FC includes transmission disorder and transmission
inhibition. The former showed LAPCs with complete transmission, low-amplitude
retrograde pressure waves, and retrograde HAPCs during the daytime, while LAPCs
and HAPCs with complete and/or incomplete transmission could be observed at
night.  The  latter  showed  no  HAPCs  and  only  a  few  LAPCs  with  complete
transmission, and > 3 HAPCs could be induced after using neostigmine. The first-
choice for FC patients was conservative treatment. Mixed IQC and FC included mild,
moderate, and severe subtypes. In mild patients, the number of HAPCs with complete
transmission was ≥ 1 and ≤ 3, or LAPCs with complete transmission was > 10, and the
amplitude of LAPCs increased and the increased amplitude number was > 10 in an
hour  after  neostigmine  injection,  which  just  required  conservative  treatment.
Moderate patients showed only a few weak peristaltic waves, with no HAPCs or
LAPCs, and LAPCs with complete transmission could be induced and the number
was > 5 and < 10 within an hour after neostigmine injection. Severe patients showed
no HAPCs or LAPCs, or only a few weak peristaltic waves, and LAPCs with complete
transmission could be induced after neostigmine injection with the number was < 5.
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Moderate and severe mixed IQC and FC were relative indications for surgery. In
FOOC patients,  HAPCs  with  complete  transmission  could  be  observed and the
colonic motility was almost normal, in which local excisions, including procedure for
prolapse  and  hemorrhoids  and  tissue-selecting  therapy  stapler,  were  common
treatments. Based on the results of HRCM, the clinical characteristics and treatment
modalities for 326 patients with intractable constipation (aged 11-83 years) at our
hospital from July 2016 to April 2019 are showed in Table 1.

Most  patients  with constipation are functional,  whereas a small  proportion of
patients  with  constipation have  severe  symptoms that  do  not  respond to  active
clinical  treatment.  A lack of  response to  clinical  treatment  can cause patients  to
develop depression, distrust of the clinician, and loss of self-esteem[54,55].  Colonic
manometry is used to assess colonic motility in these patients and to distinguish
between normal colonic motility and abnormal colonic motility, which may be related
to nerves and/or muscles associated with diseases of the colon[56,57]. This information
can also be used to guide the management of chronic diseases. Excision of the colon
segment  with  abnormal  peristalsis  function  can  improve  the  symptoms  of
constipation. Interestingly, there is almost no correlation between abnormal pressure
measurements and histopathologic abnormalities.

Chronic intestinal obstruction
Colonic manometry can be used to assess whether chronic intestinal obstruction is
caused by the dysfunction of the colon or by extra-intestinal factors (chronic intestinal
pseudo-obstruction, CIPO). CIPO is a group of diseases with a different etiology,
severity,  and  treatment  response[57,58].  Di  Sigurdsson  et  al[59]  showed  that  some
symptoms of chronic constipation including an unresponsive gastrocolic reflex or lack
of  colonic  motility  were  obvious  in  some  patients  with  CIPO.  Furthermore,  in
assessing the possibility of  small-bowel or combined transplantation of multiple
organs in children with CIPO, a comprehensive manometric assessment including
colonic  manometry  is  needed  to  assess  which  organs  need  transplantation  and
whether a permanent ileal shunt should be planned.

Hirschsprung disease and anorectal malformation
After the excision of the abnormal intestinal segment in the treatment of Hirschsprung
disease, a large proportion of patients still experience abnormal defecation patterns.
Colonic manometry can stratify patients with Hirschsprung disease requiring surgical
treatment into four groups with different physiological characteristics[60-62]. The first
group includes patients with HAPCs, in whom the HAPCs can pass through the
rectum to the anal margin, but the amplitude of HAPCs is greater than the voluntary
contraction of the external anal sphincter.  Despite attempts to retain stool,  these
patients experience fecal  incontinence or rectal  pain.  The second group includes
patients with normal colonic motility but have fears of defecation and are unable to
defecate.  Possible  complications  associated with  fecal  retention may occur  after
anterior constipation resection. The third group includes patients with abnormal
colonic manometry,  lack of  HAPCs,  poor transmission,  or increased distal  colon
pressure, which may be due to neurological disorders, dysplasia of colon neurons, or
the common “hollow” phenomenon.  The last  group includes a  small  number of
patients with defecation disorders after surgery for Hirschsprung disease but with
normal  colonic  motility.  However,  a  high  anal  sphincter  pressure  can  lead  to
dysfunction of defecation. For these patients,  the clinical treatments include anal
sphincterectomy and injection of kreotoxin into the anal sphincter pressure zone.
Excessive HAPC entry into the rectum and anal sphincter dysfunction could lead to
fecal incontinence.

CLINICAL TREATMENT AND COLONIC MANOMETRY
It should be pointed out that the clinical application of colonic manometry might be
more valuable in pediatric patients than in adult patients with functional intestinal
diseases. Colonic manometry may be the only way to distinguish constipation due to
intrinsic neuromuscular disorders from that caused by behavioral factors in children.
Only two studies to date have tried to perform colonic manometry to guide adults’
clinical treatment.

Bassotti  et  al[63]  reported  three  cases  of  severe  constipation  in  1992.  They
demonstrated that the frequency of HAPCs and the peristalsis of the whole colon
decreased, and the postprandial response of the colon was poor. The patients showed
no response to the stimulation of  edrophonium chloride.  These patients  did not
undergo standardized medical treatment. The results of colonic manometry suggested
that  the  colon  would  still  lack  of  sensitivity  to  drug  therapy  and  spontaneous
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Table 1  Characteristics of 326 patients with intractable constipation in our hospital based on high-resolution colon manometry

Sex n Age (yr) Subtype of constipation n Treatment based on HRCM n

Male 83 60.70 ± 12.68 Neurogenic constipation 13 Conservative treatment 172

Myogenic constipation 177 Subtotal colectomy 41

Mixed constipation 74 Total colectomy 45

Female 243 53.19 ± 12.99 FOOC 62 TST 53

Ileostomy 14

Intestinal mucosal lysis 1

HRCM: High-resolution colon manometry; FOOC: Functional outlet obstruction constipation; TST: Tissue-selecting therapy stapler.

remission would not occur, resulting in a recommendation of surgical resection of the
colon. Total colectomy was performed in two patients and subtotal colectomy in one.
However, these diagnostic and treatment procedures for constipation are not well
described, and there are no long-term follow-up data.

Rao et  al[64]  used 24 h colonic manometry in slow-transit  constipation patients,
observed their colon reactions during eating and waking up in the morning, and
recorded the frequency of HAPCs. According to the presence, absence, and decrease
of colon reactions and HAPCs, the patients were usually classified as normal colonic
movement, myogenic, or neurogenic dysmotility. Myogenic is defined as the decrease
of above two or more factors, whereas neurogenic is considered the absence of above
two  or  more  factors.  Patients  with  suspected  neuropathy  underwent  the  colon
resection,  whereas those with myopathy were treated with biofeedback therapy.
Similarly, the description of the clinical outcomes in terms of intestinal symptoms
improvement after colon resection was not exhaustive, although a slight improvement
after 1 year in patients with myopathy was described. Colonic reactions after eating or
waking up in the morning are likely to be mediated by the central nervous system.
The  absence  of  colon  reactions  may  provide  evidence  of  neurogenic  disorders.
However, this does not mean that a decrease of colonic reactions reflects a myogenic
disease. In fact, based on our current understanding of colonic contractile activity,
decreased colonic  response only provides evidence of  a  potential  neuropathy[29].
Furthermore, there are several lines of evidence refuting the above concept. First,
colonic  manometry  studies  in  adults  have  provided  substantial  evidence  of
spontaneous  activity.  Second,  colonic  manometry  studies  on  constipation  have
indicated that chemical stimulants can induce colonic motility. Third, a recent in vitro
study showed that there was no difference in the motion patterns of the proximal and
distal colon between patients with constipation after subtotal colectomy and those
with  a  “healthy”  colon.  These  observations  indicate  that  the  intrinsic  pacing
mechanism can induce transmission events in patients with constipation, but the
parenteral nerve input is partly decreased. Therefore, the failure or weakening of the
colonic reaction to physiological stimulation may be on behalf of different neurogenic
dysmotilities.  Accordingly,  unless  a  confirmed and definite  criterion for  colonic
manometry based on histopathology is  produced,  the  diagnosis  of  myogenic  or
neurological  disorders  will  always  be  speculative.  At  present,  evidence  on  the
usefulness of colonic manometry in classifying intestinal dysfunction and myogenic
disorder is unconvincing.

Because  it  seems  that  colonic  manometry  can  detect  most  of  the  important
propulsive  events  in  colonic  transit,  this  raises  the  question  of  why  colonic
manometry is difficult to be considered a useful clinical tool in adults. There has been
no  important  change  in  the  knowledge  of  colonic  manometry  since  1988.
Pharyngeal/esophageal manometry is used by clinicians worldwide only to predict
the subtypes of dysphagia and the treatment outcomes[65,66], for the following reasons:
First,  the  esophagus  is  short  and  the  manometric  catheter  can  easily  reach  the
stomach. Second, as patients can relatively control their esophageal movement, they
can be told when to swallow. Third, significant esophageal motility is immediate and
transient,  which means that  its  detection can be completed in 30 min,  and rapid
analysis based on effective and relatively easy-to-identify pressure “signals” can be
performed.

Esophageal manometry has made some considerable progress in the past decade.
The most important advancement is the development of high-resolution pressure
measurement. The catheter contains up to 36 sensors spaced at a distance of 1 cm,
which provides a detailed outline of the pressure throughout the target area. Another
technological advancement is the creation of visualization and analysis software. In
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esophageal  manometry,  the  differences  between  pressure  points  allow  the
establishment  of  a  space-time  color  map of  the  pressure  profile,  which  enables
laypersons  to  quickly  understand  normal  or  heterogeneous  pressure  patterns.
Recently, the data from combined pharyngeal manometry with impedance tests has
been performed in automatic software analysis to accurately evaluate inhalation risk
of dysphagia patients.

It is believed that the length of the high-resolution catheter for recording the whole
colonic pressure will remain unsatisfactory for a long time. Recently, the appearance
of  fiber-optic  manometric  catheters  has  resulted  in  a  significant  increase  in  the
number  of  sensors  (as  many  as  144  channels/cm)  without  compromising  its
flexibility.  Analyzing these high-resolution recording data can provide a correct
understanding of missing or mismarked retrograde and anterograde pressure events.
Data obtained from conventional catheters can produce aliasing-like effects in signal
processing. In practice, the data from colonic manometry may be twice the number of
actual colon transmission events. However, even with the improved spatial resolution
of manometric catheters, the summarization of HAPCs or areas under the reporting
curves is still obviously insufficient to separate all the sick from the healthy. There is
no specific pattern of colonic motility that can distinguish patients from the healthy,
except in some special cases. A comprehensive evaluation of the data recorded during
colonic manometry, including the temporal-spatial relationship between all pressure
events throughout the colon, is necessary. In 1933, a researcher suggested that muscle
dysfunction (not paralysis)  is  the basis of all  constipation events except absolute
mechanical  obstructive  constipation.  Furthermore,  the  absence  of  HAPCs is  not
always the most obvious characteristic of a potential neuropathy. The inhibitory nerve
input  can  also  affect  colonic  motility.  In  many  patients  with  constipation,  the
frequency of LAPCs and/or retrograde transmission increase, especially in the resting
state at night. The lack of inhibition of these motor patterns is considered a sign of
underlying neurogenic disorders.

CONCLUSION
In  the  past  decade,  research  about  colonic  movement  has  provided  substantial
information  for  clinicians.  Colonic  manometry  has  been  considered  a  standard
diagnostic  examination in pediatric  patients.  There is  now a clear use of  colonic
manometry and its clinical  value has been recognized. Moreover,  new treatment
indications have been determined using the results of HRCM. Colonic manometry has
been  studied  for  more  than  30  years[7,10,52,67-70],  although  the  long  time  of  the
examination,  high risk  of  catheterization,  large  amounts  if  real-time data,  strict
catheter  sterilization,  and  high  cost  of  disposable  equipment  restrict  its  wide
application in clinical practice. With the development of high-resolution technologies
and more economical and convenient silicone catheters, HRCM has gradually become
an indispensable and effective means of evaluating colonic dysmotility[9,11]. HRCM
with water  perfusion technology helps assess  the ability  of  colorectal  peristaltic
contractions and plays a central role in the clinical evaluation of colonic function,
determination of constipation subtypes, and accurate identification of diseased colon
segments[64,69].  Besides the role of  HRCM in guiding clinical  treatment,  the colon
propagating motor patterns including HAPCs and LAPCs, retrograde pressure wave,
transmission integrity, and provocation test using neostigmine can also predict the
clinical treatment effect. HRCM needs to be performed in specialized research centers.
The technicians should have special expertise in the study of colonic movement and
can  well  assess  patients  with  complex  biopsychosocial  disorders.  Other  new
technologies including high-resolution fiber-optic manometers and wireless power
capsules will continue to increase the knowledge about colonic dyskinesia.
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