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Recent Updates on the Treatment of Constipation

Han Seung Ryu, Suck Chei Choi
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Korea

The treatment of constipation aims to regulate the frequency and quantity of stool in order to promote successful defecation.
Numerous studies on pharmacologic treatments and non-pharmacologic therapies for constipation have attempted to over-
come limitations such as temporary and insufficient efficacy. Conventional laxatives have less adverse effects and are inexpen-
sive, but often have limited efficacy. Recently developed enterokinetic agents and intestinal secretagogues have received atten-
tion owing to their high efficacies and low incidences of adverse events. Studies on biofeedback and surgical treatment have
focused on improving symptoms as well as quality of life for patients with refractory constipation. (Intest Res 2015;13:297-305)
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INTRODUCTION

Successful defecation requires sufficient luminal quantity
of stool, adequate colonic contractility to evacuate stool
toward the anus, and coordinated anorectal movements.
Lifestyle modifications such as high-fiber diet and the use
of conventional laxatives, as a first step for the treatment of
constipation, are not effective in many cases."” For patients
with more troublesome constipation, the physiological func-
tions of the colon and pelvic floor are evaluated to identify
the underlying causes. These patients are then treated by the
administration of drugs with novel mechanisms, behavioral
treatments, or surgical intervention. Numerous studies have
been conducted on constipation thus far to overcome the
limitations of current treatments. This article aims to identify
recent trends in the treatment of constipation.
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CONVENTIONAL LAXATIVES
1. Polyethylene Glycol

Polyethylene glycol (PEG) is an osmotic laxative that is not
absorbed by the small intestine, and maintains high osmotic
pressure in the colon. Thus, these hypertonic products exert
its effects by driving water into the lumen. Well-designed
studies on chronic constipation (CC) have shown that PEG
is effective in improving stool frequency, consistency, and
straining during defecation.”” In a randomized controlled
trial, PEG was administered to patients with CC for 6 months
and no serious adverse events were observed.” In a recent
study of female patients with CC, PEG was shown to possess
comparable efficacy to and better tolerability than prucalo-
pride.” Furthermore, PEG alleviated constipation symptoms
in patients with IBS with constipation (IBS-C).’ PEG has
fewer adverse effects and is highly cost-effective, and is thus
valued as a first-line drug for constipation.

2. Bisacodyl
Bisacodyl is a polyphenolic stimulant laxative, and is as-

sumed to inhibit the absorption of water and electrolytes
in the colon and promote bowel movement by stimulat-
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ing the colonic myenteric plexus. It is used for short-term
bowel preparation in patients with CC.”"’ Bisacodyl has
been reported to improve stool frequency and consistency
significantly in patients with CC compared to placebo, with
adverse events similar to those of the placebo." In a random-
ized, double-blind, placebo-controlled trial conducted in the
UK, bisacodyl increased the number of complete spontane-
ous bowel movements (CSBMs) per week, improved quality
of life, and was well tolerated."” This drug is recommended
as a first-line treatment for CC owing to its cost-effectiveness
and relatively high efficacy.”” However, further research on
its long-term efficacy and adverse events is required.

NEW PHARMACOLOGIC AGENTS
1. Serotonergic Agents

1) Tegaserod

Tegaserod is a partial 5-hydroxytryptamine type 4 (5-HT,)
receptor agonist and effective in treating female patients with
CC as well as IBS-C. In a large-scale study of patients with
CC, tegaserod increased CSBMs, improved constipation-
related symptoms and patient satisfaction, and was effective
for 12 weeks." The US Food and Drug Administration (FDA)
regulated the general use of tegaserod in 2007 owing to the
risk of serious cardiovascular side effects. Its use is currently
restricted, under an investigational new drug protocol, to
women below 55 years of age. However, recent multicenter
studies conducted in the US and Europe showed that tega-
serod has high efficacy in female patients who had IBS with
mixed bowel habits or IBS-C."” In a meta-analysis of 11 ran-
domized controlled studies, the comparative efficacy of tega-
serod was reported to be 0.85 (95% CI, 0.80-0.90), suggesting
that it is capable of ameliorating symptoms.'® In a study of 81
Korean women with IBS-C, tegaserod was administered for
4 weeks and improved both symptoms and quality of life."”
A 6-month observational cohort study conducted in the US
reported that there was no difference in the risk of cardio-
vascular events between the tegaserod group, consisting of
52,229 subjects, and the control group.® Based on these find-
ings, some researchers argue against the FDA's decision to
discontinue the marketing of tegaserod. However, the risks
associated with the use of tegaserod are still considered to
be higher than its benefits,'”*’ and no new research on tega-
serod has been reported since the recent development of
new drugs with improved cardiovascular safety.
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2) Prucalopride

Prucalopride is a drug that acts as a selective, high-affinity
5-HT, receptor full agonist, and is effective in treating con-
stipation by increasing colonic contractility. In three pivotal
trials, prucalopride was verified to be effective in increasing
CSBMs per week, and improving perceived disease severity
and quality of life in patients with CC.*"* In a study of 620
patients with CC, participants receiving 2 or 4 mg of pru-
calopride for 12 weeks had increased one or more CSBMs
per week compared to patients in the control group.” In
another trial of 713 patients with CC, administration of 2 or
4 mg of prucalopride increased frequency of three or more
CSBMs per week, and improved evacuation completeness,
perceived disease severity, and quality of life.”” In a study of
elderly patients aged 65 years and older with CC, 1 mg of
prucalopride was administered for 4 weeks, and no changes
in electrocardiogram or corrected QT (QTc) interval were re-
ported, indicating its safety for the treatment of CC in the el-
derly.”"*
efficacy and safety similar to the results from clinical trials
with Western populations.” In a pooled analysis of the study
with Asian subjects and the three pivotal trials, increased
stool frequency with an average of three or more CSBMs per
week was demonstrated in Asian (34% vs. 11%, P<0.001) and
non-Asian women (24.6% vs. 10.6%, P<0.001), and prucalo-
pride was found to be safe and well-tolerated.*” It was also ef-
fective in improving the abdominal symptoms of CC such as
abdominal discomfort, bloating, straining, and painful bowel
movements.” In a study of a small number of patients, pru-
calopride was shown to be effective not only in the treatment
of slow transit constipation, but also obstructed defecation

A study of Asian subjects with CC reported its high

and IBS-C.*” Common adverse events included diarrhea and
headache. No effects on human ether-a-go-go-related gene
(hERG) potassium channels, QTc interval, or cardiovascular
adverse events were reported.”” The European Medicines
Agency (EMA) approved its use in female patients with CC.
However, further research is required to verify the long-term
effects, and effects on other types of constipation such as
IBS-C.

3) New Generations of 5-HT, Receptor Agonists

Velusetrag, a quinolone derivative, was developed after
prucalopride, a benzofuran. It was shown to have relatively
high efficacy and safety in a phase II study of patients with
CC.” Naronapride and YKP10811 are also under develop-
ment.”'

www.irjournal.org
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2. Direct or Indirect Chloride Channel Activators

1) Lubiprostone

Lubiprostone is a prostaglandin E, derivative that activates
type-2 chloride channels (CIC-2) on the apical surface of epi-
thelial cells lining the gastrointestinal tract, and triggers the
secretion of water-containing electrolytes. It then enters the
intestines and induces bowel movements. Lubiprostone was
approved for use by the FDA in adults with CC in 2006, and
in female patients with IBS-C aged 18 years and above in
2008. In studies published after approval, lubiprostone was
shown to significantly improve the symptoms of patients
with IBS-C.”*** However, in a long-term follow-up study of
248 patients with CC, only 51% of patients were reported to
have completed 48 weeks of drug administration, despite
the fact that dose moderation was allowed based upon the
severity of adverse events. The most common treatment-
related adverse events were nausea (19.8%), diarrhea (9.7%),
abdominal distension (6.9%), and headache (6.9%).* Recent
studies on lubiprostone have focused on its effects on intes-
tinal secretion, mucus-mobilization, and microbiota.””

2) Linaclotide

Guanylate cyclase-C is a receptor in the intestinal muco-
sal cells that activates the cystic fibrosis transmembrane
conductance regulator (CFTR). Through activation of the
CFTR chloride channel, it promotes intestinal secretion of
water and electrolytes. Linaclotide, a guanylate cyclase-C
agonist, was administered for 5 days in a study of 36 females
with IBS-C, and resulted in accelerated transit time in the
ascending colon.” In two phase III studies of 1,604 patients
with IBS-C, linaclotide significantly alleviated symptoms
such as abdominal pain, discomfort, bloating, and excessive
straining, and significantly increased stool frequency.”*
The improvements in abdominal pain or discomfort were
significantly different between the treatment group (290 pg
per day) and the placebo group. These groups had 54.8% vs.
41.8% improvement after 12 weeks of administration, and
53.6% vs. 36.0% improvement after 26 weeks of administra-
tion." Linaclotide affects the colonic sensory afferents in
patients with chronic visceral hypersensitivity by reducing
the activity of pain-sensing fibers by elevating extracellular
cyclic guanosine-3,5'-monophosphate (cGMP) levels." The
superior effect of linaclotide in patients with CC was verified
in a randomized, multicenter, double-blind study of 1,276
patients with CC."” In addition, improvements in abdominal
and bowel symptoms were reported in patients with CC."
Linaclotide was approved by the FDA in 2012 for the treat-
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ment of IBS-C and CC. However, further research of its long-
term efficacy and safety is needed.

3. Probiotics

Studies on the effect of probiotics for the treatment of CC
are heterogeneous in their designs, and very few are well de-
signed. In a systematic review of five randomized controlled
trials, Bifidobacterium lactis DN-173 010, Lactobacillus casei
Shirota, and Escherichia coli Nissle 1917 were reported to
improve defecation frequency and stool consistency in pa-
tients with CC."" A recent randomized, double-blind, place-
bo-controlled trial in patients with CC reported the efficacy
of a microbial cell preparation containing fructooligosac-
charide, Bifidobacterium, and Lactobacillus."” However, this
effect could not be directly correlated with the effectiveness
of probiotics, since probiotics were administered in a form
of synbiotics. In a 2-week VSL#3 study in patients with CC,
clinical symptoms improved and fewer Bifidobacterium and
bacteroides species were detected in the feces of patients
with constipation." However, the mechanism by which pro-
biotics contribute to the treatment of patients with CC has
not been identified, and long-term follow-up studies are rare.
Therefore, it is difficult to make conclusions about the effi-
cacy of probiotics in the treatment of CC.

4. Antibiotics

Several studies have reported an association between the
overgrowth of methane-producing intestinal microbiota and
constipation. Overgrowth of methane-producing intestinal
microbes has been reported to have a higher correlation
with CC than IBS-C."" In a recent study reporting an associa-
tion between CC and the presence of methanogenic flora, a
glucose breath test was performed on 96 patients with CC
and 106 healthy subjects. Based on >3 parts per million as
a positive baseline value, the positivity in the control group,
normal transit constipation group, and slow transit constipa-
tion group were 28%, 44%, and 75%, respectively.”® Sixty-two
patients with constipation and 49 healthy subjects were en-
rolled in a colonic transit study using a radio-opaque marker
and a lactulose breath test. The results showed that positivity
in the control group, normal-transit constipation group, and
slow-transit constipation group were 12%, 13%, and 59%,
respectively.” Positive effects of neomycin and rifaximin
treatment on patients with IBS-C have been reported.”' In
a recent small-scale study of patients with methane-positive
IBS-C, a combination of neomycin and rifaximin was found
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to be more effective than neomycin alone.” However, the
criteria for the breath test have not been properly estab-
lished, and it is therefore difficult to conclude that there is an
association between methane production and constipation.
Prior to commencing treatment with antibiotics, standard-
ization of diagnostic methods, identification of mechanisms,
evaluation of antibiotic-resistant bacteria in long-term use,
and safety should be established.

5. Bile Acid Transporter Inhibitors

Normally, more than 95% of bile acid is reabsorbed in the
terminal ileum. Unabsorbed bile acid moves to the colon to
promote peristalsis and activates adenylate cyclase, which
increases permeability of the mucous membrane of the co-
lon, resulting in diarrhea.” Elobixibat, a selective ileal bile
acid transporter inhibitor administered at a dose of 20 mg
once daily for 2 weeks to 36 female patients with CC, re-
duced colonic transit and improved symptoms such as stool
consistency, stool frequency, and excessive straining.” In
a phase IIb trial of 190 patients with CC, patients were ran-
domly assigned to receive either placebo or elobixibat 5 mg,
10 mg, or 15 mg once daily for 8 weeks. After the first week,
the 10 mg and 15 mg groups showed signs of improvement
in stool frequency and constipation symptoms compared
to the control group, and this effect was maintained for the
entire 8-week period. The most common adverse events
included abdominal pain and diarrhea, which were dose-
dependent.55 However, more research on the efficacy, safety,
and the effect of excessive bile acid on the mucous mem-
brane of the colon is required.

6. Pharmacologic Treatment for Opioid-Induced
Constipation

Opioids exert an analgesic effect by binding to p-opioid
receptors in the central nervous system. They can cause
constipation by inhibiting bowel movements through the
u-opioid receptors in the gastrointestinal tract. In a study
of patients with opioid-induced bowel dysfunction, alvi-
mopan, a peripherally acting p-opioid receptor antagonist
(PAMORA), significantly improved stool frequency during
the 8 hours and the time required for the first evacuation
compared to placebo.” Alvimopan is reportedly effective in
patients with postoperative ileus and bowel resection who
received patient-controlled analgesia.”” Alvimopan was ap-
proved by the FDA in 2008. Methylnaltrexone, approved by
the FDA in 2008, is a selective inhibitor of opioid receptors
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located in the intestinal muscle cells, and normalizes bowel
function without affecting the analgesic effects of opioids.”
Preliminary studies on TD-1211 and NKTR-118, new oral
PAMORASs, have been reported.59 Lubiprostone, a selective
CIC-2 channel activator approved by the FDA in 2013, was
administered at 48 pg per day for 12 weeks to patients with
opioid-induced constipation, spontaneous stool frequency,
abdominal discomfort, excessive straining, and stool consis-
tency improved to a greater extent in the lubiprostone than
that in the placebo group.” In addition, naltrexone extended-
release, a combination of naltrexone and morphine, and
tapentadol, a combination of a norepinephrine reuptake
inhibitor and a p-opioid receptor agonist, are under develop-
ment.”’ These medications are expected to have more sig-
nificance in the future owing to the increased use of opioids.

BIOFEEDBACK

Biofeedback is a learning method using electric or mecha-
nical devices to improve patients’ control over their own
biological responses through trial and error, and to increase
their recognition of biological responses. In defecatory disor-
ders, biofeedback is mainly used for improving coordination
or recovering the contractibility of the pelvic floor muscles.
Biofeedback has an approximately 70% success rate in many
studies. Some studies were not well designed, and caution is
therefore required.”* In a 5-week trial of patients with pel-
vic floor dyssynergia, patients were randomly assigned to the
PEG or biofeedback groups, and improvement in constipa-
tion was evaluated 1 and 2 years after treatment. Short-term
results showed that PEG and biofeedback had 20% and 80%
efficacy, respectively, and that the effect was maintained for
2 years.”' In another study, the effectiveness of biofeedback
therapy was reportedly maintained for over a year.”” Howev-
er, a retrospective study that examined the completion rate
and efficacy of biofeedback therapy reported that only 48%
of patients with dyssynergic defecation and 44% of patients
with fecal incontinence completed the biofeedback therapy.
In terms of the efficacy of short-term therapy, 60% of patients
with dyssynergic defecation and 80% of patients with fecal
incontinence responded that it was effective.” These results
indicate the necessity for further research on the efficacy and
methodology of biofeedback in clinical practice.

SURGICAL TREATMENT

Sacral nerve stimulation can improve the symptoms of
constipation by stimulating parasympathetic sacral nerves

www.irjournal.org
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in the intestinal tract, which play an important role in accel-
erating movement of the colon. There have been anecdotal
reports of sacral nerve stimulation for patients with slow
transit constipation who do not respond to conventional
treatment.”” In a study of 45 patients with refractory consti-
pation, 39 (87%) patients showed improvements in their
symptoms.” However, in another study, 58% of patients

Table 1. New Pharmacological Treatments for Constipation
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experienced pain or lack of efficacy.” Moreover, after three

years of observation following definitive sacral nerve stimu-
lation treatment, the slow transit constipation group showed
poor long-term efficacy.” Although sacral nerve stimulation
therapy may be considered as a non-invasive method for
treating patients with intractable constipation in the future, it
lacks sufficient foundation to act as a first-line treatment for

Drug Targets Mode of action Pharmacodynamics Clinical trials ~ Approval
Serotonergic enterokinetics
Prucalopride 5-HT, receptor agonist  Increases peristaltic Accelerates colonic Phase Il in CC EMA
reflex and colonic mass transit and proximal
movement colon emptying
Velusetrag 5-HT, receptor agonist  Increases colonic peristalsis Accelerates colonic Phase Ilb in CC _
transit
Naronapride 5-HT, receptor agonist  Increases colonic peristalsis Accelerates colonic Phase b in CC _
transit
YKP10811 5-HT, receptor agonist  Increases colonic Accelerates colonic Phase llain CC _
peristalsis transit
Intestinal secretagogues
Lubiprostone CIC-2 activator Increases luminal Accelerates small Phase Il in CC FDA
chloride concentration intestinal and colonic ~ Phase Il in IBS-C
and intestinal fluid transit
secretion
Linaclotide Guanylate cyclase-C Increases luminal Accelerates colonic Phase Ill in CC FDA, EMA
agonist chloride concentration transit Phase lll in IBS-C
and intestinal fluid secretion ~ Decreases activity of
by activating CFTR pain-sensing fibers
Increases intracellular
and extracellular cGMP
Plecanatide Guanylate cyclase-C Increases luminal chloride Accelerates colonic Phase Ilb in CC _
agonist concentration and intestinal transit Phase Ilb in IBS-C
fluid secretion by activating
CFTR
Probiotics
VSL#3 Unclear Possibly normalizes Possibly accelerates Non-RCT in CC _
composition of gut flora colonic transit
Antibiotics

Neomycin plus rifaximin

Bile acid transporter inhibitor
Elobixibat

Methanogenic flora

Selective inhibitor
of ileal bile acid
transporter

Decreases colonic
methane production

Decreases ileal bile acid
absorption

Increases amounts of
colonic bile acid

Possibly accelerates
colonic transit

Accelerates colonic
transit

Non-RCT in IBS-C

Phase Ilb in CC

5-HT,, 5-hydroxytryptamine type 4; CC, chronic constipation; EMA, European Medicines Agency; CIC-2, type-2 chloride channel; IBS-C, IBS with
constipation; FDA, Food and Drug Administration; CFTR, cystic fibrosis transmembrane conductance regulator; cGMP, cyclic guanosine-3',5'-
monophosphate; RCT, randomized controlled trial.
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refractory constipation, and further research on appropriate
stimulation methods is required.

Total or subtotal colectomy may be considered for patients
with intractable constipation who do not respond to medical
treatment. Post-operative patient satisfaction varies, rang-
ing from 39-100%.”" In a study of a relatively large number
of patients using a validated questionnaire, colectomy and
ileorectal anastomosis were shown to improve long-term
quality of life.” Patients with no abnormalities in the small
bowel manometry before surgery tend to have good progno-
sis.” Therefore, patients should be carefully screened prior
to surgery through detailed examination of their intestinal
motility.

CONCLUSIONS

Current treatments for constipation include pharmacolog-
ic agents such as laxatives and non-pharmacologic therapies
such as biofeedback, sacral nerve stimulation, and surgery.
Newly developed serotonergic agents have overcome limita-
tions, and have shown superior clinical results. In addition,
a guanylate cyclase-C agonist has been reported to improve
the symptoms of constipation, and its high efficacy has been
verified. Other new agents under evaluation include the bile
acid transporter inhibitors, antibiotics, and probiotics (Table
1). Non-pharmacologic therapies have been attempted for
treating defecatory disorders and intractable constipation.
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