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Abstract: Constipation is a highly prevalent disorder that affects 

people regardless of age, race, gender, or socioeconomic status. 

For many patients, constipation is a chronic condition that reduc-

es quality of life. Chronic constipation also imposes a significant 

economic burden on the health care system. The treatment of 

constipation remains problematic for both patients and providers 

for a variety of reasons, including a lack of specificity of symptoms, 

an inconsistent relationship between underlying pathophysiology 

and symptom generation, and different and unpredictable patient 

responses to medications. A large number of over-the-counter 

agents are used to treat symptoms of constipation, although many 

of these agents are not effective, and data to support their use are 

limited and generally of poor quality. Patients referred for consul-

tation typically have failed therapy with over-the-counter agents 

and require prescription medications or possibly even surgical 

therapy. This article discusses medical treatments and surgical 

options for chronic idiopathic constipation. 

Chronic idiopathic constipation is a highly prevalent disor-
der that affects approximately 14% of the US adult popu-
lation.1 Although generally considered a benign process by 

many health care providers, chronic idiopathic constipation has a 
significant impact on the health care system with regard to both 
increased costs and reduced quality of life.2,3 Symptoms of constipa-
tion vary from person to person. In a survey evaluating 557 subjects 
with chronic constipation, most (79%) respondents reported strain-
ing, 71% hard stool, 62% abdominal discomfort, 57% bloating, and 
54% a feeling of incomplete evacuation after defecation; infrequent 
bowel movements were reported by 57%.4 These multiple symp-
toms have changed the definition of constipation, de-emphasizing 
decreased stool frequency as the sole descriptor of constipation. The 
Rome III criteria for functional constipation, which are frequently 
used to identify patients with chronic idiopathic constipation, are 
shown in Table 1.5 The American Gastroenterological Association 
recently published guidelines on the diagnosis and treatment of 
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constipation; the criteria for these guideines are listed 
in Table 2 for comparison.6 These guidelines classify 
patients into 1 of 3 groups (normal-transit constipation, 
pelvic floor dysfunction, and slow-transit constipation) 
based on results of anorectal testing and assessments of 
colonic transit. Unfortunately, tests to evaluate anorectal 
and colonic function are not widely available everywhere, 
which can make accurate diagnosis of the subtypes of 
chronic idiopathic constipation difficult in rural and 
underserved areas. 

The effective treatment of chronic idiopathic con-
stipation remains problematic for a number of reasons. 
First, symptoms do not accurately reflect the underlying 
pathophysiology. Second, symptoms are a poor predic-
tor of responsiveness to medications. Third, patients 
with similar symptoms often respond differently to the 
same medication. Fourth, patients may have overlapping 
processes that cause constipation symptoms (ie, chronic 
constipation and overlapping pelvic floor dysfunction) 
and so may require 2 different therapeutic interventions. 
Finally, no medication is uniformly effective in all patients 
with constipation. Given the complexity of this disorder, 
the goal of this article is to review the available prescrip-
tion medications (Table 3) and surgical treatment options 
for chronic constipation in an evidence-based approach. 

Literature Search 

The published literature included in the PubMed, Ovid 
MEDLINE, and EMBASE databases was searched. For 
PubMed (1966-July 2014), Ovid MEDLINE (1966-July 
2014), and EMBASE (1980-July 2014), the search terms 
constipation, chronic constipation, and functional constipa-
tion (English language) were combined with other search 
terms, some of which were drugs/medications (osmotic 
agents, polyethylene glycol, bile acid, chenodeoxycholic acid, 
A3309, tegaserod, prucalopride, velusetrag, lubiprostone, 
linaclotide, plecanatide, surgery, sacral nerve stimulation, 

and colonic resection). The results were then further refined 
by limiting them to include only human trials, fully pub-
lished manuscripts, randomized clinical trials, and English 
language papers. Results published only in abstract form 
were generally not included unless they were felt to be 
of significant clinical interest. References within studies 
that met the selection criteria were manually searched for 
other potentially relevant studies. 

Medications

Polyethylene Glycol
Osmotic laxatives contain poorly absorbed substances 
that serve as osmotic agents, drawing water into the intes-
tinal lumen and holding it there. Although some osmotic 
laxatives, such as milk of magnesia and polyethylene 
glycol (PEG), are sold over the counter, many patients 
still obtain PEG with a prescription, so its mention here 
is warranted. PEG is a nonabsorbable and nonmetabo-
lized polymer that is formulated either with or without 
electrolytes. A systematic review found evidence that PEG 
effectively improves stool frequency and consistency.7 A 
multicenter, double-blind, placebo-controlled trial evalu-
ated the therapeutic effect of daily doses of PEG in the 
treatment of chronic constipation (n=48).8 In comparison 
with placebo, PEG solution induced a statistically signifi-
cant increase in weekly bowel frequency at 4 weeks and at 
the end of the 8-week study (4.8±2.3 for PEG vs 2.8±1.6 
for placebo; P<.002) and significant decreases in strain-
ing at defecation (P<.01), stool hardness (P<.02), and 
use of laxatives (P<.03). Another double-blind, placebo-
controlled study measured the long-term therapeutic 
effectiveness, safety, and tolerability of low daily doses 
of isosmotic PEG.9 Successful treatment of constipation, 

Table 1. Rome III Criteria for Functional Constipation

Two or more of the following symptoms for 3 months or 
longer, with onset at least 6 months prior to diagnosis, and 
symptoms present at least 25% of the time:

• Straining
• Hard stools or scybala
• Sensation of incomplete evacuation
• Sense of anorectal obstruction/blockade
• Manual maneuvers (digital disimpaction)
• Fewer than 3 bowel movements per week

In addition, patients cannot meet criteria for inflammatory 
bowel disease.

Adapted from O’Keefe EA, Talley NJ, Zinsmeister AR, Jacobsen SJ. Bowel 
disorders impair functional status and quality of life in the elderly: a population-
based study. J Gerontol A Biol Sci Med Sci. 1995;50(4):M184-M189.

Table 2. American Gastroenterological Association Criteria for 
Chronic Constipation

Patients should be classified via anorectal testing and assess-
ments of colonic transit into 1 of 3 groups:

• Normal-transit constipation
• Pelvic floor dysfunction (defecatory disorders)
• Slow-transit constipation

Adapted from Bharucha AE, Dorn SD, Lembo A, Pressman A. American 
Gastroenterological Association medical position statement on constipation. 
Gastroenterology. 2013;144(1):211-217.

Table 3. Prescription Pharmacologic Treatments for Constipation

• Osmotic agents
• Serotonin agonists (tegaserod, prucalopride, and 

velusetrag)
• Secretagogues (lubiprostone, linaclotide, and 

plecanatide)
• Bile acid–modifying agents (chenodeoxycholate and 

elobixibat)
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according to the primary efficacy variable, was defined 
as the relief of constipation symptoms included in the 
modified Rome criteria. This endpoint was reported by a 
significantly (P<.001) higher number of patients treated 
with PEG than of patients given placebo over a 6-month 
treatment period. Numerous other randomized, con-
trolled trials have shown similar effectiveness.10,11 PEG was 
well tolerated, and side effects of abdominal cramping, 
flatulence, and nausea were rare. Trials have also been con-
ducted comparing PEG with other laxatives. PEG is more 
effective than lactulose11 at increasing stool frequency, 
and another trial showed PEG to be more effective than 
tegaserod (Zelnorm, Novartis).12 Although PEG is com-
monly used in the treatment of chronic constipation, it 
is approved by the US Food and Drug Administration 
(FDA) only for the treatment of acute constipation.

Serotonin Receptor Agonists 
Tegaserod  Tegaserod is worth a brief mention here 
because it is the only serotonin (5-HT4) receptor ago-
nist approved by the FDA (in 2004) for the treatment 
of chronic idiopathic constipation. However, tegaserod 
was removed from the North American market in March 
2007 because of concerns about potential adverse 
cardiovascular events,13 although a follow-up study in 
which an insurance claims database was used showed no 
relationship between tegaserod use and cardiovascular 
side effects.14 Tegaserod may have relieved symptoms of 
constipation because it accelerates both orocecal transit 
time and proximal colonic filling at 6 hours.15 The FDA 
approval was based on the results of 2 large studies 
considered to be of high quality because they were pro-
spective, placebo-controlled, randomized, double-blind, 
multicenter studies with a duration of 12 weeks and with 
well-defined primary and secondary endpoints.16,17

Prucalopride  Prucalopride (Resolor, Shire) is a 5-HT4 
agonist currently approved for the treatment of chronic 
constipation in Europe, but it is not yet approved by the 
FDA for use in the United States. Prucalopride, a selec-
tive dihydrobenzofurancarboxamide derivative, binds 
with high affinity to the 5-HT4 receptor (Figure 1). 
The drug is well absorbed (oral bioavailability estimated 
at 90%), most is eliminated in the urine (60%-70%), 
the pharmacokinetic profile is not altered by food, and 
it has negligible activity in the human ether-a-go-go 
potassium channel.18,19 

The efficacy and safety of prucalopride for the treat-
ment of chronic constipation have been evaluated in 3 
large studies that were essentially identical in design—mul-
ticenter, randomized, double-blind, placebo-controlled, 
parallel-group studies conducted over 12 weeks.20-22 
Patients were randomized to once-daily prucalopride (2 or 

4 mg) or placebo after symptoms had been measured for 2 
weeks. The primary efficacy endpoint was the proportion 
of patients having 3 or more complete spontaneous bowel 
movements (CSBMs) per week, averaged over the 12-week 
period, in an intention-to-treat analysis. In the first study, 
620 patients were randomized (88% women; mean age, 48 
years). The primary endpoint (≥3 CSBMs per week) was 
reached by 31% of those on 2 mg of prucalopride, 28% 
of those on 4 mg, and 12% of those on placebo (P<.001 
for both study groups).20 The second study included 720 
patients (mean age, 48.1 years) with a mean duration of 
constipation of approximately 18 years.21 Patients treated 
with prucalopride (both the 2- and 4-mg doses) were more 
likely to meet the primary endpoint than were patients 
given placebo (P<.01 and P<.001, respectively), and these 
patients also reported an improvement in several second-
ary endpoints, including the percentage of bowel move-
ments with normal consistency (P<.05 for both groups) 
and the percentage of bowel movements not associated 
with straining (P<.01 for both groups). In the third study, 
which involved 651 patients (mean age, 47.9 years), 23.9% 
and 23.5% of the patients treated with prucalopride met 
the primary endpoint in comparison with those given 
placebo (P<.01 for both groups).22 In terms of serious 
adverse events, no deaths were reported in any of the trials. 

Figure 1. The structure of prucalopride.
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testinal transit were evaluated in a dose-ranging study of 60 
healthy volunteers.24 Single doses of velusetrag (30 and 50 
mg), but not placebo, accelerated colonic transit, as mea-
sured by colonic filling at 6 hours (P<.038) and geometric 
center at 24 hours (P<.001). A phase 2B dose-ranging study 
compared the effects of velusetrag (15, 30, or 50 mg) with 
placebo over 4 weeks in 401 adults (mean age, 45.1 years; 
92% women) who had chronic constipation.25 The authors 
reported that all doses of velusetrag improved stool frequency 
and stool consistency and decreased straining compared with 
placebo (P<.01-.0001). Diarrhea occurred in 11% to 15% 
of the patients treated with velusetrag vs 1% of those ran-
domized to placebo. Large randomized, placebo-controlled 
trials will be required to confirm these results and determine 
whether velusetrag is a viable treatment option for patients 
with chronic constipation. 

No clinically significant differences were found in serum 
chemistries, electrocardiographic data, urinalysis results, or 
hematologic data. No patient in the placebo group stopped 
the medication because of diarrhea, although 1.5% to 
4.4% of the patients on prucalopride discontinued the 
medication because of diarrhea (2- and 4-mg doses, respec-
tively). Adverse events leading to discontinuation consisted 
primarily of headache, nausea, diarrhea, and abdominal 
pain and usually occurred within the first few days of treat-
ment. It is worth noting that based on the balance between 
efficacy and adverse events, the 2-mg but not the 4-mg dose 
was brought to market. 

Velusetrag  Velusetrag is another highly selective 5-HT4 ago-
nist with no apparent effect on human ether-a-go-go–related 
potassium channels.23 The effects of velusetrag on gastroin-

Figure 2. The mechanism of action of lubiprostone.
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Secretagogues
Lubiprostone  Lubiprostone (Amitiza, Sucampo/Takeda) 
is classified as a prostone, a bicyclic fatty acid compound 
derived from a metabolite of prostaglandin E1 (Figure 
2).26 Lubiprostone accelerates intestinal and colonic tran-
sit, purportedly by activating ClC-2 chloride channels on 
the apical membrane of epithelial cells.27-29 Activation of 
ClC-2 chloride channels causes an efflux of chloride into 
the lumen of the gastrointestinal tract; this is followed by 
the efflux of sodium and then water in order to maintain 
both isoelectric and isotonic equilibrium. Several studies 
have postulated that the actions of lubiprostone may not 
be entirely due to activation of the ClC-2 chloride chan-
nel. Bassil and colleagues found that lubiprostone induced 
the contraction of rat and human stomach longitudinal 
muscle,30 whereas other researchers demonstrated that 
lubiprostone increased the contractility of circular but 
not longitudinal smooth muscle through a prostaglandin 
E receptor 1 pathway.31 T84 cell monolayer cultures were 
used to demonstrate that lubiprostone stimulates the 
secretion of intestinal fluid via prostanoid receptor signal-
ing (EP4 receptors),32 whereas other researchers found that 
lubiprostone can activate the cystic fibrosis transmem-
brane regulator (CFTR) via the EP4 receptor.33 

Lubiprostone was approved for the treatment of 
chronic constipation in 2006 based in part on the results 
of 2 separate phase 3 multicenter trials performed after 
an initial dose-ranging study.34-36 Patients were classified 
as having symptoms of chronic constipation based on 
modified Rome II criteria.34 The first study involved 242 
subjects (mean age, 48.6 years; 90% women; >84% white) 
from 20 centers across the United States.35 Patients were 
randomized to twice-daily lubiprostone (24 μg) or placebo 
taken with food after a 2-week baseline period. Prescrip-
tion and over-the-counter constipation remedies were pro-
hibited during the washout and study periods, although 
bisacodyl suppositories or sodium phosphate enemas were 
available as “rescue” therapy for those subjects without a 
bowel movement for 3 or more consecutive days. Com-
pared with the patients given placebo, the treatment group 
had more spontaneous bowel movements (SBMs) during 
week 1 (5.7 vs 3.5; P=.0001), and the effect was sustained 
during each of the subsequent weeks of the study. A larger 
percentage of the patients on lubiprostone had an SBM 
within 24 hours (56.7% vs 36.9%; P=.0024) and within 
48 hours (80.0% vs 60.7%; P=.0013). The percentages of 
patients who needed rescue medications were similar in 
the 2 groups at baseline, but the percentage had decreased 
in the lubiprostone group by the end of the study period 
(35.6% vs 50.8%; P=.0357). The symptom scores of the 
patients on lubiprostone were significantly improved com-
pared with those of the patients on placebo for weeks 1 
through 4 in regard to stool consistency (P<.0001), strain-

ing (P≤.0001), and severity of constipation (P≤.0003). 
Abdominal bloating was decreased by lubiprostone com-
pared with placebo during weeks 1 and 2 (P≤.031), and 
the scores for abdominal discomfort were significantly 
improved for weeks 2 through 4 (P≤.045). At least 1 
adverse event was reported by 70% of the subjects on lubi-
prostone, compared with 50.8% of the patients on placebo 
(P=.0026). The most common treatment-related adverse 
event was nausea, occurring in 31.7% of the lubiprostone 
group and 3.3% of the placebo group (P<.001). Because 
of nausea, 5% of patients withdrew from the study.

The second phase 3 trial included 237 subjects (mean 
age, 45.8 years; 88% women).36 The patients on lubi-
prostone experienced a significant increase in the weekly 
frequency of bowel movements (5.9 vs 4.00; P<.0001). As 
in the previously described studies, the patients on lubi-
prostone reported improvements in subjective measures of 
constipation, and more patients in the lubiprostone group 
than in the placebo group had a SBM within the first 24 
hours (61% vs 31%; P<.0001). Nausea, headache, and 
diarrhea were again the most commonly reported adverse 
events. Mild to moderate nausea occurred more frequently 
in the lubiprostone-treated group than in the placebo group 
in the second study (21% vs 4.2%; P value not reported). 
No serious adverse events were reported; 15 patients on 
lubiprostone withdrew from the second trial. 

The long-term safety and efficacy of lubiprostone 
were evaluated in a prospective, open-label study of 248 
patients treated with 24 μg of lubiprostone twice daily for 
48 weeks (modified Rome II criteria; mean age, 51 years; 
84% women)37; 127 patients (51%) completed the trial. 
Nausea (19.8% of participants) and diarrhea (9.7%) were 
the 2 most common adverse events, and these were cat-
egorized as either mild or moderate. A total of 33 patients 
(13.3%) withdrew from the study; nausea was the most 
common reason (5.2%), followed by abdominal disten-
sion (2%), headache and abdominal pain (1.6% each), 
and diarrhea (1.2%). No clinically significant changes 
were noted in body weight, vital signs, physical exami-
nation findings, urinalysis results, electrolyte levels, liver 
function test results, or complete blood cell counts. One 
serious adverse event was considered to be possibly related 
to medication use; a normal pregnancy resulted in a baby 
with 2 clubfeet. It should be noted that lubiprostone is 
not available in Europe.

Linaclotide  Linaclotide (Linzess, Forest Laboratories and 
Ironwood Pharmaceuticals) is a 14-amino acid peptide 
that stimulates intestinal guanylate cyclase type C (GC-C) 
receptors (Figure 3).38 Linaclotide is acid stable and prote-
ase resistant. It is minimally absorbed and undetectable in 
the systemic circulation at therapeutic doses. Linaclotide 
mimics the action of endogenous guanylin (15 amino 
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acids) and uroguanylin (16 amino acids), both of which 
activate the GC-C receptor.39,40 GC-C is expressed at high 
levels in the small intestine and colon, but at low levels 
in the stomach. The activation of GC-C stimulates the 
production of cyclic guanosine monophosphate (cGMP) 
from guanosine triphosphate, which then increases the 
flow of electrolytes (HCO3

– and Cl–) and water into the 
lumen of the gastrointestinal tract (Figure 3).41 The result 
is an increase in gastrointestinal transit.42 In addition, 
stimulation of the GC-C receptor on intestinal epithelial 
cells and the release of cGMP into the serosa reduce vis-
ceral hyperalgesia.43

The safety and efficacy of linaclotide in chronic con-
stipation were evaluated over 12 weeks in 2 large paral-
lel, randomized, placebo-controlled, double-blind trials 
involving 1272 patients taking 2 different doses (145 
and 290 μg).44 Trial 01 included 630 patients, and trial 
303 included 642 patients (median age, 48 years; 89% 
female). The primary endpoint of both trials was defined 
a priori as a composite endpoint of 3 or more CSBMs per 

week and an increase of at least 1 CSBM per week from 
baseline for at least 9 of the 12 weeks. Secondary end-
points included measurements of stool frequency, stool 
consistency, severity of straining, abdominal discomfort, 
bloating, and overall severity of constipation. The authors 
reported that once-daily linaclotide produced early and 
sustained decreases in bowel and abdominal symptoms 
and increases in SBMs and CSBMs within the first week 
of treatment. For the 12-week study period, the primary 
endpoint (12-week CSBM overall response for ≥9 of 12 
weeks) was met in both trial 01 (16.0% and 21.3% vs 
6.0% for placebo; P=.0012 and P<.0001) and trial 303 
(21.2% and 19.4% vs 3.3% for placebo; P<.0001). These 
benefits remained when the data were pooled and ana-
lyzed for weeks 1 through 12. Secondary endpoints with 
linaclotide, including CSBMs per week, SBMs per week, 
stool consistency, straining, severity of constipation, 
abdominal discomfort, and bloating, were superior to 
those with placebo, and the differences were statistically 
significant in both studies for each dose of linaclotide.

Figure 3. The mechanism of action of linaclotide. 
CFTR, cystic fibrosis transmembrane receptor; cGMP, cyclic guanosine monophosphate; GC-C, guanylate cyclase type C; GTP, guanosine triphosphate; PKG, protein kinase G.
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Trial 303 included a randomized 4-week withdrawal 
study involving 538 of the 642 patients. The patients ini-
tially treated with linaclotide either continued linaclotide 
or were switched to placebo, while the placebo patients 
were switched to 290 μg of linaclotide. The CSBM rates 
for the patients initially treated with linaclotide and re-
randomized to placebo decreased to the CSBM rates for 
placebo during the study, while the CSBM rates of the 
patients maintained on linaclotide were sustained (com-
plete data not provided). The CSBM rates of the placebo 
patients later allocated to linaclotide increased to levels 
seen during the primary treatment period (complete data 
not available). A rebound effect, characterized by a wors-
ening of constipation symptoms, was not seen following 
the cessation of linaclotide. A significant treatment effect 
on chronic constipation, bowel and abdominal symptoms, 
and global assessments was found (r values of 0.51-0.60, 
0.46-0.59, and 0.44-0.59, respectively). The authors 
reported 1 death in this study, which was caused by an 
overdose of fentanyl and was not thought to be related to 
the study drug. Adverse events occurred in 2.1% of the 
patients treated with placebo and in 1.4% and 2.6% of 
those treated with linaclotide (145- and 290-μg doses, 
respectively). The rates of discontinuation due to adverse 
events were 4.2% in the patients treated with placebo, 
7.9% in the patients treated with 145 μg of linaclotide, 
and 7.3% in those treated with 290 μg of linaclotide. Dis-
continuation of the study medication and adverse events 
were primarily related to gastrointestinal problems, and 
the most common gastrointestinal adverse events were 
diarrhea, flatulence, and abdominal pain. No clinically sig-
nificant differences were found among the 3 groups with 
regard to electrocardiographic results, vital signs, blood 
chemistries, urinalysis results, or hematologic findings.

Plecanatide  Plecanatide (Synergy Pharmaceuticals) is 
a 16-amino acid GC-C agonist that is structurally and 
functionally nearly identical to the human hormone 
uroguanylin.45 As with linaclotide, the binding of ple-
canatide to transmembrane enteric receptors stimulates 
the increased production of intracellular cGMP, which 
activates the CFTR and increases the secretion of fluid 
and ions into the gastrointestinal lumen. A large mul-
ticenter trial to evaluate the safety and efficacy of ple-
canatide in 951 patients with chronic constipation was 
completed in 2012; the full data are awaiting release.46 
Study participants were randomized into 4 study arms in 
which varying doses of plecanatide (0.3, 1.0, and 3.0 mg) 
were compared with placebo during a 12-week period. 
A statistically significant improvement in the number of 
CSBMs was noted for all doses of plecanatide compared 
with placebo; the greatest improvement was observed 
with the 3-mg dose of plecanatide. More than half of the 

patients in the arm given 3 mg of plecanatide experienced 
an increase of at least 1 CSBM per week relative to base-
line (52.3% vs 36.8% for placebo; P<.001). The most 
common adverse event reported was diarrhea (9.7% for  
3 mg of plecanatide vs 1.3% for placebo). 

Newer Agents: Bile Acid–Modifying Agents 
Bile acids induce diarrhea by increasing colonic fluid 
and electrolyte secretion and stimulating colonic propul-
sion.47,48 Elobixibat (Ajinomoto Pharmaceuticals) is a novel 
oral agent that inhibits the ileal bile acid transporter and 
consequently increases the flow of bile into the colon. In 
a randomized, placebo-controlled, dose-escalating study 
(0.1, 0.3, 1, 3, and 10 mg daily) of 30 patients (mean age, 
61.5 years; 76% women) with chronic constipation, the 
2 highest doses of elobixibat accelerated colonic transit.49 
In a double-blind, placebo-controlled study of 36 women 
with chronic constipation, 14 days of treatment with 20 
mg of elobixibat improved colonic transit at 24 hours and 
improved stool consistency.50 Colonic transit at 48 hours 
was accelerated with both a 15- and a 20-mg dose com-
pared with placebo (P=.002 and P<.001, respectively). 
Patients reported improvements in stool consistency 
and straining. Gastric emptying in patients treated with 
elobixibat appeared to be slightly delayed compared with 
gastric emptying in those given placebo, although this dif-
ference was not statistically significant. 

The largest study of elobixibat published to date 
enrolled 190 patients (mean age, 48 years; 90% women) 
in a randomized, double-blind, placebo-controlled, 8-week 
trial at 45 US sites.51 Patients met modified Rome III cri-
teria for chronic constipation; the primary endpoint was 
the change in SBM frequency during week 1 compared 
with baseline. Patients were randomized to 1 of 4 oral daily 
treatment groups (placebo or a 5-, 10-, or 15-mg dose of 
elobixibat). The authors reported a significant improve-
ment in the number of SBMs (the primary endpoint) in 
the 10-mg (4.0 SBMs) and 15-mg (5.4 SBMs) treatment 
groups (P<.002 and P<.001, respectively) compared with 
the placebo group (1.7 SBMs). Significantly more of the 
patients treated with elobixibat (either 10 or 15 mg) than of 
the patients given placebo reported a SBM within 24 hours 
of taking their first dose of medication (P=.012). Secondary 
endpoints, including decrease in straining, improvement in 
stool consistency, and increases in CSBMs and stool fre-
quency at week 8, were all better in the 10- and 15-mg 
groups in comparison with the placebo group, and the dif-
ferences were statistically significant. Adverse events were 
reported by 54% of patients and severe adverse events by 
7%. The most common were abdominal pain and diarrhea, 
and these were dose-related. The study medication was dis-
continued by 15% of the patients (6 in the placebo group 
and 23 in the elobixibat groups). In most cases, discontinu-
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ation was because of abdominal pain and diarrhea. Total 
cholesterol levels dropped in the 10- and 15-mg treatment 
groups. Further trials are warranted to determine whether 
the reported efficacy can be maintained over a prolonged 
period of time and whether adverse events are short-lived 
and/or tolerable.

Surgical Options

Sacral Nerve Stimulation
The first report of electrical stimulation to improve 
colonic motility was published in 1995.52 Since then, 
sacral nerve stimulation (SNS) has been shown to induce 
pancolonic antegrade propagating sequences and increase 
stool frequency both in patients with slow-transit con-
stipation and in those with normal-transit constipation 
resistant to standard therapy (ie, the “difficult” patients 
with constipation). SNS is a minimally invasive surgical 
option for patients with chronic constipation secondary 
to colonic inertia, rectal hyposensitivity, or obstructed 
defecation when symptoms remain refractory to more 
than 12 months of medical and behavioral management.53 
Eligible patients undergo a 2- to 3-week peripheral nerve 
evaluation, in which a temporary lead stimulates affer-
ent outflow from S3; a significant clinical response to 
electrical stimulation is an indication for the permanent 
implantation of a SNS device (Figure 4). 

Mechanistically, SNS appears to lower the thresh-
old of maximum tolerated volume in the rectal vault,54 
and it has been shown to induce pancolonic antegrade 
propagating sequences at suprasensory thresholds and to 
increase stool frequency both in patients with slow-transit 
constipation and in those with normal-transit constipa-
tion resistant to standard therapy.55 Notably, Kamm and 
colleagues demonstrated normalization of the whole-
gut transit time 6 months following permanent device 
implantation at a subsensory threshold of stimulation.56

In a review of 13 studies describing the results of SNS 
for chronic constipation, Thomas and colleagues reported 
successful test stimulation in 42% to 100% of patients.57 
Of the 13 studies reviewed, the largest successful response 
to permanent SNS device implantation was reported by 
Kamm and colleagues. In this multicenter prospective 
study, 45 of 62 patients (89% women) noted a 50% 
decrease in symptoms during a 3-week peripheral nerve 
evaluation, which qualified them for chronic stimulation. 
Of these patients, 39 (87%) reported a significant increase 
in stool frequency, decrease in straining, and improve-
ment in ease of evacuation and in half of the 8 domains of 
the 36-Item Short Form Health Survey (SF-36) during a 
median follow-up period of 28 months.56 

In 2012, Govaert and colleagues reviewed data 
gathered from 2 prospective studies performed at 2 ter-

tiary care centers in Europe; these studies included 117 
patients with persistent symptoms of constipation who 
had failed dietary changes, medications, and biofeed-
back (90% women; mean age, 45 years).58 The authors 
reported that 68 patients (58%) had undergone successful 
peripheral nerve evaluation during a 3-week trial period 
and progressed to the second part of the study, in which a 
sacral nerve modulator was implanted. The patients with 

Figure 4. Sacral nerve stimulation. 
Reprinted with permission from Medtronic Images, Inc. © 2006. InterStim 
Therapy is not approved by the Food and Drug Administration for the treatment 
of chronic constipation.
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normal colonic transit had a better response to percuta-
neous nerve stimulation than patients with slow transit 
(76% vs 52%; P=.048), and younger patients seemed to 
respond better than older patients. At 1 year after place-
ment of a sacral nerve modulator, 61 patients of those 
initially evaluated (52%) continued to use the modulator. 
Based on their Wexner constipation scores (0-30), these 
patients appeared to experience an overall decrease in 
the global symptoms of constipation (Wexner score of 
approximately 9; n=29) compared with baseline (Wexner 
score of approximately 18; n=80). However, because 
Wexner scores were not obtained in those who failed 
peripheral nerve evaluation and also were not obtained in 
those whose stimulator was removed (n=6), it is difficult 
to assess efficacy. 

Ortiz and colleagues reviewed prospective outcome 
data gathered by 2 European centers following the 
implantation of a SNS device for chronic constipation 
(n=48; 39% women; median age, 39 years).53 Of the 45 
patients who completed peripheral nerve evaluation, 23 
(47.9%; 5 with slow-transit constipation, 10 with outlet 
obstruction, and 8 with combined causes of constipation) 
proceeded to permanent device implantation. Of the 
patients who underwent chronic stimulation, 14 met the 
criteria for a successful outcome; the Wexner constipation 
scores decreased from 20.21 (standard deviation [SD] 
3.57) at baseline to 5.79 (SD 4.14) at the latest follow-up 
examination (P<.001), and stool frequency increased from 
1.4 (SD 0.77) at baseline to 6.07 (SD 2.22) evacuations 
per week at the latest follow-up examination (P<.001). 
Uniquely, the authors reported that the results did not 
differ between constipation subtypes.

Knowles and colleagues conducted a prospective, ran-
domized, double-blind and placebo-controlled crossover 
trial (n=13; 100% women) to evaluate the efficacy of SNS 
therapy for patients with chronic constipation secondary 
to evacuatory dysfunction and rectal hyposensitivity.54 
Following baseline evaluation (PRE) and temporary place-
ment of a SNS device, patients were randomized to 2-week 
intervals of ON/OFF, then switched to the opposite mode 
of operation for a total of 4 weeks. The authors reported 
a significant decrease in defecatory desire volume (PRE, 
277 mL [234-320]; ON, 163 mL [133-193]; OFF, 220 
mL [183-237]; P=.006) and in maximal tolerance volume 
(PRE, 350 mL [323-377]; ON, 262 mL [219-305]; OFF, 
298 mL [256-340]; P=.012). They also reported a signifi-
cant increase in the proportion of successful bowel move-
ments (PRE, median 43% [0-100] vs ON, 89% [11-100] 
vs OFF, 83% [11-100]; P=.007) and a significant decrease 
in Wexner constipation scores (PRE, median 19 [9-26] vs 
ON, 10 [6-27] vs OFF, 13 [5-29]; P=.01).  

In 2010, Maeda and colleagues performed a ret-
rospective review of adverse outcomes associated with 

SNS for constipation at a single institution (n=38; 84% 
women; mean age, 45.6 years).59 The authors reported 
that 22 patients (58%) experienced a total of 58 adverse 
outcomes attributed to SNS therapy, including 26 (45%) 
events associated with loss of efficacy and 16 (28%) events 
associated with prolonged pain. Of the 58 adverse events, 
28 (48%) were resolved with device reprogramming, and 
3 adverse events (5.2%) led to device explantation and 
discontinuation of SNS therapy.

Colonic Resection
Sir Arbuthnot Lane first documented the results of opera-
tive treatment for constipation in 1908. In a review of 
48 case series involving 11 different surgical treatment 
options for adult patients with chronic constipation 
(Rome III criteria) attributed to colonic inertia, Arebi and 
colleagues reported that mean stool frequency increased 
from 1.1 to 19.7 evacuations per week (n=30 studies; 
943/1443 patients [65%]), and postoperative laxative 
use decreased to zero for 67% of patients (n=34 studies; 
971/1443 patients).60 Total abdominal colectomy with 
ileorectal anastomosis was the most common surgical 
procedure (n=39 studies; 1046/1443 patients [72%]). 
Regardless of the surgical procedure, late complications 
included an overall 2% risk of mortality (n=45 studies; 
3/1324 patients), a 4.5% to 71% risk of postoperative 
obstruction (severity undefined; n=40 studies), an overall 
18% risk of fecal incontinence (n=23 studies; 150/828 
patients), and an overall 12.5% risk of recurrent constipa-
tion (n=36 studies; 122/973 patients). All studies empha-
sized the importance of appropriate patient selection dur-
ing a consideration of surgical treatment options, most 
commonly endorsing colonic transit (95%), anorectal 
manometry (88%), and defecography (78%) as critical 
preoperative investigations. 

Knowles and colleagues cautioned that although col-
ectomy often improves stool frequency, a large proportion 
of patients experience persistent symptoms of abdominal 
pain and bloating following surgery.61 Like most other 
investigators, Knowles and colleagues promote careful 
patient selection for the surgical treatment of colonic 
inertia, describing the ideal patient as one with evidence 
of diffuse slow colonic transit in the presence of normal 
gastric and small-bowel transit, normal rectal sensation, 
and absence of an evacuatory disorder. Highly selective 
preoperative eligibility requirements minimize the num-
ber of patients who experience the persistent postopera-
tive abdominal pain and bloating that are associated with 
panenteric motility disorders. 

More recently, Vergara-Fernandez and colleagues, in 
a comparison with published data from open procedures, 
reported similar rates of symptom resolution and an 
apparently lower rate of postoperative complications in 
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a prospective case series of patients (n=8; 100% women; 
mean age, 38 years) with isolated colonic inertia (Rome 
II criteria) who underwent laparoscopic colectomy with 
ileorectal anastomosis.62 At 1-year follow-up examination, 
stool frequency increased from 0.84 (SD 0.24) to 6.75 
(SD 3.45) evacuations per week (P=.001). Preoperative 
abdominal distension resolved in 4 patients following the 
surgical procedure (7/8 patients [87.6%] vs 3/8 patients 
[37.5%]; P=.034). Scores for pre- and postoperative pain, 
evaluated with a 10-point visual analogue scale, decreased 
from a preoperative mean of 6.6 (SD 0.3) to a postopera-
tive mean of 3.6 (SD 2.3). No patients reported inconti-
nence of liquid or solid material in either the preoperative 
or the postoperative period. Finally, the authors reported 
a significant increase in all 8 domains of the SF-36. 

Multiple authors recommend a trial of minimally inva-
sive SNS for the treatment of patients with isolated colonic 
inertia refractory to medical and behavioral management 
before colectomy,61 although no studies to date have directly 
compared the efficacy of SNS and definitive surgical options 
for the treatment of isolated slow-transit constipation. Finally, 
preoperative psychological testing and appropriate treatment 
before all operative procedures for chronic constipation are 
encouraged because symptoms of chronic constipation with 
a significant psychological etiology demonstrate only a mod-
est response to surgical therapy.57,60,61

Conclusions

Chronic constipation is a prevalent disorder, and its 
effective treatment remains problematic for both patients 
and clinicians. Our review of the published evidence for 
the treatment of chronic constipation with prescription 
medications reveals that the armamentarium is reasonably 
large and useful. For patients with persistent symptoms 
thought to be secondary to slow-transit constipation, 
surgery remains an option, although appropriate patient 
selection is critical. New and emerging treatments for 
chronic constipation are likely to fill an important void 
for many patients, particularly those who experience 
symptoms on a chronic basis and those who also experi-
ence significant bloating or intermittent abdominal pain.

The authors have no relevant conflicts of interest to disclose.
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