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BACKGROUND: Methylnaltrexone has been shown to be
effective for treating opioid-induced constipation (OIC) in chronic
settings, but its effects on acute OIC have not been studied.

OBJECTIVE: To assess safety and efficacy of subcutaneous
methylnaltrexone in patients with acute OIC after orthopedic
procedures.

DESIGN: Double-blind, randomized, parallel-group, placebo-
controlled, hypothesis-generating phase 2 study.

SETTING: Sixteen US hospitals and rehabilitation facilities.

PATIENTS: Adult patients with acute OIC after orthopedic
surgical procedure, expected to require opioids for at least
7 days postrandomization.

INTERVENTIONS: Patients received once-daily subcutaneous
methylnaltrexone 12 mg or placebo for up to 4 or 7 days.

MEASUREMENTS: All endpoints were exploratory and
included the percentage of patients achieving laxation
within 2 and 4 hours of first dose and time to laxation.

RESULTS: Thirty-three patients received at least 1 dose of
study drug (methylnaltrexone, n ¼ 18; placebo, n ¼ 15).
Within 2 and 4 hours, significantly more patients receiving
methylnaltrexone achieved laxation (2 hours: 33.3% vs
0%, P ¼ 0.021; 4 hours: 38.9% vs 6.7%, P ¼ 0.046)
compared with placebo. Time to laxation was significantly
shorter with methylnaltrexone (median ¼ 15.8 hours)
versus placebo (median ¼ 50.9 hours), P ¼ 0.0197. The
most common adverse events related to the
gastrointestinal tract. Pain scores remained stable and
were similar to those of placebo, and signs and
symptoms of opioid withdrawal did not emerge in patients
receiving methylnaltrexone.

CONCLUSIONS: Methylnaltrexone was generally well
tolerated and was active in inducing laxation in this
study of patients experiencing acute OIC following
orthopedic surgery. Journal of Hospital Medicine 2012;
7:67–72 VC 2011 Society of Hospital Medicine

The management of postoperative pain is essential to
perioperative care, and adequate postoperative analge-
sia has been associated with several key clinical bene-
fits, including fewer postoperative complications, ear-
lier patient ambulation, reduced costs due to shorter
hospital stays, and improved rehabilitation.1,2 While
opioids have long been central to postoperative anal-
gesia, they have been associated with various adverse
effects, including sedation, dizziness, nausea, vomit-
ing, constipation, dependence, tolerance, and respira-
tory depression.2,3 Constipation, one of the most com-
mon adverse effects resulting from opioid therapy, can
be debilitating. Indeed, opioid effects on gut motility
can occur even after a single dose.3 The consequences
of opioid-induced constipation (OIC) may be severe

enough to warrant a dosage reduction of the opioid;
however, this may lead to compromised analgesia,
which can hinder recovery.4,5 Thus, effective treat-
ment of OIC is an important clinical consideration in
patients undergoing pain management with opioids.
Unfortunately, laxatives and other treatment strategies
can have unpredictable or suboptimal results for
many patients with OIC; therefore, other options are
needed for the treatment of OIC.6,7

Opioid receptor agonists cause constipation by
adversely altering many aspects of intestinal function,
including fluid dynamics, gastric emptying, propulsive
motor activity, and transit time.3 Opioid receptors are
widely distributed in the central nervous system and
throughout the intestinal system. The mechanism of
OIC may have both peripherally and centrally medi-
ated components.8 Nonselective opioid receptor
antagonists block the undesired effects on the gut, but
because they cross the blood-brain barrier, they also
interfere with analgesia and may lead to symptoms of
withdrawal. Methylnaltrexone is a selective, peripher-
ally acting mu-opioid receptor antagonist,9 formed by
the addition of a methyl group to the amine ring of
the mu-opioid receptor antagonist naltrexone. The
resulting quarternary amine has greater polarity,
lower lipid solubility, and restricted ability to cross
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the blood-brain barrier.10 Thus, methylnaltrexone was
designed to decrease the peripheral adverse effects of
opioids without interfering with centrally mediated
analgesia.
Investigations of methylnaltrexone effects in healthy

volunteers showed that methylnaltrexone attenuated
morphine-induced delays in gastric emptying and oral-
cecal transit without affecting analgesia.11–13 Further
studies of methylnaltrexone for the treatment of con-
stipation due to methadone use demonstrated rapid
laxation response.14–16 Two randomized, double-
blind, placebo-controlled studies of methylnaltrexone
in 288 patients with advanced illness and OIC showed
that methylnaltrexone rapidly induced laxation with-
out compromising analgesia.17,18 Methylnaltrexone is
currently approved for the treatment of OIC in
patients with advanced illness who are receiving palli-
ative care, when response to laxative therapy has not
been sufficient.19

Recently, the use of methylnaltrexone for the treat-
ment of OIC in patients with chronic, nonmalignant
pain was assessed in a randomized, double-blind, pla-
cebo-controlled trial of more than 400 patients. Inves-
tigators found that methylnaltrexone induced laxation
and was generally well tolerated (Blonsky et al., 28th
Annual Scientific Meeting of the American Pain Soci-
ety, May 7-9, 2009, San Diego, CA; Duerden et al.,
29th Annual Scientific Meeting of the American Pain
Society, May 6-10, 2010, Baltimore, MD), supporting
the safety and efficacy of methylnaltrexone in the set-
ting of OIC resulting from chronic opioid treatment.
The present study aimed to assess the activity of
methylnaltrexone in patients receiving mu-agonist
opioid analgesics during rehabilitation, following an
orthopedic surgical procedure, who were experiencing
acute OIC.

METHODS
Patients

Patients who had undergone orthopedic procedures
within 4 to 10 days were screened for eligibility.
Adults aged 18 years or older were considered eligible
if they were acutely constipated, were receiving mu-
agonist opioid analgesics, and were expected to
require daily opioid analgesics for at least 7 days fol-
lowing randomization. Acute constipation was defined
as having no bowel movement for at least 48 hours
prior to randomization, difficulty in having a sponta-
neous bowel movement (straining or sensation of
incomplete evacuation or hard, lumpy stools), or the
inability to have a spontaneous bowel movement.
Exclusion criteria included fecal impaction, mechani-
cal bowel obstruction, constipation not attributed to
postprocedure opioid use, calculated creatinine clear-
ance less than 50 mL/min, and corrected QT interval
greater than 500 msec on a 12-lead screening electro-
cardiogram (ECG). Patients with a known hypersensi-
tivity to methylnaltrexone, naltrexone, or naloxone,

who were pregnant or lactating, who had a history of
alcohol or drug abuse within the past 2 years, or who
had a spinal cord injury or gastrointestinal ostomy
were also excluded. Any laxatives, enemas, and/or
promotility agents being used must have been discon-
tinued at least 48 hours prior to first dose of study
medication and were not permitted during the study,
but stool softener use was permitted if it had been
administered at least 24 hours prior to screening and
a stable dose was maintained throughout the study.

Study Design

This randomized, double-blind, placebo-controlled,
parallel-group, hypothesis-generating phase 2 study
was conducted from October 2007 to January 2009
at 16 US hospitals and rehabilitation facilities in ac-
cordance with the International Conference on Har-
monisation Good Clinical Practice Guidelines and the
Declaration of Helsinki, and was approved by the
Institutional Review Board and/or Independent Ethics
Committee at each of the participating investigational
centers. All patients provided written informed con-
sent prior to study participation.
Eligible patients were randomized by interactive

voice response system in a 1:1 ratio to receive once-
daily subcutaneous (SC) injections of either 12 mg
methylnaltrexone or placebo (Figure 1). The chosen
12-mg unit dosing corresponds to approximately
0.15 mg/kg (assuming an 80-kg patient) and was
found to be both efficacious and well tolerated in the
treatment of OIC in prior studies, including studies in
advanced-illness patients17,18 and in patients with
chronic, nonmalignant pain (Blonsky et al., 28th An-
nual Scientific Meeting of the American Pain Society,
May 7-9, 2009, San Diego, CA; Duerden et al., 29th
Annual Scientific Meeting of the American Pain Soci-
ety, May 6-10, 2010, Baltimore, MD.20 The first dose
of study medication was administered on the day of
randomization or on the next calendar day. Once en-
rolled, the patient received once-daily doses of methyl-
naltrexone for up to 4 or 7 days. Dosing continued
until the patient received the maximum number of
doses allowed, no longer needed opioid medication,
or was discharged from the medical facility. Each
patient completed a follow-up safety visit at 14 6 3
days following the last dose.

FIG. 1. Study design flow chart. Abbreviations: QD, once daily; SC,

subcutaneous. *Treatment duration was based upon the protocol under

which a patient was enrolled.
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Evaluations

All efficacy variables were considered exploratory and
included the occurrence of laxation within 2 and 4
hours of the first dose of study drug, time to laxation,
and a questionnaire assessing patient global satisfac-
tion. Patients recorded the date, time, and assessment
of each bowel movement in diaries.
Safety variables included adverse events (AEs), seri-

ous AEs (SAEs), clinical laboratory parameters, physi-
cal examinations, vital signs, ECGs, concomitant med-
ications, Objective and Subjective Opioid Withdrawal
Scales (OOWS and SOWS),21 and Numeric Rating
Scales for Pain ([NRSP] 0 ¼ no pain, 10 ¼ worst pain
possible).

Statistical Analysis

Enrolled patients were defined as all patients who
consented to participate in the study. Both the modi-
fied intent-to-treat (mITT) population and the safety
population were defined as all patients who were
randomized and received at least 1 injection of study
drug. All study results are based on the mITT
population.
Categorical variables were summarized using fre-

quency and percentage, while descriptive statistics for
continuous variables included sample size, mean, me-
dian, standard deviation, and minimum and maxi-
mum values. All inferential statistical tests were 2-
tailed and used a tolerance for nominal type I error
(alpha, a) of 0.05. There was no correction for multi-
plicity and no imputations were performed to account
for missing data.
Fisher’s exact test was used for comparisons

between the proportion of patients with laxation
within 2 hours and 4 hours of the first dose in the
methylnaltrexone group versus the placebo group.
The time to first laxation analysis was performed
using the log-rank test and Kaplan-Meier method.

RESULTS
Patient Populations

The flow of patients through the study is summarized
in Figure 2. A total of 51 patients were enrolled. Of
these, 33 received at least 1 dose of study treatment
following double-blind randomization and comprised
both the mITT and safety populations. Seventeen of
these patients were enrolled under the original proto-
col and could receive study drug for up to 7 days,
while 16 patients enrolled under a subsequent proto-
col revision could receive study drug for up to 4 days.
This change from a 7-day to a 4-day treatment proto-
col allowed for the capture of more study patients in
view of the time pressures of short lengths of stay in
postoperative settings. In total, 31 patients received at
least 2 doses, and 26 patients received at least 4 doses
of study drug. A total of 27 patients completed the
study. Baseline demographics and prestudy surgical

procedures were similar in both treatment groups
(Table 1).

Efficacy

A significantly greater percentage of patients had a
bowel movement within 2 hours (P ¼ 0.021) and 4
hours (P ¼ 0.046) of the first dose of methylnaltrex-
one compared with patients who received placebo
(Figure 3). Within 2 hours, 6 patients (33.3%; 95%
confidence interval [CI], 13.34-59.01) who received
methylnaltrexone achieved laxation, while laxation
did not occur in any patient who received placebo.
By 4 hours posttreatment, 7 patients (38.9%; 95%
CI, 17.30-64.25) in the methylnaltrexone group
achieved laxation compared with only 1 patient
(6.7%; 95% CI, 0.17-31.95) on placebo. Three
patients in each treatment group received rescue
laxatives.
The time to first laxation (Figure 4) was signifi-

cantly shorter in patients who received methylnaltrex-
one compared with those in the placebo group.
Patients on methylnaltrexone achieved laxation in a
median time of 15.8 hours, compared with a median
time of 50.9 hours for patients in the placebo group
(P ¼ 0.02, log-rank test). The median time to laxa-
tion was less than 1 hour in the 7 methylnaltrexone-
treated patients who experienced laxation within 4
hours following the first dose. Of the remaining 11
methylnaltrexone-treated patients, one experienced no
laxation after 6 doses, and the median time to laxa-
tion for the others was 29.9 hours (not shown in
figure).
Analysis of the Global Satisfaction With Treatment

Scale revealed that more patients expressed overall
treatment satisfaction (defined as very satisfied, satis-
fied, or minimally satisfied) with methylnaltrexone
assessed 4 hours (6 30 minutes) after the first dose,
compared with patients on placebo (83.3% vs 60.0%,
respectively). At the study endpoint, overall treatment
satisfaction with methylnaltrexone remained high
(83.3%), whereas satisfaction with placebo was
53.3%. Additionally, no patients in the methylnaltrex-
one group expressed any dissatisfaction with treat-
ment (defined as minimally dissatisfied, dissatisfied, or
very dissatisfied) at endpoint, compared with 26.7%
of patients in the placebo group who expressed some
degree of dissatisfaction.

Safety

Overall AE rates were similar between treatment
groups (Table 2), with at least 1 treatment-emergent
AE reported in 6 patients (33.3%) in the methylnal-
trexone group and 4 patients (26.7%) in the placebo
group. The most common AEs reported during the
study were classified as gastrointestinal in nature; 3
(nausea, abdominal pain, and diarrhea) were consid-
ered by the investigator to be possibly related to study
medication. Two patients receiving methylnaltrexone
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TABLE 1. Baseline Patient Demographics

Characteristic

Methylnaltrexone

(n ¼ 18)

Placebo

(n ¼ 15)

Mean age, yr (SD) 64.2 (9.0) 65.2 (11.6)
Mean weight, kg (SD) 92.5 (22.5) 91.0 (20.2)
Mean BMI, kg/m2 (SD) 32.3 (7.2) 34.2 (6.41)
Sex, n (%)

Female 11 (61.1) 11 (73.3)
Male 7 (38.9) 4 (26.7)

Race, n (%)
White 14 (77.8) 10 (66.7)
Black 4 (22.2) 5 (33.3)

Type of surgery, n (%)
Total knee replacement 8 (44.4) 7 (46.7)
Total hip replacement 6 (33.3) 6 (40.0)
Spinal fusion 2 (11.1) 0
Fracture reduction 2 (11.1) 2 (13.3)

Median opioid use,* mg (range) 28.00 (6.75-168.01) 25.00 (9.00-75.00)
Median time from surgery to study drug

administration, days (range)
4 (3-6) 4 (3-6)

NOTE: Modified intent-to-treat population.
Abbreviations: BMI, body mass index.; SD, standard deviation.
* Baseline opioid use was defined as total opioid use within 24 hours prior to randomization.

FIG. 2. Disposition of patients. Abbreviations: mITT, modified intent-to-treat.

FIG. 3. Laxation within 2 or 4 hours of first dose. Stool softener use within

24 hours of dosing and/or laxative use within 48 hours of dosing were

assessed as treatment failures. P values were derived using Fisher’s exact

test.
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discontinued the study because of AEs (one with mod-
erate constipation, one with mild diarrhea) compared
with none of the placebo group patients. No treat-
ment-emergent SAEs or deaths were reported during
this study. Analysis of clinical laboratory parameters,
vital signs, and ECGs revealed no safety signals and
showed no pattern of concern related to methylnal-
trexone exposure.

Pain and Opioid Withdrawal

Results from the SOWS and OOWS measures indi-
cated that signs and symptoms of withdrawal did not
increase over time in patients treated with methylnal-
trexone, and no discernable differences were found
between study groups. Pain was assessed using a
numeric rating scale ranging from 0 to 10, with higher
scores indicating greater severity. Baseline pain scores
were not significantly different between treatment
groups, with a mean of 5.7 6 2.7 for placebo, and
5.4 6 3.0 for the methylnaltrexone group. At 1 day
postdose, mean pain scores did not increase from
baseline in the placebo (�0.9 6 2.33) or methylnal-
trexone group (�0.5 6 2.5), and no significant
between-group differences were found. Similar results
were observed at the end of the study. Thus, pain did
not appear to increase in patients treated with methyl-
naltrexone, and changes in pain scores were indistin-
guishable between the 2 treatment groups.

DISCUSSION
This pilot study suggests that methylnaltrexone
actively induces laxation and is generally well toler-
ated in patients receiving mu-opioid analgesia, follow-
ing orthopedic surgery, who develop OIC acutely. It
was the first study, to our knowledge, to investigate
the efficacy of methylnaltrexone for the treatment of
OIC in an acute postoperative setting. The protocol
amendment changing the duration of treatment from
7 days to 4 days did not materially affect the results

of the study. The response to methylnaltrexone was
rapid, with 33.3% experiencing laxation within
2 hours. The median time to laxation was nearly
1.5 days shorter in patients treated with methylnaltrex-
one compared with those receiving placebo. Corre-
spondingly, overall patient satisfaction was high in the
methylnaltrexone group. Efficacy was attained without
diminishing opioid analgesia, and without inducing
signs or symptoms of opioid withdrawal. The incidence
of AEs was similar between groups, and no treatment-
emergent SAEs were reported in this study.
Previous clinical trials investigated the safety and ef-

ficacy of methylnaltrexone for the treatment of OIC in
patients with advanced illness and with chronic, non-
malignant pain. The present study extends those find-
ings to a population of patients experiencing acute
OIC following orthopedic surgery. Previous studies
showed that approximately 48% to 62% of advanced-
illness patients experienced laxation within 4 hours of
receiving SC methylnaltrexone,17,18 compared with
38.9% of acute OIC patients in this study. In a clinical
trial of patients with chronic, nonmalignant pain,
34.2% of patients experienced laxation within 4 hours
of SC methylnaltrexone injection (Blonsky et al., 28th
Annual Scientific Meeting of the American Pain Soci-
ety, May 7-9, 2009, San Diego, CA). The differences
in laxation response between these trials may be attrib-
utable to differences in the patient populations or to
methodologic differences between the studies.
Similar to findings demonstrated in a clinical study

evaluating methylnaltrexone for OIC in a different
patient population, those with advanced illness,22 this
study supports the premise that future laxation

FIG. 4. Time to first rescue-free bowel movement. One patient with a bowel

movement prior to dosing with placebo was excluded. Stool softener use

within 24 hours of dosing and/or laxative use within 48 hours of dosing were

assessed as nonresponses, or were censored for analysis at the time of

laxative/stool softener use.

TABLE 2. Incidence of Treatment-Emergent Adverse
Events Occurring in at Least 5% of Patients

Adverse Event*

Methylnaltrexone

12 mg (n ¼ 18) n (%)

Placebo

(n ¼ 15) n (%)

Any 6 (33.3) 4 (26.7)
Anemia 1 (5.6) 0
Gastrointestinal disorders 3 (16.7) 1 (6.7)
Abdominal discomfort 0 1 (6.7)
Abdominal distension 1 (5.6) 0
Abdominal pain 1 (5.6) 0
Abdominal tenderness 1 (5.6) 0
Constipation 1 (5.6) 0
Diarrhea 1 (5.6) 0
Nausea 1 (5.6) 0

Headache 1 (5.6) 0
Hypotension 1 (5.6) 0
Joint swelling 0 1 (6.7)
Peripheral edema 0 2 (13.3)
Procedural pain 0 1 (6.7)
Skin ulcer 0 1 (6.7)
Somnolence 0 1 (6.7)
Urinary tract infection 1 (5.6) 0
Wound infection 1 (5.6) 0

*Modified intent-to-treat population. Individual patients may have reported more than 1 adverse event dur-
ing the study.
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response with prolonged use is most likely to occur
when a laxation response was achieved after the first
or second initial administrations of methylnaltrexone.
In contradistinction, if laxation does not occur with
these early doses, continued methylnaltrexone dosing
is less likely to produce a response later.
This study has some limitations that must be consid-

ered. First, as this was a hypothesis-generating study,
all efficacy parameters investigated were exploratory
in nature. The results reported herein warrant careful
consideration, owing to a small sample size that may
limit their generalizability, prior to replication in a
more rigorously designed study with prespecified effi-
cacy endpoints. Likewise, the assessment of health
outcome parameters is limited. Another limitation is
the small sample size utilized in this study, potentially
resulting in a type II error.
Subcutaneous administration potentially offers a

considerable benefit over oral therapies for OIC in
this patient population post-orthopedic surgery. Nau-
sea and vomiting can occur as a consequence of anes-
thesia and of postoperative opioid analgesia, and may
compromise adequate dosing of oral medications pre-
scribed to treat OIC. Subcutaneous delivery of methyl-
naltrexone may circumvent this potential drawback
while providing potentially rapid, effective treatment
for OIC. Once-daily dosing may also help to minimize
caregiver burden and patient discomfort by preventing
the need for more frequent or unpleasant treatments
for OIC, such as enemas.
This study provides an initial positive signal for a

broader, albeit off-label use for methylnaltrexone—
that being for the treatment of acute constipation that
occurs as a consequence of postoperative opioid-medi-
ated analgesia in patients following orthopedic proce-
dures. Adequate treatment of OIC, even in the acute
postoperative setting, is likely to lead to better overall
pain management and improved patient outcomes.
Additionally, effective management of acute OIC is
likely to be cost-effective in terms of reducing the du-
ration of hospital stays, reducing the need for nursing
resources and the time spent administering rescue
treatments for OIC (eg, enemas), and avoiding returns
to an acute setting (eg, the emergency department) for
treatment. The results presented herein suggest that
methylnaltrexone may be effective and have a good
safety profile in the treatment of acute OIC following
orthopedic surgery. Validation of these results in
larger well-controlled trials would be welcome.
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