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Abstract

AIM: To investigate the efficacy of lubiprostone com-
pared to Senna on bowel symptoms and constipation in
post-operative orthopedic patients treated with opioids.

METHODS: In this double blind, randomized, active
comparator trial, adults who required opioids for analgesia
following orthopedic procedures and who were admitted
in inpatient rehabilitation were randomized following base-
line assessments to lubiprostone (Amitza®), orally twice a
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day or Senna (generic) two capsules administered daily
for six days. Subjects were assessed using the patient
assessment of constipation (PAC)-symptoms (PAC-SYM)
and the PAC-quality of life (PAC-QOL) scales measured
at baseline and Day 7; Subjects were assessed daily
for secondary measures included the Bristol stool scale
bowel consistency, specific bowel symptom score (Nau-
sea, cramping, straining, completeness, abdominal
pain, time per lavatory attempt, assistance needed),
adverse events and rescue medications required. Func-
tion was measured using the functional independence
measure (FIM) at admission and discharge; length of
stay (LOS) and missed treatments due to gastrointesti-
nal symptoms were also assessed.

RESULTS: 64 adults were enrolled; 56 participants
(28 in each group) had baseline and follow up mea-
sures and were included in the intention to treat (ITT)
analyses. 43 participants completed the study, 21 in
the active lubiprostone and 22 in the active Senna
group. The mean age of the participants was 71.5
years (SD = 11.4 years, range: 28-96 years). In the
ITT analyses, participants showed significant improve-
ment in bowel symptoms as measured by the PAC-
SYM (mean + SD, -0.28 = 0.60, range: -1-2.33) and
PAC-QOL (mean = SD, 0.33 £ 0.81, range: -1.5-2.0)
over time, but there were no significant differences
between the lubiprostone and Senna groups in mean
change in the PAC-SYM (-0.20 + 0.60 vs -0.36 *+ 0.61,
P = 0.61 respectively) or the PAC-QOL (0.29 + 0.76 vs
0.37 £ 0.87, P = 0.61 respectively). The mean change
in each bowel symptom also did not significantly dif-
fer between treatment groups on ITT analyses, except
for completeness of bowel movement, with the Senna
group showing greater negative mean change in bowel
movement completeness (-0.56 + 1.01 vs -2.00 + 1.41,
P = 0.03) and for reduction of abdominal pain, favoring
Senna (-0.14 £ 0.73 vs -0.73 + 1.08, P = 0.04). Fifteen
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(75%) participants in the lubiprostone and in the Senna
group requested rescue treatments. Participants made
significant functional improvement from admission to
discharge over a median LOS of 12 d, with a mean FIM
change of 29.13 + 13.58 and no significant between
group differences (27.0 £ 9.2 vs 31.5 £ 16.6, P = 0.27).

CONCLUSION: Both lubiprostone and Senna improved
constipation-related symptoms and QOL in opioid-in-
duced constipation, with no significant between-group
differences.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Constipation is frequent in postoperative or-
thopedic patients treated with opioids. Opioid side ef-
fects are associated with poorer pain control, and thus
may limit the ability to mobilize patients immediately
following orthopedic surgery. There is very limited in-
formation comparing the efficacy and safety of phar-
macologic interventions for opioid-induced constipation.
In this study we found that two medications, lubipros-
tone and Senna, were associated with improvement in
bowel-related symptoms in opioid-induced constipation
in post-operative orthopedic patients, with no differenc-
es found between the two medications. Rescue bowel
medications were frequently required by participants in
both groups, indicating that multiple laxative medica-
tions may be required for constipation symptom control
in this setting.
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INTRODUCTION

The use of opioid analgesics is often required to provide
adequate pain relief following major orthopedic surgical
procedures, however the use of this class of medications
for pain control frequently results in symptoms of consti-
pation, which may worsen patient distress'". Constipation
symptoms have also been demonstrated to impact health-
related quality of life®™. In a meta-analysis of eleven trials
using opioid analgesics in non-cancer patients, constipa-
tion was among the most common side effects described,
and these symptoms were reported by 41% of patientsm.
Lubiprostone (Amitiza®) is a locally acting type-2
chloride channel activator that increases intestinal fluid
and electrolyte secretion, and thus increases intestinal
motility{ﬁj. It has been shown to be efficacious for chronic

Baishidenge ~ WJG | www.wjgnet.com

constipation and constipation predominant irritable bow-
el syndrome. Lubiprostone was also recently approved for
opioid-induced constipation in adults with chronic non-
cancer painlw]. Lubiprostone’s action to improve intesti-
nal secretion may counter opioid activity on the p-opioid
receptors in the gastrointestinal tract. With the binding
of opioid agonists to these p-receptors, there is release
of excitatory and inhibitory neurotransmitters, resulting
in reduced intestinal mobility and mucosal secretions"”
Research suggests lubiprostone may reverse morphine
induced anti-secretory effects through its direct action on
mucosal chlotide channels'""?. In mice, lubiprostone has
been found to increase circular small intestinal smooth
muscles contraction'”

Among patients requiring opioids for pain control,
those managed postoperatively following elective ortho-
pedic surgery often require both short and long acting
opioids. While opioids are generally an effective method
for pain control, they are associated with significant con-
stipation specifically within the orthopedic population',
Opioid-related adverse effects have been noted in up to
54% of patients receiving opioids after orthopedic sur-
gery, and those patients with constipation have a signifi-
cantly longer postoperative length of stay in acute care”
Selected postoperative patients may require hospitaliza-
tion in acute rehabilitation following orthopedic proce-
dures due to significant functional loss and co-morbid
conditions. During the period of rehabilitation, patients
often continue opioid medications for pain control as
functional mobility training is accelerated. Such individu-
als are already at heightened risk for chronic constipation,
as constipation has been found to be associated with re-
duced functional status; constipation is also present with
increased frequency in the frail elderly, a common group
seen in acute rehabilitation!*'”.

The purpose of this study is to assess the efficacy of
lubiprostone compared to standard care for the treatment
of constipation in orthopedic patients receiving opioids
for pain control during inpatient rehabilitation care. At
the time of study initiation, Senna, a contact stimulant
laxative that increases propulsive peristaltic activity of
the colon through local effects on the mucosa, was the
medication used for initial treatment of constipation at
our institution and thus this drug was thus chosen as the
comparator. The study was undertaken to compare the
efficacy of lubiprostone compared to Senna on opioid-
associated constipation symptoms and to assess the im-
pact of these constipation interventions on rehabilitation
outcomes in adults hospitalized following orthopedic
surgery.

MATERIALS AND METHODS

Design
In this double blind, active comparator trial, participants
were randomized to lubiprostone or Senna for six days,

and bowel symptoms followed daily, with primary out-
come assessments performed at baseline and following
completion of the study drug intervention. This study
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was approved by the local Institutional Review Board,
and potential participants were approached for participa-
tion after referral from their inpatient attending physi-
cians. All participants provided written informed consent
prior to study enrollment and randomization.

The study was funded by a grant from Takeda Phar-
maceuticals North America, Inc. The study was registered
at clinicaltrials.gov website, study number NCT00662363.

Study population

Participants were recruited from the inpatient population
of an academic freestanding rehabilitation hospital fol-
lowing admission for impairments related to an orthope-
dic surgery. Qualifying participants were adults reporting
constipation, 18 years old or greater who were able to
provide informed consent. At baseline, opioids must have
been received within the prior 24 h of hospitalization for
pain control. The use of opioids for immediate post-op
analgesia following orthopedic surgical procedures could
be intravenous, intramuscular, transdermal or oral. For
study enrollment, it was also required that the continued
use of opioids was expected to be required for pain con-
trol treatment during rehabilitation. Opioid medications
taken during rehabilitation were always administered by
the transdermal or oral route.

Inclusion criteria: Additional inclusion criteria required
for study participation were the following: anticipated
duration of rehabilitation hospitalization of at least 7 d;
Woman of childbearing potential were required to have
a negative serum pregnancy test; at least one associated
symptom of constipation needed to be present at the
time of baseline assessment: lumpy or hard stools, feeling
of incomplete evacuation of bowels, abdominal cramp-
ing or pain straining with movement of bowels or painful
bowel movement effort and/or need for manual assis-
tance to have a bowel movement.

Exclusion criteria: The following exclusion criteria were
used for this study: known allergy or sensitivity to the
study medications; current pregnancy, diarrhea on the day
of enrollment; diagnosis of Clostridium difficile infection
during the current hospitalization; pre-existing medical or
neurologic condition or surgical procedures (other than
their recent orthopedic procedure) which are known to
commonly lead to bowel dysfunction such as, but not
limited to Crohn’s disease, ulcerative colitis, multiple
sclerosis, cerebral palsy, spinal cord injury, malabsorption
syndrome, irritable bowel syndrome, abdominopelvic
neoplasm (gastric, colon cancer), or severe liver disease.
Subjects with a history of colon cancer and/or resection
who developed persistent gastrointestinal symptoms fol-
lowing the resection were excluded while subjects with
colonic or ileocolonic resection greater than 2 years from
study enrollment and with no gastrointestinal problems
following that procedure were included.

Predetermined criteria for removal: Subjects were in-
terviewed daily while on the study treatments, including
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daily assessment of bowel movements and abdominal
symptoms. Subjects who required rescue medications for
three consecutive days or with severe abdominal symp-
toms as assessed by the investigators were also to be
withdrawn.

Procedures
This study included an initial visit (Day 0) for screening
and baseline data collection, daily follow-up visits (Days
1-6) while on study medications, and an exit visit (Day 7).
Potential subjects were identified from a list of admitted
patients with the rehabilitation diagnosis of orthopedic
impairment. Subjects admitted to rehabilitation following
orthopedic procedures were approached for participa-
tion after confirmation and approval from their primary
admitting physician and identification regarding whether
they were on opioid medications for pain control. At the
baseline visit, subjects were screened for inclusion and
exclusion criteria and pregnancy testing performed, if ap-
plicable. Demographic, medical and functional informa-
tion was obtained and baseline assessments performed.
Enrolled participants were taken off any scheduled bowel
medications they were currently receiving to treat their
constipation on the day of randomization. Subjects were
randomized to one of two treatment groups (active Senna
or lubiprostone with corresponding placebo) for Days 1-6
of the study. Subjects were interviewed daily for symp-
toms, and final assessments performed at Day 7.

Participants were randomized by pharmacy staff at
Day 1 in a 1:1 ratio in blocks of 4 to either Sexnna (generic)
ot lubiprostone (Amitiza®, Takeda Pharmaceuticals). The
drugs were administered as follows: lubiprostone 24 pg
orally twice a day given with meals and placebo Senna
capsules, two orally at noon, ot two Senna tablets daily
at noon and placebo lubiprostone capsules twice a day.
Thus participants received either active lubiprostone with
placebo Senna tabs or active Senna with placebo lubipro-
stone tabs. Lubiprostone and identically appearing lubi-
prostone placebo tablets were provided by Takeda. Senna
tablets were over-encapsulated by the institution’s phar-
macy staff and identically appearing Senna placebo tablets
were also provided by the institution’s pharmacy. The
study medication treatments were started in the morning
after the baseline visit and administered for a total of six
days. The physician investigators, the research assistants
administering study questionnaires, nurses, and subjects
were blinded to the treatment regimen.

Pill counts were performed daily and the subject’s medi-
cation administration record reviewed to assess compli-
ance.

Outcome measures

Baseline assessments included bowel symptoms and a
quality of life measure, the patient assessment of constipa-
tion (PAC), described below; as well as the following bowel
symptoms: nausea, cramping, straining, completeness,
bowel pain, time per lavatory attempt, assistance needed,
number of unsuccessful attempts for bowel movement,
number, and size of bowel movement. The consistency
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of bowel movements was rated on the Bristol stool scale.

Subjects were assessed daily while on the study medi-
cation and asked to rate bowel symptoms over the past
24 h. Daily opioid use (over 24 h) was recorded, as well as
missed therapies due to bowel symptoms, adverse events,
and rescue laxatives taken due to persistent bowel symp-
toms. On Day 7, subjects completed the bowel symptoms
assessments and in addition they were reassessed using
the PAC.

Subjects were also monitored daily for adverse events.
Subjects requesting withdrawal from the study medica-
tion interventions were asked to continue completion of
the study assessment measures and these findings were
used in the intention to treat analysis. Subjects discharged
before Day 7 completed the follow up measures on the
day of discharge.

The predetermined main outcome measure was be-
tween group comparisons on the patient constipation
questionnaire. Secondary endpoints were between group
comparisons of spontaneous bowel movements, bowel
symptoms, adverse events, need for rescue medications,
missed therapies, length of stay and admission and dis-
charge functional status.

Gastrointestinal
PAC: The PAC has previously been found to be a valid
and reliable way to measure constipation symptoms and
clinical course™. The PAC has both a symptom (SYM)
component, composed of 12 items and a quality of life
(QOL) component consisting of five items. The PAC-
SYM questionnaire has shown good concurrent and
clinical validity for opioid-induced constipation in a num-
ber of pain populations and has demonstrated respon-
siveness to treatment. There are three symptom domains
within the PAC-SYM: Abdominal symptoms (4 items),
rectal symptoms (3 items) and stool symptoms (5 items).
This questionnaire was completed by the subjects at base-
line and Day 7 of the trial. The PAC-SYM is a symptom
scale where higher numbers indicate more symptoms.
Change from baseline to 7 d was calculated and larger
negative differences indicated greater improvement in
constipation symptoms. The PAC-QOL is a quality of
life scale where higher numbers indicate better quality
of life. Change from baseline to 7 d was calculated and a
larger positive difference indicated greater improvement.
Constipation symptomsm: The following symptoms
were rated (as over the past 24 h) on a 5 point scale from
0 (never) to 4 (always) at baseline (Day 0), daily duting
study medication administration (Days 1-6) and Day 7:
nausea, cramping, straining, completeness, and abdominal
pain. The number of bowel movements in the past 24 h
was also recorded.

Time per lavatory attempt: This was rated by number
of minutes per attempted bowel movement in the past
24 h on a scale from 0 (less than 5 min) to 4 (mote than
30 min). Ratings were performed at baseline and Days 1-7.

Assistance needed: The amount of assistance required
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for a bowel movement in the past 24 h was rated on a
three point scale: 0 (without assistance), 1 (with laxatives),
or 2 (use of finger or enema to have a bowel movement).
The level of assistance was rated at baseline and Days 1-7.

Number of unsuccessful attempts for bowel move-
ment: This was rated over the past 24 h on a five point
scale: 0 (never), 1 (1-3 times) 2 (3-6 times), 3 (6-9 times)
and 4 (more than 9 times). Ratings were performed at
baseline and Days 1-7.

Bristol stool scale”™: Bowel movements were assess
daily and rated using this scale. This scale rates the stool
form by 7 types, where Type 1 describes separate hard
lumpy stool to Type 7 (watery stool with no solid pieces).
This was rated at baseline and Days 1-7.

Rehabilitation measures

Functional independence measure™: The functional
independence measure (FIM) is a standard rehabilitation
scale that measures 18 items in two domains, motor and
cognition. Each domain is rated on a seven-point scale
where 1 indicates complete dependence for the activity
and 7 complete independence without physical or equip-
ment assistance. This was measured at admission and
discharge from rehabilitation. The bowel sub-score of
the FIM was separately evaluated. FIM efficiency was cal-
culated by taking the FIM change over the rehabilitation
stay divided by the length of the rehabilitation admission.

Length of stay: This was measured in days and calcu-
lated from admission to discharge from rehabilitation.

Missed therapies: Any physical therapy, occupational
therapy, or speech therapy visits missed during days one
through six of the study due to medical symptoms was
recorded; sessions missed due to bowel symptoms were
separately described.

Statistical analysis

Based on the power analysis, a sample size of » = 29
was determined per group. Using this sample size, it was
calculated that the study would have over 80% power to
detect a difference of 0.5 units in the change in constipa-
tion symptoms score between the lubiprostone and the
Senna treatment groups, with a significance level of 0.05.
This was based on a two-sample #test and assumed that
the standard deviation of the change for the constipation
symptoms score was 0.66 units"™, Given expected screen-
ing failures and study dropout, we planned on screening
approximately 70 patients and enrolling 64.

Continuous measures (those reported as means and
standard deviations) and their differences were compared
between groups using an independent two-sample ~test.
Categorical measures (those reported as frequencies and
percentages) were compared between groups using the ;(2
test or Fisher’s exact test if frequencies were low. If no
significant differences were found, then the groups were
combined and change from baseline to 7 d was assessed
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Participant flow diagram
Assessed for eligibility

(n=72)
Excluded (7 = 8)
[ Enroliment ] Not meeting inclusion criteria (77 = 8)
Reasons: Prior GI disorder (2),
diarrhea on baseline day (1),
‘ Randomized (7 = 64) ‘ no associated bowel symptom (5)
l Allocation l
‘Allocated to lubiprostone (7 = 32)‘ ‘Allocated to senna (7 = 32) ‘
Withdrew prior to receiving
Exclgded: _ Any study drug (7 = 2) (1
Withdrew prior < > decided not to receive
to receiving study drug, 1 withdrew due to
drug-decided not development of rash)
to participate Died prior to receiving any
(n=1) Study drug (7 = 1)
Received any of allocated lubiprostone (7 = 31)‘ ‘ Received any allocated senna (7 = 29)
Excluded after receiving Excluded:

at least one dose of

study medication:
Withdrawals for GI

symptoms (7 = 3)

Acute care transfer with
hypotension (7 = 1)

ITT analysis-

Randomized to lubiprostone; Baseline and Follow
up assessments completed (7 = 28)

Randomized to Senna; Baseline and Follow up
assessments completed (7 = 28)

Excluded:

Withdrawals due to: GI
symptoms (7 = 2)
Discharge home (n= 4),
Changed mind about
participating (7 = 1)

(One subject withdrew

Day 6, received 80% of drug
and completed assessments

and was included in analysis)

One subject refused
med intermittently but did
not withdraw, received <
80% study drug, not included
in analysis

Received at least 80% of
scheduled lubiprostone and
completed Baseline and Follow
up assessments (7 = 21)

Excluded:

Withdrawals due to GI
symptoms (7 = 4), discharge
home (7 = 1), INR variability
and rash (7 = 1)

(One subject withdrew from
drug Day 6 but received 80%
study drug and completed
follow-up

assessments included)

One subject received only
1 d of active drug due to
computer error, and not
included in analysis

Analysis-

(completers)

Received at least 80% of
scheduled senna and completed
Baseline and Follow up
assessments (7 = 22)

Figure 1 Participant flow diagram. ITT: Intention to treat; Gl: Gastrointestinal.

using paired #tests for continuous data or McNemat’s test RESULTS

for categorical data. Analyses were done for the intent-to-

treat population as well as for the participants completing Patients were recruited for the study. Figure 1 depicts

study medication and assessments.
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participant randomization and study progression. There
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Table 1 Participant characteristics

Characteristics Intent to treat Completers
Lubiprostone Senna P value Lubiprostone Senna P value
n =28 n =28 n =21 n =22

Age, yr 70.6 +12.1 72.5+10.8 0.54 68.9+12.6 69.6+9.6 0.85
Weight, kg 88.5+23.4 84.0+16.7 0.42 93.4+21.7 85.4+17.0 0.20
Days postoperative, d 581+272 7.71 £ 6.95 0.19 6.10 £2.90 6.50 £4.21 0.72
Sex, female 20 (74) 15 (54) 0.16 15 (71) 13 (59) 0.53
Race/ ethnicity 0.76 0.72

African American 5 (18) 7 (25) 6 (27) 4 (19)

Hispanic 14 0(0) 0(0) 1(5

Unknown 2(7) 3 (11) 0(0) 1(5
White 20 (71) 18 (64) 16 (73) 15 (71)
Primary surgery 0.18 0.64
Diagnosis

Total knee or hip replacement 14 (50) 21 (75) 13 (62) 11 (50)

Spinal surgery 8 (14) 5 (18) 5 (24) 8 (32)

Hip/femur fracture 5(9) 1(4) 2 (10) 3 (18)

Other 1(2) 14 1(5 0(0)

Data are expressed as absolute 1 (%) or mean + SD.

were eight individuals screened who did not meet inclu-
sion and/or exclusion criteria. Reasons for exclusion
were: history of Crohn’s disease (1 person), history of
irritable bowel disease (1), diarrhea on baseline visit day
(1), ot no associated bowel symptom (5). Subjects were
enrolled and randomized. Sixty subjects received at least
one dose of the study drugs. Fifty-six subjects had base-
line and follow up measutes (28 in each treatment group)
and were used for intention to treat analyses (ITT). Forty-
three subjects completed the study as defined by receiv-
ing at least 80 percent of the study drug, baseline assess-
ments and final assessments. This group is designated
on the tables as “Completers”. Twenty-one of these 43
subjects received lubiprostone and 22 received Senna.

Table 1 contains demographic information. The mean
age of the participants in the ITT groups was 70.6 years
for those receiving lubiprostone and 72.5 years for those
receiving Senna. There were no significant differences in
the baseline demographics between the two treatment
groups (Table 1). Thirty of the subjects were on at least
one scheduled laxative at screening (range: 1-3/d) (which
was discontinued at Day 1), and also additional as needed
(prn) laxatives. The remainder of the subjects were tak-
ing laxatives as needed for constipation symptoms. The
subject groups also did not differ in their baseline total
daily opioid dose, as compared by calculating the equi-
analgesic dose for the narcotic taken, with doses reported
as morphine equivalents (mean * SD, Day dose: 70.8
+ 95.5 mg vs 53.4 = 41.5 mg, P = 0.44 for lubiprostone
and Senna groups). Subjects groups also did not differ
between the total opioid doses taken over Days 1-7 (total
dosage: 501.3 £ 628.8 mg »s 408.0 * 329.5 mg, P = 0.54
for lubiprostone and Senna).

All gastrointestinal study parameters indicated com-
parability between randomized groups at baseline. The
results for the primary and secondaty efficacy for gastro-
intestinal measures are reported in Table 2. There were
no significant differences in study parameters between

Baishidenge ~ WJG | www.wjgnet.com

randomized groups for the ITT population. In particular,
there were no significant differences between the lubi-
prostone and Senna groups in mean change from baseline
to Day 7 assessments in the PAC-SYM (-0.20 £ 0.60 s
-0.36 + 0.61, P = 0.61) or PAC-QOL (0.25 £ 0.78 25 0.50
+ 0.80, P = 0.61). Group data were combined to assess
the significance of changes from baseline to 7 d. Within
group analyses showed significant differences between
Day 0 and 7 ratings on the PAC SYM and QOL. For
only the Completer groups comparison, the ratings of
bowel symptoms (completeness of bowel movement)
was significantly different between the lubiprostone and
Senna groups in mean change from baseline to Day 7 as-
sessments, with the Senna group showing greater negative
change in bowel movement completeness (-0.56 £ 1.01
vs -2.00 £ 1.41, P = 0.03). There was also a significant
difference in the reduction of abdominal pain, favoring
Senna (P = 0.04). No significant difference were found for
PAC-SYM subscales comparing the two treatment groups
for any of these measures, with a mean overall change
score of -0.38 (SD = 0.66) for the abdominal symptom
score, -0.14 (SD = 0.71) for rectal symptom score, and
-0.29 (SD = 0.96) for the stool symptom score. For with-
in group analyses, participants demonstrated significant
improvement in bowel symptoms as measured by the
PAC-SYM (mean * SD, baseline: 0.86 £ 0.71, Day: 0.58
+ 0.51, P = 0.002) and PAC-QOL (baseline: 1.37 + 0.61,
Day 7: 1.75 £ 0.67, P = 0.007) over time.

Rehabilitation outcome measures are reported in
Table 3. The overall mean length of stay was 14.7 d with
SD = 7.72 (median = 12; range: 2-37 d) and length of
stay did not differ by group. No differences were found
in functional outcomes between the two treatment
groups; admission FIM score was 69.1 (SD = 13.0) and
discharge 98.4 (SD = 14.2), with a FIM efficiency of 2.38
(SD = 1.206). Subjects showed improvement on their FIM
bowel scote across the study time frame; at admission,
the bowel FIM item rating was 4.12 (SD = 1.50, range:
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Table 2 Gastrointestinal outcomes: Patient assessment in constipation

Outcome measure Intent to treat Completers
Lubiprostone Senna P value Lubiprostone Senna P value
n =28 n =28 n=21 n=22

PAC-SYM

Baseline 0.72 £ 0.56 093 £0.77 0.10 0.76 £ 0.60 0.95 + 0.81 0.25
Day 7 0.51 £0.41 0.63 £ 0.59 0.06 0.57 £0.44 0.59 + 0.58 0.35
Change -0.22 £ 0.57 -0.29 £ 0.58 0.89 -0.20 £ 0.60 -0.36 £ 0.61 0.61
PAC-QOL

Baseline 1.50 £ 0.64 141+£0.73 0.63 142 £0.55 1.32 £ 0.66 0.63
Day 7 1.66 £+ 0.59 1.83£0.79 0.35 1.67 £0.56 1.82+0.77 0.35
Change 0.99 £ 0.78 042 +£0.84 0.30 0.25+0.78 0.50 £ 0.80 0.61

Data are expressed as absolute numbers (percentage) or mean * SD. PAC-SYM: Patient assessment of constipation (PAC)-symptoms; PAC-QOL: PAC-
quality of life.

Table 3 Gastrointestinal symptoms

Outcome measure Intent to treat Completers
Lubiprostone Senna P value Lubiprostone Senna P value
n =28 n =28 n=21 n=22
Nausea
Baseline 0.61+0.79 0.64 +0.99 0.88 0.57 £ 0.81 0.64 +1.05 0.82
Day 7 0.39+0.79 0.46 +0.96 0.76 0.38 +0.80 0.50 +1.01 0.67
Change 0.21+0.92 0.18 £ 0.86 0.88 0.19+1.03 0.14 +£0.83 0.85
Cramping
Baseline 0.25+0.70 0.54 +0.84 0.17 0.29+0.78 0.63 +0.90 0.18
Day 7 0.14 +0.36 0.11+0.31 0.69 0.14 +0.36 0.04+0.21 0.28
Change 0.11+0.57 043 +£0.92 0.12 0.14+0.57 0.59 +0.96 0.07
Painful bowel movement evacuation effort (straining)
Baseline 1.40+1.50 0.87 +1.46 0.98 1.53 +1.55 1.18 +1.60 0.58
Day 7 0.47 +0.70 0.75+1.37 0.55 0.60 +0.74 0.87 +1.51 0.72
Change 0.64 +0.93 0.42+1.38 0.62 0.58 +0.90 0.78 +1.30 0.69
Completeness of bowel movement
Baseline 1.56 £1.42 2.00+1.41 0.23 153 £1.51 210+£1.29 0.12
Day 7 0.67 +0.97 0.55+1.23 1.00 0.86 +1.03 0.46 +1.06 0.24
Change 0.82+1.17 1.55+2.11 0.33 0.56 +1.01 2.00 +1.41 0.03
Abdominal pain
Baseline 0.29+0.71 0.59+1.01 0.20 0.19+0.68 0.73 +1.08 0.06
Day 7 0.07 +0.26 0.04 +0.19 0.56 0.05+0.22 0.00 + 0.00 0.34
Change 0.21 +0.69 0.56 +1.05 0.16 0.14+0.73 0.73 +1.08 0.04
Time per lavatory attempt
Baseline 0.40 0.08
<5 min 2(7) 4 (14) 0(5) 3 (14)
5-10 min 12 (43) 7 (25) 11 (52) 5(23)
>10 min 8(29) 10 (36) 7 (33) 8 (36)
NA 6(21) 7 (25) 3 (14) 6(27)
Day 7 0.87 0.66
<5 min 8 (30) 9(32) 7 (32) 7 (33)
5-10 min 8 (30) 6 (21) 3 (14) 7 (33)
>10 min 4 (15) 6 (21) 5(23) 4(19)
NA 7 (26) 7 (25) 7 (32) 3 (14)

Data are expressed as absolute numbers (percentage) or mean + SD. NA: Not significant.

1-6) and at discharge 5.33 (SD = 1.25, range: 2-7) with no
between group differences.

Adverse events were reported for subjects (7 = 60)
receiving at least one dose of the two study medications
and these events are detailed in Table 4. Gastrointestinal
disorders were the most common events reported. There
were three serious adverse events. Two events occurtred in
subjects who received at least one dose of the study med-
ication. One death occurred Day 1, however this subject
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had not received any active study drug before the time
of the event. One setrious adverse event occurred in one
subject receiving Senna when the subject required trans-
fer to acute care due to hypotension on Day 5. She was
found to have an elevated troponin, with hypotension
thought to be related to stress cardiomyopathy and de-
hydration. The final event was a subject on lubiprostone
who dislocated her knee and required transfer to acute
care. None of these three events were assessed related to
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Table 4 Bowel movements and Bristol stool scale

Outcome measure Intent to treat Completers
Lubiprostone Senna P value Lubiprostone Senna P value
n =28 n =28 n=21 n =22
Number of unsuccessful attempts for bowel movement
Baseline 0.17 0.29
0 10 (36) 11 (39) 5 (24) 7 (32)
1 4 (14) 8(29) 3 (14) 7 (32)
2-3 10 (36) 5 (18) 9 (43) 4(18)
4+ 4 (14) 4 (14) 4(19) 4(18)
Day 7 0.31 0.60
0 15 (75) 17 (61) 10 (48) 14 (64)
1 6 (21) 7 (25) 6 (29) 5(23)
23 7 (25) 4 (14) 5 (24) 3 (14)
4+ 0(0) 0(0) 0(0) 0(0)
Change (improved) 932 12 (43) 0.42 12 (57) 13 (59) 0.92
Number of bowel movement
Baseline 0.96 £1.17 0.61 +0.83 0.19 0.95 £ 0.92 0.64 £ 0.90 0.26
Day 7 0.93 £0.90 0.93 £ 0.86 1.00 0.95 £ 0.92 0.91 £ 0.87 0.87
Change -0.04 +1.50 0.32 £ 0.90 0.29 0.00 £1.22 0.27 £ 0.98 042
Consistency of bowel movement (Bristol stool scale)
Baseline 0.18 0.20
Type 1 4(14) 0(0) 4(19) 0(0)
Type 2 1(4) 2(17) 1(5) 2(9)
Type 3 3 (11) 4(14) 2(5) 3(14)
Type 4 1(4) 3(11) 1(5) 1(5)
Type 5 2(7) 0(0) 2 (10) 0(0)
Type 6 4 (14) 2(7) 2 (10) 2(9)
Type 7 1(4) 0 (0) 1(5) 0(0)
NA 12 (43) 17 (59) 8 (38) 14 (64)
Day 7 0.32 0.22
Type 1 4 (14) 0 (0) 4 (19) 0(0)
Type 2 1(4) 4 (14) 1(5) 4 (18)
Type 3 2(7) 2(7) 1(5) 1(5)
Type 4 6(21) 10 (36) 5 (24) 8 (36)
Type 5 1(4) 0(0) 0(0) 0(0)
Type 6 2(7) 2(7) 2 (10) 1(5)
Type 7 1(4) 1(4) 0(0) 1(5)
NA 11 (39) 9(32) 8(38) 7 (32)

Data are expressed as absolute numbers (percentage) or mean = SD. NA: Not significant.

study treatments (Table 5).

Information on subject withdrawals is detailed in Fig-
ure 1. Twenty-one subjects withdrew before completing
the six days of study medication. Three subjects with-
drew from the study following randomization but before
receiving any study medications. One subject in the lubi-
prostone group and one in the Senna group changed their
mind about participating. A third subject in the Senna
group withdrew to a rash. One subject died before receiv-
ing active study drug (see above). Reasons for withdrawal,
with some participants reporting more than 1 reason,
included: abdominal pain (4 participants), diarrhea (2),
nausea (2), loose stools (3), cramping (5), eatly discharge
(5), knee dislocation (1), unstable blood test (international
normalized ratio in a subject on warfarin) (1), rash (1),
and headache (1).

Two subjects who did not withdraw from the study
received less than 80 percent of the active drug. For the
initial subject enrolled in the trial, the computer electronic
order task did not work properly for nurse administra-
tion and the subject received one day of study drug. An
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additional subject refused doses due to gastrointestinal
symptoms, but did not withdraw, and received less than
80 percent of the study interventions over the six days
of medication administration. These two subjects were
included in the I'TT analysis, but not the analysis of sub-
jects completing trial interventions. Other protocol devia-
tions included: missed one day of data collection (1 sub-
ject), one dose of study medications missed (2), one dose
of incorrect medication administered (1 subject), sched-
uled constipation medications were not initially changed
(1), rescue meds taken for three days, but the subject was
not withdrawn (1).

Rescue medications for symptoms of constipation
were requested by 15 (75%) of the lubiprostone and 18
(78.2%) of the Senna participants, which was not signifi-
cantly different (P = 0.93). Rescue medications used by
subjects in this study included milk of magnesia, polyeth-
ylene glvcol. magnesium citrate, lactulose and supposi-
toties. Subjects required a mean of 2.25 doses/enrolled
subjects in the lubiprostone group and 2.26 doses in the
Senna group (P = 0.87).
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Table 5 Adverse event

System/adverse event Any adverse event

Lubiprostone Senna
n =31 n =29

Number receiving at least one dose
Number of participants with any event 14 (45.2) 12 (41)
Gastrointestinal disorders

Nausea 3(9.7) 5(17.2)

Diarrhea 5(16.1) 2(6.9)

Abdominal pain 8(25.8) 2(6.9)

Abdominal cramping 6(19.4) 6(20.7)

Constipation 0 1(3.4)
Nervous system disorders

Headache 0 1(3.4)

Skin disorders rash 0 1(3.4)
Musculoskeletal disorders

Patellar dislocation 1(3.2) 0

Laboratory evaluations 0

Hematologic 0 1(3.4)
Cardiovascular disorders

Cardiomyopathy 1(34)
Total events 23 20

All adverse events in participants receiving at least one dose of study
medication. Data are expressed as absolute numbers (percentage) or mean
£SD.

Rehabilitation outcome measures are reported in
Table 3. The overall mean length of stay was 14.7 d with
SD = 7.72 (median = 12; range: 2-37 d) and length of
stay did not differ by group. No differences were found
in functional outcomes between the two treatment
groups; admission FIM score was 69.1 (SD = 13.0) and
discharge 98.4 (SD = 14.2), with a FIM efficiency of 2.38
(SD = 1.26). Subjects showed improvement on their FIM
bowel score across the study time frame; at admission,
the bowel FIM item rating was 4.12 (SD = 1.50, range:
1-6) and at discharge 5.33 (SD = 1.25, range: 2-7) with no
between group differences.

DISCUSSION

In this study, we found that both Senna and lubiprostone
were associated with improvement in bowel related symp-
toms over the treatment period, however we did not find
significant differences in the primary efficacy measures
between these two medications. Rescue bowel medication
use was frequently required by the participants in both
groups however, and thus may have limited our ability to
distinguish differences between these regimens. Never-
theless, this latter finding indicates that multiple laxative
medications may be required for constipation symptom
control with opioids in this setting,

Bowel related symptoms in patients with opioid con-
stipation are frequent. While involved in physical and oc-
cupational therapy, both control of pain with activity as
well control of bowel symptoms is required in order to
participate and benefit from such interventions. Despite
the need for frequent rescue medication for bowel symp-
toms by the participants in this study, it is of interest that
we did not find bowel symptoms precluded therapy at-
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tendance to any great degree, though any impact on other
activities outside of therapy was not examined.

In a survey of patients taking oxycodone for nonma-
lignant pain, constipation was reported by 53.1%; overall
opioid-related side effects in this study was found to im-
pact adherence to prescribed medication dosages and has
been found to be associated with poorer pain control”.

Initiation of laxatives to prevent constipation symp-
toms has been recommended when opioids are pre-
scribed for pain control, however satisfactory results with
laxatives for control of this symptom have been reported
to be less than 50%"”*. Common interventions to con-
trol constipation symptoms include bowel stimulants and
osmotic laxatives, but such medications may be ineffec-
tive or result in unpredictable bowel function. Mu-opioid
receptor antagonists appear to be safe and effective for
laxation in palliative care patients, however at this time
only subcutaneous methylnaltrexone is available in the
Us®. In subjects in rehabilitation, naltrexone resulted in
earlier laxation compared to placebom. A multi-institu-
tional study assessing the impact of prophylactic medica-
tions on the incidence of opioid-induced gastrointestinal
dysfunction in hospitalized cancer patients found that
premedication significantly lowered the rate of constipa-
tion, however, constipation was still present in 34% of
these patients despite the use of laxatives™”". Identifica-
tion of medications that provide better control of bowel
symptoms is needed, as are comparison trials to identify
the most effective regimens to reduce the resultant mor-
bidity. Additionally, although effectiveness did not differ,
costs do differ for the two medications evaluated in the
present study in that Senna is available as a generic medi-
cation and thus less costly; a full cost benefit analysis was
not the performed as a component of this study, how-
ever.

Whether the physical activity that these subjects pet-
formed as part of their rehabilitation treatment could
have influenced the improvement in constipation symp-
toms found in this study is not known. There has been
little evaluation of the effects of physical activity as an
intervention for bowel dysfunction. There wete not be-
tween group differences in baseline functional status.
This finding and the absence of significant differences in
change in function between groups, as well as absent dif-
ferences in missed therapies suggests that activity levels
were similar and was unlikely to have affected measured
outcomes between groups.

Limitations to this study include its smaller sample
size. In addition, we describe results for a specific patient
population, which may limit generalizability of the result
of this study to other subjects with opioid induced con-
stipation.

Subjects utilizing either lubiprostone ot Senna dem-
onstrated improvement in symptoms of constipation
and quality of life as measured by the PAC-SYM and
PAC-QOL. Most participants in each of the treat-
ment groups required additional medications to control
symptoms. Thus the analyses reflect both the treatment
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group medications as well as the additional medication
interventions required. This may have impacted our abil-
ity to detect differences between the treatment groups,
but does confirm that more than one medication may be
required for control of constipation symptoms in this
patient population.

COMMENTS

Background

Constipation is a frequent adverse effect of opioid analgesics in post-operative
orthopedic patients. This symptom is associated with longer postoperative
lengths of stay and may worsen patient distress.

Research frontiers

Lubiprostone, a locally acting type-2 chloride channel activator enhances in-
testinal motility through increases in intestinal fluid and electrolyte secretion.
Research suggests that lubiprostone may reverse the morphine-induced anti-
secretory effects of opioids through its direct action on mucosal chloride chan-
nels. It is approved in the United States for opioid-induced constipation in non-
cancer patients, but efficacy has not been demonstrated in the post-operative
setting, nor have trials been done to compare its efficacy with other medications
used for control of constipation in this setting. This randomized, double-blind,
active comparator trial assessed the effects of lubiprostone compared to Senna
on opioid-induced constipation in postoperative patients hospitalized in rehabili-
tation following orthopedic surgery.

Innovations and breakthroughs

Both Senna and lubiprostone were associated with improvement in constipation
and other bowel-related symptoms over the treatment period, with no significant
differences in efficacy between the two treatment arms. However, rescue bowel
medications were frequently utilized by both groups, suggesting that multiple
laxative medications may be required for control of constipation symptoms in
this setting.

Applications

Both medications evaluated in this trial improved constipation and thus may
be utilized, however as no differences were noted in efficacy between the two
treatment groups, other factors such as medication cost may be a consideration
to guide the choice of intervention. In addition, patients may require the pre-
scription of more than one medication for control of constipation symptoms.

Terminology

Mu-opioid receptors are a class of opioid receptors that are found within the
intestinal tract in addition to the central nervous system. Mu-agonists cause
constipation due to their effects on intestinal peristaltic activity.

Peer review

This study addresses an important clinical issue. It investigated the efficacy of
lubiprostone-based new therapy for opioid use-associated constipation in post-
operative orthopedic patients. primarily in a geriatric population. It appears
that the new drug did not show better efficacy than the conventional Senna in
symptoms of constipation and quality of life. Most participants in each of the
treatment groups required additional medications to control symptoms. The
study also demonstrated that more than one medication may be required for
control of constipation symptoms for the study population. These results would
have potential benefits to the physicians who treat patients in this setting.
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