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Abstract

Gastrointestinal dysmotility and constipation are common problems in critical care patients. The majority of critical
care patients are treated with opioids, which inhibit gastrointestinal (GI) motility and lead to adverse outcomes. We
reasoned that methylnaltrexone (MNTX), a peripheral opioid antagonist approved for the treatment of opioid-induced
constipation in patients with advanced illness receiving palliative care when response to laxative therapy has not been
sufficient, could improve GI function in critically ill patients. The present study included all patients in our intensive
care unit who required rescue medication for GI stasis during the 10-week period from September 1 to November 15,
2009. We compared conventional rescue therapy with subcutaneous MNTX. We performed a retrospective chart
review of the 88 nonsurgical critical care patients receiving fentanyl infusions, 15 (17%) of whom met the criteria of
absence of laxation within 72 hours of intensive care unit admission despite treatment with senna and sodium docusate.
Eight of these 15 patients subsequently received conventional rescue therapy (combination of sodium picosulfate [5
mg] and 2 glycerin suppositories [4-g mold]), and 7 patients received MNTX (subcutaneous injection, 0.15 mg/kg).
Laxation occurred within 24 hours in 6 of the 7 MNTX patients (86%) but in none of the 8 patients receiving
conventional rescue therapy (P�.001). The median difference in time to laxation between the 2 groups was 3.5 days
(P�.001). Although not statistically significant, all 7 patients treated with MNTX, but only 4 of 8 (50%) who received
conventional rescue therapy, progressed to full target enteral feeding (P�.08). Intensive care unit mortality was 2 of 7
MNTX patients (29%) vs 4 of 8 (50%) in the standard therapy group (P�.61). We hypothesize that MNTX may play
an important role in restoration of bowel function in critically ill patients.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(3):255-259
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B owel dysfunction in the intensive care unit
(ICU) represents an important problem in
critical care, with up to 70% of patients suf-

fering from constipation.1. There is increasing evi-
dence from numerous sources that opioids contrib-
ute to perioperative and ICU bowel dysfunction.2

Other studies demonstrate that bowel dysfunction
in critically ill patients is associated with adverse
outcomes such as delayed gastric emptying leading
to increased gastroesophageal reflux and aspiration,
decreased enteral feeding, and later ICU dis-
charge.3-5 Although bowel dysfunction in critically
ill patients is multifactorial and some components
are due to complex disease, there is increasing evi-
dence that exogenous and endogenous opioids con-
tribute to bowel dysmotility.6 Restoration of normal
gastrointestinal (GI) function is essential for estab-
lishing enteral feeding, protects against bacterial
translocation leading to sepsis, alleviates GI discom-
fort due to constipation, and shortens ICU stay.
Methylnaltrexone (MNTX) is a recently approved
peripheral opioid antagonist. It is a quaternary am-

monium compound with a positive charge, which
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imits its ability to cross the blood-brain barrier. Un-
ike tertiary opioid antagonists such as naloxone or
altrexone, MNTX does not reverse centrally medi-
ted analgesia or precipitate withdrawal. Methylnal-
rexone is approved for treatment of opioid-induced
onstipation (OIC) in patients with advanced illness
ho are receiving palliative care when response to

axatives has not been sufficient.6 The success of
NTX in relieving OIC in palliative care patients7

prompted us to introduce this drug in a critical care
setting in our ICU (Hammersmith Hospital, Lon-
don), where opiate infusions are commonly used
and conventional laxative therapy is often ineffec-
tive. Following its introduction in our ICU, we un-
dertook a quality assurance efficacy analysis, com-
paring subcutaneous MNTX with our conventional
rescue therapy. The present study represents our
experience with MNTX in critically ill patients.

PATIENTS AND METHODS
This study was a retrospective analysis that was part

of a review of our current clinical practice using both
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MNTX and conventional rescue laxatives. Because
this was a retrospective review of clinical practice
using de-identified data, ethics board approval was
not deemed necessary. All investigators abided by
the Ethical Principles for Medical Research Involv-
ing Human Subjects outlined in the Declaration of
Helsinki and adopted in October 2000 by the World
Medical Association. Clinical medical and nursing
staff uninvolved with this analysis anonymously
extracted the data. All 88 nonsurgical critical care
patients in our ICU during the 10-week period
between September 1 and November 15, 2009,
were retrospectively studied for GI function and
management.

All patients were sedated with intravenous fen-
tanyl and midazolam or propofol to facilitate me-
chanical ventilation, with regular documentation of
the Richmond Agitation-Sedation Scale score and
daily sedation holds according to departmental pro-
tocol. On admission to the ICU, nasogastric feeding
was commenced in all patients via a fine-bore (10 F)
tube placed in stomach not post pylorus. All patients
were prescribed regular senna (15 mg once daily)
and sodium docusate (250 mg twice daily) from day
of admission as part of the departmental bowel care
policy. If laxation did not occur after 72 hours, a
rectal examination was performed and further res-
cue medications to encourage bowel movement
were administered according to the attending clini-
cian’s choice. Rescue medications customarily used
in the department for laxative-refractory constipa-
tion included a combination of sodium picosulfate
(5 mg) and 2 glycerin suppositories (4-g mold) (de-
scribed in this report as conventional rescue therapy)
or MNTX (0.15 mg/kg by subcutaneous injection) at
the discretion of the clinical staff. The success of
rescue (time to laxation) was recorded by clinical
and nursing staff who were not involved with this
study as part of routine care. Data recorded included

ta From 15 ICU Patients Treated for Opioid-Induced
Group

Methylnaltrexone
(n�7)

Conventional rescue
therapy (n�8) P value

56.8�17.8 65.9�16.6 .33

3:4 5:3 .62

18.8�6.0 19.6�7.3 .83

178.6�85.9 150�75.6 .51

n
�3.7�0.5 �3.4�1.2 .94

g/min) 0.24�0.14 0.11�0.08 .04

D unless indicated otherwise. APACHE � Acute Physiology and
� intensive care unit.
time to laxation following rescue medication, toler- t
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ance of nasogastric feeding, sedation score, and opi-
ate requirements.

The data were retrospectively collected, de-
identified, and analyzed. Normality distribution for
the patient demographics and outcome parameters
were assessed by the Kolmogorov-Smirnov test. Cat-
egorical variables were expressed as number (per-
centage) and continuous variables as mean � SD.
Comparisons between categorical variables were as-
sessed using the Fisher exact test. Comparisons be-
tween continuous variables were assessed using the
Wilcoxon rank sum test. All P values were 2-sided,
and P�.05 was considered statistically significant.

RESULTS
Opioid-induced constipation, defined for the pur-
poses of this report as absence of laxation within 72
hours of ICU admission, occurred in 15 of the 88
patients studied (17%), despite all patients receiving
regular senna and sodium docusate. Of the 15 pa-
tients with OIC, 7 were managed with MNTX (0.15
mg/kg subcutaneously) and 8 were managed with
conventional rescue therapy consisting of sodium
picosulfate (5 mg) and 2 glycerin suppositories (4-g
mold). Rescue medication was continued every
other day until the desired effect was achieved.

The patients’ demographics are shown in Table 1.
Admission diagnoses were similar between the 2
groups (MNTX and conventional rescue therapy)
and included pneumonia, pancreatitis, and cardio-
genic and septic shock. Both groups were receiving
similar amounts of sedation. There were no statisti-
cally significant differences in age, gender, Acute
Physiology and Chronic Health Evaluation II score,
and agitation score between the 2 groups. Fentanyl
dose was slightly higher in the MNTX group
(178.6�85.9 vs 150.0�75.6 �g/h; P�.51). The
MNTX group received more than twice the mean
dose of norepinephrine (0.24�0.14 vs 0.11�0.08
�g/kg per min; P�.04).

The outcomes from intervention are shown in
able 2. The most striking result was the immediate
ffect of MNTX, with laxation occurring within 24
ours in 6 of the 7 patients (86%) vs none of the 8
atients in the conventional rescue group (P�.001).
he time to laxation was 30.7�60.9 vs 96.0�18.2
ours (P�.02). The median difference in time to

axation between the 2 groups was 3.5 days
P�.001) (Figure). Methylnaltrexone was ineffec-
ive in one patient who had a large subcapsular liver
ematoma and elevated intra-abdominal pressure
24 cm H2O), and who exhibited severe fecal impac-
ion requiring manual evacuation. When this pa-
ient was excluded from analysis, the 6 other pa-
ients laxated within 7.8 hours vs 96.0 hours for
atients who received conventional rescue
TABLE 1. Demographic Da
Constipation, by Treatment

Characteristic

Age (y)

Male:female ratio

APACHE II score

Fentanyl dose (�g/h)

Richmond Agitation-Sedatio
Scale score

Norepinephrine dose (�g/k

Data are presented as mean � S
reatment.
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All 7 patients treated with MNTX, but only 4 of
8 (50%) who received conventional rescue therapy,
progressed to tolerating full target enteral feeding
(P�.08). The residual gastric volume of the patients
on conventional rescue therapy who did not pro-
gress to enteral feeding was 433�70 mL. In con-
trast, 6 of 7 patients treated with MNTX had no
gastric residual volumes after treatment. The only
patient with measurable residual gastric fluid in the
MNTX group had a volume of 50 mL (P�.17). Con-
sistent with improved feeding, ICU mortality was 2
of 7 MNTX patients (29%) vs 4 of 8 (50%) who
received conventional rescue therapy (P�.61).
Length of stay was not statistically significantly dif-
ferent between the 2 groups. The difference was po-
tentially affected by a greater number of deaths (ICU
mortality) in the conventional rescue therapy group.
There were no serious adverse effects (one episode
of vomiting in the patient with fecal impaction), no
increase in fentanyl or analgesia requirements fol-
lowing administration of MNTX, and no signs of
MNTX reversing the central effects of fentanyl.

DISCUSSION
Opioids are a mainstay of care in the ICU, but OIC is
a recognized complication in critically ill patients.
Our most important observation is that MNTX can
resolve OIC in many patients in this population.
While MNTX is approved for treatment of OIC in
palliative care patients with advanced illness, its use
in the medical ICU has been limited and largely an-
ecdotal. The findings in our series confirm the re-
sults in 3 previously published individual case re-
ports of MNTX use in the postsurgical setting (2
from the University of Chicago) and extend the po-
tential use of MNTX to medical ICUs. In each of the
prior cases, there was an immediate effect of MNTX
administration on bowel motility. In one report,
MNTX was given intravenously to a critically ill
burn patient.8 The purpose of that use was to facil-

TABLE 2. Intervention Outcomes in 15 ICU Patients Tr
by Treatment Group

Characteristic
M

No. of patients laxating within 24 h

Hours to laxation (mean � SD)

No. of patients established on full enteral feed

Gastric residual volumes after 24 h (mL)

ICU mortality (No. of patients)

ICU length of stay (d) (mean � SD)

ICU � intensive care unit.
itate feeding, although bowel motility was also re-
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stored. After 4 days of no appreciable bowel func-
tion, administration of MNTX produced immediate
improvement in bowel sounds, flatus, gastric resid-
ual volumes, and subsequently feeding. In another
case, a 54-year-old woman with a palliative ostomy
and a long history of heroin use demonstrated no
bowel function and severe abdominal distention 7
days after a palliative ostomy procedure.9 She re-
sponded with a brisk stool output of over 1 L via
ostomy 15 minutes after administration of MNTX by
subcutaneous injection. Both of these patients were
receiving high doses of opioids, as were our critical
care patients. In addition, a recent case report in a
critically ill neonate with complex congenital heart
disease complicated by 8 days of bowel dysmotility
following iliosigmoid anastomosis demonstrated
that MNTX (0.15 mg/kg subcutaneously) restored
bowel function within 15 minutes of injection.10
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7 4 .08
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The patient was receiving a fentanyl infusion of 2
�g/kg per hour. Our study confirms the observa-
tions in these isolated case reports in that 6 of our 7
MNTX-treated patients responded within the first
day vs 0 of 8 patients treated with conventional res-
cue therapy (P�.001) (Figure). Similar to the results
reported in surgical patients,8-10 3 of our 7 patients
responded in less than 4 hours. It should be noted
that our patients were critically ill medical patients,
also receiving high doses of norepinephrine.

The etiology of critical care bowel dysfunction is
unclear and likely multifactorial. The lack of suit-
able therapy has hampered study of bowel function
in the ICU, although the problem has been increas-
ingly recognized as clinically important. Studies of
critically ill patients using various laxative regimens
have demonstrated that morphine administration is
associated with decreased laxation and that late def-
ecation is associated with an increased length of hos-
pital stay and higher risk of infection in ICU pa-
tients.2,5,11 There have been previous attempts to
utilize high doses of the tertiary antagonist nalox-
one, which has limited bioavailability, via enteral
administration in ICU patients. One study showed a
decrease in aspiration, improved gastric emptying,
and reduced ventilator pneumonic rates but no im-
provement in bowel function.12 In clinical practice,
many patients with gastric stasis are unable to toler-
ate this enteral regimen. Aside from tolerability, the
ability to utilize a peripheral opioid antagonist,
which does not precipitate opioid withdrawal, rep-
resents a major clinical advantage over strategies us-
ing tertiary opioid antagonists.

Opioid-induced constipation in critically ill pa-
tients appears to differ from postoperative ileus
(POI), in which peripheral opioid antagonists have
shown mixed results,13 perhaps because of differ-
ences in opioid dosing. In the ICU setting, patients
receive high-dose opioid infusions for days. The pa-
tients in our study received high doses of fentanyl
(�150 �g/h) over a prolonged period. In addition,
in the ICU setting, we and others utilized MNTX to
treat OIC rather than to prevent POI. The selective
peripheral opioid antagonist alvimopan was devel-
oped to facilitate recovery of postoperative gut func-
tion in patients undergoing laparotomy and bowel
resection.6,14 Alvimopan, which is orally adminis-
tered, is approved in the United States for hospital-
ized patients, but no more than 15 doses can be
administered. Because MNTX could be given paren-
terally, it was proposed as a potentially useful agent
to prevent POI.15 A subsequent prospective, ran-
domized trial of 65 patients undergoing colectomy
demonstrated improvements in recovery of gastric
function,16 but 2 large multinational trials failed to
confirm this finding.17 Recent data from a double-

blind randomized study of 33 postoperative patients

Mayo Clin Proc. �
with 2 days of OIC during rehabilitation from com-
plex orthopedic procedures support our observa-
tions of a therapeutic effect of MNTX.18 In that
study, MNTX caused first laxation in a median of 15
hours vs 55 hours with conventional therapy
(P�.02), and 33% of patients treated with MNTX
laxated within 2 hours vs none of the control pa-
tients. Similar to our ICU patients, these orthopedic
patients had received sustained high doses of opi-
oids. Although our patients received fentanyl exclu-
sively (as part of the departmental sedation policy),
the therapeutic effects of MNTX appear to occur
with all �-receptor opioids.7,18

Aside from the effect of opioids on bowel motil-
ty, emerging literature suggests that parenteral

NTX may be useful in the nonsurgical ICU setting
oth to facilitate feeding and to accelerate gastric
mptying in patients receiving opioids. Two volun-
eer studies showed that low-dose opioids can sig-
ificantly impede gastric emptying via a peripheral
echanism.19,20 We observed a clinically signifi-

ant improvement in feeding and decreased gastric
esidual volumes in our patients with MNTX treat-
ent. Although our study was too small to demon-

trate statistical significance, the improvement in
nteral feeding that we observed suggests that fur-
her study is merited. The reduction in residual vol-
mes following MNTX was dramatic and facilitated
arly target enteral feeding. There is a trend toward
mproved outcome, but our study was too small to
ocument this statistically.

A few caveats should be considered regarding
ur observations. First, this is a retrospective obser-
ational study. Second, data on the safety of MNTX
n the ICU population are limited. Although MNTX
as been utilized widely in palliative care patients,
are incidences of perforation have been reported21;

however, we did not observe evidence of perforation
in our own critically ill patients. Safety studies in the
immediate postoperative period after colectomy
have shown it to be safe in that setting in substan-
tially higher doses.17 However, it is important to
rule out obstruction or serious damage to the bowel
wall before proceeding with use of MNTX in the
critical care setting.

CONCLUSION
Opioid-induced constipation despite laxative ther-
apy is a common problem in critically ill patients.
We found MNTX to be very effective in producing
laxation when compared with conventional rescue
laxatives in our critically ill patients. In this retro-
spective study, MNTX was well tolerated and did
not demonstrate any signs of reversing the central
effects of fentanyl. In addition to its benefit in revers-
ing gut dysmotility, MNTX may be of further benefit

in improving enteral feeding. Our observations

March 2012;87(3):255-259 � doi:10.1016/j.mayocp.2011.11.014
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demonstrate a potential role for MNTX in managing
OIC in critically ill patients and suggest that a larger
controlled study in the ICU environment is
merited.22
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