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Abstract.
Background: Radical cystectomy (RC) carries a high complication rate, including post-operative ileus. Alvimopan is an FDA
approved peripherally acting �-opioid receptor antagonist that has shown favorable results for improved recovery of gastro-
intestinal function resulting in decreased hospital length of stay. Many enhanced recovery pathways (ERP) have been published
demonstrating improved outcomes with decreased hospital stay and morbidity.
Objective: We evaluated the addition of alvimopan to an ERP in patients undergoing RC.
Methods: Patients undergoing RC at our institution during the implementation phase of alvimopan to our established ERP were
retrospectively reviewed. Effect of alvimopan as it related to the use of nasogastric tubes, time to initiation of regular diet, and
length of hospital stay was assessed using Chi-squared and Student’s T-tests. Linear regression was performed for univariate
analysis and binary logistic regression was performed as a multivariate assessment of the effect of alvimopan.
Results: Between July 2011 and January 2013, 80 patients were identified who underwent RC under the ERP (34 alvimopan and
46 standard care). Age, sex, neoadjuvant chemotherapy, surgical technique (open vs. robotic), and type of urinary diversion were
not different between groups. Alvimopan was associated with a reduction in mean time to regular diet (5.3 vs 4.1 days, p < 0.01)
and a reduction in mean length of hospital stay (6.9 vs 5.7 days, p = 0.01). After controlling for other variables, alvimopan usage
predicted for shorter time to regular diet and total hospital stay.
Conclusions: Alvimopan may help to improve time to regular diet and decrease hospital stay in patients on an enhanced recovery
pathway.
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INTRODUCTION

Neoadjuvant chemotherapy followed by radical cys-
tectomy (RC) is considered the gold standard for
muscle invasive and locally advanced bladder cancer
[1, 2]. RC is a major operation with a high rate of
post-operative morbidity. In fact, complications and
hospital readmission rates are reported as high as 60%
in surgical series [3–5]. One of the biggest challenges
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in management is the treatment of post-operative ileus
and the reinitiation of enteral feeding [6]. In addition
to the morbidity of nausea, vomiting and abdominal
pain, increased hospital length also adds to the total
cost of care [7, 8]. Causes of post-operative ileus are
likely a comprehensive response to surgical manipu-
lation of tissue, disruption of anatomy, inflammation,
neuropathic reflexes and opioid use. Alvimopan is a
peripherally acting �-opioid receptor antagonist that
has been shown to improve gastrointestinal function
and decrease hospital stay in a randomized controlled
trial in patients undergoing RC [9].

Recently, post-operative pathways, known as
enhanced recovery after surgery (ERAS) or enhanced
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recovery pathways (ERP), have been developed and
studied to improve outcomes. These surgical path-
ways optimize patient care, advance gastrointestinal
recovery, and decrease hospital length of stay [10, 11].
While ERPs vary in their implementation, they gener-
ally involve the avoidance of bowel preparation prior
to surgery, allow a regular diet up to the night before
surgery, minimize intraoperative and post-operative
fluid administration, avoid routine nasogastric tube
placement, encourage early ambulation, initiate early
oral feeding, and encourage the judicious use of
epidurals and anti-inflammatory medications to avoid
narcotic administration. However, the use of promotil-
ity agents or other bowel medications has not been
standardized and remains variable.

It is clear that an ERP improves patient outcomes
following surgery, specifically RC [12]. Furthermore,
alvimopan has been demonstrated in clinical trials to
decrease time to gastrointestinal recovery and length of
hospital stay [9]. Our aim was to evaluate the addition
of alvimopan to an established ERP for radical cys-
tectomy in patients with bladder cancer to determine
if there is incremental improvement in return of gas-
trointestinal motility and length of hospital stay. To our
knowledge, no studies have addressed this specifically.

MATERIAL AND METHODS

After IRB approval (HSC Study 1328), we per-
formed a retrospective chart review of patients who
underwent radical cystectomy, pelvic lymph node dis-
section, and urinary diversion between July 2011
and January 2013 at the University of Kansas
Medical Center. Patients who underwent both robot-
assisted procedures and open radical cystectomies
were included in this analysis. Patients underwent ileal
conduit or orthotopic neobladder urinary diversion at
the discretion of the surgeon and patient. All urinary
diversions were performed extracorporally. In addi-
tion to RC, all patients underwent an extended lymph
node dissection as described by Bochner and Herr [13].
Board certified pathologists performed tumor staging
according to the American Joint Committee on Can-
cer’s AJCC Cancer Staging Manual [14].

The RC post-operative pathway during the dates
of this analysis was standardized as our institution’s
enhanced recovery pathway (ERP) and was adhered
to by all physicians performing RC. Specifically,
no patients underwent a bowel preparation prior to
surgery and were allowed to eat a regular diet up
to the night before surgery. Patients were given peri-

operative ketorolac on post-operative day one if the
renal function was in the normal range. Epidurals
were regularly offered and utilized based on a discus-
sion between the patient and anesthesiologist. Epidural
medications consisted of bupivacaine and hydromor-
phone, unless restricted by patient allergies. If an
epidural was not placed, then a patient-controlled anes-
thesia pump (PCA) was used, and fentanyl or morphine
was provided as a first option. Both epidural and PCA
were offered to patients, regardless of alvimopan use.
Nasogastric tubes were not utilized during or following
surgery unless indicated by symptoms. Pain was con-
trolled with an epidural or a PCA until resumption of
a regular diet at which time they were transitioned to
oral pain medications, regardless of alvimopan group.
Oral opioids consisted of oxycodone/acetaminophen,
unless limited by allergies or adverse side effects, and
escalated to higher doses if patients reported poor
pain control that limited mobility. Early and aggressive
ambulation was encouraged through a directed effort by
the nursing staff, the house staff and surgeons. A limited
clear liquid diet was initiated post-operatively, unre-
stricted clear liquids were started on post-operative day
2, and advanced to a regular diet with return of bowel
activity (passage of gas or bowel movement). Upon tol-
erance of a regular diet, ureteral stents and drains were
removed and patients were discharged. Patients were
offered to be discharged to home with a local home
health nursing agency to provide routine in-home visits
every 1–3 days. If patients or their families requested,
skilled nursing facilities or rehabilitation centers were
arranged as well.

Beginning in July 2011, alvimopan was offered to
patients undergoing radical cystectomy. Usage of alvi-
mopan was left up to the discretion of the attending
surgeon and the patient preference at the time. Patients
were informed of a new medication that had shown
promise regarding enhanced bowel recovery after cys-
tectomy; however, given that it was not a part of our
standard pathway, medication usage was ultimately left
up to the patient. Patients were excluded if they had
taken therapeutic doses of opioids for more than seven
consecutive days prior to surgery, according to man-
ufacturer guidelines. Patients received the first dose
orally (12 mg) in the pre-operative bay and continued
dosing every 12 hours until return of bowel function.
The University of Kansas Medical Center is registered
in the Entereg Access Support and Education (EASE)
program. This is a program provided by the manufac-
turer of alvimopan and ensures adequate educational
materials are given to patients and providers and that
administration guidelines are followed.



Z. Hamilton et al. / Alvimopan in an Enhanced Recovery Program Following Radical Cystectomy 139

We charted baseline demographics including age,
sex, race, receipt of chemotherapy, stage, type of
surgery (robotic or open), and type of diversion (con-
duit or neobladder). Patients were grouped based on
the receipt of alvimopan, with those not receiving alvi-
mopan serving as controls. Chi-squared analysis and
Student’s T-tests were utilized to compare all categori-
cal and continuous variables between groups in order to
assess for baseline differences between groups. Addi-
tionally, the strength of association of these variables
were assessed against the primary outcomes (time to
initiation of regular diet and length of stay) using
Student’s T-tests and linear regression. An additional
sensitivity analysis was performed for the effect of alvi-
mopan excluding patients with narcotics listed on their
medical records.

A binary logistic regression analysis of all indepen-
dent variables versus the primary outcome variables
was performed to control for potential confounding
interactions. In order to complete this analysis, the pri-
mary outcomes of time to regular diet and length of
stay were converted into binary outcomes in which the
target outcome was defined as less than or equal to
the median time to regular diet and length of stay for
the Alvimopan group. Statistics were performed using
SPSS 22.0 (IBM, Armonk, New York) with p-values
reported for 2-sided analyses.

RESULTS

Eighty patients met inclusion criteria and make
up the cohort for our analysis. Of these, 34 (42.5%)
patients were treated with alvimopan peri-operatively
and 46 (57.5%) did not. At baseline (see Table 1), there
were no significant differences in age, race, gender,
receipt of neoadjuvant chemotherapy, type of surgery
(open versus robotic), type of diversion (ileal con-
duit versus neobladder), or stage. Patients receiving
alvimopan had a trend towards a reduced rate of naso-
gastric tube decompression (15.2% vs 2.9%, p = 0.07).

With respect to the primary outcomes measured, the
receipt of alvimopan was associated with a reduction
in mean time to regular diet (5.3 vs 4.1 day, p < 0.01)
and a reduction in mean length of hospital stay (6.9 vs
5.7 days, p = 0.01) (Table 1). Figure 1 demonstrates a
box plot narrative of the median and interquartile range
of the control and alvimopan group in regards to time
to regular diet. Similarly, total length of stay is demon-
strated in Fig. 2. Linear regression analysis was used to
assess each individual factor against the primary out-
come of time to regular diet and length of hospital stay.

Table 1
Baseline features and comparison of outcomes between groups

Alvimopan Control p-value

N 34 46 –
Age (Range) 68.8 (44–92) 69.2 (57–84) 0.84
Gender

Male 28 (82.4) 29 (63.0)
Female 6 (17.6) 5 (10.9) 0.07

Race
White 33 (97.1) 45 (97.8)
African American 1 (2.9) 1 (2.2) 0.84

Neoadjuvant 16 (47.1) 24 (52.2) 0.65
Chemotherapy

Surgery Type
Open 16 (47.1) 25 (54.3)
Robotic 18 (52.9) 21 (45.7) 0.52

Diversion
Ileal Conduit 22 (64.7) 34 (73.9)
Neobladder 12 (35.3) 12 (26.1) 0.37

Stage
pT0 3 (8.8) 8 (17.4)
pTa/pTis/pT1 9 (26.5) 12 (26.1)
pT2 6 (17.6) 7 (15.2)
pT3 11 (32.4) 10 (21.7)
pT4 5 (14.7) 9 (19.3) 0.70
pN+ 6 (17.6) 10 (21.7) 0.65

Nasogastric Tube Use 1 (2.9) 7 (15.2) 0.07
Time to Regular 4.0, 4.05 5.0, 5.26 0.007

Diet, median, (3.0–5.0) (3.75–6.0)
mean (days, IQR)

LOS, median, 5.0, 5.65 6.0, 6.84 0.01
mean (days, IQR) (5.0–6.0) (5.0–8.0)

Fig. 1. Time to initiation of regular diet stratified by treatment group.

Only alvimopan usage was statistically significant with
a mean decrease of 1.2 days for both endpoints (–1.2
days, 95% CI: –2.7, –0.3, p < 0.01) and (–1.2 days, 95%
CI: –2.1, –0.3, p = 0.01), respectively (Table 2). Fur-
ther, sensitivity analysis was performed after excluding
patients with narcotics listed on their medical record
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Fig. 2. Length of stay stratified by treatment group.

(11 patients total). Time to regular diet (4.0 days for
alvimopan vs 5.2 days for control, p < 0.01) and length
of stay (5.7 days for alvimopan vs 6.9 days for control,
p = 0.01) remained significant.

The median time to initiation of regular diet (4.0
days) and length of stay (5.0 days) were utilized as
the value for each metric in conversion to a binary
outcome. Using binary logistic regression analyses,
the effect of alvimopan was maintained when con-
trolled for all other measured variables. The receipt
of alvimopan was associated with an OR of 3.81 (95%
CI: 1.40–10.36, p < 0.01) for initiation of regular diet
within 4 days and an OR of 2.98 (95% CI: 1.09–8.20,
p = 0.03) for a length of stay less than 5 days when
compared to the control. Interestingly, node positivity
and female gender was associated with higher odds of
increased time to regular diet and overall hospital stay,
respectively (Table 3). There were no bowel related
hospital readmissions within thirty days in either group
(data not shown). Furthermore, no patients required

Table 3
Multivariable† assessment of primary outcomes, significant

predictors of outcome

OR 95% CI p-value

Time to Regular Diet
Alvimopan 3.81 1.40–10.36 <0.01
pN+ 0.20 0.05–0.82 0.03

Length of Stay
Alvimopan 2.98 1.09–8.20 0.03
Female Gender 0.06 0.005–0.79 0.03

†Variables assessed: Age, Receipt of Alvimopan, Gender, Race,
Stage, Neoadjuvant Chemotherapy, Surgery Type, and Diversion.

discontinuation of alvimopan due to adverse effects of
the drug.

DISCUSSION

Alvimopan has clearly been shown to improve out-
comes in the surgical literature, and more specifically,
in the radical cystectomy population. Lee et al. con-
ducted a multi-institutional, randomized trial involving
twenty-one academic institutions. A total of 277
patients were included, and the alvimopan cohort expe-
rienced quicker return of bowel function (5.5 vs 6.8
days; p < 0.0001) and shorter mean length of hospi-
talization (7.4 vs 10.1 days; p < 0.01) [9]. Similarly,
Vora et al reviewed a cohort of eighty patients utilizing
alvimopan. They similarly noted a quicker time to hos-
pital discharge (6.1 vs 7.7 days, p = 0.04) [15]. These
data clearly demonstrate the advantages of alvimopan
in this particular patient population.

Enhanced recovery after surgery (ERAS) protocols
are evidence-based surgical pathways designed to opti-
mize perioperative outcomes for patients that undergo
complex surgery. These ERAS protocols were first
introduced for patients undergoing colorectal surgery
and included reduced preoperative fasting and early
postoperative feeding [16]. Overall, goals of ERAS

Table 2
Effect of clinical features on time to regular diet and length of stay

Difference in p-value Difference in p-value
Time to Regular Length of
Diet (95% CI) Stay (95% CI)

Alvimopan v Control –1.2 (–2.7, –0.3) <0.01 –1.2 (–2.1, –0.3) 0.01
Age (≥65 v <65)† 0.3 (–0.7, 1.3) 0.58 0.5 (–1.1, 1.0) 0.95
Male v Female 0.1 (–1.0, 1.2) 0.85 –0.2 (–1.3, 0.9) 0.72
White v Black 0.8 (–2.1, 3.6) 0.60 1.4 (–1.6, 4.3) 0.36
Robotic v Open –0.2 (–1.1, 0.7) 0.72 –0.3 (–1.2, 0.6) 0.51
Conduit v Neobladder 0.1 (–0.9, 1.1) 0.81 0.3 (–0.7, 1.3) 0.55
Chemotherapy v no Chemotherapy –0.5 (–1.3, 0.4) 0.32 –0.68 (–1.6, 0.2) 0.15
Pathologic Stage (≤pT2 v >pT2) 0.7 (–0.2, 1.6) 0.14 0.4 (–0.5, 1.3) 0.40
Nodal Status (pN0 v pN+) 0.5 (–0.6, 1.7) 0.33 0.9 (–0.3, 2.0) 0.13

All values are mean. †Bivariate correlation of Age was non-significant (Spearman’s Rho = 0.11, p = 0.34).
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pathways are to decrease total hospital length of stay,
decrease complications, and reduce readmission rates.
The key principles of the ERAS protocol include pre-
operative counseling, preoperative nutrition, avoidance
of perioperative fasting and bowel preparation, stan-
dardized anesthetic and analgesic regimens (epidural
and non-opioid analgesia), early mobilization, avoid-
ance of NGT, early initiation of diet, and aggressive
post-operativebowelregimens[11].MorbidityafterRC
canbeashighas30–64%[17], thusRCpatientsarecon-
sidered to be ideal candidates for an ERAS pathway.
Several recent publications have suggested ERAS pro-
tocols for RC patients as especially beneficial [12, 18].

Our goal was to evaluate whether the addition
of alvimopan to an established enhanced recov-
ery pathway (ERP) would result in an incremental
improvement in usage of nasogastric tubes, time to reg-
ular diet, and time to discharge home. Despite many
groups using alvimopan as part of their ERP, we are not
aware of any analyses to show the benefit as we have
in this report. Clearly, postoperative ileus is a common
cause of prolonged hospitalization after radical cys-
tectomy and intuitively interventions to decrease the
rate would subsequently decrease length of stay. As
mentioned, this was demonstrated in the randomized
controlled trial of alvimopan in radical cystectomy [9].
Interesting to note, the time to diet in the control group
was 6.8 days and the mean length of hospitalization
was 10.1 days, both of which were considerably longer
than in our population (5.3 and 6.9, respectively). It
is obvious that multiple post-operative pathways were
utilized in this trial and practice patterns were varied.
Despite the fact that our cohort of patients had reduced
time to diet and decreased length of stay, we still found
an improvement with the usage of alvimopan.

Given the shortening of hospital stay, the usage of the
drug also subsequently decreases hospital cost. Kauf
et al. determined the decreased hospitalization cost was
secondary to decreased post-operative ileus and hospi-
tal stay [19]. Other groups have similarly demonstrated
improved cost benefit even up to $1515 per hospital-
ization [15, 20]. Furthermore, the usage of alvimopan
has proven to be safe in patients undergoing bowel
surgery [21, 22]. This was confirmed in our study as
no patients required discontinuation of drug due to
adverse effects or events. Also, the thirty-day readmis-
sion rates between the two groups did not differ (data
not shown).

We acknowledge that there are several limitations to
our study. First, the decision to administer alvimopan
was influenced by several factors that may not be cap-
tured in a retrospective chart review. A selection bias

may exist in the patients who receive or did not receive
alvimopan. While a matched case-control approach
would have reduced this bias, our cohort was not large
enough to allow matching. As such, we performed our
multivariable analysis with all potential predictors in
an attempt to reduce the potential selection bias. The
rigor of this approach may be questioned, however the
magnitude of the effect of alvimopan on the primary
outcomes in the multivariable analysis would suggest
that the effect seen on univariate analysis is real.

Furthermore, it is worth noting that only 42.5% of
our cohort was in the alvimopan group. Given that we
did not provide a pre-treatment questionnaire to assess
patient opinions, we are unsure why more patients
did not opt for the medication. One possibility is that
patients hesitated to be the first to try a new medica-
tion at our institution. During pre-operative counseling,
patients were informed that the medication was new to
our regimen and taking the medication was optional as
we began incorporating it into our pathway, thus they
may not have been comfortable with this medication
that was unknown to our institution. Second, we were
unable to objectively quantify post-operative narcotic
usage. Certainly, a bias towards more narcotic usage
in the non-Alvimopan group is possible, however, all
patients were given the choice of epidural or PCA and
every patients was initiated on oral narcotic medication
when tolerating regular diet regardless of the receipt of
Alvimopan. Third, our cohort of patients is small and
all underwent surgery at one academic medical center.
Therefore, our results may not be representative of the
general population of patients undergoing radical cys-
tectomy in other regions of the country or outside of
academic medical centers. Fourth, the established ERP
at our institution has variations based on unforeseen
patient factors; however, we feel that those differences
would be similar in both groups. Despite these limita-
tions, we feel that this report does give evidence that
alvimopan should be considered as an adjunct to an
established ERP.

CONCLUSION

Alvimopan has been demonstrated to improve time
to regular diet and time to discharge in patients under-
going radical cystectomy in several studies. In addition,
the adoption of an ERP has shown similar benefits
throughout the literature. We have demonstrated that
the addition of alvimopan to an ERP may result in
additional improvements in time to regular diet, time
to discharge, and decreased hospital costs without
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increases in complications or readmissions. Therefore,
consideration should be given to adding this to estab-
lished ERP protocols.
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