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Background: The majority of surgical patients experience significant levels of pain after a 

procedure. While opioid analgesics have been a mainstay of postsurgical analgesic regimens, 

recent evidence has supported the use of multimodal therapy as a way to decrease opioid usage 

with its concomitant opioid-related adverse events. The goal of multimodal therapy is to minimize 

the negative effects of these events on clinical and economic outcomes. The purpose of this 

study was to assess the opioid burden and health economic outcomes in patients undergoing 

open colectomy who received a liposomal bupivacaine-based multimodal analgesic regimen 

as compared with a standard opioid-based regimen for postsurgical pain.

Methods: In this open-label, single-center, sequential-cohort study, adults undergoing 

open colectomy were assigned to treatment via patient-controlled analgesia with opioids 

(first cohort) or multimodal analgesia therapy including a single administration of liposomal 

bupivacaine (second cohort). Both treatment groups were offered rescue analgesia as needed. 

The main outcome measures were total mg amount of opioids consumed after surgery, total 

hospital costs, and length of hospital stay. Adverse events, including opioid-related adverse 

events, were recorded.

Results: Thirty-nine patients were enrolled, 18 in the opioid-based analgesia group and 21 in 

the multimodal analgesia group. Mean total amount of postsurgical opioids consumed was sig-

nificantly less in the multimodal analgesia group (57 mg) compared with the opioid analgesia 

group (115 mg; P = 0.025). The average total cost of hospitalization in the multimodal group 

was $8766 versus $11,850 in the opioid group (P = 0.027), and the median length of hospital 

stay was 2.0 days versus 4.9 days, respectively (P = 0.004).

Conclusion: This study confirmed that a liposomal bupivacaine–based multimodal analgesic 

regimen resulted in less opioid consumption, lower hospital costs, and a shorter length of stay 

than a standard opioid-based analgesic regimen for postsurgical pain in patients undergoing 

open colectomy.
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Introduction
During the past two decades, there has been heightened awareness about the impor-

tance of perioperative pain management, and several clinical guidelines have been 

published with a focus on the treatment of perioperative pain.1–4 However, a large pro-

portion of patients continue to experience significant pain following both inpatient and 
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outpatient surgeries.5–8 Balancing the need for adequate 

postsurgical pain relief while minimizing treatment-related 

adverse effects is a key factor for timely patient recovery and 

ambulation, as well as patient satisfaction after surgery.4,9–12 

While opioids are effective analgesics and continue to be a 

mainstay of postsurgical pain management regimens, opioid-

related adverse events are common and the clinical and 

economic burden associated with these events is significant.11 

Data from previous studies suggest a reduction in opioid-

related adverse events may result in shorter length of hospital 

stay and lower hospital costs.11

Liposomal bupivacaine (Exparel®, Pacira Pharmaceuticals 

Inc, Parsippany, NJ) is an extended-release formulation of 

bupivacaine designed to allow drug diffusion to occur for 

up to 72 hours following a single administration at the end 

of surgery. It is indicated for single-dose administration 

into the surgical site to produce postsurgical analgesia.13 

The objective of this study was to assess total opioid burden 

and health economic outcomes in adult patients undergoing 

open colectomy with general anesthesia who received a 

multimodal regimen that included liposomal bupivacaine 

for postsurgical pain compared with those who received 

patient-controlled analgesia (PCA) with opioids.

Materials and methods
This single-center, Phase IV, prospective, open-label, 

sequential study evaluated the pharmacoeconomic outcomes 

associated with a multimodal analgesia regimen including 

a single administration of liposomal bupivacaine 266  mg 

given via wound infiltration at the end of surgery, compared 

with an analgesia regimen including PCA with intravenous 

morphine or hydromorphone. The study was conducted by 

the author at Southern Regional Medical Center, Riverdale, 

GA, from December 2011 to June 2012 (US National Insti-

tutes of Health Clinical Trials Identifier NCT01207246). The 

protocol was approved by a central institutional review board, 

and the study was conducted in accordance with the Interna-

tional Conference on Harmonisation Good Clinical Practice 

guidelines.14 Written informed consent was obtained from all 

patients before any study procedures were conducted.

Patients
Adults $ 18 years of age undergoing open segmental colec-

tomy with anastomosis (cecectomy, right or left hemicolec-

tomy, resection of transverse colon, or sigmoidectomy) were 

included in the study. Patients were excluded from participa-

tion in the study if they were pregnant, had a history of drug/

alcohol abuse, or had severe hepatic impairment or any other 

concomitant condition that, in the opinion of the investigator, 

could make the patient an inappropriate candidate for the 

study. Those who required unplanned multiple resections of 

the large intestine or unplanned colostomies placed during 

surgery were excluded, as well as those who required admin-

istration of intraoperative analgesics (other than fentanyl), 

nonsteroidal anti-inflammatory drugs, local anesthetics (other 

than liposome bupivacaine), or alvimopan.

Study procedures
Patients were enrolled in sequential cohorts, and those 

assigned to the opioid-based treatment group were enrolled 

first. Screening procedures, including obtaining informed 

consent, medical history, physical examination, documen-

tation of American Society of Anesthesiologists (ASA) 

physical status classification, and pregnancy testing, were 

performed in the 2 weeks prior to surgery (study day 1). 

Patient eligibility was reconfirmed on the day of surgery and 

the surgical procedure was performed as per the surgeon’s 

standard technique.

For patients assigned to the opioid-based treatment 

group, the study drug was initiated as soon as possible after 

surgery and administered via an intravenous PCA pump as 

needed, according to the institutional protocol at the study 

site. PCA treatment was continued until patient discharge, 

or until the patient was converted to orally administered pain 

medication (oxycodone, either alone or in combination with 

acetaminophen). Patients were converted from intravenous 

administration to orally administered drugs as per the clinical 

judgment of the investigator. Those assigned to the multi-

modal therapy group received a single administration of lipo-

somal bupivacaine 266 mg in 40 mL of 0.9% normal saline 

administered into the surgical site prior to wound closure. 

Administration of the drug was divided equally between the 

left and right side of the surgical wound; approximately 75% 

was infiltrated in the perifascial region and 25% was infiltrated 

around the junction between the subcutaneous and dermal 

regions. A moving needle technique with frequent aspirations 

was used for infiltration of the study drug to reduce the risk of 

accidental intravascular injection. Patients in the multimodal 

therapy group also received a single administration of intrave-

nous ketorolac 30 mg (or alternative intravenous nonsteroidal 

anti-inflammatory drug) at the end of surgery followed by 

orally administered acetaminophen 1000 mg and ibuprofen 

600 mg given every 6 hours for 72 hours after surgery, once 

patients were no longer non per os. Patients in both treatment 

groups were offered rescue analgesia with intravenous opioid 

and/or orally administered oxycodone 5 mg/acetaminophen 
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325 mg every 6 hours as needed (maximum daily dose of 

acetaminophen was 4000 mg) until patient discharge.

Adverse events and total amounts of postsurgical opioids 

consumed during the hospital stay were recorded. Timing of 

patient discharge was at the discretion of the surgeon, and 

only after resolution of the postoperative ileus. Patients were 

examined in the surgeon’s office between 7 and 10 days after 

discharge, and were contacted by telephone 30 days after 

surgery for administration of follow-up surveys regarding 

postsurgical complications, satisfaction with postsurgical 

analgesia, and adverse events.

Outcome measures
Three alternative primary outcome measures were used to 

determine the efficacy of the intervention: total mg amount of 

opioids (in morphine equivalents) consumed after surgery until 

discharge or through day 30, whichever occurred first; total 

cost of hospitalization, calculated using UB-40 and/or similar 

claim forms as appropriate; and length of hospital stay after 

surgery, defined as time from wound closure until discharge or 

through day 30, whichever occurred first. Secondary outcome 

measures included patient satisfaction with postsurgical 

analgesia assessed at day 30 using a five-point Likert scale 

(-2, extremely dissatisfied; +2, extremely satisfied); patient 

responses to a follow-up survey regarding hospital readmis-

sion, unplanned medical visits, and health-related problems 

during recovery (assessed at day 30); and postsurgical adverse 

events, including opioid-related adverse events, through 

day 30. Opioid-related adverse events were defined as som-

nolence, respiratory depression, hypoventilation, hypoxia, dry 

mouth, nausea, vomiting, constipation, sedation, confusion, 

pruritus, urinary retention, and postoperative ileus.

Data analysis
The safety population included all patients who underwent 

the planned surgery. The efficacy population included all 

patients who underwent the planned surgery and did not 

meet any of the intraoperative exclusion criteria. Patients 

in the multimodal therapy group had to receive liposome 

bupivacaine in order to be included in the efficacy population. 

Between-group comparisons for continuous measures of 

efficacy were conducted using a one-way analysis of variance 

model. Between-group time to event comparisons were con-

ducted using a log-rank test, and comparisons for categorical 

measures of efficacy were conducted using a Fisher’s Exact 

test. For total amount of opioid consumption, all opioid 

medication amounts were converted to equianalgesic 

opioid amounts and log-transformed for comparison. 

The significance level was set at 0.05 for all comparisons, 

with no adjustments made for multiple tests.

Results
A total of 42 patients were enrolled in the study. Of these, 

39 underwent the planned surgery and were evaluable for 

safety and efficacy. The three excluded patients were discon-

tinued from the study due to unplanned colostomy (n = 2) or 

loop ileostomy (n = 1) procedures. Patient demographics and 

baseline characteristics for the opioid (n = 18) and multimodal 

(n = 21) analgesic treatment groups are summarized in Table 1.

Graphical representations of results for the three main 

outcomes are shown in Figure 1A–C. The mean total amount 

of opioid medications consumed postsurgery (Figure 1A), 

mean total cost of hospitalization (Figure 1B), and median 

length of hospital stay (Figure 1C) were significantly less 

(P , 0.05) in the multimodal analgesic group compared with 

the opioid group. In the multimodal analgesic group, 80% of 

patients reported being “satisfied” or “extremely satisfied” 

with their postsurgical analgesia compared with 89% in the 

group that received an opioid-based regimen (P = 0.38). There 

were no statistically significant differences observed in the 

proportion of patients who were readmitted to the hospital 

or had unplanned visits/contact with their physician due to 

postsurgical complications (Table 2).

Overall, 11 patients (28%) experienced 18 postsurgical 

adverse events (Table 3). The most frequently reported adverse 

events were abdominal pain and ileus. Serious adverse events 

occurred in 17% (three of 18) of the patients in the group 

receiving an opioid regimen (one incident each of small bowel 

obstruction, wound evisceration, and wound drainage) and 

Table 1 Demographics and baseline characteristics

Variable Opioid-based  
regimen 
(n = 18)

Multimodal 
regimen 
(n = 21)

Age, mean (SD), years 54 (16) 53 (18)
Gender, n (%)
  Male
  Female

8 (44)
10 (56)

7 (33)
14 (67)

Race, n (%)
  Black
  White
  Asian

9 (50)
8 (44)
1 (6)

10 (48)
9 (43)
1 (5)

Body mass index, mean (SD), kg/m2 27.3 (5.4) 29.8 (4.8)
ASA physical status classification, n (%)
  1
  2
  3
  4

3 (17)
9 (50)
5 (28)
1 (6)

1 (5)
14 (67)
6 (29)
0

Abbreviations: ASA, American Society of Anesthesiologists; SD, standard deviation.
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14% (three of 21) of the group receiving multimodal analgesic 

therapy (two incidents of abdominal pain and one incident each 

of ileus and intestinal obstruction). None of these events were 

considered to be related to the study drug by the investigator. 

No opioid-related adverse events were observed.

Discussion
A liposomal bupivacaine-based multimodal analgesic 

regimen for postsurgical pain was associated with a 50% 

reduction in the average amount of opioid medications 

consumed after surgery (57 mg versus 115 mg), a median 

length of hospital stay that was 59% shorter (2.0  days 

versus 4.9 days), and total average hospital costs that were 

26% lower ($8766 versus $11,850) compared with an 

opioid-based analgesic regimen in this single-center study 

of patients undergoing open colectomy. These differences 

occurred without any apparent compromise in patients’ 

postsurgical recovery experiences. The vast majority of 

patients ($80% in each treatment group) were satisfied 

with their analgesia after surgery. Also, there were few 

patient-reported problems during recovery and the rates of 

return for care through one month after surgery were not 

statistically different between the two groups. It is surpris-

ing that no opioid-related adverse events were observed in 
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Figure 1 (A) Mean total amount of opioid medications consumed after surgery 
was 50% less in the group receiving a multimodal analgesic regimen (57 mg) versus 
the opioid group (115 mg). (B) Total average costs of hospitalization were 26% 
lower in the multimodal analgesic group ($8766) versus the opioid group ($11,850). 
(C) Median length of hospital stay after surgery was 59% shorter in the multimodal 
analgesic group (2.0 days) versus the opioid group (4.9 days).

Table 2 Survey results regarding hospital readmission, unplanned 
medical visits, and health-related problems during recovery

Proportion of patients, 
n (%)

Opioid-based 
regimen 
(n = 18)

Multimodal 
regimen 
(n = 21)

P value

Readmitted to hospital during 
  postsurgical recovery

1 (6) 3 (14) 0.61

Made unplanned visit with 
  any health care provider

1 (6) 5 (24) 0.19

Made contact with health 
 � care provider to discuss 
recovery after surgery

2 (11) 4 (19) 0.67

Experienced health problems 
 � or changes after hospital 
discharge

2 (11) 0 0.22

Table 3 Adverse events

Adverse event, 
n (%)*

Opioid-based  
regimen 
(n = 18)

Multimodal 
regimen 
(n = 21)

Abdominal pain 0 2 (10)
Ileus 1 (6) 1 (5)
Asthenia 0 1 (5)
Blood creatinine increased 1 (6) 0
Blood pressure increased 1 (6) 0
Bradycardia 1 (6) 0
Diarrhea 0 1 (5)
Fatigue 0 1 (5)
Intestinal obstruction 0 1 (5)
Pleural effusion 1 (6) 0
Postprocedural hematoma 0 1 (5)
Procedural pain 0 1 (5)
Small intestinal obstruction 1 (6) 0
Therapy regimen changed 1 (6) 0
Wound drainage 1 (6) 0
Wound evisceration 1 (6) 0

Note: *Some patients had more than one adverse event.
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either treatment group, especially given the higher amounts 

of opioids consumed by the group receiving an opioid-based 

analgesic regimen. Reasons for the lack of association 

between opioid usage and opioid-related adverse events in 

this study are unclear, but may be related to difficulties in 

differentiating opioid-related adverse events from normal 

recovery after gastrointestinal surgery. It should also be 

noted that this small, single-center study was not powered to 

assess opioid-related adverse events as one of the coprimary 

outcome measures.

While patients were sequentially assigned (not ran-

domized) to their treatment arm, the two groups were 

well matched for age and ethnicity. There was a slightly 

higher proportion of females included in the multimodal 

analgesic group. This group also had a higher proportion 

of patients with comorbidities (95%) versus the opioid-

based analgesic group (83%), based on ASA physical 

classifications. It is possible that this higher proportion of 

“sicker” patients may have contributed to the slightly higher 

adverse event rate observed in the multimodal analgesic 

regimen group.

To the author’s knowledge, this is the first published 

report of data regarding effects of a multimodal analgesic 

regimen involving a locally administered, prolonged-release 

local anesthetic formulation compared with an opioid-

based analgesic regimen in the setting of open colectomy. 

Polglase et  al15 investigated the efficacy and safety of a 

continuous wound infusion with ropivacaine 1% admin-

istered adjunctively with intravenous morphine PCA, as 

needed, and intravenous tramadol 50 mg and intravenous or 

rectally administered acetaminophen 1000 mg, each given 

every 6 hours (n = 143). This was compared with the same 

regimen without ropivacaine (placebo, n = 167) in patients 

undergoing colorectal surgery. In the study by Polglase 

et al,15 there were no significant between-group differences 

observed in opioid usage or hospital length of stay (costs 

were not assessed).

Conclusion
Given that this was a nonrandomized, open-label, single-

center study conducted by only one surgeon in a small 

cohort of patients, the observed results should be interpreted 

with caution. Despite these limitations, a liposomal bupiva-

caine-based multimodal analgesic regimen for postsurgical 

pain, which also included ketorolac, acetaminophen, and 

ibuprofen, was well tolerated in the setting of open colec-

tomy. This regimen resulted in a statistically significant 

difference, demonstrating less opioid use, a shorter hospital 

stay, and lower mean hospitalization costs compared with 

an opioid-based regimen. Although the standard of care for 

postsurgical analgesia is evolving, opioids remain a key 

component of analgesic regimens for most surgical patients. 

Future investigations should aim for larger, randomized, 

and well-controlled studies to confirm these results and to 

define further the potential health and economic benefits 

of a liposomal bupivacaine-based multimodal analgesic 

regimen. Nevertheless, liposomal bupivacaine appears to 

be a useful therapeutic option for postsurgical analgesia 

with the potential to reduce opioid burden during patient 

recovery.
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