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Abstract
BACKGROUND: Our objective was to assess clinical and financial outcomes with long-acting lipo-

somal bupicavaine (LB) in laparoscopic colorectal surgery.
METHODS: Patients that received local infiltration with LB were strictly matched to a control group,

and compared for postoperative pain, opioid use, length of stay (LOS), hospital costs, and complication,
readmission, and reoperation rates.

RESULTS: A total of 70 patients were evaluated in each cohort. Operative times and conversion rates
were similar. LB patients had lower post-anesthesia care unit pain scores (P 5 .001) and used less opi-
oids through postoperative day 3 (day 0 P , .01; day 1 P 5 .03; day 2 P 5 .02; day 3 P , .01). Daily
pain scores were comparable. LB had shorter LOS (mean 2.96 vs 3.93 days; P 5 .003) and trended
toward lower readmission, complication, and reoperation rates. Total costs/patient were $746 less with
LB, a savings of $52,200 across the cohort.

CONCLUSIONS: Using local wound infiltration with LB, opioid use, LOS, and costs were improved
after laparoscopic colorectal surgery. The additional medication cost was overshadowed by the overall
cost benefits. Incorporating LB into a multimodal pain regiment had a benefit on patient outcomes and
health care utilization.
� 2016 Elsevier Inc. All rights reserved.
Pain control is paramount to optimizing postoperative
patient care. Inadequate pain control is associated with poor
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postoperative outcomes, higher risks of readmission,
increased health care costs, and lower patient satisfaction.1
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Pain management is a tenet of enhanced recovery after sur-
gery protocols.2–9 Recent experience and controlled trials
have proven enhanced recovery pathways (ERPs) are the
ideal tool to optimize patient and financial outcomes after
laparoscopic colorectal surgery.8,10,11 However, little prog-
ress has been made to advance pain management during the
time of enhanced recovery with multimodal pain control.

New modalities to manage postoperative pain after
laparoscopic surgery include wound infiltration and trans-
versus abdominis plane blocks with local anesthesia.12–20

Most trials found TAP blocks are effective for reducing im-
mediate postoperative pain and opioid use with an estab-
lished ERP. However, there these modalities have not
optimized pain management. TAP blocks with local anes-
thesia have not translated to consistently improved out-
comes for overall opioid use, pain scores, length of stay
(LOS), or readmission rates,17,18,20–22 and outcomes for
local wound infiltration are not well described in the exist-
ing literature. One tool to reduce postoperative pain and the
need for opioids is wound infiltration with long-acting lipo-
somal bupivacaine (LB).

LB is an extended-release injectable anesthetic approved
by the US Food and Drug Administration for single-dose
injection into the surgical site to produce postsurgical
analgesia for up to 96 hours. The administration and safety
of long-acting LB has been previously demonstrated,23 and
efficacy has been described in orthopedics, hemorrhoidec-
tomy, and certain abdominal procedures.24–34 Furthermore,
no prior study evaluated the impact of local wound infiltra-
tion with long-acting liposome bupivacaine in regards to
patient and financial costs or benefits.

The goal of this study was to evaluate postoperative
pain, opioid use, and quality outcomes after laparoscopic
colorectal surgery using local wound infiltration with long-
acting liposome bupivacaine. Our hypothesis was that local
wound infiltration with long-acting liposome bupivacaine
as the anesthetic agent results in improved patient and
financial outcomes in laparoscopic colorectal surgery with
a multimodal ERP.
Methods

After institutional review board approval, review of a
prospectively maintained departmental database was per-
formed to identify elective laparoscopic colectomy patients
from 2011 to 2014. To reduce variability, a single surgeon
performed all cases surgeon through a single-port laparo-
scopic approach. Patients that received local wound
infiltration with LB were matched to a historic control
group that received no local wound infiltration on age,
gender, body mass index (BMI), diagnosis, procedure
performed, surgeon, and operative approach. The control
group had no local anesthesia for wound infiltration, as the
surgeon’s clinical experiences found no benefit with regular
bupivacaine, and this was omitted from practice and the
ERP before the study period. Patients were excluded if less
than 18 years of age, cases were performed emergently,
cases were converted to open intraoperatively, cases were
performed through an endoscopic or anorectal approach, or
medical records were incomplete. In the experimental
group, local wound infiltration with LB was performed at
the laparoscopic port site at the end of the procedure. The
20 mL vial of LB (266 mg) was expanded with 20 mL of
normal saline and 20 mL of .25% regular bupivacaine to a
total volume of 60 mL. The mixture was injected using
deep infiltration to the 3 distinct layers of the dermis, deep
tissue, and preperitoneal space. Postoperatively, all patients
were placed on identical standardized ERPs. This included
alvimopan from the preoperative period through the hospi-
tal stay, limited intraoperative opioids, glucocorticoste-
roids, and antiemetics intraoperatively, scheduled
nonopioids postoperatively, early oral analgesia and diet,
early ambulation, and defined discharge criteria. The full
details are summarized in Table 1.

Preoperative patient demographics, perioperative details,
and postoperative outcome data were evaluated. Analysis
included the 3 postoperative days, as after postoperative
day 3, only 5 LB patients remained. Data fields assessed
included age, gender, BMI, American Society of Anesthe-
siologists (ASA) score, indication for operation, operative
approach, procedure performed, intraoperative complica-
tions, operative time, post-anesthesia care unit (PACU)
opiate use, PACU pain scores, daily pain scores, hospital
LOS, hospital costs, and readmission, complication, reop-
eration, and mortality rates within 30 days. The main
outcome measures were postoperative pain scores, opioid
use, LOS, cost of care, and complication, readmission, and
reoperation rates. Cost was defined as the actual total costs
for the entire inpatient episode, as reported by our in-
stitution’s accounting system. Drug utilization was
described using the World Health Organization’s defined
daily dose (DDD) for opioids, with each medication
converted to a DDD scale and summed for 1 DDD score
per day.35 The conversion formula for each drug consumed
was Fentanyl intravenous (IV) (1 DDD 5 100 mcg), Dilau-
did IV (1 DDD 5 2 mg), Dilaudid per oral (PO) (1 DDD 5
4 mg), Oxycodone PO (1 DDD 5 20 mg), and Hydroco-
done (1 DDD 5 10 mg). Pain scores were measures using
a visual analog scale (0 to 10), which has been previously
described and validated for postoperative pain.36

An a priori power analysis was performed to determine
the sample size needed to ensure differences between
groups were due to LB and not chance alone. With an
alpha level of .05, a minimum sample size of 54 was
needed to detect differences between the matched groups
with 95% power. For statistical analysis, normally distrib-
uted data were presented as means (standard deviation),
non-normally distributed data as medians (range), and
categorical data as frequencies (percent). Univariate anal-
ysis was performed using Student’s t-test for continuous
variables and Fisher’s exact test for categorical variables.
Statistical significance was defined at a level of alpha less
than .05.
www.manaraa.com



Table 1 Enhanced recovery pathway

Preoperative
� Patient counseling and education.
� Selective bowel preparation.
� Gabapentin 300 mg the night before surgery.
� Gabapentin 300 mg PO 2 hr before surgery.
� Celecoxib 400 mg PO 2 hr before surgery.
� Alvimopan 12 mg PO 2 hr before surgery (then 12 mg PO bid until discharge).

Intraoperative
� Dexamethasone 8 mg and acetaminophen 1g IV at induction.
� Toradol 30 mg IV 30 min before emergence.
� Acetaminophen 1g IV 30 min before emergence.
� Zofran 4 mg IV 30 min before emergence.

Postoperative
� Acetaminophen 1 g scheduled q6h (IV until tolerating PO and then transition to 650 mg PO q6h).
� Toradol scheduled 30 mg IV q6h for 48h and then Celecoxib scheduled 400 mg PO bid.
� Gabapentin scheduled 300 mg PO q8 hours.
� Alvimopan scheduled 12 mg PO bid until discharge or a maximum of 7 days.
� Oxycodone 5–10 mg PO q6h as needed for breakthrough pain 4–8/10.
� Dilaudid .4–.6 mg IV q2h as needed for breakthrough pain 8–10/10.
� Clear liquids given as tolerated after surgery until flatus, then advance to a soft, low residue diet.
� Lovenox 40mq SQ daily and PAS stockings.
� Zofran 4 mg IV q6h as needed for nausea.
� Ambulate 3–5 times daily in the hallways.
� Remove Foley on postoperative day 1 in all patients except low pelvic dissections and then remove on postoperative day 2.
� Heplock IV fluids when tolerating adequate PO.

Table 2 Patient demographic data

Variable LB Control P value

N 70 70 d
Mean age (y, SD) 58.7 (13.2) 56.3 (11.7) .35
Gender (%) 50% M,

50% F
51.4% M,
48.6% F

.90

Mean BMI (kg/m2, SD) 26.9 (4.3) 27.3 (4.8) .60
Median ASA (range) 2 (1–3) 2 (1–3) .86
Diagnosis (n, %) 1.00
Colon cancer 37 (52.9%) 38 (54.4%)
Rectal cancer 4 (5.7%) 4 (5.7%)
Diverticulitis 25 (35.8%) 24 (34.3%)
Inflammatory
bowel disease

2 (2.8%) 2 (2.8%)

Colonic inertia 2 (2.8%) 2 (2.8%)
Procedure (n, %) 1.00
Segmental colectomy 62 (88.7%) 60 (85.8%)
Low anterior resection 4 (6.7%) 6 (8.6%)
Total abdominal
colectomy

2 (2.8%) 2 (2.8%)

Stoma takedown 2 (2.8%) 2 (2.8%)

LB 5 liposomal bupicavaine.
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Results

Seventy patients were evaluated in each cohort. Table 2
demonstrates the patient demographic data. The 2 groups
were well matched in all demographics. The LB and con-
trol groups were comparable in age (P 5 .35), gender
(P 5 .90), mean BMI (P 5 .60), and median ASA class
(P 5 .86). The main diagnosis in both groups was colon
cancer (52.9% LB, 54.4% control; P 5 1.00), and the
most common procedure performed was a segmental colec-
tomy (88.7% LB, 85.8% control; P 5 1.00).

Perioperative outcomes are summarized in Table 3. The
mean operative time (148.0 minutes LB vs 159.3 minutes
control; P 5 .24) and mean final incision lengths
(3.68 cm LB vs 3.92 control; P 5 .67) were comparable
in the experimental and control cohorts. The conversion
rate was identical across groups, one case in each cohort
was converted to multiport laparoscopy for extensive adhe-
sions. Postoperatively, LB patients had significantly lower
mean pain scores in the PACU (1.92 LB vs 4.71 control;
P 5 .001). The LB group also used significantly less opi-
oids than the control in the PACU (DDD 1.16 LB vs 3.56
control; P , .01) and from postoperative day (POD) 1
through POD 3 (POD 1 P 5 .03; POD 2 P 5 .02; POD 3
P , .01). The daily pain scores were comparable across
groups (POD 1: 2 LB vs 2.55, control P 5 .09; POD 2:
1.84 LB vs 2.30 control, P 5 .20; POD 3: 1.47 LB vs
2.08 control; P 5 .16). LB patients had a significantly
shorter LOS than the control group (mean 2.96 vs
3.93 days; P 5 .003). Postoperatively, LB patients trended
toward lower readmission (1.4% LB vs 4.3% control; P 5
www.manaraa.com



Table 3 Patient perioperative and outcome data

Variable LB (n 5 70) Control (n 5 70) P value

Mean operative time (min, SD) 148.0 (51.2) 159.3 (51.2) .24
Mean final incision length 3.68 (1.53) 3.92 (1.39) .67
Mean PACU pain score (SD) 1.92 (1.82) 4.71 (1.86) .001
Pain medication use (defined daily dose)
POD 0 1.16 (.77) 3.56 (14.4) ,.001
POD 1 1.31 (.21) 2.86 (.26) .031
POD 2 1.28 (.16) 4.91 (3.06) .02
POD 3 .86 (.17) 2.06 (1.27) , .001

Daily pain scores
POD 1 2 (1.67) 2.55 (1.65) .085
POD 2 1.84 (1.42) 2.30 (1.92) .20
POD 3 1.47 (1.97) 2.08 (1.67) .16

Mean direct costs (SD) $6,851.22 ($3,786.06) $8,015.04 ($4,241.63) .24
Mean indirect costs (SD) $7,298.68 ($3,194.81) $9,449.27 ($4,356.39) .02
Mean total costs (SD) $11,555.66 ($6,740.82) $12,302.08 ($10,763.59) .72
Mean length of stay (days, SD) 2.96 (1.25) 3.93 (2.40) .003
Readmission rate (n, %) 1 (1.4%) 3 (4.3%) .62
Complication rate (n, %) 2 (2.8%) 6 (7.8%) .28
Reoperation rate (n, %) - 2 (2.8%) .48

LB 5 liposomal bupicavaine.
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.62), complication (2.8% LB vs 7.8% control; P 5 .26), and
reoperation rates (0% LB vs 2.8% control; P 5 .48) than
controls. The overall mean total costs were $746 lower
per patient with LB compared with controls ($11,555.66
LB vs $12,302.08 control; P 5 .72), with significantly
lower (mean $2,150) indirect costs ($7,299 LB vs $9,449
control; P 5 .02; Table 3).
Comments

Postoperative pain continues to be an issue impacting
postoperative recovery, LOS, and patient satisfaction after
laparoscopic colorectal surgery. The increased opioids used
to manage postoperative can lead to postoperative ileus and
subsequent increases in LOS, health care utilization, and
health care costs.37,38 Multimodal ERPs, where more than
one analgesic agents with different mechanisms of action
is used to work in synergy, created a paradigm shift to mini-
mize opioid analgesia postoperatively and the concomitant
opioid-related adverse events.27 Long-acting LB is a tool to
reduce postoperative pain and opioid utilization by extend-
ing the efficacy of local anesthesia. The value of LB has
been shown in other procedures, with reductions in opioid
use and LOS. However, use of LB continues to be fraught
with resistance from the additional $285 expense of the
medication. In addition, no prior study evaluated the impact
of long-acting liposome bupivacaine in elective laparo-
scopic colorectal cases. Our goal was to evaluate postoper-
ative pain, opioid use, and quality outcomes after
laparoscopic colorectal surgery using local infiltration
with long-acting liposome bupivacaine as part of a multi-
modal ERP. We found patients that received local wound
infiltration with long-acting liposome bupivacaine had
lower immediate postoperative pain scores and consumed
less opioids throughout the hospital stay. Even with less
opioid use, pain score for the LB group throughout the hos-
pital stay were low and comparable with the control group.
The LB group subsequently had a shorter LOS and lower
total hospital costs than the control group. The addition
of long-acting LB, an opioid sparing pain management
intervention, may be associated with these clinical and
financial outcomes.

Use of local anesthesia has been promoted to help
reduce postoperative pain, opioids use, and the related
adverse effects.22 Most prior study on the effect of local
infiltration for postoperative pain control has been per-
formed in laparoscopic cholecystectomies, a very different
procedure than laparoscopic colorectal surgery, and had
mixed outcomes.39–41 Based on clinical experience in colo-
rectal cases, there was no benefit of local wound infiltration
with regular bupivacaine, likely due to the short duration of
action, and this was omitted from practice and our ERP
before the study period. One published study evaluated
the impact of local anesthesia after laparoscopic colectomy
and supported our findings. Stuhldreher et al22 compared
pain scores, time in the PACU, and PACU opioids con-
sumption in 3 matched elective laparoscopic colorectal sur-
gery cohorts: no local anesthetic; subcutaneous anesthetic
at all port and/or wound sites during wound closure (.5%
bupivacaine); and subcutaneous anesthetic at all port and/
or wound sites with intraperitoneal infiltration (1% lido-
caine). The authors found use of local anesthetic, either
subcutaneous or subcutaneous combined with intraperito-
neal, did not significantly decrease postoperative pain
scores, opioid requirements, time in the PACU, or hospital
www.manaraa.com
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LOS across the three study groups.22 No prior studies with
laparoscopic colorectal resections have been performed us-
ing LB as the anesthetic agent.

In the few published studies using LB as the anesthetic
agent, it demonstrated promising benefits in postoperative
pain control, decreasing LOS, opioid-related complications,
and increasing patient satisfaction.42 Haas et al31 showed
the efficacy of LB in significantly reducing postoperative
pain scores, opioid consumption, and increasing the inter-
val to first opioid use compared with bupivacaine HCl.
Vogel34 found LB significantly lowered opioid use in ileos-
tomy reversal patients after an ERP; however, there were no
significant decreases in LOS or total hospital costs
compared with the group that received IV opioid-based pa-
tient-controlled analgesia with no LB. Marcet et al32 also
found significantly shorter LOS and opioid consumption
in LB vs a standard IV opioid-based regimen in ileostomy
reversal patients, but the authors also had significantly
lower hospital costs in the LB group. In open colectomy pa-
tients, Cohen27 discovered significantly less opioid utiliza-
tion, lower average total cost, and shorter median LOS with
LB. Although these results show the promise of LB, our
study is the first to use of LB in laparoscopic colorectal re-
sections where all patient follow a standardized ERP, mak-
ing it applicable and generalization to current practices.
Furthermore, no prior study has demonstrated that LB im-
proves patient recovery and reduces hospital LOS in lapa-
roscopic colorectal surgery.

In our study, the LB group had reduced pain scores in
the PACU (mean 1.92 vs 4.71; P 5 .001). The LB group
used significantly less opioids through POD 3 (POD 0:
P , .01; POD 1: P 5 .031; POD 2 P 5 .016; POD 3
P , .01). Even with less opioid consumption, pain scores
were lower or comparable (POD 1: 2 vs 2.55, P 5 .08;
POD 2: 1.84 vs 2.30, P 5 .20; POD 3: 1.47 vs 2.08; P 5
.16). The LB group also had a significantly shorter LOS
(mean 2.96 vs 3.93 days; P 5 .003). The reduced opioid
consumption may translate to faster recovery, as opioids
and opioid-induced bowel dysfunction delays recovery of
normal colonic motility, prolongs postoperative ileus, and
increases morbidity.43 Both the experimental and control
groups used a single incision laparoscopic technique, and
the groups were matched on the procedure performed, con-
trolling for bias. With this technique and the opioid-sparing
multimodal ERP, the pain medication used, pain scores, and
LOS in the control group were commendably low at base-
line, thus the ability to show improvement with the inter-
vention in the experimental group is even more
meaningful. At last, there were lower means total costs of
$746 less per patient with LB. The major opposition to
LB is the additional medication cost. The patient cost of
a vial of LB (266 mg/20 mL) is $285. Although this is an
additional pharmacy expense, our results demonstrate an
overall cost savings and greater benefit for patients using
LB than the control group without LB with a standardized
recovery pathway in laparoscopic colorectal surgery.
We recognize the limitations in this study. The study
design matched patients on demographic and operative
variables to ensure the groups were comparable, but the
study was not a randomized controlled trial. Thus, it is still
susceptible to the biases of a case matched study. Although
the specific elements and timing of administration of each
element in the ERP were similar in the matched groups,
compliance with the ERP over time may have been a factor
impacting the outcomes, as the control group was from an
earlier period when the ERP was less mature. With this
study design, it was also not possible to directly relate the
outcomes to the use of LB. The promising results seen in
the LB group should draw support for future controlled
studies. After postoperative day 3, only 5 LB patients
remained; therefore, we only compared the LB and control
groups through the first 3 postoperative days. To control for
variability, the study follows a single surgeon, which may
impact the generalizability of the study. In addition, control
group preceded the LB group, and whereas the same ERP
was used in both groups, it is possible there were
differences with compliance over time that could impact
outcomes. The difference in total costs was also not
statistically significant. However, even with the additional
medication cost of LB included, the mean total cost savings
for the 70-patient LB cohort was $52,249.40. The point
should also be made that the visual analogue scale scores
and LOS were low in both cohorts, which may be attributed
to the use of a (single incision) laparoscopic approach with
an ERP. This may be a limitation to finding significant
differences between groups but is truly a benefit for all
patients included.

In conclusion, local wound infiltration with LB made an
impact on patient, financial, and quality outcomes. The LB
group consumed significantly less opioids throughout the
hospital stay with comparable pain scores. LB patients
subsequently had a faster recovery, with a shorter LOS than
the control group, and trends toward lower readmission,
complication, and reoperation rates. The $285 additional
medical cost of LB was overshadowed by the $746 overall
cost savings per patient compared with the control group, a
savings of $52,249 across the entire cohort. LB appears to
have a benefit on patient outcomes and health care utiliza-
tion. Future controlled studies are needed for definitive
recommendations on the use of LB.
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