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ABSTRACT

Background: Postoperative pain management in spine surgery holds unique challenges. The purpose of this study
is to determine if the local anesthetic liposomal bupivacaine (LB) reduces the total opioid requirement in the first 3 days

following posterior lumbar decompression and fusion (PLDF) surgery for degenerative spondylosis.
Methods: Fifty patients underwent PLDF surgery in a prospective randomized control pilot trial between August

2015 and October 2016 and were equally allocated to either a treatment (LB) or a control (saline) group. Assessments

included the 72-hour postoperative opioid requirement normalized to 1 morphine milligram equivalent (MME), visual
analog scale (VAS), and hospital length of stay.

Results: LB did not significantly alter the 72-hour postoperative opioid requirement compared to saline (11.6 vs.
13.4 MME, P ¼ .40). In a subgroup analysis, there was also no significant difference in opioid consumption among

narcotic-naive patients with either LB or saline. Among narcotic tolerant patients, however, opioid consumption was
higher with saline than LB (20.6 MME vs. 13.3 MME, P¼ .048). Additionally, pre- and postoperative VAS scores and
hospital length of stay were not significantly different with either LB or saline.

Conclusions: In the setting of PLDF surgery, LB injections did not significantly reduce the consumption of
opioids in the first 3 postoperative days, nor did the hospital length of stay or VAS pain scores, compared to saline.
However, LB could be beneficial in reducing the consumption of opioids in narcotic-tolerant populations.

Level of Evidence: 2.
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INTRODUCTION

Posterior lumbar spinal decompression and
fusion procedures are common treatment modalities
for patients suffering from degenerative spondylosis
and/or lumbar spinal stenosis.1–3 These procedures
often require paraspinal muscle dissection, bone
resection for the laminectomy, decortication for
fusion bed preparation, and manipulation of verte-
brae with instrumentation. Achieving adequate
postoperative pain control in these patients is
therefore critical and often involves a multimodal
approach.4 Current regimens involve the use of
opioid, nonopioid analgesics, and/or local anesthet-
ics.5–7 Local infiltration of anesthetics in the surgical
site during wound closure is commonly performed
with lumbar spine surgery.8,9 These agents are
traditionally used to provide postoperative analge-
sia, but the effects are limited by dosing restrictions

due to potential systemic side effects from peak
plasma concentrations.10 Furthermore, the duration
of analgesia is limited by each anesthetic’s half-
life.11 Postoperative pain relief is frequently man-
aged with oral and/or intravenous opioids. Howev-
er, the significant use of opioids may lead to well-
established opioid-related adverse events, such as
nausea, vomiting, constipation, urinary retention,
and respiratory depression.12–14 These complica-
tions can protract hospitalizations, promote patient
dissatisfaction, and rapidly expend health care
resources.15 In an effort to reduce these burdens
and complications, a novel nonopioid was devel-
oped to block transmission of pain from nociceptive
nerve endings.16

Liposomal bupivacaine (LB; Pacira Pharmaceu-
ticals, Parsippany, New Jersey) is a long-acting
injectable local anesthetic that can provide postop-
erative analgesia for up to 72 hours.11 Its longer
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duration of action and lower risk of systemic
absorption is due to its formulation, which consists
of bupivacaine loaded into multivesicular liposomes
using a proprietary Depofoam technology. The
components consist of common phospholipids,
cholesterol, and triglycerides with over 97% con-
sisting of water and 3% lipids, helping to arrange
the liposome in a honeycomb configuration.29 This
preparation allows for a slower release of bupiva-
caine from the liposome, resulting in a delay in peak
plasma concentrations.11 The highest Food and
Drug Administration–approved dose (266 mg) used
in this study has been shown to have a peak plasma
concentration of 24 hours (0.5–49 hours) and a
mean half-life of 17.1 6 6.8 hours following its use
in total knee arthroplasty.11

The safety and efficacy profile of LB has been
well established in nonorthopedic procedures, in-
cluding hemorrhoidectomy, bunionectomy, and
breast augmentation procedures.15–18 However, its
role in managing postoperative pain in patients
undergoing spine surgery is not well understood.
Due to the paucity of literature on this topic, the
primary goal of this study is to determine the
efficacy of LB following posterior lumbar decom-
pression and fusion (PLDF) in a prospective,
randomized placebo-controlled trial. The study
hypothesized no significant change in the total in-
patient use of opioids during the first 72 hours after
surgery, including pre- and postoperative visual
analog scale (VAS) pain scores, and hospital length
of stay.

METHODS

Study Design

This study was funded by Pacira Pharmaceuticals
Inc. with no conflict of interest. After obtaining
institutional review board approval, 50 patients
were enrolled in a prospective randomized control
trial from August 2015 to October 2016. Patients 18
years of age or older undergoing a primary elective,
open posterior lumbar decompression and instru-
mented fusion surgery (1 or 2 level) for degenerative
spondylosis were included. Patients with an active
infection, primary or metastatic malignancy of the
spine, fracture of a lumbar vertebra, history of
narcotic or other substance abuse, impaired cardio-
vascular function, or severe hepatic disease were
excluded. All procedures were performed by 4
fellowship-trained orthopaedic spine surgeons at a

tertiary referral center and included decompression
plus or minus medial facetectomies and foraminot-
omies as well as posterior instrumentation with
pedicle screws and rod constructs. Fusion tech-
niques included posterolateral, posterior lumbar
interbody, and transforminal interbody fusions with
local bone autograft, morcelized allograft bone,
and/or demineralized bone matrix in any combina-
tion.

Patients were randomized in a 1:1 fashion by our
hospital research pharmacy to ensure that they were
equally allocated to either a treatment or a control
group. Computer randomization was used to assign
patients to their respective groups. Depending on
the patient’s random assignment, the research
pharmacy staff delivered either LB or the placebo-
control medication to the operating room. The
treatment group received 266 mg of LB in a 60-mL
suspension, while the control group received 60 mL
of 0.9% sterile saline. Local injections were made
prior to wound closure into the exposed paraspinal
muscles and surrounding soft tissues. Due to the
noticeable appearance of LB suspension compared
to placebo saline, research staff and investigators
administering the injections were not blinded to
patient group assignments. All other providers
involved in postoperative care—including nurses,
pain management team members, and physical
therapists—were blinded to patient group assign-
ments. All patients had a patient-controlled analge-
sia (PCA) pump initiated shortly after surgery that
was discontinued at 6:00 AM on postoperative day 1.
Intravenous (IV) and oral (PO) opioid-based pain
medications were used only as necessary for
adequate pain control throughout the postoperative
period in conjunction with other nonopioid medi-
cations.

Data Collection and Statistical Analysis

Cumulative data were entered into an electronic
data sheet (Microsoft Excel, Microsoft Office,
Redmond, Washington). Demographic data includ-
ed age, sex, body mass index (BMI), and smoking
status. Surgical data included operation length,
estimated blood loss, and number of vertebrae that
were decompressed and fused. For further subgroup
analysis, patients were identified to be either
narcotic tolerant (NT) or narcotic naive (NN).
Patients taking opioids before the time of the
surgery were considered to be NT. Patients not
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taking any opioids at the time of surgery were
considered to be NN.

The primary outcome measure was the total 72-
hour postoperative opioid consumption between the
treatment and control group. At the end of the 72-
hour postoperative period, the dosages (mg) for all
PCA, IV, and PO opioid analgesics consumed by each
patient were normalized to 10 mg of IV morphine, or
1 morphine milligram equivalent (MME), as done by
Grieff et al (Table 1).28 Mean PCA, IV, and POMME
values were then calculated for each group. To
calculate the total opioid consumption, the mean
PCA, IV, and PO MME values were added.
Secondary outcome measures included pain scores
and hospital length of stay. To assess pain scores, a
VAS survey was administered preoperatively on the
day of surgery as well as the mornings of postoper-
ative days 1 through 3. Data regarding hospital length
of stay were collected from the day of admission until
the patient was successfully discharged.

Statistical analysis was done with the aid of JMP
Pro Version 13 software (SAS Institute Inc., Cary,
North Carolina). Statistical tests performed includ-
ed a 2-tailed Fischer exact test for proportional
differences in dichotomous variables and a 2-tailed
Student t test for the means of normally distributed
continuous variables. Nonparametric data were
compared using the Wilcoxon rank sum test. An

alpha error of 5% was set as the threshold for
significance for all tests.

RESULTS

Baseline Characteristics

Fifty patients were enrolled, with 24 assigned to
the treatment group and 26 assigned to the control
group. Both groups were similar with regard to age,
sex, BMI, Charleston Comorbidity Index scores,30

and smoking status (Table 2). Surgical data,
including operation length, estimated blood loss,
and the number of decompressed/fused vertebrae,
were also similar between the treatment and control
groups (Table 3).

Postoperative Opioid Consumption

Data analysis revealed no significant difference in
total opioid consumption between the treatment
and control group during the first 72 hours
postoperatively (11.6 vs. 13.4 MME, P¼ .40). When
analyzing opioid consumption through different
routes of administration (PCA vs. IV rescue vs.
PO), no difference was detected between either of
the groups, as demonstrated in Table 4. NT and NN
patients were further isolated for a subgroup
analysis (Table 5). NT patients required a signifi-
cantly greater total amount of opioids than those
who were NN (16.5 vs. 9.9 MME, P ¼ .030)
regardless of the study group. In comparing NT
patients of both the treatment and the control
group, NT patients in the treatment group required
significantly less postoperative opioids (13.3 vs. 20.6
MME, P ¼ .048). Further analysis showed no
significant difference in opioid consumption among
NN patients between the treatment and control
groups (10.2 vs. 9.6 MME, P¼ .72).

VAS Pain Scores and Hospital Length of Stay

There was no significant difference in VAS pain
scores between the treatment and control groups

Table 1. Morphine milligram equivalent (MME) conversion table as by Grieff et

al.25

Opioid (Route)

Equivalency Factor to

10 mg IV Morphine (1 MME)

Morphine (IV) 10 mg
Morphine (PO) 30 mg
Hydromorphone (IV) 1.5 mg
Hydromorphone (PO) 7.5 mg
Oxycodone (PO) 20 mg
OxyContin (PO) 20 mg
Hydrocodone (PO) 30 mg
Codeine (PO) 200 mg
Tramadol (PO) 500 mg
Fentanyl (IV) 0.2 mg
Meperidine (IV)1 75 mg

Abbreviations: IV, intravenous; PO, oral.
1As per our institution.

Table 2. Patient characteristics.1

Variable Liposomal Bupivacaine Group (N ¼ 24) Control Group (N ¼ 26) P Value

Male:female 10:14 9:17 .77
Mean age (years) 65.5 6 10.0 63.2 6 10.7 .44
Mean body mass index (kg/m2) 31.2 6 6.4 29.2 6 6.3 .27
Mean CCI scores 3.0 6 0.39 2.5 6 0.37 .29
Mean hospital length of stay (days) 3.6 6 1.4 3.7 6 1.5 .25
Active smoker, n (%) 4 (16.7) 4 (15.3) 1.00

Abbreviation: CCI, Charleston Comorbidity Index.30
1Mean values presented as mean 6 SD.
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preoperatively (5.8 vs. 4.4, P ¼ .13) and postoper-
atively (5.0 vs. 4.8, P¼ .80). Likewise, no significant
difference in hospital length of stay was found
between the treatment and control groups (3.6 vs.
3.7 days, P ¼ .25).

DISCUSSION

Most spine surgeries involve deep dissections of
subcutaneous tissue, muscle, bone, and ligaments,
resulting in postoperative pain that can last for
days.7 In comparing 179 surgical procedures over a
6-year period, one study reported that single and
multilevel spinal fusions were among the top most
painful surgeries performed.19 It is therefore critical
that adequate pain relief be achieved in order to
facilitate early mobilization, which has been shown
to decrease the hospital length of stay and improve
back functionality in patients having undergone
spine surgery.20 Opioid-based analgesics are known
to provide postoperative pain relief but are often
associated with serious adverse effects, such as
hypotension, altered mental status, respiratory
depression, urinary incontinence, and ileus.12 Addi-
tionally, consuming increased amounts of opioids
has been shown to hinder postoperative mobiliza-
tion and rehabilitation in patients having undergone
spine surgery.4,14 Current approaches to pain
management encourage multimodal regimens in

order to reduce opioid consumption and improve
postoperative mobilization.4 Among them is a
nonopioid local anesthetic LB, which has recently
been shown to reduce the overall pain, hospital
length of stay, and opioid consumption in patients
having undergone nonspinal orthopaedic proce-
dures, including total hip and knee arthroplasty.21,22

Similar outcomes have also been documented in
nonorthopedic cases, including hemorrhoidectomy,
bunionectomy, and colorectal and retropubic sling-
placement surgeries.16,17,23,24 Despite these findings,
the local anesthetic’s effectiveness in reducing
postoperative pain and opioid use in spine surgeries
has not been well defined.

This prospective, single-blinded randomized con-
trol study was designed to analyze the ability of LB
to decrease the total in-hospital opioid requirement
following a PLDF for degenerative spondylosis.
Although subjects who received intraoperative LB
field blocks did have a slightly lower postoperative
opioid requirement (normalized to MME) com-
pared to those who received only placebo saline, the
difference failed to reach statistical significance.
Furthermore, there was no significant difference in
opioid consumption among different routes of
opioid administration (PCA vs. IV vs. PO) between
the treatment and control groups. Moreover, VAS
scores between both groups failed to reveal any

Table 4. Postoperative opioid consumption through 72 hours after surgery normalized to morphine milligram equivalent (MME), pre/postoperative visual analog scale

scores (VAS), and hospital length of stay between groups.1

Liposomal Bupivacaine Group (N ¼ 24) Control Group (N ¼ 26) P Value

Postoperative MME
PCA 4.5 6 3.6 5.1 6 4.5 .79
IV2 1.3 6 1.4 1.2 6 1.0 .83
PO 5.9 6 5.7 7.1 6 5.4 .35
Total3 11.6 6 9.3 13.4 6 8.9 .40

VAS scores
Preoperative 5.8 6 3.2 4.4 6 3.3 .13
Postoperative day 1 5.0 6 2.7 5.2 6 3.2 .46
Postoperative day 2 4.8 6 2.5 4.7 6 2.7 .88
Postoperative day 3 4.7 6 3.3 4.6 6 3.1 .94
Postoperative days 1–3 5.0 6 2.7 4.8 6 2.8 .80

Hospital length of stay (days) 3.6 6 1.4 3.7 6 1.5 .25

Abbreviations: PCA, patient-controlled analgesia; IV, intravenous; PO, oral.
1Values presented as mean 6 SD.
2IV rescue.
3Total MME ¼ IV rescue MME þ PO MME þ PCA MME.

Table 3. Patient’s surgical characteristics.1

Variable Liposomal Bupivacaine Group (N ¼ 24) Control Group (N ¼ 26) P Value

No. of vertebrae decompressed 3.5 6 0.98 3.7 6 0.18 .39
No. of vertebrae instrumented 2.3 6 0.5 2.5 6 0.6 .26
Operation length (min) 174.4 6 59.8 168.7 6 56.3 .74
Estimated blood loss (mL) 369.6 6 154.1 451.0 6 262.5 .19

1Values presented as mean 6 SD.
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significant difference in levels of pain intensity
among patients in the postoperative period.

While no difference in postoperative opioid con-
sumption was found between either group, our
subanalysis revealed that LB might have a role in
reducing the postoperative opioid consumption in NT
patients. NT patients who received LB required
35.4% less total MME than those who received only
placebo saline. When comparing NT and NN patients
who received saline injections, NT patients required
2.1 times the total MME than NN patients, possibly
as a consequence of underlying comorbidities.

The results of this study were similar to those
reported by Grieff et al,25 who conducted a
retrospective chart review of patients undergoing
decompression and fusion for cervical or lumbar
spondylolisthesis. When compared to bupivacaine
HCL, LB was not shown to significantly decrease
perioperative opioid use and length of hospitaliza-
tion. In a similar subanalysis on NT patients, they
revealed a trend toward an increased total opioid
requirement in the NT subpopulation that received
bupivacaine HCL versus LB. The results were
similar to the increase in postoperative opioid
consumption among NT patients receiving sterile
saline versus LB in our study. In 2016, Puffer et al26

compared a prospective cohort of patients who
received LB after a single-level lumbar micro-
discectomy to a retrospective matched cohort of
patients who did not receive local anesthetics. They
found that even though patients who received LB
collectively spent less time on IV narcotics, this did
not translate into a reduction in total MME or VAS
pain scores in the postoperative period. However,
Kim et al27 revealed that LB significantly reduced
patient pain scores and opioid consumption only in
the first 24 hours following transforaminal lumbar
interbody fusion surgery.

Potential benefits of LB in surgical procedures
should be weighed against the economic cost to the
health care system. LB is an expensive drug with the
cost per patient at our institution being $315.00. The
principal cost benefit of LB would be found in its

ability to decrease the hospital length of stay, which
our results failed to show. Similarly, Beachler et al28

reported that patients receiving LB during total hip
arthroplasty did not have a significant reduction in
hospital length of stay and concluded that its use
should be scrutinized in our current cost-saving
practices.

Several limitations present in our study are worth
mentioning. A relatively small sample population
was used, and this may obscure statistically signif-
icant differences in postoperative opioid consump-
tion between control and treatment groups. In
addition, the absence of blinding among research
staff and the investigators administering the injec-
tions may introduce observer bias. Patients were
also given other nonopioid medications postopera-
tively, and this may affect both primary and
secondary outcomes. Although recorded in this
study, the presence and severity of comorbidities
may also indirectly affect the total postoperative
opioid requirement among patients. Finally, one of
the secondary outcomes measured in this study was
pain intensity, which was assessed using the
validated VAS tool. Measuring pain perception is
subjective, thus undermining accurate assessments
of pain relief in the postoperative period. This could
explain a lack of statistical significance of mean
VAS scores between the treatment and control
groups postoperatively. Despite these limitations,
however, our findings provide the highest level of
evidence to date on the use of LB in the elective
spine surgery population.

CONCLUSIONS

LB injections did not significantly decrease the
postoperative opioid consumption (normalized to
MME), pain levels, and hospital length of stay
among patients who underwent posterior lumbar
decompression and instrumented fusion surgery for
degenerative spondylosis compared to patients
receiving only saline injections. Our results indicate
that the use of LB in patients who are narcotic

Table 5. 72-hour postoperative opioid consumption normalized to morphine milligram equivalent (MME) in narcotic-tolerant and narcotic-naive patients.1

Liposomal Bupivacaine Group (N ¼ 24) Control Group (N ¼ 26) P Value

Narcotic tolerant, n (%) 11 (45.8) 9 (34.6) .56
Total MME2 13.3 6 12.2 20.6 6 9.3 .048

Narcotic naive, n (%) 13 (54.1) 17 (65.3) .42
Total MME 10.2 6 6.0 9.6 6 6.1 .72

Abbreviations: IV, intravenous; PO, oral; PCA, patient-controlled analgesia.
1Mean values presented with 6 SD.
2Total MME ¼ IV rescue MME þ PO MME þ PCA MME.
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tolerant at the time of surgery may reduce the total
postoperative opioid requirement and could possi-
bly be considered as an adjunct to multimodal pain
regimens in NT subpopulations undergoing open
spine surgery. However, given the study’s limita-
tions, no definitive conclusions about the efficacy of
LB in spine surgery can be made. Future, well-
designed prospective studies involving large patient
populations are needed to clearly assess the efficacy
of LB in open spinal procedures.
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