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Introduction
 Postoperative pain control is an important portion of a patient’s 
postoperative management. Expectation of outcomes following spinal 
procedures often focuses on the long-term relief offered by the inter-
vention and the potential severity of the temporal immediate to short-
term postoperative pain can be overlooked. Post-surgical pain has 
been found to be significant enough in some cases to alter the course 
of rehabilitation and secondarily the long-term result of surgery itself 
[1]. Adequate pain control has been linked to improved quality of life, 
patient satisfaction, and clinical outcomes [2]. Obtaining sufficient 
postoperative pain control can also allow for earlier mobilization and 
has the ability to shorten a patient’s LOS thereby decreasing hospi-
tal costs [3,4]. The current standard therapy for postoperative pain 
management consists of opioid medications, however, with the cur-
rent epidemic of overdoses and abuse, physicians must consider the 
potential risks when formulating a postoperative pain regimen [5,6]. 
The importance of postoperative pain control and potential detrimen-
tal side-effects of opioid medications lends to the importance of find-
ing alternative analgesic interventions with improved adverse-effect 
profiles [7]. Local anesthetic infiltration is one such modality that has 
been used as an adjunct postoperative analgesic [3]. The use of stan-
dard bupivacaine produces an anesthetic effect that lasts about 9 hours 
[8]. Due to its relative short duration, there has been an emergence 
of formulations that can prolong the local anesthetic effect, such as 
Liposomal Bupivacaine (LB; Exparel, Pacira Pharmaceuticals Inc., 
Parsippany, NJ, USA). LB consists of 3% free bupivacaine for imme-
diate effects and 97% liposomal-bound bupivacaine, which allows for 
a slow release and prolonged anesthetic effect lasting up to 72 hours 
after administration [8,9]. The use of LB in Total Knee Arthroplas-
ty (TKA) has been heavily investigated with studies demonstrating 
varying results. A few studies have demonstrated an efficacy of LB 
close to that of regional femoral blockade and others have shown 
that it can significantly decrease postoperative narcotic use, length 
of stay, and postoperative Visual Analog Scale (VAS) scores [10-23]. 
Although many studies have shown the potential advantages of its 
use, many other studies have exhibited no benefit of its use in TKA 

Gannon EJ, et al., J Surg Curr Trend Innov 2018, 2: 005
DOI: 10.24966/SCTI-7284/100005

HSOA Journal of
Surgery: Current Trends & Innovations

Retrospective Study

Emmett J Gannon1*, Chris A Cornett1, Evan P Larson1 and 
Elizabeth R Lyden2

1Department of Orthopaedic Surgery and Rehabilitation, University of Ne-
braska Medical Center, USA
2Department of Biostatistics, College of Public Health, University of Nebras-
ka Medical Center, USA

The Efficacy of Liposomal 
Bupivacaine in Lumbar Spine 
Surgery

Abstract
Background

Pain management is an important portion of a patient’s postop-
erative care. Improved pain control can lead to improved outcomes, 
earlier mobilization, and shortened hospital stays. With the large 
side-effect profile of narcotics, numerous alternative methods to de-
crease opioid consumption, attain better pain-control and improve 
outcomes have been used. The emergence of the long-acting local 
anesthetic agent, Liposomal Bupivacaine (LB), has shown promise 
in improving pain control and decreasing opioid consumption. 

Study Design

This is a retrospective study.

Objective 

This study aims to determine the efficacy of LB in lumbar spine 
surgery.

Methods

A total of 54 consecutive lumbar spine cases were performed in 
which LB was administered in all cases. This was then matched to 
a cohort of 54 patients who underwent lumbar procedures in the pe-
riod immediately preceding the initial use of LB. Demographic data 
and hospital Length of Stay (LOS) were recorded. Pain scores were 
recorded using the Visual Analog Scale (VAS) and were recorded 
as an average over 8 hour shifts for 72 hours postoperatively. Daily 

narcotic consumption was also measured and converted to oral mor-
phine equivalents.

Results

There was a statistically significant difference in the mean LOS 
between the two groups (p=0.0071). The mean LOS for the LB group 
was 2.04 days and 2.73 days for the control group. A significant 
difference was also found between the two groups in VAS scores 
(p=0.016) and narcotic use (p=0.048). The LB group was found to 
have lower VAS scores and opioid consumption compared to the 
control group. 

Conclusion

The use of liposomal bupivacaine shows promise as an adjuvant 
for postoperative analgesia in lumbar spine surgery with diminished 
pain scores, length of stay, and narcotic use. Further investigation 
with a larger prospective randomized study is warranted to better 
understand its potential benefit.
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[24-30]. The use of LB in the spine has not been investigated near the 
extent as it has been in TKA and the results from these studies have 
yet to yield a definitive conclusion. 

 This study aims to determine the efficacy of LB in postoperative 
analgesia for patients undergoing lumbar spine surgery and report 
any adverse outcomes or complications that may be specific to its 
use around the lumbosacral spine. Decreasing the consumption of 
opioids, earlier mobilization, decreased hospital costs, and decreased 
length of stay are all potential benefits of its use. 

Methods and Materials
 The study was a retrospective review of lumbar procedures per-
formed by a single surgeon. LB was used beginning in July 2014 to 
September 2014. During this period, a total of 54 consecutive lumbar 
spine cases were performed and LB was administered in all cases. 
This was then matched to the 54 patients who underwent open lumbar 
procedures in the period immediately preceding the initial use of LB, 
ultimately beginning in April 2014. Exclusion criteria were patients 
with a history of adverse reactions to local anesthetics, chronic use 
of narcotic agents defined as prescriptions provided for a continuous 
period exceeding 12 months, or those under the age of 19. Of the 54 
patients who received LB, 52 met criteria for inclusion with one being 
excluded for chronic narcotic use and one patient being less than 19 
years old. Of the 54 patients in the control group, 52 met criteria for 
inclusion with the two exclusions being secondary to chronic narcotic 
use. 

 Preparation of the LB consisted of one 20 ml single-dose vial of 
LB containing 266 mg of bupivacaine and further dilution in an addi-
tional 20 ml of normal saline. The entire 40 ml solution was admin-
istered in the experimental group immediately prior to closure into 
the skin and subcutaneous wound bed up to the fascial margin of the 
erector spinae musculature in multiple small wheals. All wounds were 
subsequently closed in the same fashion with interrupted absorbable 
suture with a majority also including a drain exiting through a sepa-
rate skin incision.

 Demographic data and hospital Length of Stay (LOS) defined by 
number of midnights spent in an inpatient ward were recorded. Pain 
scores on a standard Visual Analogue Scale (VAS) were recorded as 
an average over 8 hour shifts for 72 hours postoperatively. Each shift 
was defined by the hour at which the floor nurse documented arrival 
of the patient to the ward. Daily total narcotic administration was also 
collected and converted to oral morphine equivalents using the opioid 
calculator developed by the Washington State Agency Medical Direc-
tors’ Group (AMDG) in the 2015 Interagency Guideline on Prescrib-
ing Opioids for Pain [31]. A full neurological exam was performed 
daily to monitor for any potential complications. This included the 
documentation of any sensory or motor changes compared to preop-
erative examination. Both cohorts were separated into decompression 
alone (laminectomy, foraminotomy, microdiscectomy) or fusion pro-
cedures. The procedures involving a fusion were further stratified by 
number of levels operated on (one-level, two-level, and three or more 
levels). All fusions were performed in a posterolateral instrumented 
fashion with or without inter body instrumentation. The decompres-
sion group was not further divided by number of levels involved.

 Descriptive statistics were used to summarize the distributions of 
the enrolled patients. Fisher’s exact test was used to compare categor-
ical variables between the two groups. The independent sample t-test 

was used to compare continuous variables between the two groups. 
VAS scores and opioid consumption in morphine equivalents were 
summarized daily by taking the average of the three shifts for each 
measurement. For example, day 1 VAS score was the average of the 
VAS score for each of the three shifts on day 1 for a particular patient. 
The change in opioid consumption and VAS scores over the three day 
period (i.e., day 1 average VAS, day 2 average VAS and day 3 average 
VAS) was compared between the two groups using a linear mixed 
effect model with AR (1) structure to account for the within-patient 
correlation of repeated measures. Surgery type was also considered 
as a covariate. Interaction terms were explored as multiple variables 
were involved. For example, evaluating whether the pattern of change 
in VAS score over the three-day period differed by group. 

Results
 A total of 104 patients met inclusion criteria and were analyzed 
in this study. All of which underwent a lumbar spine procedure by 
a single surgeon. 52 of these patients received LB and 52 did not 
receive a local anesthetic. The average age of the LB group was 58.54 
and 59.54 for the control group. In the LB group, 28 (53.85%) were 
female and 24 (46.15%) were male. The control group consisted of 30 
(57.69%) females and 22 (42.31%) males. There was no significant 
difference in mean age or gender between the LB and control groups 
(p=0.71 and 0.8436). There was a statistically significant difference 
in the mean LOS between the two groups (p=0.0071). The mean LOS 
was found to be 2.04 days for the LB group and 2.73 days for the con-
trol group (Table 1). When analyzing the LOS by type of procedure, 
it was found that the average LOS was shorter for the LB compared 
to the control group for all procedure types except for single level 
fusions. This procedure group was found to have the same mean LOS, 
2.62 days, in both the LB and control groups (Table 1).

 There was no significant interaction found between hospital day, 
treatment group and type of procedure. More specifically, there was 
no significant difference found between the treatment groups and the 
types of procedure performed (p=0.4899, Table 2). In addition, the 
type of procedure was not associated with VAS score after adjusting 
for hospital day and treatment group (p=0.66). Hospital day was also 
not found to be associated with VAS score after adjusting for treat-
ment group and surgery type (p=0.66). In other words, overall VAS 
scores did not change significantly over the three-day study period. 
The treatment group, however, was found to be significantly asso-
ciated with VAS scores after adjusting to hospital day and type of 
surgery (Table 3). The average VAS score across the three-day period 
was found to be lower in the LB group compared to the control group 
(p=0.016) (Figure 1). It was also noted that the mean VAS score was 
lower in the LB compared to the control group in all procedure types 
for all three measured hospital days (Table 4).

 The procedure type was not associated with opioid consumption 
(calculated as morphine equivalents) after adjusting for hospital day 
and treatment group (p=0.24). Day of evaluation was significantly 
associated with average opioid consumption after adjusting for treat-
ment group and surgery type (p<0.0001). In other words, there was a 
significant change in average opioid consumption over the three-day 
period as it was consistently highest on the second day (Table 5). This 
pattern of change was also found to be similar between the two treat-
ment groups. The treatment group was also found to be significantly 
associated with opioid consumption after adjusting for hospital day 
and type of surgery. It was shown that the average opioid consump-
tion across the three-day period was lower in the LB compared to the 
control group (p=0.048, Table 6 and Figure 2).
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Discussion 
 The results from this study suggest that the use of LB may be 
beneficial for use in lumbar spinal surgery. The LB treatment group 
was found to have a significant decrease in LOS, VAS scores, and opi-
oid consumption when compared to the control group. These findings 
would suggest that LB may be worth the increased cost, as being able 
to control a patient’s pain can not only lead to improved outcomes, 
but also lead to cost savings by decreasing the LOS and consump-
tion of narcotics. When comparing the two groups by the procedure 
performed, the LB group was found to have a lower mean VAS score 
for all hospital days measured (Table 4). This was also true for opioid 
consumption as it was noted to be consistently lower in the LB for all 
hospital days except for hospital day one in patients undergoing an 
isolated decompression (Table 6). Although not measured, given the 
improved VAS scores and decreased LOS, LB may also lead to ear-
lier mobilization and activity, which could contribute to the observed 
shortened LOS. A significant increase in opioid consumption was 
also found on the second hospital day for both treatment groups. This 
finding would suggest that the second hospital day is an important 
time for added pain control postoperatively. As standard bupivacaine 
produces an anesthetic effect that lasts only 9 hours, LB may be more  

beneficial as it will still be effective during this critical time period 
[8,9].

 There are many limitations with this study. The design itself is 
retrospective in nature and at the time the patients were undergoing 
the procedures in both treatment groups, there was not a standard 
analgesic regimen. Access to narcotics and dosing was also variable 
between patients. In addition, some patients had access to intravenous 
narcotics on an as needed basis with varying dosing increments while 
others did not. Furthermore, in some cases, inconsistent multi-modal 
pharmaceutical analgesia was administered with use of benzodiaze-
pines and single doses of non-steroidal anti-inflammatories. In addi-
tion, patients in the LB group were not formally blinded, which could 
have led to a placebo effect. It was also noted that more patients un-
derwent an isolated decompression in the LB group, which may have 
played a role in the significant difference found in the LOS between 
the two groups. There was, however, no significant difference found 
in the type and number of procedures performed between the treat-
ment groups. In addition, the VAS scores and opioid consumption 
were consistently lower in the LB group when comparing by proce-
dure. This was also true for LOS, except for single-level fusion, in 
which the LB and control group shared the same average LOS. The 
same measured LOS in single-level fusions, however, also leads to 
concerns on the consistency and validity of the results. 

 Another limitation with this study is that the control group re-
ceived no local anesthetic. Recently there have been studies looking 
into the benefit of LB over bupivacaine alone. In a recent prospective 
randomized control study, there was found to be no benefit of using 
liposomal bupivacaine over bupivacaine alone in patients undergo-
ing TKA [32]. In addition, this study found no significant difference 
in postoperative narcotic use, LOS or VAS scores between those re-
ceiving LB or bupivacaine alone. In a retrospective cohort-matched 
review, Grieff et al., compared the efficacy of bupivacaine alone 
against LB in the management of posterior cervical and lumbar de-
compression and fusions. This study showed that patients who re-
ceived bupivacaine alone required approximately twice the number 
of narcotics per day compared to the LB group [33]. Despite these 
results, they were unable to find a significant difference in either the 
cervical or lumbar group. This same study also showed no signifi-
cant difference in LOS between the two treatment groups. Kim et al., 
compared the use of LB and bupivacaine alone via local infiltration in  

Length of Stay by Procedure Type and Treatment Group

Type of Procedure Treatment Group Total Number Observed Average LOS (Days) Minimum LOS (Days) Maximum LOS (Days)

Isolated Decompression
LB 16 0.56 0 2

Control 9 1.33 0 3

Single-Level Fusion
LB 16 2.62 1 4

Control 21 2.62 1 4

Two-Level Fusion
LB 10 2.50 1 4

Control 13 3.08 2 5

≥ Three-Level Fusion
LB 10 3.00 1 5

Control 9 3.89 2 5

Total
LB 52 2.04 0 5

Control 52 2.73 0 5

Table 1:  Length of stay in days by procedure type and treatment group. A significant difference was found between the two groups (p-val-
ue=0.0071) with an average LOS of 2.73 days for the control group and 2.04 days for the LB group.

Procedures by Treatment Group

Procedure
Frequency 
Percentage

Treatment Group

LB Control Total

Isolated Decompression
n 
%

16
30.77

9
17.31

25

Single Level Fusion
n 
%

16
30.77

21
40.38

37

Two Level Fusion
n 
%

10
19.23

13
25

23

Three Level Fusion
n 
%

7
13.46

5
9.62

12

> Three Level Fusion
n 
%

3
5.77

4
7.69

7

Total n 52 52 104

Table 2:  Type and number of procedures performed for both the LB and 
control groups. No significant difference was found between procedure 
type and treatment group (p-value=0.4899).
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patients undergoing unilateral, single-level transforaminal lumbar in-
terbody fusions and found that the LB group had a significantly short-
er LOS compared to those that received bupivacaine alone [34]. The 
LB group also consumed significantly fewer narcotics between12-24  
hours postoperatively and had significantly lower VAS scores during 
the first 24 hours postoperatively. There were, however, no other time 
periods that demonstrated a significant difference between the two 
groups in regards to VAS scores and narcotic consumption. 

 There have been a very limited number of other studies inves-
tigating the role of LB in spinal surgery. In addition to the studies 
mentioned previously, there was another study investigating LB use 
in spine surgery that observed a significant difference in IV narcotic 

use in patients receiving LB compared to a control group. In a mixed 
prospective/retrospective analysis, Puffer et al., found that patients 
undergoing a single-level microdiscectomy who received LB used 
significantly less time using IV narcotics when compared to a con-
trol group who did not receive a local anesthetic. This same study, 
however, found no significant difference in VAS scores or total opioid 
consumption [3].

 There was one known complication in the study, a single post-op-
erative seroma, which occurred in the LB group. This was felt to 
be unrelated to the administration of the local anesthetic; however, 
a further large-scale study is warranted to investigate any potential 
increased risks with its use around the spine. No other complications 
were noted for either treatment group. 

VAS score by Hospital Day and Treatment Group

Hospital Day Group Total Observed Number Remaining Mean Standard Deviation Median Minimum Maximum

1
LB 52 43 4.13 1.93 4.25 0 7.92

Control 52 49 5.13 2 5 1.06 8.83

2
LB 52 35 4.16 1.92 4.06 0 8

Control 52 45 4.96 1.98 5.33 0.76 8.43

3
LB 52 21 4.24 1.85 4.5 0 7.67

Control 52 36 4.96 1.79 5.05 0 8.17

VAS score by Procedure Type, Hospital Day, and Treatment Group

Type of Surgery Hospital Day Group Total Observed Mean Standard Deviation Median Minimum Maximum

Isolated Decom-
pression

1
LB 16 4.09 2.39 3.63 1.02 7.92

Control 9 4.31 2.23 5.12 1.06 6.93

2
LB 16 2.83 4.01 2.83 0 5.67

Control 9 5.21 2.77 5.87 1.33 7.78

3
LB 16 . . . . .

Control 9 5.61 0.97 6.11 4.5 6.23

Single-Level Fusion

1
LB 16 4.3 1.65 4.15 1.67 7.06

Control 21 4.76 1.73 4.44 1.64 8.25

2
LB 16 4.34 1.85 3.89 0.89 8

Control 21 4.45 2.01 4 0.76 8.16

3
LB 16 4.06 1.77 4.06 1.64 7.67

Control 21 4.14 1.87 4.33 0 7

Two-Level Fusion

1
LB 10 4.36 2.18 4.75 0 6.53

Control 13 5.51 1.97 5.92 2.22 8.43

2
LB 10 4.8 2.01 5.89 1.33 6.39

Control 13 5 1.42 5.03 2.38 7.17

3
LB 10 4.19 2.33 4.74 0 6.75

Control 13 5.07 1.7 5.29 1.17 8.17

≥ Three-Level Fusion

1
LB 10 3.65 1.96 4.17 0.67 5.89

Control 9 6.01 2.37 5.75 2.44 8.83

2
LB 10 3.51 1.48 3.5 1.47 6.11

Control 9 5.86 2.23 5.72 0.98 8.43

3
LB 10 4.57 1.75 4.99 1.17 6

Control 9 6.14 1.37 6.11 4.43 8

Table 3:  VAS scores for both treatment groups by hospital day. The mean VAS score was noted to be lower in the LB group for all three hospital 
days. The average VAS score across the three-day period was found to be significantly lower in the LB compared to the control group (p-val-
ue=0.016).

Table 4:  VAS scores for both treatment groups by procedure type and hospital day. The LB group was noted to have a lower mean VAS score for 
all three postoperative hospital days for all procedure types. 
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Conclusion
 The use of LB shows promise as an adjuvant for postoperative an-
algesia in lumbar spine surgery by potentially decreasing pain scores, 
LOS, and narcotic use. The recent findings from studies investigat-
ing the use of LB in spinal surgery, along with the results from this 
study demonstrate the need for further investigation, namely a larger 
prospective randomized control study that includes the use of a local 
anesthetic without LB.

Opioid Consumption in Morphine Equivalents

Hospital Day Treatment Group Total Number Observed Mean Standard Deviation Median Minimum Maximum

1
LB 52 45.81 35.74 37.5 0 122.5

Control 52 59.91 39.26 51 4 144

2
LB 52 60.24 37.75 55 0 165

Control 52 79.88 47.89 66 10 220

3
LB 52 52.05 36.6 51.25 0 150

Control 52 65.84 42.26 53.5 10 197.5

Opioid Consumption in Morphine Equivalents

Type of Procedure Hospital Day Treatment Group Total Number Observed Mean Standard Deviation Median Minimum Maximum

Isolated Decom-
pression

1
LB 16 46.14 30.8 40 4 90

Control 9 23.58 19.09 20 4 53.5

2
LB 16 30 0 30 30 30

Control 9 68.88 21.58 72 40 91.5

3
LB 16 . . . . .

Control 9 41.67 36.12 34 10 81

Single-Level Fusion

1
LB 16 54.72 40.02 46.25 0 122.5

Control 21 68.12 41.86 60 15 144

2
LB 16 72.07 40.65 60.5 15 165

Control 21 85.5 54.8 62.5 10.5 220

3
LB 16 54 44.54 52.5 5 150

Control 21 66.44 54.98 44.25 17.5 197.5

Two-Level Fusion

1
LB 10 41.35 44.55 18.75 0 120

Control 13 59.54 38.34 51 7.5 137

2
LB 10 60.28 42.62 60 0 140

Control 13 79.12 44.5 66 25 170

3
LB 10 47.08 30.43 51.25 0 90

Control 13 68 23.47 62.5 37.5 115

≥ Three-Level 
Fusion

1
LB 10 35.8 20 37.25 0 70

Control 9 65.5 35.13 56 24 120

2
LB 10 47.22 25.84 45 15 107.5

Control 9 74 50.34 70 10 168

3
LB 10 53.75 33.01 52.5 7.5 90

Control 9 71.56 43.16 56 20 154.5

Table 5:  Opioid consumption in oral morphine equivalents in milligrams for both treatment groups for the three postoperative hospital days. Opioid 
consumption was found to be significantly higher on hospital day two for both treatment groups (p-value < 0.0001). In addition, total opioid consump-
tion was found to be significantly lower in the LB compared to the control group across the three-day period (p-value=0.048).

Table 6:  Opioid consumption in oral morphine equivalents in milligrams for the two treatment groups by hospital day and type of procedure. Opioid 
consumption was noted to be lower in the LB compared to the control group for all procedure types on all hospital days, except hospital day one in 
the isolated decompression group.

Figure 1: The mean VAS scores (with 95% confidence limit bars) of the LB 
and Control Group over the three days postoperatively.
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Figure 2: The mean morphine equivalents consumed (with 95% confidence 
limit bars) per patient by the LB and control group for the three days 
postoperatively.
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