
Background: Liposomal bupivacaine (LipoB), delivered via intercostal nerve blocks (ICNBs), is 
increasingly being used for postoperative pain control in thoracic surgery patients, but there is limited 
data on its effectiveness when compared to standard bupivacaine.  

Objective: We sought to compare postoperative opioid use, pain control, and length of stay (LOS) 
in patients undergoing thoracic surgery with LipoB ICNBs vs patients undergoing thoracic surgery 
with ICNBs using standard bupivacaine.

Study Design: A retrospective analysis. 

Setting: Research took place in a tertiary academic medical center. 

Methods: A transition in the standard of care from standard bupivacaine to LipoB for ICNBs in 
March of 2014 allowed us to compare 2 cohorts: patients who received bupivacaine ICNBs from 
January 2013 through February of 2014 and patients who received LipoB ICNBs from March 2015 
through November 2017. We included patients who underwent thoracic surgery for lung cancer 
using robotic-assisted thoracic surgery (RATS), video-assisted thoracic surgery (VATS), or traditional 
open thoracotomy, and documentation of ICNB in the operative note. We collected data on pain 
scores (Visual Analog Scale [VAS]) and opioid consumption (converted to oral morphine equivalents 
[OMEs]) intraoperatively, on postoperative day (POD) 0, POD 1, POD 2, and POD 3. We also analyzed 
data on length of stay [LOS]. A primary analysis was performed on the effects of LipoB vs bupivacaine 
across all surgery types on opioid consumption, pain scores, and LOS with a secondary analysis on 
the same endpoints per individual surgery type. 

Results: A total of 129 patients were included from the predefined study periods (n = 62 LipoB and 
n = 67 standard bupivacaine). Across all surgery types, LipoB decreased opioid utilization vs standard 
bupivacaine (P < .01). Post-hoc testing revealed that this difference existed intraoperatively (55 ± 5 vs 
69 ± 4 mg OME, P = .03) and on POD 0 (44 ± 6 vs 68 ± 6 mg OME, P < .01). Surgical subtype analysis 
revealed that this difference was mostly driven by lower opioid consumption in patients undergoing 
RATS. When compared across all surgery types, LipoB vs bupivacaine did not affect postoperative 
pain scores. However, subgroup analysis showed that pain scores were lower in the LipoB vs standard 
bupivacaine group undergoing VATS on POD 0, 1, and 2. The LOS across all thoracic surgery types 
was lower in the LipoB group when compared to the standard bupivacaine group (median, 4 days 
[IQR 2.0-6.0] vs median, 5 days [IQR 3.0-8.0], P < .01). Subgroup analysis showed that the LOS in 
patients undergoing VATS with LipoB ICNBs was shorter compared to patients receiving bupivacaine 
ICNBs. 

Limitations: The retrospective nature of this study makes it prone to several types of bias. 

Conclusion: ICNBs with LipoB for thoracic surgery leads to lower opioid consumption and shorter 
LOS when compared to ICNBs with standard bupivacaine. The benefit of LipoB over standard 
bupivacaine for ICNBs appears especially relevant in VATS or RATS procedures. 

Key words: Intercostal nerve block, liposomal bupivacaine, RATS, regional anesthesia, robotic-
assisted thoracoscopic surgery, thoracotomy, VATS, video-assisted thoracoscopic surgery
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Methods

Study Design
After obtaining approval from the Cooper Univer-

sity Health Care Institutional Review Board (IRB num-
ber: 18-001EX), we conducted a retrospective review 
of ICNBs completed at Cooper University Hospital for 
thoracic surgery. This report adheres to the STROBE 
guidelines (11).

Patient Selection
Our institution transitioned to LipoB for ICBNs in 

the context of thoracic surgery in April of 2014. We 
therefore enrolled our control group from consecutive 
patients who underwent thoracic surgery from January 
2013 through February of 2014. Patients in the investi-
gational group who received LipoB in their ICNBs had 
surgery between March 2015 and November 2017. We 
allowed for a period of one year between inclusion pe-
riods to ensure that the transition to LipoB as the stan-
dard of care for ICNBs for thoracic surgery had been 
completed. Patients included in the study were older 
than 18 years of age and had undergone video-assisted 
thoracic surgery (VATS), robotic-assisted thoracic sur-
gery (RATS), or open thoracotomy for either segmental 
wedge or lobe resection for cancer. Patients who had a 
history of chronic opioid use were excluded. Addition-
ally, patients during this time period in whom we could 
not clearly ascertain the type of ICNB performed based 
on the operative note were excluded.

Intercostal Nerve Blocks 
Patients included in this study had their operation 

performed by one of 2 thoracic surgeons at our hospi-
tal. Both surgeons use similar surgical approaches and 
perform ICNBs in a similar fashion. For all cases, ICNBs 
were performed successively between ribs 4 to 10 on 
the operative side. In the LipoB group, 266 mg of LipoB 
was mixed with 20 mL of saline (40 mL total volume) 
and split between the injection sites from ribs 4 to 10. 
In the control group, 30 mL of 0.5% plain bupivacaine 
was split between the ICNB sites. ICNBs were performed 
under direct visualization immediately after access was 
gained to the thorax when the VATS or RATS technique 
was utilized. For thoracotomies, ICNBs at ribs 4 to 10 
were performed by palpation prior to surgical incision. 

Outcomes
The primary outcome variable studied was opioid 

consumption (converted to Oral Morphine Equivalent 

Intravenous opioids have been a mainstay of 
traditional postoperative pain control regimens 
for patients undergoing thoracic surgery for 

decades. Regional anesthesia options for postsurgical 
pain control include intercostal nerve blocks (ICNBs) 
and thoracic epidural analgesia (TEA). While recent 
literature has proposed erector spinae plane blocks (ESP) 
(1) and serratus anterior plane blocks (SAP) (2) for pain 
control after thoracic surgery, TEA is still considered the 
gold standard for pain control in the thoracic surgical 
population (3). Although TEA is effective, pain control 
can often be inconsistent and is highly dependent on 
the skill of the operator placing the epidural catheter, 
as failure rates of over 30% have been reported (4). 
The use of TEA for pain control after thoracic surgery 
can also result in higher rates of urinary retention and 
hypotension, and TEA placement often requires the 
additional cost of an acute pain service to manage 
these patients. 

Centers without a robust acute pain service have 
historically used ICNBs with plain bupivacaine to reduce 
postsurgical pain and intravenous opioid consumption. 
Pain control via ICNBs, though, has been hampered by 
the limited duration of block achievable with longer-
acting local anesthetics, namely the 18-24 hours of 
sensory analgesia provided by plain bupivacaine (5). 

Liposomal bupivacaine (LipoB) (Exparel, Pacira 
Pharmaceuticals, Parsippany, NJ) is approved by the US 
Food and Drug Administration for local wound infiltra-
tion, fascial plane infiltration, and interscalene blocks 
(6,7). LipoB is an emulsion containing multivesicular 
liposomes consisting of nonconcentric lipid bilayers. 
Vesicles of bupivacaine loaded in this proprietary De-
poFoam® matrix slowly release bupivacaine over 72-96 
hours (8). Recent literature (9,10) shows that ICNBs with 
LipoB may be equivalent to TEA for pain control in 
patients undergoing thoracic surgery, and lead to a re-
duction in the length of stay (LOS) for thoracic surgery 
patients. This positive evidence regarding LOS and pain 
control, coupled with the ease of use of LipoB, has led 
to standard bupivacaine being replaced by LipoB for 
ICNBs in thoracic surgery at our institution. The purpose 
of this study was to evaluate the impact of this change 
on postoperative pain control as measured by opioid 
consumption, postoperative pain intensity, and LOS in 
patients undergoing thoracic surgery. We hypothesized 
that the use of LipoB for ICNBs in thoracic surgery leads 
to improved pain control compared to ICNBs with 
standard bupivacaine, as evidenced by lower opioid 
consumption, pain scores, and reduced LOS.
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[OME], mg) in patients who received ICNBs with LipoB, 
compared to patients who received ICNBs with standard 
bupivacaine for thoracic surgery via VATS, RATS, or 
traditional open thoracotomy. OME consumption was 
compared intraoperatively and on postoperative days 
(POD) 0, 1, 2, and 3 (if applicable). Secondary outcome 
measures included postoperative pain (as measured by 
average Visual Analog Score [VAS] scores on PODs 0-3), 
and LOS.  

Data Collection
All data were collected from electronic health re-

cords at Cooper University Hospital. On a data collection 
sheet, we recorded demographic information, medical 
history, procedural characteristics, use of opioids intra-
operatively and on PODs 0-3, VAS pain scores from PODs 
0-3, and time of discharge. Different opioid medication 
dosages were then converted to OMEs using an opioid 
analgesic equivalent calculator (12) based on the Ameri-
can Pain Society guidelines (13) and several reviews re-
garding equianalgesic dosing (14-16). Total OMEs were 
calculated for the intraoperative period, POD 0, POD 1, 
POD 2, and POD 3. 

Statistical Analysis
Data were analyzed with SPSS Version 24.0 (IBM 

Corporation, Armonk, NY) and visualized using Sig-
maPlot Version 12 (Systat Software Inc., Chicago, IL). 
Categorical data are presented as n (%); continuous 
variables are presented as mean ± standard deviation 
(SD) or median ± interquartile range (IQR), depending 
on the distribution of the data. Normality of the data 
was assessed using the Shapiro-Wilk test. Demographic 
characteristics, treatment characteristics, and LOS in 
the bupivacaine and LipoB groups were compared 
using unpaired t tests, Mann-Whitney U tests, or chi-
squared tests. A mixed linear model was used to assess 
if use of LipoB resulted in differences in OME or pain 
scores. “Block Type” (bupivacaine/LipoB), “Time” (in-
traoperative, D0, D1, D2, and D3), and “Access Type” 
(thoracotomy, VATS, and RATS) were included as fixed 
factors. “Subject” was included as a random factor. To 
supplement this analysis, 2‐sided post-hoc tests with 
Bonferroni correction were performed to determine 
which time point differences existed, if a significant 
main or interaction effect with P < .05 was detected 
for “Block Type.” P values are reported for all tests. 

Results

A total of 129 patients were included from the pre-

defined study periods. Of these, 67 received intercostal 
nerve blocks with standard bupivacaine, while LipoB 
was used for 62 patients (Table 1). Demographic char-
acteristics were comparable between the bupivacaine 
and LipoB groups, but patients in the LipoB group pre-
sented with more comorbidities as evidenced by more 
prevalent hypertension, congestive heart failure, and 
diabetes, as well as higher American Society of Anes-
thesiologists scores. The number of patients undergo-
ing wedge resection or lobectomy was similar in both 
groups. There was a trend towards patients in the Li-
poB group undergoing more open thoracotomies and 
VATS, while undergoing fewer RATS compared to the 
standard bupivacaine group (P = .06). Mean procedure 
length was similar in both groups: 305 ± 83 minutes in 
the standard bupivacaine group vs 231 ± 76 minutes in 
the LipoB group (P = .32). 

Opioid Utilization
Across all surgery types, LipoB decreased opioid 

utilization vs standard bupivacaine (Time * Block 
Type: P < .01, Fig. 1). Post-hoc testing revealed that 
this difference existed intraoperatively (55 ± 5 vs 69 
± 4 mg OME, P = .03) and on POD 0 (44 ± 6 vs 68 ± 
6 mg OME, P < .01). There was a significant interac-
tion between time, block type, and surgery type (P < 
.01), indicating a 2-way interaction that varies across 
levels of a factor (e.g., the effect of Time * Block Type 
is different across surgical types), which led us to 
perform additional analyses in the surgery subtype 
groups. These analyses demonstrated that opioid 
utilization was lower in the LipoB group undergoing 
VATS (POD 2 and POD 3) and RATS (intraoperative 
and POD 0) (Fig. 2). 

Pain 
Across all surgery types, block type did not affect 

postoperative pain scores (Fig. 3). There was, however, a 
significant interaction between block type and surgery 
type (P < .01) and analyses in the surgery subtype groups 
showed that pain scores were lower in the LipoB group 
undergoing VATS at POD 0, POD 1, and POD 2 (Fig. 3). 

Length of Stay  
The LOS was lower in the LipoB group when 

compared to standard bupivacaine when all surgi-
cal subtypes were analyzed together (median, 4 days 
[IQR 2.0-6.0] vs median, 5 days [IQR 3.0-8.0]; P < .01. 
When analyzing the individual surgery subgroups, we 
found that the LOS in patients undergoing VATS with 
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LipoB ICNBs was shorter than that of patients receiving 
standard bupivacaine (median, 2.0 days [IQR 1.7-3.0] vs 
median, 3.5 days [IQR 2.7-7.0]; P < .01, Fig. 4). 

Discussion

LipoB, a relative newcomer to the regional anes-
thesia scene, has shown significant promise in control-

Table 1. Characteristics of  patients in the liposomal bupivacaine and standard bupivacaine cohorts. 

Bupivacaine 
(n = 67)

Liposomal Bupivacaine 
(n =62) 

P Value

Patient Characteristics 

Age in yrs, median (IQR) 67 (52-74) 67 (60-74) .36

Gender, M/F, n (%) 26/41 (39/61) 32/30 (52/48) .10

Body mass index in kg/m2, median (IQR) 28 (24-35) 28 (25-32) .41

American Society of Anesthesiologists status .03

2, n (%) 18 (27) 8 (13)

3, n (%) 44 (66) 53 (86)

4, n (%) 5 (8) 1 (2)

Medical history

Hypertension, n (%) 38 (57) 52 (84) <.01

Congestive heart failure, n (%) 7 (10) 31 (50) <.01

Diabetes mellitus, n (%) 23 (34) 38 (61) <.01

Procedure Characteristics 

Procedure .73

Wedge resection, n (%) 25 (37) 25 (40)

Lobectomy, n (%) 42 (63) 37 (60)

Access type .06

Thoracotomy, n (%) 9 (13) 15 (24)

Thoracoscopy, n (%) 22 (33) 26 (42)

Robotic, n (%) 36 (54) 21 (34)

Procedure length in min, mean ± SD 305 ± 83 231 ± 76 .32

Fig. 1. Effect of  liposomal bupivacaine versus standard bupivacaine across all surgical subgroups. 
Panel A depicts the pain score up to postoperative day 3, panel B depicts the opioid requirements up to postoperative day 3, and panel C de-
picts the length of stay in liposomal bupivacaine and standard bupivacaine cohorts. Opioid consumption was lower in the liposomal bupi-
vacaine vs standard bupivacaine cohort intraoperatively and on postoperative day 0. Length of stay was shorter in the liposomal bupivacaine 
vs standard bupivacaine cohort as well. D0 = postoperative day 0; D1 = postoperative day 1; D2 = postoperative day 2; D3 = postoperative 
day 3; * = P < .05.   
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ling pain after several different types of operations, 
including hemorrhoidectomy, breast surgery, and 
shoulder surgery (17-20). Although LipoB has been 
touted for use in thoracic surgery (10), it is still un-
clear whether this novel formulation of bupivacaine 
provides an advantage across all subtypes of thoracic 
surgery. The aim of this study was to evaluate whether 
LipoB for ICNBs is associated with lower opioid usage, 
pain scores, and LOS when compared to standard 
bupivacaine for ICNBs. In our primary analysis look-
ing at all thoracic surgical subtypes combined, results 
indicate that LipoB is effective in reducing opioid 
consumption both intraoperatively and on POD 0. 
Additionally, patients who received LipoB in our study 
were discharged from the hospital earlier (median for 

LipoB, 4 days vs median for conventional bupivacaine, 
5 days). The overall reduction in opioid consumption 
we encountered was similar to reductions described 
by Kelley et al (21) and Parascandola et al (22), who 
compared the effect of ICNBs with LipoB to ICNBs 
with standard bupivacaine in patients undergoing 
VATS. The decrease in LOS we found with LipoB is 
similar to what Dominguez et al (23) demonstrated 
in their retrospective study looking at the impact of 
ICNBs with LipoB vs standard bupivacaine for various 
VATS procedures. Our secondary analysis of thoracic 
surgery subgroups (open thoracotomy, VATS, or RATS) 
demonstrated that the positive overall effects of LipoB 
vs standard bupivacaine were mostly mediated by dif-
ferences in VATS and RATS procedures. 

Fig. 2. Opioid requirements up to postoperative day 3 for liposomal and standard bupivacaine cohorts in surgical subtype groups. 
Panel A depicts opioid requirements after open thoracotomy procedures, panel B depicts opioid requirements after video-assisted thoracos-
copy procedures, and panel C depicts opioid requirements after robotic-assisted thoracic procedures. Opioid requirements were significantly 
lower in the liposomal bupivacaine vs standard bupivacaine cohort in video-assisted thoracoscopy patients on postoperative days 2 and 3, as 
well as in RATS patients intraoperatively and on postoperative day 0. D0 = postoperative day 0; D1 = postoperative day 1; D2 = postoperative 
day 2; D3 = postoperative day 3; * = P < .05.   

Fig. 3. Pain up to postoperative day 3 for liposomal and standard bupivacaine cohorts in surgical subtype groups. 
Panel A depicts pain after thoracotomy procedures, panel B depicts pain after video-assisted thoracoscopy procedures, and panel C depicts 
pain after robotic-assisted thoracic procedures. Pain was significantly lower in the liposomal bupivacaine vs standard bupivacaine cohort in 
video-assisted thoracoscopy patients on D0, D1, and D2.  D0 = postoperative day 0; D1 = postoperative day 1; D2 = postoperative day 2; D3 
= postoperative day 3; * = P < .05.   
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Fig. 4. Length of  stay for liposomal and standard bupivacaine cohorts in 
surgical subtype groups. 
Length of stay was significantly shorter in the liposomal bupivacaine video-assisted 
thoracoscopy group vs the standard bupivacaine group. * = P < .05.   

Thoracotomy
Patients undergoing open thoracotomies benefited the least from 

ICNBs with LipoB compared to standard bupivacaine in our analysis. 
There was no difference in pain scores across all measured time points. 
Opioid consumption did not vary significantly across all time points 
between the groups, and LOS was not different between the 2 groups 
either. Patients undergoing open thoracotomies have more pain, and 
require more opioids than patients undergoing minimally invasive pro-
cedures (24-26). Thus, it was unexpected that the patients in the LipoB 
group, who received the local anesthetic with the longer-lasting pro-
file, did not experience improved pain control for a longer duration. 
The number of patients studied who underwent open procedures was 
low in both the standard bupivacaine group (n = 9) and LipoB group 
(n = 15), and it is possible that there might not have been enough 
patients studied to reliably assess the effect of LipoB in this surgical 
subgroup.

VATS
A few studies have evaluated the use of LipoB for ICNBs compared 

to traditional bupivacaine for VATS procedures (21-23). Kelley et al (21) 
showed a reduction in opioid use for the first 24 postoperative hours 
in the LipoB group vs conventional bupivacaine, which was not evident 

in our study. However, we did encounter 
a reduction in opioid usage in the LipoB 
group for VATS procedures on PODs 2 
and 3. This is similar to Parascandola et al 
(22), who showed a reduction in opioid 
usage from 24 to 72 hours postopera-
tively in the LipoB group. 

A study by Dominguez et al (23) 
showed higher pain scores with LipoB 
vs standard bupivacaine over the first 24 
hours, whereas our data indicate that the 
average pain scores in the LipoB group 
were significantly lower than those in 
the conventional bupivacaine group for 
PODs 0, 1, and 2. Dominguez et al pos-
tulated that patients who received LipoB 
had higher pain scores because they 
were ambulating sooner than those who 
received standard bupivacaine. Our study 
did not evaluate time to ambulation. 
Similar to our findings, Dominguez et al 
encountered a significantly lower LOS in 
the group that received LipoB. 

RATS
In patients undergoing RATS, our 

analyses of 57 patients showed a reduc-
tion in opioid consumption for patients 
in the LipoB group intraoperatively and 
on POD 0. The data did not indicate any 
meaningful differences in pain scores 
between groups across all time points. 
Only one previously published study 
has directly compared the use of LipoB 
ICNBs to ICNBs with plain bupivacaine in 
robotic thoracic surgery (27). Rincavage 
et al did not encounter any difference in 
pain scores, opioid usage, or LOS in their 
retrospective analysis of 96 patients, but 
they did show a reduction in nonsteroi-
dal anti-inflammatory medication usage 
on POD 1. 

Our retrospective analysis revealed 
some findings that were consistent with 
our hypothesis, while there were some 
unexpected findings as well. When 
taken as a whole, our analysis showed a 
consistent benefit of LipoB ICNBs when 
compared to ICNBs with plain bupiva-
caine. We encountered a reduction in 
opioid consumption intraoperatively and 
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on POD 0 as well as a reduction in the LOS in patients 
receiving ICNBs with LipoB. The reduction in opioid 
consumption and LOS took place without seeing any 
differences in pain scores between the groups across all 
surgical types. Unexpectedly, in the subgroup analysis, 
opioid requirement and pain score trends were not 
consistent across all surgical subtypes. Reductions in 
LOS were not uniform across all subtypes of thoracic 
surgery either. The predominant beneficial effect of Li-
poB ICNBs vs conventional bupivacaine ICNBs appeared 
to be in VATS and RATS. This finding is consistent with 
prior reports in this area (21-23).

Limitations & Methodological Considerations
As a retrospective review, this study carries the 

limitations of potential selection bias and time bias. A 
medical practice is generally evolving over time; while 
we looked for any glaring changes in practice over the 
4-year time frame of this study, we may have missed 
smaller contributory changes in practice that may have 
led to the positive impact we attributed to the LipoB. 
Additionally, while we limited our review to the prac-
tice of just 2 surgeons, we cannot rule out the continual 
improvement in their surgical technique as part of the 
reason for our positive outcomes. 

Our retrospective analysis had sicker patients in the 
LipoB group, as there was a significant difference noted 
in the number of patients who carried diagnoses of hy-
pertension, heart failure, or diabetes when compared 
to the bupivacaine group. This was unexpected, as we 
included consecutive patients who met the inclusion 
criteria for each group. The increase in the number of 
patients with comorbid diseases is not readily explain-
able, but it is important to note that we did find a 
shorter LOS in the LipoB group despite this difference. 

We found lower opioid utilization intraopera-
tively and on POD 0 for LipoB vs standard bupivacaine. 
This appears to run counter to the sustained-release 
purpose and the structural properties of LipoB, which 
may be expected to hamper sufficient early release. 
Gadsden and Long (28) reviewed the literature regard-
ing time-to-onset of analgesia observed with LipoB 

vs standard bupivacaine as well as pharmacokinetic 
studies comparing the 2. They found similar time-to-
onset with LipoB and standard bupivacaine, with LipoB 
typically demonstrating superior analgesic efficiency 
even at the earliest time points after surgery. Plasma 
pharmacokinetic parameters of LipoB vary significantly 
dependent on the anatomical location of injection and 
are not correlated with local efficacy (29). Our findings 
of early benefits of LipoB vs standard bupivacaine are 
consistent with the study of VATS surgery by Domin-
guez et al (23). Admixture of standard bupivacaine with 
LipoB has been reported (30) and is aimed to address 
a hypothesized early analgesic gap. Clinical studies on 
admixing will likely clarify if there is any additional 
value in using the combination of LipoB and standard 
bupivacaine vs LipoB alone.        

Conclusion

This retrospective analysis comparing pain control 
via ICNBs in thoracic surgery showed that use of LipoB 
reduced opioid consumption and LOS for patients when 
compared to plain bupivacaine. The effects of LipoB vs 
conventional bupivacaine were most pronounced in 
VATS, when the data were analyzed for each subtype of 
surgery. Our findings are consistent with previous stud-
ies on ICNBs with LipoB for VATS and RATS and support 
its use for these procedures. A prospective randomized 
controlled trial evaluating the effectiveness of ICNBs 
with LipoB is warranted to confirm its superiority in 
pain control after thoracic surgery when compared to 
ICNBs with standard bupivacaine.

Author Contributions 
KMP and NvH had full access to all the data in the 

study and take responsibility for the integrity of the 
data and the accuracy of the data analysis. KMP, KT, 
and RGD designed the study protocol. KMP managed 
the literature searches and summaries of previous re-
lated work and wrote the first draft of the manuscript. 
NVH, GMK, AP, FWB, DS, KT, and RGD provided revi-
sion for intellectual content and final approval of the 
manuscript.



Pain Physician: May/June 2020 23:E251-E258

E258 	 www.painphysicianjournal.com

References
1.	 Adhikary SD, Pruett A, Forero M, 

Thiruvenkatarajan V. Erector spinae 
plane block as an alternative to epidural 
analgesia for post-operative analgesia 
following video-assisted thoracoscopic 
surgery: A case study and a literature 
review on the spread of local anaesthetic 
in the erector spinae plane. Indian J 
Anaesth 2018; 62:75-78.

2.	 Semyonov M, Fedorina E, Grinshpun 
J, et al. Ultrasound-guided serratus 
anterior plane block for analgesia 
after thoracic surgery. J Pain Res 2019; 
12:953-960.

3.	 Block BM, Liu SS, Rowlingson AJ, 
Cowan AR, Cowan JA Jr, Wu CL. 
Efficacy of postoperative epidural 
analgesia: A meta-analysis. JAMA 2003; 
290:2455-2463.

4.	 Rodgers A, Walker N, Schug S, et al. 
Reduction of postoperative mortality 
and morbidity with epidural or spinal 
anaesthesia: Results from overview of 
randomised trials. BMJ (Clin Res Ed) 
2000; 321:1493.

5.	 Jeng CL, Rosenblatt MA. Overview of 
peripheral nerve blocks. UpToDate 
Web site. www.uptodate.com/contents/
overview-of-peripheral-nerve-blocks. 
Date Updated 02/07/2020. Date 
Accessed 09/01/2019. 

6.	 Exparel [package insert]. San Diego, CA: 
Pacira Pharmaceuticals, Inc.; 2018. www.
accessdata.fda.gov/drugsatfda_docs/
label/2018/022496s9lbl.pdf

7.	 Exparel [package insert]. San Diego, CA: 
Pacira Pharmaceuticals, Inc.; 2014. www.
accessdata.fda.gov/drugsatfda_docs/
label/2014/022496s005lbl.pdf

8.	 Chahar P, Cummings KC 3rd. 
Liposomal bupivacaine: A review of a 
new bupivacaine formulation. J Pain Res 
2012; 5:257-264.

9.	 Rice DC, Cata JP, Mena GE, Rodriguez-
Restrepo A, Correa AM, Mehran RJ. 
Posterior intercostal nerve block with 
liposomal bupivacaine: An alternative to 
thoracic epidural analgesia. Ann Thorac 
Surg 2015; 99:1953-1960.

10.	 Khalil KG, Boutrous ML, Irani AD, et 
al. Operative intercostal nerve blocks 
with long-acting bupivacaine liposome 
for pain control after thoracotomy. Ann 
Thorac Surg 2015; 100:2013-2018.

11.	 von Elm E, Altman DG, Egger M, 
Pocock SJ, Gotzsche PC, Vandenbroucke 
JP. The Strengthening the Reporting of 
Observational Studies in Epidemiology 

(STROBE) statement: Guidelines for 
reporting observational studies. Int J 
Surg 2014; 12:1495-1499.

12.	 Equivalent opioid calculator. ClinCalc.
com. https://clincalc.com/. Date 
Accessed 09/01/2019.

13.	 American Pain Society. Principles of 
Analgesic Use in the Treatment of Acute 
Pain and Cancer Pain. 6th ed. Glenview, 
IL: American Pain Society; 2008.

14.	 Anderson R, Saiers JH, Abram S, Schlicht 
C. Accuracy in equianalgesic dosing. 
Conversion dilemmas. J Pain Symptom 
Manage 2001; 21:397-406.

15.	 Pereira J, Lawlor P, Vigano A, Dorgan M, 
Bruera E. Equianalgesic dose ratios for 
opioids. A critical review and proposals 
for long-term dosing. J Pain Symptom 
Manage 2001; 22:672-687.

16.	 Patanwala AE, Duby J, Waters D, Erstad 
BL. Opioid conversions in acute care. 
Ann Pharmacother 2007; 41:255-266.

17.	 Butz DR, Shenaq DS, Rundell VL, et al. 
Postoperative pain and length of stay 
lowered by use of Exparel in immediate, 
implant-based breast reconstruction. 
Plast Reconstr Surg Glob Open 2015; 
3:e391.

18.	 Patel MA, Gadsden JC, Nedeljkovic 
SS, et al. Brachial plexus block with 
liposomal bupivacaine for shoulder 
surgery improves analgesia and reduces 
opioid consumption: Results from 
a multicenter, randomized, double-
blind, controlled trial. Pain Med 2019; 
21:387-400.

19.	 Smoot JD, Bergese SD, Onel E, 
Williams HT, Hedden W. The efficacy 
and safety of DepoFoam bupivacaine 
in patients undergoing bilateral, 
cosmetic, submuscular augmentation 
mammaplasty: A randomized, double-
blind, active-control study. Aesthet Surg 
J 2012; 32:69-76.

20.	 Gorfine SR, Onel E, Patou G, Krivokapic 
ZV. Bupivacaine extended-release 
liposome injection for prolonged 
postsurgical analgesia in patients 
undergoing hemorrhoidectomy: A 
multicenter, randomized, double-blind, 
placebo-controlled trial. Dis Colon 
Rectum 2011; 54:1552-1559.

21.	 Kelley TM Jr, Bailey DW, Sparks P, et al. 
Intercostal nerve blockade with Exparel® 
results in lower opioid usage during 
the first 24 hours after video-assisted 
thorascopic surgery. Am Surg 2018; 
84:1433-1438.

22.	 Parascandola SA, Ibañez J, Keir G, 
et al. Liposomal bupivacaine versus 
bupivacaine/epinephrine after video-
assisted thoracoscopic wedge resection. 
Interact Cardiovasc Thorac Surg 2017; 
24:925-930.

23.	 Dominguez DA, Ely S, Bach C, Lee 
T, Velotta JB. Impact of intercostal 
nerve blocks using liposomal versus 
standard bupivacaine on length of stay 
in minimally invasive thoracic surgery 
patients. J Thorac Dis 2018; 10:6873-6879.

24.	 Palade E, Guenter J, Kirschbaum A, 
Wiesemann S, Passlick B. [Postoperative 
pain in the acute phase after surgery: 
VATS lobectomy vs. open lung resection 
- results of a prospective randomised 
trial]. Zentralbl Chir 2014; 139:S59-S66.

25.	 Kwon ST, Zhao L, Reddy RM, et al. 
Evaluation of acute and chronic 
pain outcomes after robotic, video-
assisted thoracoscopic surgery, or open 
anatomic pulmonary resection. J Thorac 
Cardiovasc Surg 2017; 154:652-659.

26.	 Bendixen M, Jorgensen OD, Kronborg 
C, Andersen C, Licht PB. Postoperative 
pain and quality of life after lobectomy 
via video-assisted thoracoscopic surgery 
or anterolateral thoracotomy for early 
stage lung cancer: A randomised 
controlled trial. Lancet Oncol 2016; 
17:836-844.

27.	 Rincavage M, Hammond L, Reddy S, 
Sytsma C, Prater A, Brackbill M. Pain 
control using liposomal bupivacaine 
versus bupivacaine for robotic assisted 
thoracic surgery. Int J Clin Pharm 2019; 
41:258-263.

28.	 Gadsden J, Long WJ. Time to analgesia 
onset and pharmacokinetics after 
separate and combined administration 
of liposome bupivacaine and 
bupivacaine HCl: Considerations 
for clinicians. Open Orthop J 2016; 
10:94-104.

29.	 Bergese SD, Ramamoorthy S, Patou G, 
Bramlett K, Gorfine SR, Candiotti KA. 
Efficacy profile of liposome bupivacaine, 
a novel formulation of bupivacaine for 
postsurgical analgesia. J Pain Res 2012; 
5:107-116.

30.	 Barrington JW, Dalury DF, Emerson RH 
Jr, Hawkins RJ, Joshi GP, Stulberg BN. 
Improving patient outcomes through 
advanced pain management techniques 
in total hip and knee arthroplasty. Am J 
Orthop (Belle Mead NJ) 2013; 42:S1-S20.


