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The United States is amidst an opioid epi-
demic, and the president has directed the 
Department of Health and Human Ser-

vices to declare the opioid crisis a public health 
emergency. According to the Centers for Dis-
ease Control and Prevention, adverse events and 

deaths from prescription opioids have more than 
quadrupled since 1999.1 Although opioids are a 
cornerstone in management of acute pain in the 
short term, the development of effective, opioid-
sparing perioperative modalities for reduction 
of postoperative pain has become increasingly 
relevant. More than 80 percent of patients who 
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Background: Postsurgical pain management is critical to patient satisfaction 
and value. Several studies have evaluated liposomal bupivacaine in postop-
erative pain management protocols; however, its economic feasibility remains 
undefined. This study analyzes the economic impact of liposomal bupivacaine 
using a national claims database to assess postoperative clinical and financial 
outcomes in plastic and reconstructive procedures.
Methods: The Vizient Clinical Data Base/Resource Manager electronic database 
was reviewed for plastic surgery procedures (i.e., abdominoplasty, abdominal 
wall reconstruction, mastectomy with immediate tissue expander placement, 
mastectomy with direct-to-implant reconstruction, autologous breast recon-
struction, and augmentation mammaplasty) at participating hospitals from 
July 1, 2016, to July 1, 2017. The main outcome measures were the length of 
stay; 7-, 14-, and 30-day readmission rates; and direct and total costs observed.
Results: During the study period, 958 total cases met inclusion criteria. Lipo-
somal bupivacaine was used in 239 cases (25 percent). Compared with cases 
that did not use liposomal bupivacaine, liposomal bupivacaine cases had a 
decreased length of stay (9.2 days versus 5.8 days), decreased cost (total cost, 
$39,531 versus $28,021; direct cost, $23,960 versus $17,561), and lower 30-day 
readmission rates (4 percent versus 0 percent). The 14- and 7-day readmission 
rates were similar between the two groups.
Conclusions: The use of liposomal bupivacaine may contribute to a reduction 
in length of stay, hospital costs, and 30-day readmission rates for abdominal 
and breast reconstructive procedures, which could contribute to a favorable 
economic profile from a system view. Focusing on the measurement and im-
provement of value in the context of whole, definable, patient processes will 
be important as we transition to value-based payments. (Plast. Reconstr. Surg. 
143: 1269, 2019.)
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undergo surgical procedures continue to expe-
rience moderate to severe postoperative pain.2 
Inadequate pain control results in increased levels 
of anxiety, guarded breathing, delayed recovery, 
and decreased wound healing.3 Significant physi-
ologic and economic consequences of uncon-
trolled pain include opioid-related adverse events 
such as sedation, dizziness, nausea, vomiting, con-
stipation, physical dependence, tolerance, and 
respiratory depression; increased length of hospi-
tal stay; increased hospital costs; and poor patient 
satisfaction.4 Alternatively, adequate postopera-
tive analgesia has been shown to decrease throm-
bus formation; expedite recovery; and improve 
respiratory, cardiovascular, and gastrointestinal 
function.5

Local anesthetics can potentially help reduce 
the burden caused by opioid-related adverse 
events. Long-acting anesthetics such as bupiva-
caine hydrochloride have the benefit of a pro-
longed duration of action (8 to 12 hours) and 
can be delivered by means of a single bolus injec-
tion or a continuous infusion. Bolus injections 
have minimal effect on postsurgical pain. Con-
tinuous infusion of long-acting bupivacaine has 
shown some success in amelioration of postop-
erative pain but can be cumbersome to both the 
patient and the health care team, as it requires 
placement and maintenance of perineural cath-
eters, additional training and skills of tertiary 
care providers, and medical literacy and under-
standing on behalf of the patient. In addition, its 
use is associated with increased costs and higher 
rates of complications.6 Liposomal bupivacaine 
(Exparel; Pacira Pharmaceuticals, Inc., Parsip-
pany, N.J.) was developed to address these issues 
with an extended-release formulation. Liposo-
mal bupivacaine is delivered in situ by means 
of a biocompatible and biodegradable multive-
sicular lipid-based vehicle that encapsulates the 
drug within aqueous pores and allows diffusion 
over a prolonged period.6 As the three-dimen-
sional lipid membranes erode from outer layer 
to inner layers, bupivacaine is released over time, 
with an initial peak at 0.25 to 2 hours and a sec-
ond peak at 12 to 24 hours after injection, and 
with duration of relief lasting 48 to 72 hours.7 
Its efficacy has been demonstrated across surgi-
cal service lines, including bariatric, colorectal, 
general, gynecologic, urologic, orthopedic, and 
reconstructive procedures.7–18 Debate remains, 
however, regarding the value of liposomal bupiva-
caine’s use considering the high initial cost of the 
drug compared with its alternatives (liposomal 

bupivacaine, $315 per 366-mg/20-ml vial; bupi-
vacaine hydrochloride, $5.24 per 75 ml).9,19

PATIENTS AND METHODS
A retrospective claims analysis was performed 

using the Vizient Clinical Data Base/Resource 
Manager (Vizient, Inc., Irving, Texas) abstract dis-
charge database (data from the Vizient Clinical 
Data Base/Resource Manager used by permission 
of Vizient. All rights reserved20) to identify abdom-
inal wall and breast reconstructive procedures at 
participating hospitals from July 1, 2016, to July 1, 
2017. Vizient, Inc., is the largest health care per-
formance improvement company in the United 
States. The contents of the Vizient Clinical Data 
Base/Resource Manager includes demographic 
and encounter characteristics for patients receiv-
ing care at 140 academic medical centers and 210 
other community hospitals.

All patients who underwent abdominal wall 
and breast reconstructive procedures with Interna-
tional Classification of Diseases, Tenth Revision, codes 
listed in Table 1 were included in the analysis. 
Expected values were calculated using the 2016 
(academic medical centers) base-Medical Service 
Diagnosis-Related Group risk models. The data 
were all provided as aggregate data from 54 vari-
ous institutions across the United States.

The main outcome measures were the length 
of stay; 7-, 14-, and 30-day readmission rates; and 
direct and total costs observed for the liposomal 
bupivacaine group compared to expected values. 
Total costs were defined as all costs (both direct 
and indirect costs) associated with the care of the 
patient, including institutional operating, staff-
ing, and all other costs assigned to the patient. 
Direct costs were defined as all costs accumulated 
that related to the direct care of the patient (e.g., 
surgical supplies, medications).

For statistical analysis, univariate analysis was 
performed using Stata v5.0 (StataCorp, College 
Station, Texas) on all variables using a one-way 
analysis of variance of transformed variables with 
weighting to account for the different number of 
cases at each institution. The number of observa-
tions refers to the number of institutions, and the 
frequency refers to the total number of subjects 
at the institutions in the liposomal bupivacaine 
or non–liposomal bupivacaine groups. Data for 
length of stay and cost were given as the mean 
with standard deviation. Because of the nonnor-
mality of the readmission rates, those data are 
reported as the medians. Readmission rates were 
transformed using the inverse hyperbolic sine 
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transformation before the analysis. Statistical sig-
nificance was defined at an alpha level less than 
0.05.

RESULTS
During the study period, there were 958 total 

cases that met inclusion criteria. Liposomal bupi-
vacaine was used in 239 of these cases (25 per-
cent). The analysis shown in Tables 2 through 4 
found a lower mean length of stay (5.8 days versus 
9.2 days; p = 0.004), lower mean total and direct 
costs (total cost $28,021 versus $39,531, p = 0.020; 
direct cost, $17,561 versus $23,960, p = 0.047), and 
lower 30-day readmission rates (0 percent versus 4 
percent; p = 0.043) for the liposomal bupivacaine 

versus control groups. The 14- and 7-day readmis-
sion rates were not significantly different between 
the two groups (14-day readmission rates, 3 per-
cent versus 0 percent, p = 0.116; 7-day readmission 
rates, 2 percent versus 0 percent, p = 0.490).

DISCUSSION
Cost-effectiveness of long-acting local anes-

thetics is a topic of particular interest in the cur-
rent health care landscape. In the face of the 
national opioid epidemic and rising health care 
costs, this is of critical importance to all stakehold-
ers—patients, providers, and institutions alike. For 
the past decade in health care, the United States 
has witnessed a growing acceptance of the need to 

Table 1. International Classification of Diseases, Tenth Revision, Codes

Procedure Code

Abdominoplasty  
  Open alteration of abdominal wall (no tissue substitute) 0W0F0ZZ
  Open repair of abdominal wall 0WQF0ZZ
Abdominal wall reconstruction  
  Open reconstruction by supplementing synthetic tissue 0JU80JZ
  Open reconstruction by supplementing autologous tissue substitute 0JU807Z
Mastectomy with immediate breast reconstruction  
  Mastectomy right breast; insertion tissue expander right 0HTT0ZZ
  Mastectomy left breast; insertion tissue expander left 0HTU0ZZ
  Mastectomy right both breast; insertion tissue expander both breasts 0HTV0ZZ
Mastectomy with direct-to-implant breast reconstruction  
  Mastectomy right breast with saline/silicone implant insertion 0HRT0JZ
  Mastectomy left breast with saline/silicone implant insertion 0HRU0JZ
  Mastectomy both breasts with saline/silicone implant insertion 0HRV0JZ
Augmented mammaplasty  
  Open alteration right breast with synthetic tissue substitute 0H0T0JZ
  Open alteration left breast with synthetic tissue substitute 0H0U0JZ
  Open alteration both breasts with synthetic tissue substitute 0H0V0JZ
Autologous breast reconstruction  
  Right breast reconstruction with latissimus dorsi free muscle flap 0HRT075
  Left breast reconstruction with latissimus dorsi free muscle flap 0HRU075
  Bilateral breast reconstruction with latissimus dorsi free muscle flap 0HRV075
  Right breast reconstruction with TRAM flap 0HRT076
  Left breast reconstruction with TRAM flap 0HRU076
  Bilateral breast reconstruction with TRAM flap 0HRV076
TRAM, transverse rectus abdominis musculocutaneous.

Table 2. Length of Stay

LB Control

pNo. of Obs. Frq Mean SD No. of Obs. Frq Mean SD

LOS (days) 53 1663 5.8 2.9 285 31,369 9.2 4.8 0.004
LB, liposomal bupivacaine; LOS, length of stay; Obs, observations; Frq, frequency.

Table 3. Direct and Total Costs

LB Control

pNo. of Obs. Frq Mean SD No. of Obs. Frq Mean SD

Direct cost 49 1510 $17,561 $9910 241 28,264 $23,960 $12,053 0.047
Total cost 49 1510 $28,021 $14,636 241 28,264 $39,531 $18,512 0.020
LB, liposomal bupivacaine; Obs, observations; Frq, frequency.
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transition from a disconnected system that is reim-
bursed based on volume or revenue growth to one 
that is based on measuring and improving value 
for patients and those who care for them. As we 
transition to a value-based payment system, these 
benefits will be increasingly important to improve 
the value of care we provide for patients.

At first glance, liposomal bupivacaine appears 
significantly more expensive than bupivacaine 
hydrochloride.9,19 It is important, however, to 
consider the links between reduced narcotic use, 
decreased complications, and decreased length 
of hospital stay, all of which contribute to overall 
reduction of health care costs. Earlier return to 
function, quicker ambulation, improved healing, 
and prevention of chronic pain also lessen the eco-
nomic burden and can lead to increased patient 
satisfaction. Initial concerns that reduced length 
of hospital stays would result in increased hospital 
readmissions have been consistently disproven.10

As to continuous infusions, Hollander et al. 
compared the use of liposomal bupivacaine and 
subfascial continuous anesthesia with catheter-
directed continuous infusion by means of an 
elastomeric pump and traditional morphine 
patient-controlled analgesia. Operating time was 
longer for subfascial continuous anesthesia com-
pared to liposomal bupivacaine (219.8 minutes 
versus 199.3 minutes; p < 0.01). In addition to 
extra costs associated with longer operating times, 
the price of liposomal bupivacaine was $285 ver-
sus $460 for the catheter-directed infusion device 
plus $400 for the ropivacaine infusion.11

A comparative analysis performed at a large 
hospital system reviewed five perioperative pain 
modalities, including the following: (1) continu-
ous femoral nerve blocks, (2) indwelling epidural 
anesthesia, (3) elastomeric pumps, (4) single-shot 
femoral/sciatic nerve blocks, and (5) liposomal 
bupivacaine. Liposomal bupivacaine resulted in 
reduced morphine equivalent opioid consump-
tion (130.2 mg versus 110.4 mg; p = 0.0035) and 
decreased cost per episode of care (range, $130.29 
to $702.14) compared to continuous or single-
shot nerve block and elastomeric pumps. Only 
indwelling epidural catheters (12 hour epidural 

and ropivacaine drip) resulted in lower cost per 
episode ($169 to $192).12

In a prospective, phase IV sequential cohort 
studies assessing health economic outcomes, Can-
diotti et al. showed mean hospital costs of $11,234 
in the liposomal bupivacaine–based multimodal 
analgesia group compared to $13,018 in the stan-
dard intravenous opioid patient-controlled anal-
gesia group (p = 0.2612).13 In patients undergoing 
ileostomy reversal, hospital costs averaged $6482 
versus $9282 (p = 0.01) in patients treated with 
liposomal bupivacaine compared with patient-
controlled analgesia.14 Alternatively, Nadeau et al. 
studied the use of bupivacaine versus liposomal 
bupivacaine in augmentation mammaplasty and 
failed to find an appreciable clinical benefit that 
justified the additional cost of liposomal bupiva-
caine.21 In this study, 100-mg of non–liposomal 
bupivacaine was instilled into one breast pocket 
and 130 mg of liposomal bupivacaine was injected 
into the contralateral breast pocket before clo-
sure in 34 patients undergoing augmentation 
mammaplasty. Although the data demonstrated 
mild improvement in postoperative pain in the 
liposomal bupivacaine side compared to the 
non–liposomal bupivacaine side, 70 percent of 
the patients did not feel the reduction in pain on 
the liposomal bupivacaine side enough to justify 
a $250 increase in cost in this cosmetic cohort. It 
is important to note that although dosing equiva-
lency has not been formally established, other 
studies have shown that the maximum plasma 
bupivacaine concentration produced by bupiva-
caine hydrochloride 100 mg is similar to that pro-
duced by liposomal bupivacaine 266 mg.15 The 
majority of studies that have documented success 
with liposomal bupivacaine have obtained sig-
nificant results using 266 mg (the recommended 
maximum dose). Therefore, 130 mg of liposomal 
bupivacaine may have been a subtherapeutic dose 
in this particular study.

The use of liposomal bupivacaine has been 
studied across various surgical specialties includ-
ing colorectal, bariatric, urologic, orthopedic, 
and reconstructive procedures. Used in con-
junction with a multimodal analgesia protocol, 

Table 4. Readmission Rates

Readmission  
Rate

LB Control

pNo. of Obs. Frq Median (%) Range No. of Obs. Frq Median (%) Range

30 days 53 1541 0 0–33 285 28,317 4 0–25 0.043
14 days 53 1541 0 0–33 285 28,317 3 0–25 0.116
7 days 53 1541 0 0–33 285 28,317 2 0–25 0.490
LB, liposomal bupivacaine; Obs, observations; Frq, frequency.
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liposomal bupivacaine has been particularly effec-
tive in reducing physiologic stress to facilitate an 
early recovery. Several institutions have incorpo-
rated liposomal bupivacaine effectively into their 
enhanced recovery after surgery protocols, includ-
ing in plastic surgery procedures, including, 
but not limited to, augmentation mammaplasty, 
immediate breast reconstruction and abdominal 
wall reconstruction.16

We have previously analyzed the efficacy of 
liposomal bupivacaine as part of a multimodal 
analgesia regimen in abdominal wall reconstruc-
tion. Liposomal bupivacaine was injected in three 
different planes: directly around the intercostal 
nerves after performing retrorectus dissection, in 
the subdermal plane around the incision, and in the 
transversus abdominis plane. We found decreased 
postoperative narcotic requirements.18,22–24

There are studies where the benefits of liposo-
mal bupivacaine have not been demonstrated or 
have been minimal, making it difficult to justify 
the increased costs compared with less expensive 
alternatives.25–27 Some potential explanations for 
these results include the possibility that liposomal 
bupivacaine may not work as well in some patient 
subpopulations, for example, patients who are 
already taking opioids preoperatively.27 It is also 
possible that the quality of the infiltration tech-
nique impacted the effectiveness of liposomal 
bupivacaine in some studies. One study demon-
strated that the quality of the infiltration tech-
nique can impact outcomes.28

We recognize the limitation of this work. 
Observations of this review derive from data sub-
mitted by academic medical centers to a national 
claims database system. As such, length of stay, 
costs, and readmission rates may differ for non-
academic centers. Because of the database limi-
tation to in-hospital events, the true incidence 
of complications may be underestimated. The 
greatest limitation of this review is the potential 
for coding bias and the reliance on administrative 
classification International Classification of Diseases, 
Tenth Revision, and CPT codes, which assume con-
cordance between coding technicians and treat-
ing providers. Another limitation is the possibility 
that the surgeons who have used liposomal bupi-
vacaine are doing so in the context of multimodal 
pain management and enhanced recovery pro-
grams that improve outcomes as a result of mul-
tiple factors in addition to the use of liposomal 
bupivacaine. It is possible that surgeons who have 
not used liposomal bupivacaine are also not imple-
menting other components of multimodal pain 
management and enhanced recovery programs.

CONCLUSIONS
In this claims analysis, liposomal bupivacaine 

was associated with improved financial and post-
operative clinical outcomes in abdominal wall and 
breast reconstructive procedures. The use of lipo-
somal bupivacaine may contribute to a reduction 
in length of stay, overall hospital costs, and read-
mission rates for abdominal wall and breast recon-
structive procedures, which could contribute to 
improving value from a system view. Focusing on 
the measurement and improvement of value in the 
context of whole, definable patient processes will be 
important as we transition to value-based payments.
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