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T OTAL knee arthro-
plasty is among the 

most common and pain-
ful surgical procedures, 
with more than 700,000 
performed annually in the 
United States alone. Infiltra-
tion of the surgical site with 
local anesthetic is frequently 
performed by surgeons to 
provide postoperative anal-
gesia, although the dura-
tion of action is limited to 
that of the longest-acting 
local anesthetic available, 
bupivacaine. By encas-
ing standard bupivacaine 
in liposomes, the duration 
of local anesthetic release 
may be prolonged as the 
liposomes break down and 
emit the active medication. 
In 2011, the first (and cur-
rently only) liposomal bupi-
vacaine formulation was 
approved by the U.S. Food 
and Drug Administration 
for surgical wound infiltra-
tion (Exparel; Pacira Phar-
maceuticals, Inc., USA). In 
the interim, multiple randomized, controlled clinical trials 
have been published and, while this type of study design has 
advantages such as determining effectiveness while minimiz-
ing confounding, it also has limitations including modest 
sample size and uncertain generalizability to daily practice.

It is therefore noteworthy that a retrospective cohort 
study of nearly 90,000 patients appears in this issue of 
ANESTHESIOLOGY by Pichler et al., providing the largest, most 
nationally-representative view to date into the practice pat-
terns of multiple hospitals and practitioners involving liposo-
mal bupivacaine.1 The authors used the well-known national 
Premier database to sample patients who underwent total 
knee arthroplasty with a peripheral nerve block within the 
United States between 2013 and 2016. A number of signifi-
cant insights are gleaned from this investigation, including 

a finding of no clinically 
meaningful difference in the 
amount billed for opioids 
between patients who either 
did or did not receive lipo-
somal bupivacaine (when 
accounting for confounding 
variables). In other words, 
the use of liposomal bupi-
vacaine was not associated 
with a change in billing pat-
terns for opioids.

Importantly, the actual 
opioid consumption was not 
included in this database, 
which was designed primar-
ily to capture billing practices 
in patients undergoing acute 
care. Unfortunately, the rela-
tionship between opioid pre-
scription and consumption 
is uncertain. For example, 
bundled payments in which 
institutions and practitio-
ners are compensated a set 
amount for performing a 
total knee arthroplasty may 
result in an “average” opioid 
dose being billed, regard-
less of actual consumption. 

Similarly, if intravenous patient-controlled analgesia is used, 
the total amount of opioid in the pump would most likely be 
billed regardless of the amount consumed. Therefore, we do 
not have adequate data from this study to definitely address 
a possible effect of liposomal bupivacaine on decreasing opi-
oid consumption. Conversely, healthcare administrators and 
policymakers can deduce that the introduction of liposomal 
bupivacaine into practices has not decreased opioid charges to 
a clinically-meaningful degree within the healthcare system.

Highly relevant for both clinicians and policymakers is 
that the use of liposomal bupivacaine was not associated with 
a decreased use of naloxone or incidence of opioid-related 
respiratory, genitourinary, central nervous system, or gas-
trointestinal complications (after accounting for confound-
ing variables). Similarly valuable is the finding that the use 
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of liposomal bupivacaine failed to decrease hospitalization 
duration or total costs. One might question whether it is 
realistic to expect the introduction of a single dose of infil-
trated liposomal bupivacaine into the surgical wound to 
decrease either hospitalization duration or costs, but this 
is precisely what multiple relatively small, retrospective 
studies—nearly all supported by the manufacturer—have 
reported for a multitude of surgical procedures, includ-
ing total knee arthroplasty.2–5 In contrast, not one of nine 
randomized, controlled trials comparing joint infiltration/
infusion of liposomal bupivacaine and unencapsulated local 
anesthetic that evaluated length of stay following total knee 
arthroplasty reported a significant difference.6–14

Pichler et al. could not determine which patients in 
their study had received unencapsulated bupivacaine infil-
tration, so they could not compare the effects of these two 
formulations. This does not, however, negate their find-
ings of a lack of beneficial effect of liposome bupivacaine 
in their study, results that stand in stark contrast to smaller 
retrospective studies that reported decreased hospitaliza-
tion duration and/or costs by switching from unencapsu-
lated to liposomal bupivacaine or simply adding liposomal 
bupivacaine (alone or in combination with nonsteroidal 
antiinflammatory drugs and/or acetaminophen).2–5,15–18

A critical caveat is that Pichler et al. exclusively included 
in their analysis patients with a single-injection peripheral 

nerve block. Of 452,740 total patients within the database, 
only 88,817—fewer than 20%—received such a block (writ-
ten personal communication, Stavros Memtsoudis, M.D., 
Ph.D., F.C.C.P., Hospital for Special Surgery, New York, 
New York, May 7, 2018). Therefore, their results may not 
be applicable to more than 80% of patients undergoing total 
knee arthroplasty nationwide. Although it is conceivable 
that patients not receiving a peripheral nerve block would 
benefit most from liposome bupivacaine, the preponderance 
of evidence from the 13 randomized, controlled trials pub-
lished to date suggests that there are few, if any, benefits in 
switching from intraoperative infiltration with unencapsu-
lated bupivacaine to liposomal bupivacaine (table 1).

In contrast to infiltration, early trials involving liposomal 
bupivacaine administered as part of a single-injection periph-
eral nerve block show promise to significantly extend anal-
gesia and decrease opioid consumption and opioid-related 
side effects,19–22 as well as possibly shorten hospitalization 
duration and related costs.21 Importantly, the U.S. Food 
and Drug Administration has approved the use of liposomal 
bupivacaine specifically for transversus abdominis plane and 
interscalene blocks,20–22 although other anatomic locations 
remain off-label at the time of this writing.19,23 So, the route 
of administration does, unsurprisingly, appear to influence 
clinical effects: joint infiltration must be differentiated from 
use in a peripheral nerve block.

Table 1. Published Randomized, Controlled Clinical Trials Comparing Periarticular Infiltration of Lipo, Bupiv, or Ropiv

Reference
Experimental  
Group (mg)*

Control  
Group (mg)*

Primary Pain  
Endpoint

Opioid  
Consumption

Manufacturer  
Contribution

Negative studies
  Alijanipour6 Lipo 266 Bupiv 50 Negative Negative None
  Amundson7 Lipo 266 + Bupiv 125 Ropiv 200–400† Negative Negative total; Lipo  

needed more rescue
None‡

  Barrington8 Lipo 266 + Bupiv 125 Ropiv 250† Negative Negative Funding‡
  Bergese27 Lipo 532 Bupiv 200 Negative Not provided Funding§
  Bramlett28 Lipo 133–532 Bupiv 150 Negative Negative Funding‡,§
  Collis9 Lipo 266 Ropiv 246 Negative Negative None
  DeClaire10 Lipo 266 Ropiv ? Negative Lipo used more total  

oral opioid
Unclear

  Jain11 Lipo ? Bupiv 75† Negative Negative None
  Schroer12 Lipo 266 + Bupiv 75 Bupiv 150 Negative Negative None
  Schwarzkopf13 Lipo 266 + Bupiv 50 Ropiv 246 Negative Negative None
  Smith14 Lipo 266 + Bupiv ? Bupiv ? + intraarticu-

lar Bupiv infusion
Negative Negative None

Positive studies
  Mont25 Lipo 266 + Bupiv 100 Bupiv 100 mg Positive Positive Manufacturer provided fund-

ing and “participated in 
the study conception and 
design; collection, analysis, 
and interpretation of the 
data; and review of the 
manuscript”‡

  Snyder29 Lipo 266 Ropiv 400 Positive Positive None‡

*Indicates only local anesthetics listed (e.g., additives such as epinephrine not listed). †A third treatment group not involving infiltration 
excluded from chart (e.g., continuous peripheral nerve block). ‡At least one author was a paid consultant to the manufacturer during 
enrollment year(s). §One author was an employee of the manufacturer during enrollment.
Bupiv, standard bupivacaine; Lipo, liposomal bupivacaine; ?, dosage unknown; Ropiv, ropivacaine.
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Pichler et al. accurately and responsibly state that, “because 
of the retrospective design, we can only determine associations 
and not causal relationships. Therefore, associations have to be 
interpreted taking into account plausibility [emphasis added].”1 
As we noted previously, due to the limitations of the Premier 
database, which was designed to capture billing activity and not 
opioid consumption, no conclusions may be drawn from the 
present study regarding the clinical effectiveness of liposomal 
bupivacaine in decreasing opioid requirements. However, their 
other findings regarding a lack of change in hospitalization 
duration/costs and opioid-related complications with the addi-
tion of liposomal bupivacaine are more than plausible given 
the previously published data from multiple well-controlled, 
randomized clinical trials. In this respect, the investigation by 
Pichler et al. is important because it lends external validity to 
the findings of the majority of randomized trials.

Medicine is constantly evolving with ongoing research 
and the application of liposome bupivacaine for analgesia 
after total knee arthroplasty will certainly be no different. 
For example, recent industry funded studies theorize that 
liposome bupivacaine may be superior to plain bupivacaine 
for knee infiltration using a specific technique involving 94 
to 103 separate needle passes/injections, a technique which 
likely deviates from common practice (based on nearly all 
other published reports).24,25 However, given the results of 
a large majority of published prospective clinical trials, and 
now a large retrospective cohort study, it seems incumbent 
on those proposing a switch to liposomal bupivacaine to 
provide high-quality data conclusively demonstrating results 
that justify the 100-fold increase in cost.12,26

Competing Interests
Dr. Ilfeld’s institution has received funding and/or product 
for his research from Myoscience (Redwood City, California), 
Epimed (Farmers Branch, Texas), Infutronics (Natick, Mas
sachusetts), Teleflex Medical (Research Triangle Park, North 
Carolina), SPR Therapeutics (Chapel Hill, North Carolina), 
Heron Therapeutics (San Diego, California), and Pacira Phar
maceuticals (San Diego, California). In addition, Dr. Ilfeld has 
directly received funding as a consultant to Pacira Pharma
ceuticals (most recently November 2014). Dr. Gabriel’s insti
tution has received funding and/or product for his research 
from Myoscience, Epimed, Infutronics, and SPR Therapeutics. 
Dr. Eisenach has directly received funding from Adynxx (San 
Francisco, California) as a consultant in the development of 
a DNAbased spinal injection to speed recovery after surgery.

Correspondence
Address correspondence to Dr. Ilfeld: bilfeld@ucsd.edu

references
 1. Pichler L, Poeran J, Zubizarreta N, Cozowicz C, Sun EC, 

Mazumdar M, Memtsoudis SG: Liposomal bupivacaine 
does not reduce inpatient opioid prescription or related 
complications after knee arthroplasty: A database analysis. 
ANESTHESIOLOGY 2018; 129:689–99

 2. Domb BG, Gupta A, Hammarstedt JE, Stake CE, Sharp K, 
Redmond JM: The effect of liposomal bupivacaine injection 

during total hip arthroplasty: A controlled cohort study. BMC 
Musculoskelet Disord 2014; 15:310

 3. King NM, Quiko AS, Slotto JG, Connolly NC, Hackworth RJ, 
Heil JW: Retrospective analysis of quality improvement when 
using liposome bupivacaine for postoperative pain control. J 
Pain Res 2016; 9:233–40

 4. Klug MJ, Rivey MP, Carter JT: Comparison of intraoperative 
periarticular injections versus liposomal bupivacaine as part 
of a multimodal approach to pain management in total knee 
arthroplasty. Hosp Pharm 2016; 51:305–11

 5. Barrington JW, Olugbode O, Lovald S, Ong K, Watson H, 
Emerson RH Jr: Liposomal bupivacaine: A comparative study 
of more than 1000 total joint arthroplasty cases. Orthop Clin 
North Am 2015; 46:469–77

 6. Alijanipour P, Tan TL, Matthews CN, Viola JR, Purtill JJ, 
Rothman RH, Parvizi J, Austin MS: Periarticular injection 
of liposomal bupivacaine offers no benefit over stan-
dard bupivacaine in total knee arthroplasty: A prospec-
tive, randomized, controlled trial. J Arthroplasty 2017; 32: 
628–34

 7. Amundson AW, Johnson RL, Abdel MP, Mantilla CB, 
Panchamia JK, Taunton MJ, Kralovec ME, Hebl JR, Schroeder 
DR, Pagnano MW, Kopp SL: A three-arm randomized Clinical 
trial comparing continuous femoral plus single-injection 
sciatic peripheral nerve blocks versus periarticular injec-
tion with ropivacaine or liposomal bupivacaine for patients 
undergoing total knee arthroplasty. ANESTHESIOLOGY 2017; 
126:1139–50

 8. Barrington JW, Emerson RH, Lovald ST, Lombardi AV, Berend 
KR: No difference in early analgesia between liposomal bupi-
vacaine injection and intrathecal morphine after TKA. Clin 
Orthop Relat Res 2017; 475:94–105

 9. Collis PN, Hunter AM, Vaughn MD, Carreon LY, Huang J, 
Malkani AL: Periarticular injection after total knee arthro-
plasty using liposomal bupivacaine vs a modified ranawat 
suspension: A prospective, randomized study. J Arthroplasty 
2016; 31:633–6

 10. DeClaire JH, Aiello PM, Warritay OK, Freeman DC: 
Effectiveness of bupivacaine liposome injectable suspension 
for postoperative pain control in total knee arthroplasty: A 
prospective, randomized, double blind, controlled study. J 
Arthroplasty 2017; 32(9S):268–71

 11. Jain RK, Porat MD, Klingenstein GG, Reid JJ, Post RE, Schoifet 
SD: The AAHKS Clinical Research Award: liposomal bupiva-
caine and periarticular injection are not superior to single-
shot intra-articular injection for pain control in total knee 
arthroplasty. J Arthroplasty 2016; 31(9 Suppl):22–5

 12. Schroer WC, Diesfeld PG, LeMarr AR, Morton DJ, Reedy ME: 
Does extended-release liposomal bupivacaine better control 
pain than bupivacaine after total knee arthroplasty (TKA)? 
A prospective, randomized cinical trial. J Arthroplasty 2015; 
30(9 Suppl):64–7

 13. Schwarzkopf R, Drexler M, Ma MW, Schultz VM, Le KT, 
Rutenberg TF, Rinehart JB: Is there a benefit for liposomal 
bupivacaine compared to a traditional periarticular injection 
in total knee arthroplasty patients with a history of chronic 
opioid use? J Arthroplasty 2016; 31:1702–5

 14. Smith EB, Kazarian GS, Maltenfort MG, Lonner JH, Sharkey 
PF, Good RP: Periarticular liposomal bupivacaine injec-
tion versus intra-articular bupivacaine infusion catheter for 
analgesia after total knee arthroplasty: A double-blinded, 
randomized controlled trial. J Bone Joint Surg Am 2017; 
99:1337–44

 15. Cohen SM, Vogel JD, Marcet JE, Candiotti KA: Liposome 
bupivacaine for improvement in economic outcomes and 
opioid burden in GI surgery: IMPROVE Study pooled analy-
sis. J Pain Res 2014; 7:359–66

 16. Candiotti KA, Sands LR, Lee E, Bergese SD, Harzman AE, 
Marcet J, Kumar AS, Haas E: Liposome bupivacaine for post-
surgical analgesia in adult patients undergoing laparoscopic 

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/4/623/520691/20181000_0-00009.pdf by guest on 10 April 2024

mailto:bilfeld@ucsd.edu


Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:623-6 626 Ilfeld et al.

Editorial Views

colectomy: Results from prospective phase IV sequential 
cohort studies assessing health economic outcomes. Curr 
Ther Res Clin Exp 2014; 76:1–6

 17. Marcet JE, Nfonsam VN, Larach S: An extended paIn relief 
trial utilizing the infiltration of a long-acting Multivesicular 
liPosome foRmulation Of bupiVacaine, EXPAREL (IMPROVE): 
A phase IV health economic trial in adult patients undergo-
ing ileostomy reversal. J Pain Res 2013; 6:549–55

 18. Vogel JD: Liposome bupivacaine (EXPAREL®) for extended 
pain relief in patients undergoing ileostomy reversal at a single 
institution with a fast-track discharge protocol: An IMPROVE 
Phase IV health economics trial. J Pain Res 2013; 6:605–10

 19. Hadzic A, Minkowitz HS, Melson TI, Berkowitz R, Uskova A, 
Ringold F, Lookabaugh J, Ilfeld BM: Liposome bupivacaine 
femoral nerve block for postsurgical analgesia after total 
knee arthroplasty. ANESTHESIOLOGY 2016; 124:1372–83

 20. Hutchins J, Delaney D, Vogel RI, Ghebre RG, Downs LS Jr, 
Carson L, Mullany S, Teoh D, Geller MA: Ultrasound guided 
subcostal transversus abdominis plane (TAP) infiltration 
with liposomal bupivacaine for patients undergoing robotic 
assisted hysterectomy: A prospective randomized controlled 
study. Gynecol Oncol 2015; 138:609–13

 21. Hutchins JL, Kesha R, Blanco F, Dunn T, Hochhalter R: 
Ultrasound-guided subcostal transversus abdominis plane 
blocks with liposomal bupivacaine vs. non-liposomal bupiva-
caine for postoperative pain control after laparoscopic hand-
assisted donor nephrectomy: A prospective randomised 
observer-blinded study. Anaesthesia 2016; 71:930–7

 22. Vandepitte C, Kuroda M, Witvrouw R, Anne L, Bellemans J, 
Corten K, Vanelderen P, Mesotten D, Leunen I, Heylen M, Van 
Boxstael S, Golebiewski M, Van de Velde M, Knezevic NN, 
Hadzic A: Addition of liposome bupivacaine to bupivacaine 
HCl versus bupivacaine HCl alone for interscalene brachial 

plexus block in patients having major shoulder surgery. Reg 
Anesth Pain Med 2017; 42:334–41

 23. Ilfeld BM, Malhotra N, Furnish TJ, Donohue MC, Madison 
SJ: Liposomal bupivacaine as a single-injection peripheral 
nerve block: A dose-response study. Anesth Analg 2013; 
117:1248–56

 24. Khlopas A, Elmallah RK, Chughtai M, Yakubek GA, Faour 
M, Klika AK, Higuera CA, Molloy RM, Mont MA: The learn-
ing curve associated with the administration of intra-articular 
liposomal bupivacaine for total knee arthroplasty: A pilot 
study. Surg Technol Int 2017; 30:314–20

 25. Mont MA, Beaver WB, Dysart SH, Barrington JW, Del Gaizo 
DJ: Local infiltration analgesia with liposomal bupivacaine 
improves pain scores and reduces opioid use after total 
knee arthroplasty: Results of a randomized controlled trial. J 
Arthroplasty 2018; 33:90–6

 26. Corman S, Shah N, Dagenais S: Medication, equipment, and 
supply costs for common interventions providing extended 
post-surgical analgesia following total knee arthroplasty in 
US hospitals. J Med Econ 2018; 21:11–8

 27. 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; 5:107–16

 28. Bramlett K, Onel E, Viscusi ER, Jones K: A randomized, dou-
ble-blind, dose-ranging study comparing wound infiltration 
of DepoFoam bupivacaine, an extended-release liposomal 
bupivacaine, to bupivacaine HCl for postsurgical analgesia 
in total knee arthroplasty. Knee 2012; 19:530–6

 29. Snyder MA, Scheuerman CM, Gregg JL, Ruhnke CJ, Eten K: 
Improving total knee arthroplasty perioperative pain man-
agement using a periarticular injection with bupivacaine 
liposomal suspension. Arthroplast Today 2016; 2:37–42

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/4/623/520691/20181000_0-00009.pdf by guest on 10 April 2024


