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Efficacy of Liposomal Bupivacaine and Bupivacaine Hydrochloride

vs Bupivacaine Hydrochloride Alone as a Periarticular Anesthetic

for Patients Undergoing Knee Replacement
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for the Study of Peri-Articular Anaesthetic for Replacement of the Knee (SPAARK) Study Group

IMPORTANCE More than half of patients who undergo knee replacement surgery report

substantial acute postoperative pain.

OBJECTIVE To evaluate the efficacy and cost-effectiveness of periarticular liposomal

bupivacaine for recovery and pain management after knee replacement.

DESIGN, SETTING, AND PARTICIPANTS Thismulticenter, patient-blinded, pragmatic,

randomized clinical superiority trial involved 533 participants at 11 institutions within the

National Health Service in England. Adults undergoing primary unilateral knee replacement

for symptomatic end-stage osteoarthritis were enrolled betweenMarch 29, 2018, and

February 29, 2020, and followed up for 1 year after surgery. Follow-up was completedMarch

1, 2021. A per-protocol analysis for each coprimary outcomewas performed in addition to the

main intention-to-treat analysis.

INTERVENTIONS Two hundred sixty-six milligrams of liposomal bupivacaine admixed with 100

mg of bupivacaine hydrochloride compared with 100mg of bupivacaine hydrochloride alone

(control) administered by periarticular injection at the time of surgery.

MAIN OUTCOME ANDMEASURES The coprimary outcomeswere Quality of Recovery 40

(QoR-40) score at 72 hours and pain visual analog scale (VAS) score area under the curve

(AUC) from 6 to 72 hours. Secondary outcomes included QoR-40 andmean pain VAS at days

0 (evening of surgery), 1, 2, and 3; cumulative opioid consumption for 72 hours; functional

outcomes and quality of life at 6 weeks, 6months, and 1 year; and cost-effectiveness for 1

year. Adverse events and serious adverse events up to 12 months after randomization were

also assessed.

RESULTS Among the 533 participants included in the analysis, the mean (SD) age was 69.0

(9.7) years; 287 patients were women (53.8%) and 246weremen (46.2%). Baseline

characteristics were balanced between study groups. There was no difference between the

liposomal bupivacaine and control groups in QoR-40 score at 72 hours (adjustedmean

difference, 0.54 [97.5% CI, −2.05 to 3.13]; P = .64) or the pain VAS score AUC at 6 to 72 hours

(−21.5 [97.5% CI, −46.8 to 3.8]; P = .06). Analyses of pain VAS and QoR-40 scores

demonstrated only 1 statistically significant difference, with the liposomal bupivacaine arm

having lower pain scores the evening of surgery (adjusted difference −0.54 [97.5% CI, −1.07

to −0.02]; P = .02). No difference in cumulative opioid consumption and functional outcomes

was detected. Liposomal bupivacaine was not cost-effective compared with the control

treatment. No difference in adverse or serious adverse events was found between the

liposomal bupivacaine and control groups.

CONCLUSIONS AND RELEVANCE This study found no difference in postoperative recovery or

pain associated with the use of periarticular liposomal bupivacaine compared with

bupivacaine hydrochloride alone in patients who underwent knee replacement surgery.
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K
nee replacement is ahighly successful operation forpa-

tients with symptomatic advanced arthritis refractory

tononoperative treatment;however, recovery fromsur-

gery can be painful despite multimodal opiate-sparing

techniques.1,2 Postoperative pain is detrimental to the patient

experience and has been reported to be associated with an in-

creased morbidity and mortality and may be associated with

long-term outcomes.3-5 The ideal analgesic would be one that

is locallydelivered, avoiding systemicadverseeffects, and that

provides a long-lasting sensory but not motor block. Lipo-

somal bupivacaine (Exparel [Pacira Pharmaceuticals Inc]) is a

novel liposome-encapsulated local anestheticdevelopedto im-

prove postoperative analgesia and reduce the need for supple-

mentaryopiate analgesia.6 In theknee, liposomal bupivacaine

is licensed for single-dose periarticular local infiltration at the

time of surgery.

Current evidence on the effectiveness of liposomal bupi-

vacaine is inconclusive owing to small study size and non-

standardized comparators.7 The present study was a large

randomized clinical trial assessing the clinical efficacy and

cost-effectiveness of liposomal bupivacaine plus bupivacaine

hydrochloride compared with bupivacaine hydrochloride

alone (control condition) for postoperative recovery and pain

after knee replacement to guide best clinical practice. We

sought to assess the null hypothesis that no true difference

in postoperative recovery and pain exists after knee replace-

ment between liposomal bupivacaine plus bupivacaine

hydrochloride compared with bupivacaine hydrochloride

alone when administered by periarticular infiltration at the

time of surgery.

Methods

Design

This trial was a multicenter, randomized, patient-blinded,

active comparator-controlled, superiority clinical trial con-

ducted across 11 National Health Service institutions in the

UK. A summary of the study protocol has been published pre-

viously and is available in Supplement 1.8,9 The study fol-

lowedtheConsolidatedStandardsofReportingTrials (CONSORT)

and Consolidated Health Economic Evaluation Reporting

Standards(CHEERS)reportingguidelines.Thetrialwasapproved

by the National Research Ethics Service, Oxfordshire Research

Ethics Committee C in 2017, with written informed consent

obtained from all participants before their involvement in the

study.

Participants

Eligible participantswere adults 18 years or olderwithAmeri-

can Society of Anaesthesiologists grades 1 to 3 physical clas-

sification status inclusive who underwent unilateral primary

total kneepreplacement (TKR) or unicompartmental knee re-

placement (UKR) forend-stageosteoarthritis. Patientswereex-

cluded if they had rheumatoid arthritis, an allergy or intoler-

ance to amide-type local anesthetics, objective evidence of

nervedamage in the affected lower limb, or contralateral knee

replacementwithin the12monthsbefore randomizationorhad

participated in another research trial involving an investiga-

tional medicinal product in the 6 months before randomiza-

tion. A list of the participating centers is available in eAp-

pendix 1 in Supplement 2; a list of members of the Data and

Safety Monitoring Committee is available in eAppendix 2 in

Supplement 2.

Randomization

Patients were randomized 1:1 to the intervention (liposomal

bupivacaine plus bupivacaine hydrochloride) or control (bu-

pivacaine hydrochloride) arms using a secure online system.

Randomizationwasstratifiedaccording to recruitmentsiteand

typeof surgery (TKRorUKR). Treatment groupnumberswere

balanced using random permuted blocks of sizes 2, 4, and 6.

Interventions

All patients underwent knee replacement with the surgical

technique, implants used, and alignment philosophy in line

with surgeons’ usual practice. Patients randomized to the in-

tervention arm received 266mgof liposomal bupivacaine ad-

mixedwith 100mgofbupivacainehydrochloridewithout epi-

nephrine. Those randomized to the control arm received 100

mgofbupivacainehydrochloridewithoutepinephrine. Inboth

groups the volume was expanded to 120 mL with normal sa-

line. Liposomal bupivacaine and control drugs were admin-

isteredviaastandardizedperiarticular injectiontechniquewith

a reference guide provided in each operating theater. Preop-

erative, intraoperative, and postoperative analgesia regi-

mens and management were in line with local protocols and

did not differ based on patient randomization.

Outcomes

The coprimary outcomemeasureswere theQuality of Recov-

ery40(QoR-40) score10at72hoursandpainvisual analogscale

(VAS) score from6 to 72 hours after surgery.11 Predefined sec-

ondary outcomes included QoR-40 and VAS scores at days 0

(evening of surgery), 1, 2, and 3; cumulative opioid consump-

tion; functional outcomes measured using the Oxford Knee

Key Points

Question Among patients undergoing knee replacement surgery,

does liposomal bupivacaine and bupivacaine hydrochloride

administered at the surgical site improve postoperative recovery

at 72 hours and postoperative pain from 6 to 72 hours compared

with bupivacaine hydrochloride alone?

Findings In this randomized clinical trial of 533 patients

undergoing knee replacement surgery, no difference in the

coprimary outcomes of Quality of Recovery 40 score at 72 hours

or pain visual analog scale score area under the curve from 6 to 72

hours was detected between patients receiving liposomal

bupivacaine and bupivacaine hydrochloride and those receiving

bupivacaine hydrochloride alone. In addition, liposomal

bupivacaine was not found to be cost-effective.

Meaning This study found that liposomal bupivacaine did not

improve postoperative recovery or pain compared with

bupivacaine hydrochloride alone among patients undergoing knee

replacement surgery.
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Score and American Knee Society Score; quality of life mea-

sured using the 5-level EQ-5D (EQ-5D-5L); use of health care

resources; and complications measured using the Clavien-

Dindo classification.12-15

Statistical Analysis

The full statistical analysis plan has previously been pub-

lished and can be accessed in Supplement 1.9The sample size

for the trial was 500 patients. A total of 240 patients per arm

were required to detect a 5-point difference in global QoR-40

scores at P = .025 significance level with 90% power, assum-

inganSDof 15.5.Allowinga4%loss to follow-up increased this

sample size to 500 patients overall. This sample sizewas also

sufficient to detect a standardized difference of 33%between

treatment groups in cumulative pain score calculated as the

area under the curve (AUC) from 6 to 72 hours after surgery,

with P = .025 indicating statistical significance and allowing

for 10% loss to follow-up.

The QoR-40 scores at 72 hours after surgery in the treat-

ment groups were compared using a mixed-effects linear re-

gressionmodel adjusting for type of surgery, baseline QoR-40

scores,age,andsexas fixedeffectsandrecruitmentsiteasaran-

domeffect.Cumulativepainscoreswerecomparedbetweenthe

treatment groups using parameters froma repeated-measures

mixed-effects linear regression model to calculate the sum-

marymeasuresAUCfrom6to72hoursafter surgery.11Continu-

oussecondaryoutcomeswereanalyzedusingmultilevelmixed-

effects linearregressionmodels;categoricalsecondaryoutcomes

were analyzed using multilevel mixed-effects logistic regres-

sionmodels.

Sensitivity analyses to assess the impact of missing data

were conducted on both coprimary outcomes. A per-protocol

analysis for each coprimary outcome was performed in addi-

tion to the main intention-to-treat (ITT) analysis. The primary

outcome analyses were performed with a 2-sided P = .025

indicating statistical significance to adjust for multiplicity

associated with the coprimary outcomes, with all other analy-

ses performed with a 2-sided P < .05 indicating statistical

significance.

Health Economic Analysis

Patients were followed up for 1 year, until March 1, 2021. We

conductedawithin-trial cost-utilityanalysisduring the follow-

up, adopting theperspective of theNationalHealth Service in

theUKandpersonal social services. Details of the analysis are

available in the eMethods and eTables 1 to 5 in Supplement 2.

Briefly, we estimated quality-adjusted life-years (QALYs) and

derived total costs (price year 2019) from resources used dur-

ing the index procedure (knee replacement surgery and asso-

ciated hospital stay,16 opioids, and liposomal bupivacaine in-

jection), self-reported use of health care and social services

resources, andhospital readmissionsobtained fromtrial sites.

Missingbaselineandfollow-updatawerehandledbymeanand

multiple imputation, respectively.

Differences in total health care costs and QALYs were es-

timated using linear regressionmodels adjusted for random-

ized treatment allocation, type of surgery performed (TKR vs

UKR), and baseline utility (QALYs only); robust standard er-

rorswere used to account for clustering by site.We estimated

the incremental cost-effectiveness ratio bydividing themean

cost difference by themeanQALYdifference.Weassessed the

joint uncertainty around incremental total costs, QALYs, and

cost-effectivenessviabootstrapping,usedtocalculate theprob-

ability that liposomal bupivacaine is cost-effective compared

with bupivacaine hydrochloride alone at a willingness-to-

pay threshold of £20000 (US $26400)/QALY gained. An in-

tervention was judged to be cost-effective if the incremental

cost-effectiveness ratio was less than £20000 (US $26400)/

QALYgained.Acost-effectivenessacceptabilitycurvewasused

to show the probability that liposomal bupivacaine is cost-

effective at different willingness-to-pay threshold values to

£60000 (US $79200)/QALY.

In sensitivity analyses, we considered a wider perspec-

tive and included patient costs (private contacts, equipment,

andhomechanges) andproductivity losses. To facilitate com-

prehensionof the costdata,weconvertedUKhealth care costs

to US dollars using 2019 power purchasing parities for gross

domestic product (1.45), 2019 exchange rates (1.28), and 2017

powerpurchasingparities forhealth (1.33) as sensitivity analy-

sis. Because the economic results in the UK setting cannot be

applied directly to the US setting, we did not estimate incre-

mental cost-effectiveness ratios or cost-effectiveness accept-

ability curves inUSdollars.All analyseswereundertakenusing

Stata, version 15 (StataCorp LLC).

Results

Participants

From March 29, 2018, to February 29, 2020, 1360 partici-

pants were assessed for eligibility for the trial. A total of 827

participants were excluded before randomization, with the

remaining 533 participants randomized into 2 groups. A

CONSORT flow diagram is provided in Figure 1 and eTable 6

in Supplement 2 shows stratification factors at baseline. The

mean (SD) age of participants was 69.0 (9.7) years; 287

patients were women (53.8%) and 246 were men (46.2%).

Race and ethnicity data were not collected. The mean (SD)

body mass index (calculated as weight in kilograms divided

by height in meters squared) was 31.8 (6.1). Baseline charac-

teristics were well balanced between groups (Table 1 and

eTable 8 in Supplement 2).

Procedural Demographics

Among the 514 patients with available data, 461 (89.7%)

received a TKR and 53 (10.3%) received a UKR. The type of

surgery, anesthetic technique used, and time in the operat-

ing theater were similar between groups (eTable 9 in

Supplement 2). Data on adherence to the administration

technique for liposomal bupivacaine were available for 1483

of the 1548 syringes administered (95.8%), with 1462

syringes (98.6%) administered in line with the standardized

protocol. Data on the difficulty of administration of lipo-

somal bupivacaine were available for 246 cases and

recorded as easy in 193 (78.5%), moderate in 47 (19.1%), and

difficult in 6 (2.4%).
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Withdrawals and ITT and Per-Protocol Populations

Similar numbers of participants withdrew from the treat-

ment groups, with most (16 of 23 [69.6%]) withdrawing be-

fore receiving their knee surgery (eTable 10 in Supplement 2).

No patients were unblinded before the end of the trial.

The numbers of participants included in the ITT analysis

are reported in the relevant analysis tables (eTables 7, 9-12,

and 15 in Supplement 2). Participants were defined as being in

the per-protocol population if they received their randomized

treatment as planned and had at least 1 of the coprimary out-

comes available for analysis, with details available in eTable 11

in Supplement 2.

Coprimary Outcomes

For the ITTanalysis, the adjustedmeandifference forQoR-40

scores was 0.54 (97.5% CI, −2.05 to 3.13; P = .64) and the ad-

justedmeandifference for painVAS scoreAUCat6 to 72hours

was −21.5 (97.5% CI, −46.8 to 3.8; P = .06). Based on the sig-

nificance level of .025, there was no statistical evidence of a

difference between the intervention and control groups with

regard to eitherQoR-40 score at 72hours after surgery or pain

VAS score AUC from 6 to 72 hours after surgery (eTable 12 in

Supplement 2). Findingswere consistent for the per-protocol

population (eTable 13 in Supplement 2) and thedifferent sites

(eFigure 1 in Supplement 2).

Figure 1. CONSORT FlowDiagram of Patient Enrollment, Randomization, and Follow-up

1360 Patients assessed for eligibility

827 Excluded

464 Ineligible

106 Refused consent

257 Other

533 Randomized

234 Included in QoR-40 primary
outcome analysis

33 Excluded owing to missing
data

226 Included in pain VAS primary
outcome analysis

41 Excluded owing to missing
data

266 Randomized to bupivacaine hydrochloride (control)

250 Received control

16 Did not receive control

219 Included in QoR-40 primary
outcome analysis

47 Excluded owing to missing
data

218 Included in pain VAS primary
outcome analysis

48 Excluded owing to missing
data

267 Randomized to liposomal bupivacaine plus bupivacaine
hydrochloride (intervention)

238 Received intervention

29 Did not receive intervention

QoR-40 indicates Quality of Recovery 40; VAS, visual analog scale.

Table 1. Baseline Characteristics of Study Population

Characteristic

Patient group

Intervention (n = 267) Control (n = 266) All (n = 533)

Age

No. of patients 267 266 533

Mean (SD) [range], y 68.9 (10.1) [39.4-91.4] 69.0 (9.3) [43.5-90.5] 69.0 (9.7) [39.4-91.4]

BMI

No. of patients 263 263 526

Mean (SD) [range] 32.0 (6.4) [9.2-49.7] 31.6 (5.9) [10.0-53.9] 31.8 (6.1) [9.2-53.9]

Sex, No. (%)

Men 116/267 (43.4) 130/266 (48.9) 246/533 (46.2)

Women 151/267 (56.5) 136/266 (51.1) 287/533 (53.8)

Knee, No. (%)a

Left 115/267 (43.1) 114/266 (42.9) 229 (43.0)

Right 149/267 (55.8) 151/266 (56.8) 300 (56.3)

ASA grade, No. (%)b

1 18/267 (6.7) 17/266 (6.4) 35/533 (6.6)

2 187/267 (70.0) 174/266 (65.4) 361/533 (67.7)

3 52/267 (19.5) 64/266 (24.1) 116/533 (21.8)

Abbreviations: ASA, American

Society of Anesthesiologists;

BMI, bodymass index (calculated as

weight in kilograms divided by height

in meters squared).

a Data weremissing for 4 participants

(3 in the intervention group, 1 in the

control group).

bData weremissing for 21

participants (10 in the intervention

group, 11 in the control group).
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Secondary Outcomes

Using ITTanalysis,nostatisticallysignificantdifferencewasde-

tectedfor theQoR-40scoreatanyfollow-uptimepoint (Figure2

and eTable 14 in Supplement 2). For pain VAS score at 6 hours

after surgery, a statistically significant difference based on the

threshold significance level of .025 was detected in favor of li-

posomalbupivacaine(adjusteddifference, −0.54[97.5%CI,−1.07

to−0.02];P = .02).All other timepoints showednoevidenceof

statisticallysignificantdifferenceforthepainVASscores(Figure3

and eTable 14 in Supplement 2).

Cumulative mean (SD) best-case oral morphine equiva-

lent opioid consumption fromdays0 to 3 in the liposomal bu-

pivacaine armwas 126.5 (88.9)mg and 127.4 (132.6)mg in the

control arm. No statistically significant difference in best-

casecumulativeopiateuse (adjusteddifference, −3.06mg[95%

CI, −22.32 to 16.19mg];P = .76) orworst-case cumulative opi-

ate use (adjusted difference, −6.83 mg [95% CI, −26.09 to

−12.42 mg]; P = .49) was detected between treatment arms

(eTable 15 in Supplement 2).

Analysis of Oxford Knee and American Knee Society

Expectations, Satisfaction, and Function scores at 6 weeks

and 6 and 12 months identified no statistically significant

differences between treatment groups (eTable 16 in Supple-

ment2).Nostatistically significantdifference in fitness fordis-

chargewasobservedbetweenthe treatmentgroupsatany time

point (eTable 17 in Supplement 2).

Adverse Events

Clavien-Dindo classification of inpatient and surgical compli-

cations was similar between groups (eTable 18 in Supple-

ment 2). The number of adverse events and serious adverse

events were balanced between treatment arms (eTable 19 in

Supplement2).Threedeathsoccurred in the interventionarm,

none ofwhichwere related to the trial treatment (eTable 19 in

Supplement 2).

Sensitivity Analysis

The impact of missing data on the coprimary outcomes was

explored via sensitivity analyses. These analyses did not al-

ter the findings of themain analysis (eFigure 2 and eTable 20

in Supplement 2).

Health Economic Analysis

Availability of EQ-5D-5L anduse of health care resources data

ranged from 96% at baseline to 70% at the 1-year follow-up

(eTable21 inSupplement2). Liposomalbupivacainewasdomi-

nated by the control intervention (ie, it was less effective;

adjusted difference for 1 year, −0.005QALYs [95%CI, −0.048

to0.038QALYs]) (eTable 22 in Supplement 2) andmore costly

(adjusted difference, £22 [US $29] [95% CI, −£410 (US $540)

to £455 (US $599)]) (eTables 23 and 24 in Supplement 2), al-

though the differenceswere not significant. Furthermore, no

significant differences were observed for any of the costing

components, with the exception of liposomal bupivacaine

costs, which were only incurred in the liposomal bupiva-

caine arm (eTable 25 and eFigure 3 in Supplement 2). The

probability that liposomal bupivacaine was cost-effective

was 37% at a willingness-to-pay threshold of £20000 (US

$26400)/QALY gained (eTable 20 and eFigure 4 in Supple-

ment 2). Adopting a wider perspective (societal), liposomal

bupivacaine remained dominated by the control arm and,

hence, was not cost-effective for various willingness-to-pay

thresholds (Table 2 and eFigure 4 in Supplement 2). Health

care costs converted to US dollars are provided in eTable 26

in Supplement 2. Here, the nonsignificant differences in

total health care costs between the liposomal bupivacaine

intervention arm and the control arm varied from $28.7

using the exchange rate to $32.5 using power purchasing

parities for gross domestic product.

Discussion

Our findings show no clear benefit to the use of periarticular

liposomal bupivacaine plus bupivacaine hydrochloride com-

paredwith bupivacaine hydrochloride alone in the treatment

of postoperative pain after knee replacement surgery. No sig-

nificant difference in QoR-40 score at 72 hours or pain VAS

Figure 3. Marginal Mean Pain Visual Analog Scale (VAS) Scores

at Each Time Point
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Figure 2. Marginal MeanQuality of Recovery 40 (QoR-40) Scores

at Each Time Point
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score AUC from 6 to 72 hours was detected between treat-

ment groups. In addition, analysis of secondaryoutcomes, in-

cluding QoR-40 scores, cumulative opioid consumption on

days 0, 1, 2, and 3, and patient-reported functional outcomes

at 6 weeks, 6 months, or 1 year found no significant differ-

ences in theseoutcomes.Aside frompainVASscoreon theeve-

ning of surgery (day 0), where the liposomal bupivacaine in-

tervention group was found to have lower scores (adjusted

difference,−0.54 [97.5%CI,−1.07 to−0.02];P = .02), therewas

nosignificantdifference inoutcomesatother timepoints.This

difference on day 0 was not viewed to be of a clinically rel-

evant magnitude, nor at a clinically relevant time point with

respect to themechanismof action of the investigationalme-

dicinal product. Cost-utility analysis foundperiarticular lipo-

somal bupivacaine with bupivacaine hydrochloride not to be

cost-effectivecomparedwithbupivacainehydrochloridealone

after knee replacement surgery.

We are aware of 17 previous randomized clinical trials17-33

that have comparedperiarticular infiltrationwith 266mgof li-

posomalbupivacaineagainstperiarticular infiltrationwitheither

bupivacaine hydrochloride or ropivacaine hydrochloride

(eTable27inSupplement2).Mostweresmall trialswithahetero-

geneous range of interventions and controls. Only 1 study, the

PILLAR trial,28 reported significantly better cumulative pain

scoresand loweropioidconsumptionacross thedurationof the

study (12 to 48 hours), and 3 additional studies22,23,31 reported

lowerpainscoresat isolatedtimepointswithintheanalysis,with

only 1 study22demonstrating concurrently loweropioid intake

at this time point. All other studies17-21,24-27,29,30,32,33 found no

difference inmeanpainscoreoropioidconsumptionat thetime

points assessed.

In the PILLAR trial,28 opioid medication was restricted

postoperatively, and staff and patients were educated about

the risks associated with opioids, with opioids only given on

request forbreakthroughpain.Under thesecircumstances, the

investigators found the opioid consumption in the liposomal

bupivacainearm(20.9 [8.7]mg) tobemarkedly lower thanoth-

ers reported in the literature, including thepresentstudy.Theo-

retically, high baseline levels of opioids may mask any effect

of the treatment intervention; however, we identified 4 fur-

ther trials with a restrictive opioid policy,17,23,26,29 but with-

out patient and staff education,withnonedemonstrating any

difference in pain scores or opioid consumption between the

liposomal bupivacaine and control groups. In our trial, 456 of

459 participants (99.3%) received opioids, which is similar to

the PILLAR trial,28 in which 90%of patients received opioids

in the interventiongroupand 100% in the control group;how-

ever, in only 1 center, the mean cumulative opioid consump-

tionwassimilar to that reported in thePILLARtrial (mean [SD],

24.6 [8.1]mg[n = 8]),with theremainingcentershavingavalue

of a minimum of 3-fold higher.

A balance must be found between preemptive and reac-

tive prescribing. Current surgical practice in the UK is to pre-

scribe preemptive opioid-based analgesia; therefore, the UK

practicemust be regarded as opioid-sparing, not opioid-free.

In this setting, we found no benefit to the use of periarticular

liposomal bupivacaine.Whether liposomal bupivacainehas a

role in the settingofopioid-freeknee replacement remainsun-

known, but at present opioid-free surgery is rare and not a re-

ality for most patients.

Other potential reasons why a treatment effect was not

seen with liposomal bupivacaine may relate to the source of

pain as well as the pharmacokinetics of liposomal bupiva-

caine in knee replacement. Several studies34,35 have investi-

gated the roles of continuous intra-articular infiltration after

knee replacement. Although these studies appear to provide

improved pain control, compared with single-shot local an-

esthetic infiltration, it must be noted that the pain scores

Table 2. Life-Years, QALYs, Health Care Costs, and Cost-effectiveness for the Base-Case Analysis at 1 Year AfterMultiple Imputation

Mean (SE)

Mean difference (95% CI)Intervention Control

No. of patients 267 266 NA

Life-yearsa 1.0 (0.0) 1.0 (0.0) 0.0 (0.0 to 0.0)

QALYsb 0.689 (0.187) 0.698 (0.164) −0.005 (−0.048 to 0.038)

Costs, £c,d

Total NHS and PSS (including intervention) 6779.8 (112.0) 6757.2 (147.7) 22.4 (−410.0 to 454.9)

Liposomal bupivacaine 224.6 (3.8) 0.0 (0.0) 224.6 (211.6 to 237.6)

Total non-NHS 1068.1 (195.1) 1012.1 (198.6) 56.0 (−515.4 to 627.3)

Total societal 7847.9 (227.5) 7769.3 (256.4) 78.4 (−690.5 to 847.3)

Incremental cost-effectiveness ratiose

Total NHS and PSS costs NA NA Dominatedf

Total societal costs NA NA Dominatedf

Abbreviations: NA, not applicable; NHS, National Health Service; PSS, personal

and social services; QALY, quality-adjusted life year.

a All patients in the intervention armwere followed up for 1 year except for 3

patients who died before the end of follow-up.

bDifferences derived from linear regressionmodel of each treatment allocation

against each outcome adjusted for recruitment site and, for QALYs, baseline

utility score.

c Differences derived from unadjusted linear regressionmodels.

dTo convert to US dollars, multiply by 1.32.

e Probability of cost-effectiveness at willingness-to-pay threshold of £20000

(US $26 400)/QALY (NHS and PSS perspective) was 37%.

f Indicates intervention is less effective but more costly than control.
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remain above 0 and typically range from 2 to 4 of 10 from 12

to 72 hours after surgery, indicating that not all pain can be

targeted by intra-articular local anesthetic injection. Another

reason may relate to the pharmacokinetic profile of lipo-

somal bupivacaine. Liposomal bupivacaine exhibits a bi-

modal, dose-related release profile with an initial peak re-

leasewithin 1hourof administration related toextra liposomal

bupivacaine, followed by a further peak 12 to 36 hours later,

related to release from the liposomes.17,36 The rate at which

liposomes release bupivacaine has been proposed to be re-

lated to the vascularity of the surrounding tissue, with knee

replacement being the least vascular of the 4 surgical models

assessed and having the slowest rate of release.37 In knee re-

placement, 30% of the bupivacaine is released in the first 24

hours, comparedwith themore vascular hemorrhoidectomy,

inwhich90%is released.37Thiswill haveaneffect on theperi-

articular local anesthetic concentration, and it may be that a

higher dose of liposomal bupivacaine is required in knee re-

placement,with theoriginal phase2dose-finding trial in knee

replacement finding a significant reduction in pain scoreAUC

at rest fromdays 2 to 5with 532mg, but notwith lower doses,

which have subsequently been licensed.17

To our knowledge, this is the largest study of liposomal

bupivacaine for the management of postoperative recovery

and pain. It addresses many of the limitations of previous

studies in that it has a patient-centered outcome measure

and is appropriately powered with a standardized interven-

tion with good adherence to the injection technique. Con-

ducted across 11 centers within the National Health Service,

this pragmatic randomized clinical trial reflects current

clinical practice in the UK, with the results being directly

applicable to decision-making by patients, clinicians, and

policy makers.

Limitations

This study is not without limitations. As a pragmatic random-

izedclinical trial, it reflects real-worldexperienceandisnotsub-

ject to the same standardization as other trial designs. A con-

sequence is thatvariation inanesthetic andsurgical practice as

well as patient selection for knee replacement, which may in-

fluence outcomes, is expected between trial sites. Although

stratificationof randomizationandadjustment forpotential co-

foundersduring statistical analysis isdesigned tominimize the

influenceof this variation, the results of this trial represent the

outcomes of the population studied as a whole. Within this

population, theremay be subgroups of patients inwhom lipo-

somal bupivacaine is associated with a positive (or negative)

treatmenteffectbut that thestudy isnotpoweredtoassess.An-

other limitation of this study is that outside of those recorded

using the Clavien-Dindo classification, opioid-related adverse

eventswerenot specifically recorded;however,becausenodif-

ference in opioid consumptionwas detected between groups,

and, given that opioid-related adverse events are known to be

dose dependent, a differencewould not be expected. Last, be-

cause pain score and opioid consumption have been reported

tobepositively correlated, opioid consumptionmay represent

a confounding factor for our primary outcome.

Conclusions

In this randomized clinical trial, periarticular liposomal bupi-

vacaine together with bupivacaine hydrochloride did not

improve postoperative recovery or pain compared with bupi-

vacaine hydrochloride alone in patients who had undergone

knee replacement surgery. In addition, the intervention was

not found to be cost-effective.

ARTICLE INFORMATION

Accepted for Publication: January 9, 2022.

Published Online: April 6, 2022.

doi:10.1001/jamasurg.2022.0713

Open Access: This is an open access article

distributed under the terms of the CC-BY License.

© 2022 Hamilton TW et al. JAMA Surgery.

Author Affiliations:Oxford Orthopaedic

Engineering Centre, Nuffield Department of

Orthopaedics Rheumatology andMusculoskeletal

Sciences, University of Oxford, Oxford, United

Kingdom (Hamilton, Murray, Strickland); Oxford

Clinical Trials Research Unit, Centre for Statistics in

Medicine, Nuffield Department of Orthopaedics,

Rheumatology andMusculoskeletal Sciences,

University of Oxford, Oxford, United Kingdom

(Knight, Stokes, Dutton, Cook, Lamb,Wang, Beard);

Health Economics Research Centre, Nuffield

Department of Population Health, University of

Oxford, Oxford, United Kingdom (Rombach, Leal);

Surgical Interventional Trials Unit, Nuffield

Department of Orthopaedics, Rheumatology and

Musculoskeletal Sciences, University of Oxford,

Oxford, United Kingdom (Cooper, Davies, Poulton);

National Institute for Health Research–Biomedical

Research Unit, Nuffield Department of

Orthopaedics, Rheumatology andMusculoskeletal

Sciences, University of Oxford, Oxford, United

Kingdom (Barker); Physiotherapy Research Unit,

Nuffield Orthopaedic Centre, Oxford University

Hospitals, NHS (National Health Service)

Foundation Trust, Oxford, United Kingdom

(Barker); Leeds Institute of Rheumatic and

Musculoskeletal Medicine, Chapel Allerton Hospital,

University of Leeds, Leeds, United Kingdom

(Van Duren, Pandit).

Author Contributions:Dr Pandit had full access to

all the data in the study and takes responsibility for

the integrity of the data and the accuracy of the

data analysis.

Concept and design:Hamilton, Cooper, Dutton,

Barker, Cook, Lamb, Murray, Poulton, Strickland,

Leal, Beard, Pandit.

Acquisition, analysis, or interpretation of data:

Hamilton, Knight, Stokes, Rombach, Cooper,

Davies, Dutton, Lamb, Poulton, Wang, Van Duren,

Leal, Beard, Pandit.

Drafting of the manuscript:Hamilton, Stokes,

Rombach, Cook, Poulton, Strickland, Leal.

Critical revision of the manuscript for important

intellectual content:Hamilton, Knight, Stokes,

Rombach, Cooper, Davies, Dutton, Barker, Lamb,

Murray, Wang, Van Duren, Leal, Beard, Pandit.

Statistical analysis: Knight, Stokes, Rombach, Cook,

Wang.

Obtained funding:Hamilton, Cooper, Dutton,

Barker, Cook, Lamb, Murray, Beard, Pandit.

Administrative, technical, or material support:

Hamilton, Cooper, Davies, Barker, Lamb, Poulton,

Strickland, Van Duren, Pandit.

Supervision:Hamilton, Knight, Dutton, Lamb, Leal,

Beard, Pandit.

Other (lead health economist of the trial): Leal.

Other (unit director): Beard.

Conflict of Interest Disclosures:Dr Hamilton

reported receiving nonfinancial support in the form

of investigational medicinal product from Pacira

Pharmaceuticals Inc during the conduct of the

study. Dr Knight reported receiving grants from the

National Institute for Health Research (NIHR)

Research for Patient Benefit (RfPB) program during

the conduct of the study and grants from the NIHR

for various clinical trials and funding streams

outside the submitted work. Dr Cook reported

receiving grants from the NIHR and nonfinancial

support in the form of investigational medicinal

product from Pacira Pharmaceuticals Inc during the

conduct of the study. Dr Lamb reported receiving

grants from the University of Oxford and University

of Exeter during the conduct of the study.

Dr Murray reported receiving grants from the NIHR

RfPB program during the conduct of the study;

grants from Zimmer Biomet related to knee

replacement outside the submitted work; and

holding a patent related to knee replacement with

royalties paid from Zimmer Biomet. Dr Pandit

Efficacy of Liposomal Bupivacaine and Bupivacaine Hydrochloride for Knee Replacement Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery Published online April 6, 2022 E7

Downloaded From: https://jamanetwork.com/ on 05/11/2022



reported receiving grants from the NIHR and Pacira

Pharmaceuticals Inc; nonfinancial support in the

form of investigational medicinal product from

Pacira Pharmaceuticals Inc during the conduct of

the study; personal fees from Pacira

Pharmaceuticals Inc outside the submitted work;

financial support from Zimmer Biomet, Medacta

International, Smith & Nephew PLC, JRI

Orthopaedics, Meril Life, Kennedys Law LLP,

Invibio, DePuy Synthes, and Janssen

Pharmaceuticals; and institutional financial support

from Zimmer Biomet, DePuy Synthes,

GlaxoSmithKline, Invibio, the NIHR, the UK-India

Education and Research Initiative, and the

Engineering and Physical Sciences Research

Council. No other disclosures were reported.

Funding/Support: This study was supported by

grant PB-PG-0215-36084 from the NIHR under the

RfPB program and by provision of investigational

medicinal product from Pacira Pharmaceuticals Inc.

Role of the Funders/Sponsor: The sponsor, the

University of Leeds, took overall responsibility for

proportionate, effective arrangements being in

place to set up, run, and report this study. The

sponsor and funders reviewed and approved the

study design but neither the sponsor nor funder

were involved with the design and conduct of the

study; collection, management, analysis, and

interpretation of the data; preparation, review, or

approval of themanuscript; and decision to submit

themanuscript for publication.

Group Information: The SPAARK (Study of

Peri-Articular Anaesthetic for Replacement of the

Knee) Study Groupmembers appear in

Supplement 3.

Disclaimer: The views and opinions expressed are

those of the authors and not necessarily those of

the NIHR, the Department of Health and Social

Care, the RfPB program, the NIHR Leeds Biomedical

Research Centre, or the National Health Service.

Data Sharing Statement: See Supplement 4.

Additional Contributions: This study has been

conducted as part of the portfolio of trials in the

registered UK Clinical Research Collaboration

Oxford Clinical Trials Research Unit and the Royal

College of Surgeons Surgical Intervention Trials Unit

(SITU) at the University of Oxford. It has followed

their standard operating procedures ensuring

compliance with the principles of good clinical

practice and the Declaration of Helsinki and any

applicable regulatory requirements. We thank the

trial sponsors, University of Leeds, and the Oxford

SITU, supported by Oxford NIHR Biomedical

Research Centre in the Royal College of Surgeons

Surgical Trials Initiative. We also thank the

participants and their families, principal

investigators, and their teams at each of the

SPAARK sites and the Steering and Data and Safety

Monitoring Committee for their time and support

throughout the trial.

Additional Information:Dr Pandit is an NIHR

senior investigator and Dr Hamilton is an NIHR

academic clinical lecturer.

REFERENCES

1. Price AJ, Alvand A, Troelsen A, et al. Knee

replacement. Lancet. 2018;392(10158):1672-1682.

doi:10.1016/S0140-6736(18)32344-4

2. Chan EY, Blyth FM, Nairn L, FransenM. Acute

postoperative pain following hospital discharge

after total knee arthroplasty.Osteoarthritis Cartilage.

2013;21(9):1257-1263. doi:10.1016/j.joca.2013.06.011

3. Lo LWT, Suh J, Chen JY, et al. Early postoperative

pain after total knee arthroplasty is associated with

subsequent poorer functional outcomes and lower

satisfaction. J Arthroplasty. 2021;36(7):2466-2472.

doi:10.1016/j.arth.2021.02.044

4. Malviya A, Martin K, Harper I, et al. Enhanced

recovery program for hip and knee replacement

reduces death rate.Acta Orthop. 2011;82(5):577-581.

doi:10.3109/17453674.2011.618911

5. Strickland LH, Kelly L, Hamilton TW, Murray DW,

Pandit HG, Jenkinson C. Early recovery following

lower limb arthroplasty: qualitative interviews with

patients undergoing elective hip and knee

replacement surgery. Initial phase in the

development of a patient-reported outcome

measure. J Clin Nurs. 2018;27(13-14):2598-2608.

doi:10.1111/jocn.14086

6. Angst MS, Drover DR. Pharmacology of drugs

formulated with DepoFoam: a sustained release

drug delivery system for parenteral administration

usingmultivesicular liposome technology. Clin

Pharmacokinet. 2006;45(12):1153-1176. doi:10.2165/

00003088-200645120-00002

7. Hamilton TW, Athanassoglou V, Mellon S, et al.

Liposomal bupivacaine infiltration at the surgical

site for themanagement of postoperative pain.

Cochrane Database Syst Rev. 2017;2(2):CD011419.

doi:10.1002/14651858.CD011419.pub2

8. Knight R, Poulton L, Strickland LH, et al. Study of

Peri-Articular Anaesthetic for Replacement of the

Knee (SPAARK): study protocol for a

patient-blinded, randomised controlled superiority

trial of liposomal bupivacaine. Trials. 2019;20(1):732.

doi:10.1186/s13063-019-3826-1

9. Stokes JR, Wang A, Poulton L, Rombach I, Pandit

H, Knight R. Study of Peri-Articular Anaesthetic for

Replacement of the Knee (SPAARK): statistical

analysis plan for a randomised controlled trial

assessing the effectiveness of peri-articular

liposomal bupivacaine plus bupivacaine

hydrochloride compared with bupivacaine

hydrochloride alone. Trials. 2021;22(1):346.

doi:10.1186/s13063-021-05293-7

10. Myles PS, Hunt JO, Nightingale CE, et al.

Development and psychometric testing of a quality

of recovery score after general anesthesia and

surgery in adults. Anesth Analg. 1999;88(1):83-90.

doi:10.1213/00000539-199901000-00016

11. Bell ML, KingMT, Fairclough DL. Bias in area

under the curve for longitudinal clinical trials with

missing patient reported outcome data: summary

measures versus summary statistics. SAGE Open.

2014;4(2):2158244014534858. doi:10.1177/

2158244014534858

12. Scuderi GR, Bourne RB, Noble PC, Benjamin JB,

Lonner JH, Scott WN. The new Knee Society Knee

Scoring System. Clin Orthop Relat Res. 2012;470(1):

3-19. doi:10.1007/s11999-011-2135-0

13. Dawson J, Fitzpatrick R,MurrayD, Carr A.

Questionnaire on the perceptions of patients about

total knee replacement. J Bone Joint Surg Br. 1998;80

(1):63-69. doi:10.1302/0301-620X.80B1.0800063

14. HerdmanM, Gudex C, Lloyd A, et al.

Development and preliminary testing of the new

five-level version of EQ-5D (EQ-5D-5L).Qual Life Res.

2011;20(10):1727-1736. doi:10.1007/s11136-011-9903-

x

15. Clavien PA, Barkun J, de Oliveira ML, et al. The

Clavien-Dindo classification of surgical

complications: five-year experience. Ann Surg.

2009;250(2):187-196. doi:10.1097/

SLA.0b013e3181b13ca2

16. Leal J,Murphy J, Garriga C, et al. Costs of joint

replacement in osteoarthritis: a study using the

National Joint Registry and Clinical Practice Research

Datalink datasets.Arthritis Care Res (Hoboken). 2022;

74(3):392-402. doi:10.1002/acr.24470

17. Bramlett K, Onel E, Viscusi ER, Jones K.

A randomized, double-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

(5):530-536. doi:10.1016/j.knee.2011.12.004

18. Schroer WC, Diesfeld PG, LeMarr AR, Morton

DJ, ReedyME. Does extended-release liposomal

bupivacaine better control pain than bupivacaine

after total knee arthroplasty (TKA)? a prospective,

randomized clinical trial. J Arthroplasty. 2015;30(9)

(suppl):64-67. doi:10.1016/j.arth.2015.01.059

19. Jain RK, Porat MD, Klingenstein GG, Reid JJ,

Post RE, Schoifet SD. The AAHKS Clinical Research

Award: liposomal bupivacaine 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):22-25.

doi:10.1016/j.arth.2016.03.036

20. Schwarzkopf R, Drexler M, MaMW, et al. 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(8):1702-1705.

doi:10.1016/j.arth.2016.01.037

21. Collis PN, Hunter AM, VaughnMD, Carreon LY,

Huang J, Malkani AL. Periarticular injection after

total knee arthroplasty using liposomal bupivacaine

vs a modified ranawat suspension: a prospective,

randomized study. J Arthroplasty. 2016;31(3):

633-636. doi:10.1016/j.arth.2015.09.025

22. Snyder MA, Scheuerman CM, Gregg JL, Ruhnke

CJ, Eten K. Improving total knee arthroplasty

perioperative pain management using a

periarticular injection with bupivacaine liposomal

suspension. Arthroplast Today. 2016;2(1):

37-42. doi:10.1016/j.artd.2015.05.005

23. Barrington JW, Emerson RH, Lovald ST,

Lombardi AV, Berend KR. No difference in early

analgesia between liposomal bupivacaine injection

and intrathecal morphine after TKA. Clin Orthop

Relat Res. 2017;475(1):94-105. doi:10.1007/

s11999-016-4931-z

24. 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):S268-S271. doi:10.1016/

j.arth.2017.03.062

25. Amundson AW, Johnson RL, Abdel MP, et al.

A three-arm randomized clinical trial comparing

continuous femoral plus single-injection sciatic

peripheral nerve blocks versus periarticular

injection with ropivacaine or liposomal bupivacaine

for patients undergoing total knee arthroplasty.

Anesthesiology. 2017;126(6):1139-1150. doi:10.1097/

ALN.0000000000001586

Research Original Investigation Efficacy of Liposomal Bupivacaine and Bupivacaine Hydrochloride for Knee Replacement

E8 JAMA Surgery Published online April 6, 2022 (Reprinted) jamasurgery.com

Downloaded From: https://jamanetwork.com/ on 05/11/2022



26. Alijanipour P, Tan TL, Matthews CN, et al.

Periarticular injection of liposomal bupivacaine

offers no benefit over standard bupivacaine in total

knee arthroplasty: a prospective, randomized,

controlled trial. J Arthroplasty. 2017;32(2):628-634.

doi:10.1016/j.arth.2016.07.023

27. A double blind, randomized clinical trial

comparing postoperative narcotic usage in patients

receiving periarticular liposomal bupivicaine vs.

those patients receiving standard periarticular joint

injections. ClinicalTrials.gov identifier:

NCT02682498. Updated July 7, 2017. Accessed

October 1, 2021. https://clinicaltrials.gov/ct2/show/

NCT02682498

28. 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(1):90-96. doi:10.1016/j.arth.2017.07.024

29. Suarez JC, Al-Mansoori AA, Kanwar S, et al.

Effectiveness of novel adjuncts in pain

management following total knee arthroplasty:

a randomized clinical trial. J Arthroplasty. 2018;33

(7S):S136-S141. doi:10.1016/j.arth.2018.02.088

30. Schumer G, Mann JW III, Stover MD, Sloboda

JF, Cdebaca CS, Woods GM. Liposomal bupivacaine

utilization in total knee replacement does not

decrease length of hospital stay. J Knee Surg. 2019;

32(9):934-939. doi:10.1055/s-0038-1673617

31. Zlotnicki JP, Hamlin BR, Plakseychuk AY,

Levison TJ, Rothenberger SD, Urish KL. Liposomal

bupivacaine vs plain bupivacaine in periarticular

injection for control of pain and early motion in

total knee arthroplasty: a randomized, prospective

study. J Arthroplasty. 2018;33(8):2460-2464.

doi:10.1016/j.arth.2018.03.014

32. Hyland SJ, Deliberato DG, Fada RA, Romanelli

MJ, Collins CL, Wasielewski RC. Liposomal

bupivacaine versus standard periarticular injection

in total knee arthroplasty with regional anesthesia:

a prospective randomized controlled trial.

J Arthroplasty. 2019;34(3):488-494. doi:10.1016/

j.arth.2018.11.026

33. A clinical trial of two periarticular multimodal

drug injections in total hip and knee arthroplasty.

ClinicalTrials.gov identifier: NCT02543801.

Updated October 18, 2019. Accessed October 1,

2021. https://clinicaltrials.gov/ct2/show/

NCT02543801

34. Zhang S, Wang F, Lu ZD, Li YP, Zhang L, Jin QH.

Effect of single-injection versus continuous local

infiltration analgesia after total knee arthroplasty:

a randomized, double-blind, placebo-controlled

study. J Int Med Res. 2011;39(4):1369-1380. doi:10.

1177/147323001103900423

35. Meier M, Burkhardt P, Huth J, Best R,

Thienpont E, Beckmann J. Additional periarticular

catheter shows no superiority over single-shot local

infiltration analgesia alone in unicondylar knee

replacement. Knee Surg Sports Traumatol Arthrosc.

2021;29(2):627-632. doi:10.1007/

s00167-020-05981-y

36. Hu D, Onel E, Singla N, KramerWG, Hadzic A.

Pharmacokinetic profile of liposome bupivacaine

injection following a single administration at the

surgical site. Clin Drug Investig. 2013;33(2):109-115.

doi:10.1007/s40261-012-0043-z

37. Gadsden J, LongWJ. 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. doi:10.2174/

1874325001610010094

Efficacy of Liposomal Bupivacaine and Bupivacaine Hydrochloride for Knee Replacement Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery Published online April 6, 2022 E9

Downloaded From: https://jamanetwork.com/ on 05/11/2022


