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Objectives

This systematic review aims to comprehensively evaluate the current literature to
determine whether local infiltration liposomal bupivacaine (LB) used in total hip
arthroplasty (THA) results in reduced pain scores and opioid consumption compared to
traditional local anesthetics.

Methods

A systematic review was conducted using Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines using Ovid Medline, PubMed, Scopus,
and ScienceDirect databases. Articles were screened independently by two investigators
based on inclusion criteria of 1) prospective randomized control trials or retrospective
cohort studies, 2) conducted after the 2015 Food and Drug Administration (FDA)
expansion of LB indication to local surgical infiltration, 3) compared LB as a periarticular
injection to other local anesthetics used as a periarticular injection, and 4) available in
English. Primary outcomes of pain scores and opioid consumption were reported.
Secondary outcomes of interest included mobility, length of stay, costs, incidence of
adverse events, and readmission rates. Bupivacaine costs $3 per dose, while LB costs $334
per dose.

Results

A total of seven articles were identified with the inclusion criteria. Four studies
concluded that LB improves patient outcomes of pain scores and opioid consumption in
patients receiving THA. Three studies found no benefit to using LB compared to their
controls. Four studies found no significant reduction in the length of stay between the
groups. There were no reported differences in the incidence of adverse events or total
costs between the two groups.

Conclusion

There are minimal benefits of reduced pain scores or opioid consumption when using LB
opioid-sparing protocols compared to current protocols for patients undergoing THA.
Level of Evidence
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INTRODUCTION

A variety of modalities are utilized in Total Hip Arthro-
plasty (THA) to achieve analgesia, including oral non-
steroidal anti-inflammatory drugs (NSAIDs), local anes-
thetics, peripheral nerve blocks, and opioid pain relievers.!
Studies have shown that regarding postoperative analgesia,
orthopedic surgeons in the United States rely more on opi-
oids for pain relief compared to those in other high- and
low-income countries.23 To combat the rising morbidity
concurrent with the use of opiates for analgesia, opioid-
sparing pain management strategies have become a new fo-
cus of research. One such therapeutic recently investigated
as a local anesthetic is liposomal bupivacaine.

Local anesthetics such as bupivacaine and ropivacaine
are effective forms of perioperative analgesia in THA.4 They
are utilized as periarticular injections or peripheral nerve
blocks to mitigate post-operative pain. Liposomal bupiva-
caine is a novel formulation that delivers bupivacaine
through multivesicular liposomes, allowing for extended-
release and longer analgesia.’> In 2011, liposomal bupiva-
caine was approved for pain control in hemorrhoidectomies
and bunionectomies.® The Food and Drug Administration
(FDA) then expanded its indication to local surgical in-
filtration in 2015.7 Multiple studies have been conducted
to evaluate its efficacy in THA.8-16 This systematic review
aims to assess the current literature to determine whether
incorporating liposomal bupivacaine as a local anesthetic
in perioperative pain control strategies improves pain
scores and reduces total opioid consumption in adults un-
dergoing THA compared to other used local anesthetics.

METHODS

A systematic review was performed using Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The systematic search was conducted
in November 2022 using Ovid Medline, PubMed, Scopus,
and ScienceDirect databases with search terms “Liposomal
Bupivacaine OR Bupivacaine Liposomal” and “Hip Arthro-
plasty.” A total of 28 studies were identified based on title
and abstract for full-text review [Figure 1]. Studies were
screened based on inclusion criteria of 1) prospective ran-
domized control trials or retrospective cohort studies, 2)
conducted after 2015 FDA expansion of liposomal bupiva-
caine indication to local surgical infiltration, 3) compared
liposomal bupivacaine as a periarticular injection to other
local anesthetics used as a periarticular injection, and 4)
available in English.” Any meta-analyses, systematic re-
views, case reports, and letters to the editor were excluded
from this systematic review. Articles were screened inde-
pendently by two investigators (RM, MK). Any inconsisten-
cies were discussed between the investigators to reach a
consensus. Discrepancies in article eligibility between the
two investigators were resolved by a third investigator (SR).
The systematic search resulted in 28 abstracts identified.
After a full-text review, seven articles, comprised of two
Level I and five Level III evidence, with a total of 3433 pa-
tients, were included in this study [Table 1].10-16 Primary

Records identified from:
Databases (n = 4):
Ovid (n = 28)
PubMed (n = 28)
Scopus (n= 8)
ScienceDirect (n= 11)

|dentification

4
Records screened
(n=28)

y

Reports sought for retrieval
(n=14)

Screening

y
Reports assessed for eligibility
(n=7)

Y

Reports of new included studies
(n=7)

Induded

Figure 1. PRISMA flowchart of systematic search

outcomes included pain scores and total opioid consump-
tion. Secondary outcomes of mobility scores, time to ambu-
lation, length of stay, incidence of adverse events, and cost
were also reviewed when available. Pain scores between LB
and control groups were assessed in the immediate period
(24 hours), short-term period (72 hours), and long-term pe-
riod (>30 days). Opioid consumption was directly reported
in morphine milligram equivalents (MME) or converted to
MME for analysis.

RESULTS

The studies compared periarticular injections with liposo-
mal bupivacaine to another local anesthetic such as bupi-
vacaine [Table 2]. All studies used a single dose of LB in the
experimental groups.10-16 The following outcomes of inter-
est were evaluated.

PAIN SCORES

Five articles compared pain scores in the LB group with
a control group.10:12-14.16 I the immediate postoperative
period, three studies showed no significant difference in
pain scores, and two showed a significant decrease in pain
scores when comparing the LB group to the control
group.10:12-14.16 [p the short-term period after THA, three
studies showed no significant difference in pain scores be-
tween the LB and control groups, and two studies showed
significantly reduced pain scores in the LB group.10,12-14,16
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Author Year Group® Patients, n” Age, mean (SD)°
Published
LB 586 62.9 (11.6)
Yuetal'® 2016
Control 686 62.7 (11.9)
LB 64 67 (10)
Asche et al.'’ 2017
Control 66 71 (11)
LB 29 57.2(1.8)
Beachler et al."' 2017
Control 40 57(2.1)
LB 54 61.7 (11.7)
Johnson et al."” 2017
Control 54 59.4 (15.3)
LB 50 61.9
Perets et al."* 2018
Control 57 57
LB 85 66.4 (11)
Van\l;/;l%sner et 2019
Control 85 64.3 (10.2)
LB 939 64 (12.3)
Feng et al."? 2021
Control 638 64.2 (11.6)

Table 1. Study Characteristics

a. Treatment group receiving LB or Control protocol b. Number of patients in each treat-
ment group c. Average age in each group with standard deviation (SD)

OPIOID CONSUMPTION

All seven articles compared total opioid consumption in
the liposomal bupivacaine group with a control group.10-16
Four studies showed no significant difference in total opioid
consumption between LB and control groups.!2-15 Three
studies showed significant reductions in total opioid con-
sumption among the LB group compared to the control
group.10.1L15 Beachler et al. found significant decreases in
both total opioid consumption as well as average opioid re-
quirement per day.!1

MOBILITY

Five articles compared functional outcomes between LB
and control groups, such as mobility and time to reach am-
bulation milestones.l0:12-14,16 yy et gl. showed a signifi-
cantly faster time to ambulate 100 feet within the LB group
compared to the control.l6 The other four studies found
no significant difference in their reported functional out-
comes. 10,12-14

LENGTH OF STAY

All seven articles compared the length of stay between the
LB and control groups.10-16 Three studies reported signifi-
cant decreases in length of stay within the LB group com-
pared to the control group.!0:1516 Four studies found no
significant difference in length of stay between LB and con-
trol groups.11-14

ADVERSE EVENTS AND READMISSION RATES

Four articles compared the incidence of adverse events or
readmission rates, and all four found no significant differ-
ences between the LB and control groups.10:13.14,16

TOTAL COST

Three studies compared the total care costs accrued during
the length of stay between the LB and control groups.
Perets et al. and Yu et al. reported no significant difference
between both groups, and Asche et al. found a significant
reduction in cost within the LB group.10.14.16

DISCUSSION

Total hip arthroplasty allows patients to regain hip mobil-
ity, perform daily functions, and lead a life with less pain.1?
LB can reduce pain and opioid consumption after surgery;
thus, its efficacy in orthopaedic surgeries has become a
topic of interest. This systematic review identifies seven
studies that compare LB as a periarticular injection to other
local anesthetics in adults undergoing THA.10-16

PAIN SCORES

LB aims to provide analgesia for up to 72 hours.!8 Looking
at short-term (up to 72 hours after surgery) pain scores,
studies that found no significant differences in pain scores
had larger study samples than those that found a significant
reduction.10:12-14,16 Ty of the three articles that found no
difference in pain in the short-term period reported a re-
duction in pain in the first 24 hours after surgery.12.16 Of
these two studies, Yu et al. also found a faster time to am-
bulate to 100 feet within the LB group. However, the im-
proved pain control in the immediate period did not trans-
late to reductions in total opioid consumption. Both Feng
et al. and Yu et al. found no significant differences in MMEs
consumed between the LB and control groups.l2.16 Asche
et al. and Johnson et al. found that patients receiving LB
had significant reductions in pain in the short-term period.
Still, only Asche et al. reported a coinciding reduction in to-
tal opioid consumption.10.13 Johnson et al. and Perets et al.
are Level I evidence that reported pain scores when com-
paring LB and control groups. Johnson et al. found a signif-
icant difference in pain scores in the short term, and Perets
et al. found no difference.1314 The overall evidence does
not demonstrate a difference in pain scores between the
two groups in the short time. However, the potential ben-
efits of reduced pain in the first 24 hours after surgery and
quicker times to ambulation warrant further investigation.
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Year Patient & Type (Level of  Control Group Protocol LB Group Protocol Pain Score® Opioid Consumption® Mobility* Length of Stay (LOS)*  Total Cost" Conclusion Conflict
Published Controls Evidence) of

Count Interest®
(m*

Yuetal.' 2016 1272 | Retrospective PAI: 0.25% Marcaine 40cc, PAI: Liposomal Bupivacaine 20cc [Significant reduction in pain |Significant reduction in MME | Significantly faster time to  |Significant reduction in  |No difference LB delivers better outcomes in Yes
Cohort Study Morphine Sce (1 mg/ee), and 30 |, 0.9% Saline 40cc, 0.25% scores in LB group the consumption in first 48 hours in |ambulate 100 ft and greater |LB group THA without a significant increase
(I1) mg Ketorolac Marcaine 40cc, Morphine 5ce (1 |immediate period but not in |LB group; No difference in total |number of participants to in cost
mg/ee), and 30 mg Ketorolac the short term period MME consumed reach 100 ft in LB group
Asche et 2017 130 | Retrospective PAI: Bupivacaine HCI 0.25% with | PAT: Liposomal Bupivacaine No difference in the Significant reduction in MME Significant improvement in |Significant reduction in  |Significant reduction [LB group showed improvements |Yes
al.'’ Cohort Study Epinephrine and Ketorolac 20cc, Bupivacaine HCl 0.25% immediate period; consumption in LB group distance walked on day of  |LB group in cost in LB group |in various post-surgical outcomes
(I1) 30cc with Epinephrine, and Significant reduction in pain disharge in LB group; No
Ketorolac scores in the short term difference on POD2 or
period POD3
Beachler et 2017 69| Retrospective PAL: 30 mg Ketorolac, 10 mg PAL: Liposomal Bupivacaine 20cc|Not analyzed Significant reduction in MME  [Not analyzed No difference Not analyzed LB group had a statistical No
al'! Cohort Study Morphine and 50cc of 0.5% consumption in LB group, improvement in opioid
(1) Marcaine including average requirement consumption without clinical
without Epinephrine per day significance
Johnson et 2017 108 | Prospective 1. PAI-R: 200/300 mg PAI-LB: Liposomal Bupivacaine |No difference overall but No difference in MME No difference in SF-36 No difference Not analyzed PAI-LB showed significant No
al.”? Randomized Ropivacaine, 100 pg 20¢c, 30 mg Ketorolac, 125 mg  [reduced maximum pain consumption physical component reduction in maximum pain scores
Controlled Trial |Epinephrine, 30 mg Ketorolac,  |Bupivacaine, 125 pg scores during POD1 and summary scores in the short term period compared
(I and Saline solution to make Epinephrine, and Saline solution |POD2 to PAI-R; no difference in overall
120cc; 2. Lumbar plexus block  |to make 120cc pain control or opioid
with 0.25% Bupivacaine* consumption between PAI-R and
PAI-LB
Perets et 2018 107 |Prospective PAI: 0.25% Bupivacaine with PALI: Liposomal Bupivacaine No difference in pain scores |No difference in MME No difference in mean time |No difference No difference PAI with LB did not result in Yes
al." Randomized Epinephrine 60cc 20cc, 0.25% Bupivacaine with in the immediate or short consumption to ambulation significant differences in
Controlled Trial Epinephrine 40cc, and Saline term periods postoperative outcomes compared
1] solution 20cc to control
VanWagner 2019 170 |Retrospective PAI: 0.5% Ropivacaine 24ce, 0.5 [PAI: Liposomal Bupivacaine with [Not analyzed Significant reduction in MME  [Not analyzed Significant reduction in | Not analyzed LB group had decreased opioid ~ |No
etal'® Cohort Study mg Epinephrine, 30 mg Epinephrine 20cc and 0.9% consumption in the LB group LB group consumption and LOS which
(1) Ketorolac, 80 meg Clonidine, and |Saline 50cc warrants its use
0.9% Saline 45¢cc
Feng et al.? 2021 1577 | Retrospective PAI: 0.25% Bupivacaine with PAI: Liposomal Bupivacaine Significant reduction in pain [No difference in MME No difference in Activity No difference Not analyzed A statistical, but not clinically Yes
Cohort Study Epinephrine 60cc and 15 mg 20¢c, 0.9% Saline 40cc, 0.25%  [scores in LB group in the  |consumption Measure for Postacute Care meaningful reduction in pain
(1) Ketorolac Bupivacaine 40cc, and 15 mg immediate period but not in scores when comparing LB group with
Ketorolac the short term period control; no difference in opioid
consumption

Table 2. Study Outcomes

a. Total number of patients in LB and Control groups b. Comparison of pain scores between LB and Control groups c¢. Comparison of opioid consumption between LB and Control groups d. Comparison of measures of mobility between LB and Control groups e. Compari-
son of length of stay between LB and Control groups f. Comparison of total cost (hospital or admission cost) between LB and Control groups g. Disclosure of any conflict of interest from the authors or institution
* Results from Lumbar Plexus Block cohort not included
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TOTAL OPIOID CONSUMPTION

The view on opioids in postoperative pain management has
been shifting so that they are now not as integral as they
were once thought to be. Multimodal analgesia has been
shown to provide better pain control, and the efficacy of
LB in reducing total opioid consumption was assessed in
this systematic review.2 Four of the seven papers that re-
ported total opioid consumption, all with a larger overall
sample size, found no significant difference in total opioid
consumption, measured in MMEs, between the LB and con-
trol groups.12-14.16 Of the three studies that did find reduc-
tions in total opioid consumption, Beacher et al. reported
a statistically significant reduction in average daily MME
requirement per day from 29.01 to 22.59.10,1L15 However,
clinical significance was not found as the risk of an over-
dose for both groups remains the same when compared to
patients consuming 1 to <20 MME per day.!® Level I ev-
idence in this systematic review found no significant dif-
ference in total opioid consumption.!314 The current lit-
erature does not find a meaningful difference in opioid
consumption between the two groups.

SECONDARY OUTCOMES

Five papers compared patients’ mobility in the LB group to
that of the control group using parameters such as Activ-
ity Measure Post-Acute Care (AM-PAC) and Short Form-36
(SF-36) Scores.10.12-1416 Of these, only Yu et al. found a
significant improvement in time to ambulating 100 feet in
the LB group. Additionally, this study found a decrease in
pain within 24 hours of surgery in the LB group compared
to the control.1¢ Feng et al. also found a reduction in pain
within 24 hours of surgery but no difference in AM-PAC
scores between the LB and control groups.12 Asche et al. re-
ported a significant reduction in pain up to 72 hours post-
operatively in the LB group compared to the control but
found no difference between the groups in mean distance
walked on postoperative days two and three.l0 The lack of
consistent evidence for decreased time to regain mobility
among those treated with LB compared to controls necessi-
tates further research. Mixed evidence remains on whether
incorporating LB decreases length of stay, as three studies
found a significant reduction in LOS and four did not. All
three studies reporting a reduced LOS had a reduction in
LOS of <1 day. While there is a potential benefit to reduced
costs with a LOS reduced by <1 day, the clinical benefit of
this reduction is unknown.29 None of the three articles that
reported the incidence of adverse events and readmission
rates found a significant difference in the incidence of ad-
verse events.131416 The current literature does not demon-
strate any effect on complication rates in THA with the use
of LB as a periarticular injection. LB is relatively more ex-
pensive than the current local anesthetics used as periar-
ticular injections. Non-liposomal bupivacaine, a common
local anesthetic used for periarticular injections in THA,
costs about $3 per dose, whereas LB costs around $334 per
dose.21 Despite this disparity, of the three studies that re-
ported total costs, two found no significant difference, and
one found a significant cost reduction.!0:1416 Total costs

included hospital costs accrued during length of stay such
as room and board, pharmacy, laboratory testing, imaging,
and operating room. The negligible effect on cost might be
due to comparing the overall costs of THA, where the cost
of the local anesthetic might be insignificant compared to
the total healthcare cost.

More research, specifically randomized controlled trials,
needs to be conducted to compare better the efficacy of LB
to current standards of care. A meta-analysis with stricter
inclusion criteria for the control groups will offer stronger
evidence to support or undermine the use of LB as a pe-
riarticular injection in total hip arthroplasty. Cost-benefit
analyses can also be conducted to determine whether the
outcomes justify the expense. Another limitation of this
analysis is that it does not fully evaluate the clinical bene-
fits of the results reported by some studies.

CONCLUSION

In our opinion, this systematic review finds that in patients
undergoing total hip arthroplasty, protocols using periar-
ticular liposomal bupivacaine result in minimal benefits of
reducing pain scores and total opioid consumption when
compared to traditional bupivacaine or ropivacaine. Future
randomized controlled trials should evaluate outcomes im-
portant to patients, such as satisfaction with pain control
and rehabilitation after total hip arthroplasty, when com-
paring periarticular injections with liposomal bupivacaine
to other local anesthetics. Cost-benefit analyses are also
needed to justify replacing bupivacaine and ropivacaine
with a more expensive liposomal bupivacaine.
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