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ORIGINAL ARTICLE

Safety and Side Effect Profile of Liposome Bupivacaine
(Exparel) in Peripheral Nerve Blocks

Brian M. Iifeld, MD, MS,* Eugene R. Viscusi, MD, 1 Admir Hadzic, MD,} Harold S. Minkowitz, MD,§
Michael D. Morren, RPh,|| Janice Lookabaugh, MPH, Y and Girish P Joshi, MBBS, MD**

Background: Liposome bupivacaine (Exparel) is a multivesicular lipo-
somal formulation of bupivacaine currently approved in the United States
for single-dose administration into the surgical site to provide postsurgical an-
algesia. This retrospective analysis examined safety data from clinical trials
involving the off-label use of this formulation in peripheral nerve blocks.
Methods: Data from 6 controlled (phases I-I1I) studies were compiled in-
volving single-injection ankle, femoral nerve, and intercostal nerve blocks
(2 each). Adverse events (AEs) were monitored for 1 to 30 days after study
drug administration.

Results: Of 575 subjects, 335 received liposome bupivacaine (2-310 mg),
33 received bupivacaine HCI (75-125 mg), and 207 received normal saline
(placebo). Overall, 76% of subjects receiving liposome bupivacaine experi-
enced 1 or more AEs compared with 61% receiving bupivacaine HCI and
76% receiving placebo. The most frequently reported AEs among subjects
receiving liposome bupivacaine were nausea, pyrexia, pruritus, constipation,
and vomiting. The most common treatment-related AE was hypesthesia
among subjects treated with liposome bupivacaine or bupivacaine HCI. In-
cidence of nervous system AEs for liposome bupivacaine, bupivacaine HCI,
and placebo was 21%, 27%, and 21%, respectively. Similarly, incidence of
cardiac AEs was 9%, 0%, and 12%, respectively. At least 1 serious AE oc-
curred in 8% of subjects receiving liposome bupivacaine compared with
10% of those receiving placebo (none assessed by investigators as related
to study medication).

Conclusions: Liposome bupivacaine has a similar safety and side
effect profile to bupivacaine HCI and normal saline, suggesting that most

of the more common AEs are related to either opioid rescue or the surgi-
cal procedure itself.

(Reg Anesth Pain Med 2015;40: 572-582)

Liposomal technology for delivery of local anesthetics has been
used since the 1970s.! Structurally, microscopic liposome vesi-
cles are formed when lipid molecules with a hydrophilic “head” and
2 hydrophobic “tails” are suspended in an aqueous medium, re-
sulting in an aqueous compartment encapsulated by lipid bilayers
that contain entrapped substances.! As such, liposomal formula-
tions can be used as vehicles to deliver medication to specific tar-
gets while avoiding high plasma levels and/or systemic toxicity.'

DepoFoam is a drug delivery system that prolongs drug re-
lease by encapsulating the drug in multivesicular liposomes made
up of nonconcentric multiple lipid layers.>® The lipid layers in
DepoFoam are composed of biodegradable phospholipids, cho-
lesterol, and triglycerides.>* The rate of drug release can vary
based on the characteristics of the lipid membrane components
and the encapsulated aqueous phase, as well as the milieu in which
DepoFoam is suspended.’

One formulation of liposome bupivacaine (bupivacaine lipo-
some injectable suspension [Exparel]; Pacira Pharmaceuticals,
Inc, Parsippany, New Jersey), based on DepoFoam technology,
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TABLE 1. Overview of Included Clinical Trials

Treatment Groups*

Study/NIH Population/ Total No.
Identifier/NIH Site-Specific Primary Type of Surgical Liposome of Subjects
Registration Date Phase Investigator(s) Block Procedure Study Design Bupivacaine Comparator  (Safety Population)
17 1 T. Mant, C. Brindley Ankle  Healthy volunteers Randomized, double masked, 67 mg (n = 6) Bupivacaine HCI 37
active controlled 111 mg (n=7) 75 mg (n = 12)
133 mg (n=6) (15 mL)
155 mg (n=6)
(15mL)
2 NCT01206595/ I A. Houston, B. Forster, D. Colquhoun, Ankle  Bunionectomy Randomized, double masked, 155 mg (n=12) Bupivacaine HCI 58
Sep 19, 2010 E S\i,ngglyn, R. Hehyllc\:;ly St.rfl}oossens, active controlled 200 mg (n=12) 125 mg (n = 20)
R.. V::rrl1 ;;Vrt?rizrrfci\/l’. A: Ema}rllsliel, 310 mg (n=14) (25 mL)
A. Binning, K. Milligan, R. Langford, (25 mL)
C. Mugglestone
3 NCT01349140/ 1 B. Iifeld Femoral'” Healthy volunteers Prospective, double masked, 2mg(n=1) Placebo (n=4)i 14
May 4, 2011 placebo controlled, 4mgn=1) (30 mL)
dose-response 10mg (n=1)
13mgn=1)
27mg(n=1)
S3mg(n=1)
62mg(n=1)
71 mg(n=2)
89 mg(n=1)
106 mg (n=1)
124 mg (n =3)
(30 mL)
4 NCT01683071/ II-1II T. Melson, C. Hartrick, J. C. Restrepo, Femoral Total knee Randomized, double masked, 67 mg (n=22) Placebo (n=116) 278
Sep 7, 2012 H. Minkowitz, D. Leiman, arthroplasty parallel group, placebo 133 mg (n = 24) (20 mL)
R. Berkowitz, J. Bracken, controlled, dose-response 266 mg (n = 116)
M. Hollmann, A. Turan, B. Ilfeld,
A. Uskova, A. Hadzic, D. Hardman, (20 mL)
H.Williams, R. Setzler,
E. J. Dabezies, Jr, D. Eloy, S. Styles,
S. Ayad, S. Adhikary, K. Candiotti,
J. Gimbel, F. Ringold
5 NCT00807209/ II  H. Minkowitz, C. Anderson Intercostal Thoracotomy Randomized, double 67mg (n=1) Bupivacaine HCI 3
Dec 9, 2008 masked, active controlled (33 mg (n=1) 120 mg (n=1)
(12 mL) (12 mL)
Continued next page
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= was approved by the US Food and Drug Administration (FDA) in
L@ % 2011. It is indicated exclusively for single-dose administration
S E E - into the surgical site to produce postsurgical analgesia in adults.’
=2 Sl Several randomized, double-masked, controlled, single-dose wound
s A infiltration studies have demonstrated its efficacy for various surgi-
Fs g 10-13 S o
< cal procedures. In these studies, liposome bupivacaine reduced
< postsurgical pain intensity scores and opioid consumption for up
to 72 hours, with a safety profile similar to that of bupivacaine
= 5 f—g HCl and placebo."
‘é [ More recently, the manufacturer has completed multiple clin-
® gl £d ical trials investigating the use of liposome bupivacaine in periph-
= g —§ eral nerve blocks and has submitted these data as part of an
S- O & application to the FDA to expand the indications for liposome
= A~ bupivacaine to include such use. We therefore performed a retro-
2 ol 5 spective fmalysis by pqoling. the sgfety d.at.a produceq by 6 phases
3 2 _5 T =i I to 111 c.hnlcal studies in which this specific formulation was used
& % § = 8 in a peripheral nerve block.
= | e
M
< METHODS
3 Safety data were pooled from 6 phases I to III studies of lipo-
é some bupivacaine used in peripheral nerve blocks (Table 1). Each
g g - individual study was performed in compliance with the Declara-
AR=E % tion of Helsinki and its amendments and was conducted according
Sl 25E to the principles of good clinical practice.'>'® The studies were spon-
z =l go 8 sored by Pacira Pharmaceuticals, Inc, in support of a supplemental
% 238 new drug application submitted to the FDA. All subjects provided
_§ T8 written informed consent, and each study site obtained approval
£ &8s from an institutional review board or ethics committee before
[

any study procedures were conducted. In addition, an institutional
review board (University of California, San Diego, San Diego,
California) approved the pooling and analysis of these data.

Because the use of liposome bupivacaine as part of a periph-
eral nerve block is an off-label use, an Investigational New Drug
approval was attained from the FDA prior to enrollment for each
study (Investigational New Drug application no. 69,198). Safety
data were collected by the original investigators on the day of study
drug administration and the following 1 to 30 days.

Population/
Surgical
Procedure

Type of
Block

Evaluations

Intercostal Thoracotomy

Treatment-emergent adverse events (AEs), defined as events
with an onset date/time on or after the start of study drug adminis-
tration, were coded using MedDRA (Medical Dictionary for Regu-

1The total number of subjects in this study was 14; subjects in the placebo group also received liposome bupivacaine.

g
g
g
2
£ s. 4 |E
% = § 2 _o; 32 latory Activities) version 14.1. Hereafter, treatment-emergent AEs
E Z. % TAE & § will be referred to simply as “AEs.” Adverse event data were col-
E gl a g S= g 2 g lected for up to 30 days after study drug administration and have
~e|§oA S e g = g = been pooled for this analysis. Subjects experiencing more than 1 ep-
% gﬂ £53 ‘EU M A ; = isode of a particular AE were counted only once for that event. Ad-
g § - % = i us ;2 e B8 verse events that were considered by investigators to be possibly
nE|S~ § ) fx |22 s related, probably related, or related to study drug were classified
% ] % ) E8s |2 £ as treatment-related AEs. In addition, AEs of special interest—
ﬁ“&% 2:) g t% £ 5 é g s Fa defined as thosef associated With nervous system or cardjovasgu-
5<. < E s i S = £ B 2 lar system reactions—were 1nd1v1duqlly assessed. Such' AEs in-
S 2 g5 2 3 cluded'syncope, gragd mal ‘conyulswn, !oss qf consciousness,
o é = 2 confusional state, atrial fibrillation, cardiac failure congestive,
2| = 2 g = angina pectoris, diastolic dysfunction, myocardial infarction,
‘Fg\ I §E% 9% 5 ventricular tachycardia, arrthythmia, and cardiomegaly).
E 2 - % g § All AEs were summarized using frequency counts and per-
*g = & 5 . E § % centages (n [%]) of subjects by treatment group. Percentages were
o Z gl § 22 8 calculated using the number of subjects in the safety population,
- = TE|Zg 2 €2 defined as all subjects who received any amount of study drug.
] é £ & = a & ; o Subjects in the liposome bupivacaine group were categorized by
2 EE® % & e 4 dosage received (<266 mg, 266 mg [the maximum FDA-approved
Fl a2l dose], and >266 mg). Because of the relatively small sample size
574 © 2015 American Society of Regional Anesthesia and Pain Medicine
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Safety of Liposome Bupivacaine

TABLE 2. Baseline Subject Demographics

Liposome Bupivacaine

<266 mg 266 mg* >266 mg All Doses Bupivacaine HCI Placebo

Parameter (n=111) (n=210) (n=14) (n=335) (n=33) (n=207)
Age, mean (SD), y 51(20) 63 (12) 52(15) 58 (16) 46 (19) 62 (12)
Age category, n (%)

<40 years 37 (33) 10 (5) 2 (14) 49 (15) 13 (39) 9(4)

40 to <65y 36 (32) 105 (50) 9 (64) 150 (45) 14 (42) 111 (54)

265y 38 (34) 95 (45) 3(21) 136 (41) 6 (18) 87 (42)
Male, n (%) 57 (51) 114 (54) 6 (43) 177 (53) 14 (42) 105 (51)
Ethnicity, n (%)

Hispanic or Latino 3(3) 14 (7) 0 17 (5) 0 15(7)

Not Hispanic or Latino 59 (53) 196 (93) 0 255 (76) 1(3) 192 (93)

Not reported 49 (44) 0 14 (100) 63 (19) 32(97) 0
Race, n (%)

White 95 (86) 190 (91) 14 (100) 299 (89) 32(97) 187 (90)

Not white 16 (14) 20 (10) 0 36 (11) 1(3) 20 (10)
ASA physical status classification, n (%)

1-2 91 (82) 139 (66) 14 (100) 244 (73) 32(97) 141 (68)

34 20 (18) 71 (34) 0 91 (27) 1(3) 66 (32)

*Maximum US FDA-approved dose.
ASA indicates American Society of Anesthesiologists.

in the liposome bupivacaine >266 mg and bupivacaine HCI groups,
between-group statistical comparisons were not performed.

RESULTS

Five studies were randomized, double masked, and active or
placebo controlled, whereas the sixth was a double-masked, dose-
response study (Table 1). Two studies enrolled healthy volunteers,
whereas the others involved subjects who underwent buni-
onectomy, total knee arthroplasty, or thoracotomy (Table 1). There
were 2 studies each involving ankle, femoral nerve,'” and inter-
costal blocks (Table 1).

Subjects

A total of 575 subjects were enrolled across the 6 studies
(Table 2). Of these, 335 subjects received liposome bupivacaine
doses ranging from 2 to 310 mg for ankle, femoral, or intercostal
nerve block. The majority (63%) received liposome bupivacaine

266 mg, whereas 111 (33%) received a lower dose, and 14 (4%) re-
ceived a higher dose. Thirty-three subjects received bupivacaine HCI,
and 207 were given placebo. In total, 11% of subjects (63/575)
withdrew prior to study completion, including 9% (30/335) in
the liposome bupivacaine groups, 6% (2/33) in the bupivacaine
HCIl group, and 15% (31/207) in the placebo group.

Adverse Events

Overall, 76% of subjects receiving liposome bupivacaine ex-
perienced 1 or more AEs, compared with 61% receiving bupiv-
acaine HCl and 76% of those receiving placebo (Table 3). Almost
all AEs were mild to moderate in severity, and no serious AEs were
considered related to study drug. There were 6 deaths (4 in the pla-
cebo group; 2 in the liposome bupivacaine group), all of which oc-
curred in the phase III thoracotomy study (study 6), but none of
these were considered related to study drug by the investigators.

The most common AEs overall in the liposome bupivacaine
group were nausea, pyrexia, constipation, vomiting, and pruritus

TABLE 3. Adverse Events

Liposome Bupivacaine

<266 mg 266 mg >266 mg All Doses Bupivacaine HC1 Placebo

Parameter m=111) (n=210) (n=14) (n=335) n=33) (n=207)
Any AE, n (%) 83 (75) 165 (79) 8 (57) 256 (76) 20 (61) 157 (76)
Maximum severity, n (%)*

Mild 51(61) 75 (45) 5(62) 131 (51) 15 (75) 72 (46)

Moderate 29 (35) 78 (47) 3(38) 110 (43) 4 (20) 63 (40)

Severe 3(4) 12 (7) 0 15 (6) 1(5) 22 (14)
Any serious AE, n (%) 7 (6) 21 (10) 0 28 (8) 0 21 (10)
Deaths,T n (%) 0 2 (1) 0 2(0.6) 0 4(2)

*Percentage based on total number of subjects with any AE.

TNo serious AEs or deaths were assessed by study investigators as related to study drug.
© 2015 American Society of Regional Anesthesia and Pain Medicine | 575
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TABLE 4. Adverse Events Reported in More Than 10% of Subjects in Any Group

Liposome Bupivacaine

Sign or Bupivacaine

Symptom <266 mg (n=111) 266 mg (n=210) >266 mg (m=14) All Doses (n=335) HCI(n=33) Placebo (n=207)
Nausea 31(28) 64 (31) 1(7) 96 (29) 309 74 (36)
Pyrexia 17 (15) 51(24) 0 68 (20) 2 (6) 39(19)
Constipation 6 (5) 38 (18) 1(7) 45 (13) 0 35(17)
Vomiting 5() 28 (13) 0 33 (10) 0 44 (21)
Pruritus 6(5) 35(17) 0 41 (12) 0 33 (16)
Dizziness 6 (5) 20 (10) 0 26 (8) 0 26 (13)
Hypesthesia 21 (19) 5(2) 0 26 (8) 8(24) 1(0.5)
Paresthesia 6(5) 1(0.5) 0 7(2) 4(12) 0
Bradycardia 1(1) 4(2) 2 (14) 72) 0 2 (1)

Values are reported as the number of subjects (percentage of treatment group).

(Table 4). Among subjects who received the FDA maximum rec-
ommended liposome bupivacaine dose of 266 mg in the phase 11
studies, the most common AEs were nausea, pyrexia, pruritus, and
constipation (Fig. 1). Incidence of AEs was similar in the lipo-
some bupivacaine 266 mg and placebo groups.

Treatment-related AEs were reported in 13% of subjects who
received liposome bupivacaine, 36% receiving bupivacaine HCI,
and 2% for those who received placebo (Table 5). The most com-
mon treatment-related AE in the liposome bupivacaine and bupiv-
acaine HCI groups was hypesthesia (7% and 24%, respectively);
vomiting (1%) was the most common treatment-related AE in
the placebo group.

The overall incidence of nervous system AEs was 21% in
subjects receiving liposome bupivacaine, 27% in the bupivacaine
HCI group, and 21% in the placebo group (Table 6). The most
common nervous system—related AEs were hypesthesia and dizzi-
ness. The overall incidence of cardiac-related AEs was 9% in subjects
receiving liposome bupivacaine, 0% in the bupivacaine HCI group,
and 12% in the placebo group (Table 6). The most commonly re-
ported cardiac-related AEs were bradycardia and sinus tachycardia.

Among the subjects who received the maximum recom-
mended liposome bupivacaine dose (266 mg) in the phase III
studies and experienced cardiac AEs, 9 had corresponding Ciy,ax
values available; all 9 were in study 6. The mean C,,,, value for
these subjects was 820 (SD, 501) ng/mL compared with a mean

Nausea

Pyrexia

Pruritus
Constipation
Vomiting
Dizziness
Urinary retention
Hyperhidrosis
Hypertension

Procedural hypotension

Chmax of 794 (SD, 510) ng/mL in the overall subject population
in study 6. Of the 9 subjects, only 2 subjects had documented elec-
trocardiogram (ECG) changes from baseline to the time at which
Cmax occurred (7,ax); 1 subject who experienced hypertension
had a Cp, of 244 ng/mL, and 1 subject who experienced in-
creased heart rate had a C,, of 1820 ng/mL. Both of these sub-
jects had a normal ECG at baseline and an abnormal ECG at
Tmax- The greatest mean general-population C,,, value observed
across all of the studies included in the current analysis was 794
(SD, 510) ng/mL, which occurred following administration of a li-
posome bupivacaine dose of 266 mg in study 6; this is well below
the threshold range (20004000 ng/mL) at which central nervous
system and cardiovascular AEs would be expected to occur.'®!?

Overall, AE rates were similar in subgroups stratified by age,
gender, ethnicity, or race, with no clinically meaningful differ-
ences identified. A higher incidence of AEs was observed in the
group 65 years or older (85%) compared with younger age groups
for subjects who received liposome bupivacaine (<73%) or pla-
cebo (82%), with too few subjects in the bupivacaine HCI group
to be compared.

DISCUSSION

This retrospective study pooling 6 prospective clinical trials
that used liposome bupivacaine in peripheral nerve blocks suggests

27

36

M Liposome bupivacaine 266 mg (n=186)
® Placebo (n=183)

20 30 40

Percentage of Subjects

FIGURE 1. Adverse events occurring in 5% of subjects or more receiving liposome bupivacaine 266 mg in phase Ill studies.

576
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TABLE 5. Treatment-Related AEs Reported in 1% of Subjects or More in Any Group

Liposome Bupivacaine

Bupivacaine  Placebo
Sign or Symptom <266 mg(n=111) 266 mg(m=210) >266mgm=14) AllDoses(n=335) HCI(n=33) (n=207)
Any treatment-related AE 31 (28) 12 (6) 0 43 (13) 12 (36) 4(2)
Hypesthesia 21 (19) 1(0.5) 0 22 (7) 8 (24) 0
Paresthesia 6 (5) 0 0 6(2) 39 0
Arthralgia 4(4) 0 0 4 (1) 0 1(0.5)
Injection site erythema 1(0.9) 0 0 1(0.3) 309 0
Pain in extremity 3(3) 1(0.5) 0 4(1) 0 0
Headache 2(2) 0 0 2(0.6) 1(3) 0
Hypotension 0 1(0.5) 0 1(0.3) 2 (6) 0
Pruritus 3(3) 0 0 3(0.9) 0 0
Bradycardia 0 2(1) 0 2(0.6) 0 0
Injection site discomfort 1(0.9) 0 0 1(0.3) 1(3) 0
Mobility decreased 0 2(1) 0 2(0.6) 0 0
Muscular weakness 0 2(1) 0 2(0.6) 0 0
Vomiting 0 0 0 0 0 2(1)

Values are reported as the number of subjects (percentage of treatment group).

that this liposome bupivacaine formulation has a similar safety
and side effect profile to bupivacaine HCI and placebo (normal
saline). To our knowledge, the 6 studies included in this anal-
ysis comprise all safety data available regarding the use of this
formulation for peripheral nerve block in humans. It is emphasized
that no liposome bupivacaine formulation—including EXPAREL—
is approved by the FDA for use in peripheral nerve blocks; such
use must be considered experimental until an FDA approval is is-
sued. In addition, the relatively small number of subjects in the
current study limits our ability to draw definitive conclusions, es-
pecially involving extraordinarily rare AEs.

Preclinical Safety Data

Myotoxicity and neurotoxicity are potential concerns with
high doses of local anesthetics,?® and some controlled-release for-
mulations of local anesthetics have been associated with myo-
toxicity in animals, even at low drug concentrations.?"*> Data
from preclinical studies conducted to date have shown a single ad-
ministration of liposome bupivacaine in peripheral nerve block to

be generally well tolerated, with no signs of neurotoxicity ob-
served in the animal models tested.>>** In a study of liposome
bupivacaine 25 mg/kg (1.33%) versus bupivacaine HCI 10 mg/kg
(0.5%) or 25 mg/kg (1.31%) for sciatic nerve blockade in rats,
McAlvin et al*® reported liposome bupivacaine and bupivacaine
HCI 0.5% to be associated with similar levels of myotoxicity at
4 days after study drug administration, with both of these groups
exhibiting less myotoxicity than the bupivacaine HCI 1.33% group.
Myotoxicity was similar in all 3 treatment groups at 2 weeks after
dose. The liposome bupivacaine group exhibited slightly higher
levels of inflammation than did the bupivacaine HCI groups at
4 days after dose. By 2 weeks after dose, inflammation levels in
the bupivacaine HCI 0.5% group were lower than those in the
other 2 treatment groups. No neurotoxicity was observed in any
of the treatment groups. Another study, conducted by Richard
et al®* assessed liposome bupivacaine 9, 18, and 30 mg/kg
(1.33%) compared with bupivacaine HCI 9 mg/kg (0.75%) or pla-
cebo (normal saline) for brachial plexus block in rabbits and dogs.
In this study, the investigators observed minimal to mild granulo-
matous inflammation of adipose tissue around nerve roots in

TABLE 6. Nervous System and Cardiac AEs Occurring in More Than 5% of Subjects in Any Treatment Group

Liposome Bupivacaine

Bupivacaine Placebo
System Organ Class <266 mg(n=111) 266 mg (n=210) >266 mg (n=14) AllDoses(n=335) HCl(n=33) (n=207)
Any nervous system disorder* 33 (30) 35(17) 1(7) 69 (21) 9 (27) 44 (21
Hypesthesia 21(19) 5(2) 0 26 (8) 8 (24) 1(0.5)
Dizziness 6(5) 20 (10) 0 26 (8) 0 26 (13)
Headache 8(7) 73) 0 15 (5) 2 (6) 7(3)
Paresthesia 6(5) 1(0.5) 0 7(2) 4 (12) 0
Cluster headache 0 0 1(7) 1(0.3) 0 0
Any cardiac disorder* 4(4) 24 (11) 321 3109 0 24 (12)
Bradycardia 1(D) 4(2) 2 (14) 7(2) 0 2(1)
Sinus tachycardia 1(1) 5(2) 1(7) 7(2) 0 1(0.5)
Values are reported as the number of subjects (percentage of treatment group).
*Subjects may have experienced more than 1 disorder in a particular system organ class.
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brachial plexus sites of animals treated with liposome bupiv-
acaine; they considered these effects to be a normal response to
the liposomes and not adverse. Liposome bupivacaine was not as-
sociated with overt irritation, and no neurotoxicity was observed.

The most frequently reported AEs observed in the current
analysis are consistent with the AE profile observed in previous
studies of liposome bupivacaine administered at the surgical
site.'* Several of the most common AEs (nausea, constipation,
and vomiting) observed in this analysis, as well as in the previ-
ously reported wound infiltration studies, could have been opioid
related because use of rescue analgesia was permitted in all studies
of liposome bupivacaine that included subjects undergoing a sur-
gical procedure with postsurgical pain. It is also possible that some
of the reported AEs could have been largely related to the surgical
procedure itself. The incidences of AEs related to nervous system
and cardiac disorders in the current analysis were also low and
were similar in the liposome bupivacaine and placebo groups.

Previously, Viscusi and colleagues'* evaluated the overall
safety profile, and Bergese and colleagues® assessed the cardiac
safety of liposome bupivacaine in analyses of pooled safety data
from 992 subjects who received liposome bupivacaine infiltrated
into a surgical site or healthy volunteers. Bergese and colleagues®
reported that 3 subjects undergoing total knee arthroplasty had ex-
perienced excessive plasma bupivacaine concentrations: 8290 to
34,331 ng/mL compared with the group means of 255 to 520 ng/mL.
The investigators suspected that these extremely high plasma con-
centrations resulted from unintentional intravascular administra-
tion of liposome bupivacaine. Importantly, none of these 3 subjects
demonstrated any signs of central nervous system or cardiac toxicity,
including ECG or QTc changes.

Bergese and colleagues® also reported 1 incident of tonic-
clonic seizure in a healthy volunteer in a phase I study following
subcutaneous injection of liposome bupivacaine 15 mg and bu-
pivacaine HC1 2.5 mg in the right and left forearms, respectively.
Before receiving any medication, the subject reported nausea
followed by a vasovagal episode. Given that the 3 subjects with
suspected intravascular injections of liposome bupivacaine exhibited
plasma concentrations ranging from about 8000 to 34,000 ng/mL
without experiencing any toxicity symptoms and the extremely
low likelihood of accidental intravascular injection associated
with subcutaneous injection, it is unlikely that this was truly a sei-
zure and also unlikely that the event resulted from the liposome
bupivacaine infiltration.

Limitations

Assessment of safety parameters was a secondary objective
for all 6 of the studies included in this analysis; none of'the studies
were powered to detect between-group differences in AEs. Al-
though randomized controlled clinical studies allow for rigorous
assessment of the efficacy and safety of a given drug, the general-
izability of results is limited because clinical study settings typi-
cally involve strict adherence to procedural protocols, specific
inclusion/exclusion criteria, and rigorous follow-up procedures
that are generally not possible in routine clinical care.?® Post-
marketing data based on approximately 600,000 patient exposures
to liposome bupivacaine administered via wound infiltration sug-
gest the AE rate following administration of liposome bupivacaine
is less than 1% (data on file, unpublished results [Pacira Pharma-
ceuticals, Inc; 2014]). In addition, in the current analysis, subjects
reported all events that occurred after the start of study drug admin-
istration, regardless of the association with liposome bupivacaine.
As such, events that may be related to factors other than liposome
bupivacaine, such as concomitant medications or underlying dis-
ease, were also captured. More studies are needed to evaluate the
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safety profile of liposome bupivacaine when used in different types
of nerve blocks and in heterogeneous patient populations.

CONCLUSIONS

The available data from these 6 prospective and controlled
clinical studies suggest that liposome bupivacaine may have a
similar safety profile to bupivacaine HCI and normal saline. How-
ever, further studies are needed to better define the risk of AEs as-
sociated with this formulation administered as a peripheral nerve
block. The authors emphasize that liposome bupivacaine is not
currently indicated for use in peripheral nerve blocks and must
be considered experimental at this time.
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APPENDIX: List of Investigational Review Boards

Study 1

Site-Specific Primary Investigators

IRB Name/Address

Tim Mant
Charlie Brindley

Guy’s Research Ethics Committee, 3rd Floor Nuffield House, Guy’s Hospital, London, UK SE1 9RT

Study 2

Site-Specific Primary Investigators

IRB Name/Address

Australia
Anthony Houston

Benjamin Forster
David Colquhoun
Belgium

Francois Singelyn

Rene Heylen
Stefaan Goossens
Eugene Vandermeeersch

Michel Struys
The Netherlands

Robert van Seventer
Marcus Abraham Emanuel
United Kingdom

Alexander Binning
Kevin Milligan

Richard Langford
Christopher Mugglestone

Redcliffe-Caboolture Health Service, District Ethics Committee, Redcliffe Hospital, Anzac Ave,
Redcliffe, Queensland, 4020

Sisters of Charity & Holy Spirit Health Service, Queensland Limited Ethics Committee, Holy Spirit
Northside Hospital, Rode Rd, Chermside, QLD 4032

The Uniting Healthcare Human Research Ethics Committee, PO Box 499, Toowong, 4066

Central Ethics Committee: Ethical Committee Catholic University Leuven, University Hospital
Gasthuisberg E330, Herestraat 49, 3000 Leuven

Biomedical Ethical Committee, Hospitalo-Facultaire (CEBHF), UCL Saint Luc, Ave Hippocrates
55/14, Tour Harvey-Niveau 0, 1200 Brussels

Prof E. de Jonge, Ethical Committee, ZOL, Campus Sint Jan, Schiepse Bos 6, 3600 Genk
Kristien Coddens, Medical Ethical Committee, ZNA-OCMW Antwerp, Lindendreef 1, 2020 Antwerp

Monique Leys, Commissie Medische Ethiek van de Universitaire Ziekenhuizen K. U. Leuven,
U. Z. Gasthuisberg E330, Herestraat 40, 3000 Leuven

Prof R. Rubens, Ethical Committee, U. Z. Gent, Polikliniek 4/2 Floor, De Pintelaan 185, 9000 Gent

Central Ethics Committee: METOPP, Medisch Estische Toestsings Onderzoek Patienten
Proefpersonen), Beethovenlaan 332A, 5011 LN Tilburg

Amphia Hospital Board, Langedijk 75, 4819 EV Breda
Medisch Ethische Commissie AZ Maastricht, P. Debyelaan 25, 6202 AZ Maastricht

Central Ethics Committee: MREC (Multi Research Ethics Committee), MREC for Scotland B,
Deaconess House, 148 Peasance, Edinburg, EH8 9RS

West Ethics Committee, Administration Bldg, Ground Floor, Room 9, Western Infirmary,
Dumbarton Rd, Glasgow G11 6NT

Office for Research Ethics Committee in Northern Ireland (ORECNI), 12-22 Linehall St,
Belfast BT2 8BS

East London & The City LREC 3, 3rd Floor, Annuerin Bevan House, Aldgate, London E1 1RD

London-Surrey Borders REC, St Helier Hospital, 1st Floor, Block G, Wrythe Lane, Carshalton,
Surrey SM5 1AA

Study 3

Primary Investigator

IRB Name/Address

Brian Ilfeld University of California, San Diego, Human Research Protection Program, 9500 Gilman Dr, MC 0052,
La Jolla, CA 92093
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Study 4

Site-Specific Primary Investigators

IRB Name/Address

United States

Site 001 Timothy Melson
Site 003 Juan Carlos Restrepo
Site 005 Harold Minkowitz
Site 007 Richard Berkowitz
Site 009 Mark Hollmann
Site 015 Anna Uskova

Site 020 Hayes Williams
Site 022 Roger Setzler

Site 025 Daniel Eloy

Site 027 Stuart Styles

Site 033 Joseph Gimbel
Site 002 Craig Hartrick

Site 006 David Leiman
Site 008 John Bracken

Site 010 Alparslan Turan
Site 011 Brian Ilfeld

Site 016 Admir Hadzic
Site 019 David Hardman

Site 024 Eugene Jean Dabezies, Jr
Site 028 Sabry Ayad
Site 030 Sanjib Adhikary

Site 031 Keith Candiotti
Site 037 Forrest Ringold

Western Institutional Review Board, 3535 7th Ave SW, Olympia, WA 98502

Human Investigational Committee, William Beaumont Hospital, 3811 West 13 Mile Rd, Royal
Oak, MI 48073

CHRISTUS Health IRB, 2707 North Loop West, Suite 5321, Houston, TX 77008

Human Subjects Committee, University of Kansas Medical Center, 3901 Rainbow Blvd,
Kansas City, KS 66160

Institutional Review Board, Cleveland Clinical Foundation, 9500 Euclid Ave, Cleveland, OH 44195
UCSD Human Research Protections Program, 9500 Gilman Dr, M/C 0052, La Jolla, CA 92093
St Luke’s Roosevelt Hospital IRB, 432 West 58th St, Antenucci Room 207, New York, NY 10019

Office of Human Research Ethics, 105 Mason Farm Rd, CB 7097, Medical School Building 52,
Chapel Hill, NJ 27599

Sacred Heart Hospital IRB, 5151 North 9th Ave, Pensacola, FL 32504
IRB of the Cleveland Clinical Foundation, 9500 Euclid Ave, OS-1, Cleveland, OH 44195

Human Subjects Protection Office, Penn State College of Medicine, 500 University Dr, Hershey,
PA 17033

Human Subjects Research Office, 1500 NW 12th Ave, Suite 1002, Miami, FL 33136
Mobile Infirmary Medical Center IRB, 5 Mobile Infirmary Circle, Mobile, AL 36607

Study 5

Primary Investigators

IRB Name/Address

Harold Minkowitz
Charles Anderson

Western Institutional Review Board, 3535 7th Ave SW, Olympia, WA 98502

Study 6

Site-Specific Primary Investigators

IRB Name/Address

United States

Site 102 Cornelius Dyke
Site 104 Harold Minkowitz
Site 105 Dennis Nichols
Site 106 Ashok Rao

Bulgaria

Site 200 Danail Petrov

Site 201 Tanyo Stefanov

Site 202 Alexander Tcherveniakov
Deyan Yordanov

Czech Republic

Western Institutional Review Board, 3535 7th Ave SW, Olympia, WA 98502

Louisiana State University Health Sciences Center Shreveport IRB, 1501 Kings Hwy, Shreveport,
LA 71103

Republic of Bulgaria, Ethics Committee for Multicenter Trials, Ministry of Health, 5 Sveta Nedelya
Square, Sofia, 1000

Central Ethics Committee: Multicenter EC, Ethics Committee of the Regional Hospital in Liberec,
Liberec, Husova 10, 460, 63, Liberec 1
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(Continued)

Site-Specific Primary Investigators

IRB Name/Address

Site 300 Tomas Bohanes
Site 301 Vladislav Hytych

Site 302 Jiri Skach

Georgia
Site 400 Davit Giorgadze

Site 401 Shota Gogishvili

Site 402 Vakhtang Katsarava
Poland

Site 500 Marian Brocki

Site 501 Maciej Glogowski
Site 503 Jerzy Bartosz Kubisa
Site 506 Hanna Misiolek

Fakultni Nemocnice Olomouc, Budova B1 (pfizemi vpravo), I. P. Pavlova 6, 775 20 Olomouc

Ethics Committee of the Institute for Clinical and Experimental Medicine and Thomayer Hospital,
Videnska 800, 140 59 Praha 4

Multicenter EC, Ethics Committee of the Regional Hospital in Liberec, Liberec, Husova 10, 460,
63, Liberec 1

Independent Ethics Committee of Ltd “Medulla” Chemotherapy and Immunotherapy Clinic,
6 Poolitkovskaya str., 0186, Tbilisi

Independent Ethics Committee of JSC “National Center for Tuberculosis and Lung Disease”
50 Maruashvili str., 0101 Thbilisi
Independent Ethics Committee of “Amtel Hospital First Clinical” LLC, 9, Tsiandali str., 0144 Tbilisi

Ethics Committee of Medical University of Silesia, 15, Poniatowskiego, Str, 40-055 Katowice
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