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Abstract:

Background:

Liposome bupivacaine is a prolonged-release bupivacaine formulation indicated for single-dose administration into the surgical site
to produce postsurgical analgesia.

Methods:

An overview of time to onset of analgesia observed with liposome bupivacaine in human studies is provided, as well as a summary of
data from pharmacokinetic studies including those that assessed pharmacokinetics after separate versus coadministration of liposome
bupivacaine and bupivacaine HCl.

Results:

Data  from multiple  studies  show that  local  administration  of  liposome bupivacaine  is  associated  with  rapid  onset  and effective
analgesia after surgery. However, the efficacy profile observed in controlled settings may not replicate the profile observed in clinical
practice;  time  to  onset  may  be  impacted  by  nonpharmacologic  factors,  such  as  amount  of  drug  given,  location  and  relative
vascularity, and variances in surgical techniques. Some clinicians coadminister or admix bupivacaine HCl and liposome bupivacaine
based  on  the  supposition  that  adjuvant  use  will  result  in  more  rapid  onset  of  efficacy.  To  date,  no  clinical  studies  have  been
conducted  comparing  pain-related  outcomes  following  coadministration  versus  liposome  bupivacaine  alone.  Preclinical
pharmacokinetic  studies  have  assessed  the  potential  impact  of  combined  use,  which  resulted  in  predictable,  additive  systemic
exposure without compromising the prolonged-release profile of liposome bupivacaine, and without signs of toxicity.

Conclusion:

Based on available data and approved package insert, in the setting of wound infiltration, clinicians have the flexibility to administer
liposome  bupivacaine  alone,  coadminister  separately  with  bupivacaine  HCl,  or  admix  with  bupivacaine  HCl  prior  to  injection,
providing the bupivacaine HCl dose does not exceed 50% of the liposome bupivacaine dose.

Keywords: Analgesia postsurgical, Bupivacaine HCl, Clinical efficacy, Infiltration, Liposome bupivacaine, Pharmacokinetics.

INTRODUCTION

The combined use of multiple analgesic modalities including systemically administered opioids, nonsteroidal anti-
inflammatory  drugs  and  acetaminophen, and  locally or regionally  administered  local  anesthetics  is considered  the
optimum  method  for achieving  postsurgical  pain  control [1]. One of the biggest limitations to use of traditional local

* Address correspondence to this author at the Department of Anesthesiology, Duke University Medical Center, 2301 Erwin Road, Durham, NC
27705-4699 USA; Tel: 919-681-6437; Fax: 919-684-8994; E-mail: jeffgadsden@gmail.com

http://benthamopen.com
http://crossmark.crossref.org/dialog/?doi=10.2174/1874325001610010094&domain=pdf
http://www.benthamopen.com/TOORTHJ/
http://dx.doi.org/10.2174/1874325001610010094
mailto:jeffgadsden@gmail.com


Time to Analgesia vs. Efficacy with Liposome Bupivacaine The Open Orthopaedics Journal, 2016, Volume 10   95

anesthetic formulations for postsurgical analgesia is the short duration of analgesic activity (no longer than 24 hours)
observed with these agents when administered as a single injection [2 - 4].

Liposome bupivacaine  (EXPAREL®;  bupivacaine  liposome injectable  suspension,  Pacira  Pharmaceuticals,  Inc.,
Parsippany, NJ, USA) is a novel prolonged-release bupivacaine formulation indicated for single-dose administration
into the surgical site to produce postsurgical analgesia [5]. It is also being evaluated for peripheral nerve block, which is
currently an off-label use for this agent [6 - 8].

Liposome bupivacaine contains approximately 3% extraliposomal bupivacaine, which may contribute to its fast
onset of analgesia [9]. Data from multiple studies that have included healthy volunteers as well as surgical patients have
shown the time to onset  of  analgesia following administration of  liposome bupivacaine and bupivacaine HCl to be
similar [10], and that liposome bupivacaine given at dosages ≤266 mg provides good analgesic efficacy after surgery
[11,  12]  in  these  controlled  settings.  Nevertheless,  as  adoption  of  liposome  bupivacaine  use  has  become  more
widespread, questions have been raised regarding potential differences in the time to onset of clinical efficacy observed
with use of liposome bupivacaine in everyday clinical practice compared with time to onset observed in controlled
study settings. Put another way, there are questions regarding whether the sustained-release properties that characterize
liposome encapsulated bupivacaine may prevent sufficient immediate release and therefore a prompt clinical analgesic
effect. This paper provides an overview of time to onset of analgesia observed with liposome bupivacaine in human
studies and summarizes data from pharmacokinetic (PK) studies, including those that assessed PK following separate
versus coadministration of liposome bupivacaine and bupivacaine HCl.

Time to Onset of Analgesia: Experimental Settings

Healthy Volunteers

Data from a study conducted by Apseloff et al. [10] showed time to onset of analgesia with liposome bupivacaine
and bupivacaine HCl to be similar. In this Phase 1, randomized, sequential-cohort, crossover study, the investigators
assessed  analgesia  in  healthy  adult  volunteers  who  received  local  infiltration  with  liposome  bupivacaine  40  mg,
bupivacaine HCl 7.5 mg, or placebo (normal saline), each administered in a total volume of 3 mL prior to inducement
of pain. The milligram dose of liposome bupivacaine is expressed as the free base (13.3 mg of bupivacaine base is
chemically equivalent to 15 mg of bupivacaine HCl) [13]. Subjects were sequentially assigned to 1 of 4 cohorts. In
Cohort  1,  pain  stimuli  were  administered  and  pain  assessments  were  performed  30  minutes  after  study  drug
administration; pain stimuli and assessments occurred at 15 minutes after study drug in Cohort 2, at 5 minutes after
study drug in Cohort 3, and at 2 minutes after study drug in Cohort 4. Subjects in each cohort received 1 of the 2 active
study drugs and placebo infiltrated into a 3 cm x 3 cm square area on the volar surface of the forearm. The experimental
painful stimuli involved creation of a uniform, reproducible skin incision followed by topical application of an 18%
acetic  acid  solution  to  enhance  pain.  Pain  intensity  was  assessed  using  a  100  mm visual  analog  scale  (0=no  pain,
100=worst possible pain) at 2, 5, 15, and 30 minutes after study drug administration. Statistical comparisons were made
to test  for  differences in mean visual  analog scale scores between liposome bupivacaine and placebo,  and between
bupivacaine HCl and placebo [10].

At total of 132 subjects received at least 1 dose of liposome bupivacaine or bupivacaine HCl; 32 in Cohort 1, 32 in
Cohort 2, 34 in Cohort 3, and 34 in Cohort 4. At 2 minutes post-dose, mean (standard deviation [SD]) pain intensity
scores were 26% lower with liposome bupivacaine versus placebo (47 [23] vs. 61 [19]; p<0.0001); mean [SD] scores
were 32% lower with bupivacaine HCl versus placebo (38 [20] vs. 61 [16]; p<0.0001). A greater than 30% reduction in
mean pain scores was also observed for both liposome bupivacaine and bupivacaine HCl compared with saline placebo
at  5,  15,  and 30 minutes  after  study drug administration,  which was significant  versus  placebo at  all  3  time points
(p<0.0001) [10].

Surgery Patients

Dasta et al.  [11] analyzed pooled efficacy and safety data from Phase 2 and 3 studies conducted during clinical
development of liposome bupivacaine. These studies assessed analgesic regimens incorporating a single surgical site
administration  of  liposome  bupivacaine  versus  bupivacaine  HCl  or  placebo  for  postsurgical  analgesia  in  adults
undergoing inguinal hernia repair, total knee arthroplasty, hemorrhoidectomy, or breast augmentation. The investigators
reported that subjects receiving US Food and Drug Administration (FDA)-approved doses of liposome bupivacaine
(≤266 mg) had significantly lower cumulative pain scores during the first 72 hours after surgery compared with subjects
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receiving bupivacaine HCl (283 vs. 329; p=0.039), as well as a longer time to first use of opioids after surgery (9.9
hours vs. 2.7 hours; p<0.0001), a lower total amount of postsurgical opioid consumption (12 mg vs. 19 mg; p<0.0001),
and a lower incidence of opioid-related adverse events (20% vs. 36%; p<0.0001) [11].

Mean  pain  intensity  scores  at  the  first  timed  pain  intensity  assessment  in  each  of  the  active-controlled  studies
reported by Dasta et al. [11] are summarized in Table 1 (Unpublished data). In most experimental conditions across
studies (76%; n=13/17 assessments), liposome bupivacaine was associated with better analgesia than bupivacaine HCl,
as  reflected  in  lower  mean  pain  intensity  scores  recorded  at  the  first  postsurgical  assessment.  Note  that  liposome
bupivacaine was largely superior for assessments performed at 1 hour, but the difference was not overwhelming (n=5/8
assessments or 63%); in contrast, by 4 hours, liposome bupivacaine was superior to bupivacaine HCl in every instance
(n=4/4 assessments).

Table  1.  Analgesic  efficacy  of  liposome  bupivacaine  versus  bupivacaine  HCl  in  different  surgical  models  at  the  first
postsurgical pain assessment (Unpublished data).

Model/Dose Time Point Liposome Bupivacaine
Pain Score, Mean

Bupivacaine HCl Pain
Score, Mean

Treatment Group With Lowest Pain Score* at
First Postsurgical Assessment

Inguinal Hernia Repair
LB 155 mg vs. B 100 mg 4h 18 24 LB at 4 hours

LB 199 mg vs. B 100 mg 4h 13 24 LB at 4 hours

LB 266 mg vs. B 100 mg 4h 21 24 LB at 4 hours

LB 310 mg vs. B 100 mg 4h 14 24 LB at 4 hours

LB 93 mg vs. B 105 mg 1h 1.2 1.0 B at 1 hour†

LB 160 mg vs. B 105 mg 1h 0.9 1.0 LB at 1 hour

LB 306 mg vs. B 105 mg 1h 0.7 1.0 LB at 1 hour

Total Knee Arthroplasty
LB 133 mg vs. B 150 mg 24h 3.8 4.3 LB at Day 1

LB 266 mg vs. B 150 mg 24h 3.1 4.3 LB at Day 1

LB 399 mg vs. B 150 mg 24h 3.6 4.3 LB at Day 1

LB 532 mg vs. B 150 mg 24h 2.4 4.3 LB at Day 1

LB 532 mg vs. B 200 mg 2h 3.7 3.2 B at 2 hours‡

Hemorrhoidectomy
LB 66 mg vs. B 75 mg 1h 3.1 2.7 B at 1 hour§

LB 199 mg vs. B 75 mg 1h 1.9 2.7 LB at 1 hour

LB 266 mg vs. B 75 mg 1h 1.6 2.7 LB at 1 hour

LB 266 mg vs. B 100 mg 1h 2.9 2.4 B at 1 hour‖

Breast Augmentation
LB 532 mg vs. B 200 mg 1h 4.1 4.5 LB at 1 hour

B = bupivacaine HCl; LB = liposome bupivacaine.
*An 11-point numeric rating scale at rest (NRS-R) was used to assess pain intensity (PI) in all studies except Study 201, in which a 0- to 100 mm
visual analog scale was used.
†Mean PI scores in the liposome bupivacaine group were lower beginning at 12 hours, and remained lower than bupivacaine HCl through 96 hours.
‡Mean PI scores in the liposome bupivacaine group were lower beginning at 60 hours, and remained lower than bupivacaine HCl through 96 hours.
§Mean PI scores in the liposome bupivacaine group were lower beginning at 2 hours, and remained lower than bupivacaine HCl through 96 hours.
‖Mean PI scores in the liposome bupivacaine group were higher than bupivacaine HCl at the 1, 2, and 4 hour assessments; they were lower than
bupivacaine HCl at the 8 and 12 hour assessments; then, higher than bupivacaine HCl beginning at 24 hours and remained higher than bupivacaine
HCl through 96 hours.

Time to Clinical Efficacy: Clinical Practice Settings

Although  the  study  data  described  above  demonstrate  the  efficacy  of  liposome  bupivacaine  for  rapid-onset
analgesia, the analgesic efficacy profile observed in everyday clinical practice may not replicate the profile observed in
controlled  experimental  settings.  The  analgesic  profile  of  local  anesthetics  is  primarily  determined  by  the  inherent
pharmacological  properties  of  each  individual  agent  [2].  However,  time  to  onset  of  clinical  efficacy  may  also  be
impacted by nonpharmacologic factors, such as administration route (e.g., epidural administration vs. use in peripheral
nerve block),  amount  of  drug given,  anatomical  location and the  relative  vascularity  of  the  surgical  site  (relatively
vascular surgical site [e.g., hemorrhoidectomy] vs. relatively avascular surgical site [e.g., bunionectomy]) [2].
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Pharmacokinetic Profile of Liposome Bupivacaine

The PK profile of liposome bupivacaine following single-dose administration in humans has been well established,
based on PK data from 4 randomized,  double-blind clinical  studies conducted in surgical  patients  [9].  PK analyses
included 253 subjects who underwent inguinal hernia repair (n=76), total knee arthroplasty (n=126), hemorrhoidectomy
(n=25),  or  bunionectomy  (n=26)  and  received  liposome  bupivacaine  dosages  ranging  from  106  mg  to  532  mg  or
bupivacaine HCl at dosages of 100 or 150 mg.

In these studies, liposome bupivacaine was shown to exhibit a dose-proportional, bimodal release profile across the
range of dosages tested [9]. The small amount of extraliposomal bupivacaine contained in liposome bupivacaine results
in an initial peak plasma bupivacaine concentration within 1 hour after administration of liposome bupivacaine. The
remainder of bupivacaine is encapsulated in multivesicular liposomes, allowing for prolonged release resulting in a
second plasma concentration peak that occurs about 12 to 36 hours after the initial peak (Fig. 1) (Unpublished data). PK
parameters for each dose level of liposome bupivacaine and bupivacaine HCl tested across the 4 clinical studies are
summarized in Table 2 [9]. These data suggest bupivacaine exposure following administration of liposome bupivacaine
appears  to  be  affected  by  the  vascularity  of  the  surgical  site,  since  the  median  time  to  peak  bupivacaine  plasma
concentration (Tmax) occurred earlier in surgery conducted in a highly vascularized area (i.e., hemorrhoidectomy; 0.5
hours) compared with surgery conducted in a relatively avascular area (i.e., total knee arthroplasty; 12-36 hours). This
observation  is  further  supported  by  data  from  an  analysis  of  bupivacaine  exposure  during  the  first  24  hours  after
administration  of  liposome  bupivacaine  in  different  surgical  models  (Unpublished  data).  Bupivacaine  exposure,  as
reflected  in  mean  area  under  the  plasma concentration  curve  (AUC)  data  from 0-24  hours  as  a  percentage  of  total
exposure (AUC from time zero to infinity), shows that the release rate of bupivacaine from the liposomes during the
first  24  hours  appears  to  vary  depending  on  the  vascularity  of  the  surgical  site  (Fig.  2)  (Unpublished  data).  More
bupivacaine  was  released  from  the  liposomes  during  the  early  post-dose  period  in  the  surgery  involving  a  highly
vascularized area (hemorrhoidectomy), compared with a surgery conducted in a relatively avascular area (total knee
arthroplasty).

Table 2. Summary of pharmacokinetic parameters following single doses of liposome bupivacaine and bupivacaine HCl.*
Reprinted with kind permission from Springer Science and Business Media, Springer, and Springer International Publishing
Switzerland,  Clinical  Drug  Investigation,  Volume  33,  2013,  Page  112,  Pharmacokinetic  profile  of  liposome  bupivacaine
injection following a single administration at the surgical site, DeeDee Hu, Erol Onel, Neil Singla, William G. Kramer, Admir
Hadzic, Table II, © Springer International Publishing Switzerland 2012 a.

Parameter

Study 1 (inguinal hernia repair) Study 2 (total knee arthroplasty) Study 3
(hemorrhoidectomy)

Study 4
(bunionectomy)

LB
155
mg

LB
199
mg

LB
266
mg

LB
310
mg

Bupivacaine
HCl
100
mg

LB
133
mg

LB
266
mg

LB
399
mg

LB
532
mg

Bupivacaine
HCl
150
mg

LB
266
mg

LB
106
mg

n=12 n=12 n=12 n=14 n=26 n=25 n=24 n=26 n=21 n=30 n=25 n=26
Cmax

(ng/mL)
241
(89)

303
(84)

365
(130)

415
(122)

336
(156)

262
(277)

340
(107)

500
(173)

935
(371)

205
(111)

867 (353) 166 (93)

Tmax (h) 12
(0.5,24)

10
(0.5,24)

12
(0.6,48)

12
(0.2,49)

0.6
(0.1, 6)

12
(0.5, 37)

24
(0.5, 49)

24
(0.2, 48)

36
(2, 71)

24
(0.6, 48)

0.5 (0.3, 36) 2 (0.5, 2)

n=12 n=12 n=12 n=14 n=26 n=23 n=20 n=21 n=19 n=28 n=24 n=22
AUC∞

(h•ng/mL)
9597

(4370)
10,295
(4486)

16,758
(6288)

19,476
(8015)

4374
(1561)

7826
(3317)

17,370
(8540)

27,630
(12,939)

60,174
(25,117)

7460
(4118)

18,289 (7569) 7105 (2283)

t½ (h) 15.9
(6.7)

14.1
(5.1)

14.6
(4.6)

18.9
(6.2)

8.5
(2.9)

13.4
(4.0)

17.1
(6.8)

18.8
(5.1)

16.9
(4.8)

10.7
(3.9)

23.8 (39.4) 34.1 (17.0)

a[9]; AUC∞ = area under the plasma concentration time curve from time zero to infinity; Cmax = maximum plasma drug concentration; LB = liposome
bupivacaine; t½ = half-life; Tmax = time to maximum plasma drug concentration.
*Arithmetic mean (standard deviation) except Tmax (median [min, max]).

Coadministration of Liposome Bupivacaine and Bupivacaine HCl

Some clinicians prefer to coadminister bupivacaine HCl with liposome bupivacaine based on a desire to attain an
accelerated onset of clinical efficacy, while maintaining the prolonged duration of analgesic efficacy associated with
liposome bupivacaine [14]. Recognizing that coadministration of bupivacaine HCl and liposome bupivacaine has an
additive effect on overall bupivacaine exposure, clinicians should be aware that bupivacaine HCl may be administered
immediately  prior  to  liposome  bupivacaine  as  long  as  the  dose  of  bupivacaine  HCl  does  not  exceed  50%  of  the
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liposome bupivacaine dose being used [5].  For example, in a case where 266 mg of liposome bupivacaine is being
administered to provide postsurgical analgesia for a patient undergoing total knee arthroplasty, bupivacaine HCl may
also be administered immediately prior to administration of liposome bupivacaine as long as the dose of bupivacaine
HCl does not exceed 133 mg (i.e., 50% of the liposome bupivacaine dose).

Fig. (1). Plasma bupivacaine concentration versus time following infiltration of liposome bupivacaine 266 mg in the setting of total
knee arthroplasty (Unpublished data).

Fig. (2). Bupivacaine exposure during the first 24 hours after administration (AUC0-24) as a percentage of total exposure (AUC0-∞)
(Unpublished data). AUC0-24 = area under the concentration time curve from time zero to 24 hours post-dose; AUC0-∞ = area under the
concentration  time  curve  from time  zero  to  infinity;  IHR =  inguinal  hernia  repair;  SD =  standard  deviation;  TKA =  total  knee
arthroplasty.

While coadministration of bupivacaine HCl and liposome bupivacaine has not been formally studied in humans,
data from the 2 animal studies summarized below suggest combined use results in additive PK exposure and does not

0

50

100

150

200

250

300

0 24 48 72 96

P
la

s
m

a
 B

u
p

iv
a
c

a
in

e
 C

o
n

c
e

n
tr

a
ti

o
n

 (
n

g
/m

L
)

Time (Hours)

0

20

40

60

80

100

120

TKA Bunionectomy IHR Hemorrhoidectomy

M
e

a
n

 (
S

D
) 

E
x

p
o

s
u

re
 O

v
e

r 
F

ir
s

t 
2

4
 H

o
u

rs
 (

A
U

C
0
-2

4
) 

a
s

 a
 P

e
rc

e
n

ta
g

e
 o

f 
T
o

ta
l 

E
x

p
o

s
u

re
 (

A
U

C
0
-∞

)

N=83 N=23N=49N=22

Less 

vascular

More 

vascular
Vascularity of surgical site



Time to Analgesia vs. Efficacy with Liposome Bupivacaine The Open Orthopaedics Journal, 2016, Volume 10   99

have  an  adverse  effect  on  the  prolonged-release  profile  of  liposome  bupivacaine.  Both  studies  were  conducted  in
accordance with FDA Good Laboratory Practices (Unpublished data).

Minipig Study

The  first  was  a  preclinical  study  conducted  in  animals  to  evaluate  the  potential  for  PK  interactions  between
liposome bupivacaine and bupivacaine HCl when mixed together prior to administration or given separately with a
short  delay  between  administration  of  each  drug  (Unpublished  data).  In  this  study,  male  Yucatan  miniature  swine
(N=36)  were  randomized  to  12  groups  of  3  animals  per  group.  Each  group  received  subcutaneously  administered
liposome bupivacaine alone, bupivacaine HCl alone, bupivacaine HCl followed by liposome bupivacaine at 1, 5, or 15
minutes after the bupivacaine HCl dose, or bupivacaine HCl and liposome bupivacaine admixed (Table 3) (Unpublished
data). Study drug was administered as 6 serial bolus injections, equally distributed along a 5 cm linear area behind the
right ear of each animal. Blood samples for PK analysis were collected pre-dose, at 5, 10, 15, 30 minutes, and 1, 2, 4, 6,
8, 12, 24, 48, 72, and 96 hours post-dose.

Table 3. Pharmacokinetic parameters* for liposome bupivacaine and bupivacaine HCl after subcutaneous administration in
minipigs by treatment group (Unpublished data).

Group LB Dose
(mg/kg)

Bupivacaine
HCl Dose
(mg/kg)

Time†

(min)
AUC0-24h

(h•ng/mL)
AUC0-96h

(h•ng/mL)
AUC0-∞ (h•ng/mL) Cmax (ng/mL) t½ (h) Tmax (h)

1 2 0 NA 1790 (595) 2810 (628) 2820 (629) 181 (10) 10.6 (2.2) 0.20 (0.05)
2 4 0 NA 2020 (463) 5850 (652) 6430 (1200) 234 (139) 19.6 (8.9) 16.10 (27.60)
3 0 1 NA 1050 (252) 1460 (265) 1480 (263) 428 (119) 14.5 (1.9) 0.20 (0.05)
4 0 2 NA 2570 (460) 3210 (332) 3230 (355) 911 (292) 10.3 (5.8) 0.20 (0.05)
5 2 2 1 2900 (779) 5310 (1070) 5490 (1170) 592 (205) 18.1 (7.6) 0.17 (0.08)
6 4 1 1 2920 (335) 8720 (1490) 9720 (2350) 573 (120) 22.2 (11.3) 0.22 (0.46)
7 2 2 5 4490 (892) 7310 (1080) 7480 (1100) 1260 (347) 15.9 (6.1) 0.14 (0.05)
8 4 1 5 3120 (397) 8170 (716) 8380 (577) 642 (183) 13.0 (5.6) 0.14 (0.05)
9 2 2 15 3360 (676) 7480 (2110) 8890 (1240) 871 (370) 36.2 (17.5) 0.11 (0.05)
10 4 1 15 3490 (800) 7850 (562 8160 (730) 677 (258) 16.9 (2.8) 0.17 (0.08)
11 2 2 Admixed 3320 (508) 5330 (1210) 5380 (1220) 667 (224) 11.9 (1.2) 0.20 (0.05)
12 4 1 Admixed 4260 (1710) 12,800 (3200) 14,300 (4460) 886 (310) 22.4 (8.3) 0.20 (0.05)

AUC0-24 = area under the concentration time curve from time zero to 24 hours post-dose; AUC0-96 = area under the concentration time curve from time
zero to 96 hours post-dose; AUC0-∞ = area under the concentration time curve from time zero to infinity; Cmax = maximum plasma drug concentration;
LB = liposome bupivacaine; NA = not applicable; t½ = half-life; SD = standard deviation; Tmax = time to maximum plasma drug concentration.
AUC0-24 = area under the concentration time curve from time zero to 24 hours post-dose; AUC0-96 = area under the concentration time curve from time
zero to 96 hours post-dose; AUC0-∞ = area under the concentration time curve from time zero to infinity; Cmax = maximum plasma drug concentration;
LB = liposome bupivacaine; NA = not applicable; t½ = half-life; SD = standard deviation; Tmax = time to maximum plasma drug concentration.

Bupivacaine exposure was approximately proportional to the administered doses of liposome bupivacaine (2 mg/kg
and 4 mg/kg) and bupivacaine HCl (1 mg/kg and 2 mg/kg) given alone, as reflected in maximum plasma concentration
(Cmax) and total systemic exposure (AUC from time zero to infinity [AUC0-∞]) data for Groups 1 through 4 shown in
Table  3  (Unpublished  data).  For  example,  a  4  mg/kg  dose  of  liposome  bupivacaine  resulted  in  systemic  exposure
(AUC0-∞) that was approximately 1.3 times higher than exposure following a 2 mg/kg dose. For bupivacaine HCl, total
systemic  exposure  following  a  2  mg/kg  dose  was  approximately  1.2  times  greater  than  with  a  1  mg/kg  dose.
Coadministration  of  the  2  study  drugs  separated  by  1,  5,  or  15  minutes  resulted  in  a  mean  systemic  bupivacaine
exposure that was similar to the mean sum of the systemic exposure observed when either study drug was given alone.
Similarly, the mean systemic exposure following administration of the 2 study drugs when admixed (mean AUC0-∞ =
5380 h•ng/mL following 2 mg/mL of each study drug admixed) was comparable to the sum of systemic exposures when
the   study   drugs  were   administered   alone   (mean  AUC0-∞ of   2820   and   3230   h•ng/mL,   respectively,  
following 2 mg/mL of each study drug given alone). Also, the observed time at which Cmax  occurred (Tmax) was not
affected by coadministration or admixing of the 2 study drugs.

Plasma bupivacaine concentration versus time curves through 8  hours post-dose  following administration  of  2 or
4 mg/kg of liposome bupivacaine and 1 or 2 mg/kg of bupivacaine HCl given alone were qualitatively similar;  the
highest mean plasma concentration following administration of liposome bupivacaine 2 mg/kg was about 20% of the
highest  concentration following administration of the same dose of bupivacaine HCl Fig.  (3A)  (Unpublished data).
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Concentration versus time curves through 8 hours post-dose following coadministration and admixing of 2 mg/kg doses
of each study drug are shown in Fig. (3B) (Unpublished data). The highest mean concentration was observed when
liposome bupivacaine administration followed bupivacaine HCl by 5 minutes. The shape of the plasma concentration
versus time curve following administration of the admixed study drugs was similar to other curves shown in this figure,
as well as the curves shown in Fig. (3A).

Fig. (3A). Mean (SD) plasma bupivacaine concentration through 8 hours after subcutaneous doses of liposome bupivacaine alone or
bupivacaine HCl alone in minipigs (Unpublished data). LB = liposome bupivacaine; SD = standard deviation.

Fig.  (3B).  Mean  (SD)  plasma  bupivacaine  concentration  through  8  hours  after  equal  mg/kg  subcutaneous  doses  of  liposome
bupivacaine  2  mg/kg  and  bupivacaine  HCl  2  mg/kg  coadministered  in  close  proximity  to  each  other  or  admixed  prior  to
administration  in  minipigs  (Unpublished  data).  LB  =  liposome  bupivacaine;  SD  =  standard  deviation.
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All  doses  of  liposome  bupivacaine  given  with  or  without  bupivacaine  HCl  were  well  tolerated.  No  clinically
meaningful effects of liposome bupivacaine on safety were observed even when the 2 formulations were given in close
physical and temporal proximity.

In summary, systemic exposure to bupivacaine was approximately proportional to dose for the doses of study drug
that were tested and the prolonged-release profile of liposome bupivacaine was not compromised by the presence of
bupivacaine HCl, with no adverse safety signals observed during the study.

Rat Study

The effects of admixing bupivacaine HCl and liposome bupivacaine were also evaluated in an animal study, which
assessed PK following subcutaneous administration  of  admixed liposome  bupivacaine 5.8 mg  and  bupivacaine  HCl
1.3 mg (n=5) compared with the PK profile observed following administration of liposome bupivacaine 6.7 mg (n=4) or
bupivacaine  HCl  2.5  mg  given  alone  (n=5)  in  Sprague  Dawley  rats  (Unpublished  data).  Free  and  encapsulated
bupivacaine  in  the  syringe  containing  the  admixed  drugs  were  also  measured.

As illustrated by the plasma bupivacaine concentration versus time profiles shown in Fig. (4) (Unpublished data),
the prolonged-release profile of liposome bupivacaine was not compromised when liposome bupivacaine was combined
with bupivacaine HCl in the same syringe. Also, more than 90% of the bupivacaine in liposome bupivacaine remained
encapsulated in the syringe when the study drugs were admixed—an expected result since the bupivacaine HCl dose
used in the admixture was <50% of the liposome bupivacaine dose used [5].  Overall,  the results in this study were
consistent with results observed in the minipig study—the PK following administration of the admixed study drugs
reflected  an  additive  systemic  exposure  to  bupivacaine  when  compared  with  each  component  given  alone,  and
admixture  did  not  compromise  the  prolonged-release  properties  of  liposome  bupivacaine.

Fig. (4). Mean (SD) plasma bupivacaine concentration versus time in rats (Unpublished data). LB = liposome bupivacaine; SD =
standard deviation.

DISCUSSION

The available scientific evidence suggests that single-dose administration of liposome bupivacaine into surgical sites
is  associated  with  a  rapid  onset  of  analgesia.  The  Apseloff  et  al.  [10]  comparison  of  time  to  onset  of  analgesia
associated with bupivacaine  HCl and  liposome  bupivacaine  in healthy  adults showed  analgesia to  occur  as  early as
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2 minutes following administration of each formulation with similar analgesic efficacy at that time point. Results from
our analysis that compared analgesic efficacy with liposome bupivacaine versus bupivacaine HCl during the first hours
after surgery in patients undergoing various types of surgical procedures suggests that, overall, liposome bupivacaine
provided better analgesic efficacy than bupivacaine HCl at the earliest timed assessments after surgery, as reflected in
lower patient-reported pain intensity scores documented at time points varying from 1 hour to 1 day after surgery.

While  the  available  evidence  suggests  time  to  onset  of  analgesia  with  liposome  bupivacaine  is  similar  to
bupivacaine HCl, we recognize that adjuvant use of bupivacaine HCl with liposome bupivacaine has been reported [14],
and that adjuvant use of both formulations may be perceived to result in a more rapid onset of clinical efficacy than
when liposome bupivacaine is used alone. To our knowledge, there is no scientific evidence to support this perception.

Clinical  studies  assessing  the  safety  and  efficacy  of  coadministration  and/or  admixture  of  these  2  bupivacaine
formulations prior to administration are warranted. Thus far, the only data currently available regarding combined use
come from animal  studies.  These  studies  showed that  adjuvant  use  of  bupivacaine  HCl  and liposome bupivacaine,
whether they are concomitantly administered but separate in the same surgical site or admixed prior to administration,
resulted in a predictable PK with additive exposure to bupivacaine, no disruption in the prolonged-release profile of
liposome bupivacaine, and no safety issues observed in the animal models studied.

The animal studies demonstrated that the release profile of liposome bupivacaine is unaltered when it is used with
bupivacaine HCl. Recognizing the inherent caveats associated with interpretation of results from animal studies, the PK
data showing additive (but not synergistic) bupivacaine exposure in animals may help provide perspective on potential
safety implications for combined use in humans. The highest mean plasma bupivacaine concentration (Cmax) observed in
 published human  wound infiltration studies  of liposome  bupivacaine was 935 ng/mL  following administration  of
532 mg, a dose that is twice the maximum FDA-approved dosage. The highest mean Cmax following administration of
bupivacaine HCl in these same studies  was 336 ng/mL, which  occurred  following  a 100 mg  dose of  bupivacaine
HCl [9]. Assuming that combined use of the 2 formulations would result in additive bupivacaine exposure in humans as
in animals, the sum of the Cmax values observed in humans (≈1,300 ng/mL) would be  expected to  remain well  below
the threshold level (≈2,000 ng/mL)  at  which signs  of central nervous  system and  cardiovascular  toxicity  begin to
occur [15, 16].

PK  data  from  these  clinical  studies  show  plasma  concentrations  reach  an  initial  peak  within  1  hour  after
administration of liposome bupivacaine, followed by a second peak occurring within 36 hours after administration [9].
The results from our analysis of the available PK data in humans suggest that timing of bupivacaine exposure within the
first few postoperative days may vary depending on the surgical area where liposome bupivacaine is administered. A
greater proportion of systemic exposure tends to occur during the early (first 24 hours) versus late postsurgical period
(>24  hours)  when  liposome  bupivacaine  is  administered  into  highly  vascularized  surgical  sites  (e.g.,  in
hemorrhoidectomy); a greater proportion of exposure tends to occur during the late postsurgical period (>24 hours)
when liposome bupivacaine is administered into relatively avascular sites (e.g., in total knee arthroplasty).

The  data  reported  here  show  admixture  of  liposome  bupivacaine  and  bupivacaine  HCl  prior  to  administration
appears to be well tolerated as long as the ratio of milligram dose of bupivacaine HCl to liposome bupivacaine dose
remains ≤50% as recommended in the liposome bupivacaine package labeling. Data from preclinical studies show that
the  prolonged-release  properties  of  liposome  bupivacaine  may  be  compromised  if  the  ratio  of  bupivacaine  HCl  to
liposome bupivacaine exceeds 50% [17].

The authors recognize that the currently available liposome bupivacaine data are incomplete, and that extrapolation
of  observations  from  controlled  study  settings  to  real-world  practice  has  obvious  limitations  and  can  provide  a
potentially imprecise picture of the expected clinical profile of a novel formulation such as liposome bupivacaine. Most
controlled  pharmacologic  studies  are  designed  and  conducted  long  before  the  experimental  drug  is  available  to
clinicians, and all data from these studies are derived from experimental conditions that involve relatively small study
populations, highly controlled conditions with strict adherence to study protocols, and use of the experimental agent in a
limited number of situations. Despite these limitations, the available data suggest combined use of bupivacaine HCl
with liposome bupivacaine is an option for clinicians who prefer to do so.

CONCLUSION

Liposome bupivacaine has been shown to exhibit a rapid onset of analgesic effect, as well as a prolonged duration
of action for a variety of pain models.  Regardless of whether or not there is a perceived “analgesic gap” following
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administration of liposome bupivacaine, based on the available data and the approved package insert, in the setting of
wound infiltration, clinicians have the flexibility to administer liposome bupivacaine alone, coadminister separately
with  bupivacaine  HCl,  or  admix  with  bupivacaine  HCl  prior  to  injection,  as  long  as  the  dose  of  bupivacaine  HCl
administered does not exceed 50% of the liposome bupivacaine dose used. As with the use of any local anesthetic, the
authors recommend proper discretion, careful monitoring, and appropriate reporting of any observed adverse events
associated with the use of liposome bupivacaine.

LIST OF ABBREVIATIONS

AUC = Area Under the Plasma Concentration Time Curve

AUC0-24 = Area Under the Concentration Time Curve from Time Zero to 24 Hours Post-dose

AUC 0-96 = Area Under the Concentration Time Curve from Time Zero to 96 Hours Post-dose

AUC0-∞ = Area Under the Plasma Concentration Time Curve from Time Zero to Infinity

B = Bupivacaine HCl

Cmax = Maximum Plasma Drug Concentration

FDA = US Food and Drug Administration

IHR = Inguinal Hernia Repair

LB = Liposome Bupivacaine

NA = Not Applicable

NRS-R = Numeric Rating Scale at Rest

PI = Pain Intensity

PK = Pharmacokinetic

SD = Standard Deviation

t½ = Half-life

TKA = Total Knee Arthroplasty

Tmax = Time to Maximum Plasma Drug Concentration
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