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KEYWORDS Abstract Progress made on local anesthetics controlled release formulation and their ability to
Liposomes; induce motor and sensory block for a longer period of time brings significant advantages in clinical
Anesthetics: practice. The use of sustained release formulations provides analgesia for a long period of time with
Bupivacaine; one administration, thus limiting the complications that can occur with conventional analgesia.
ICU; Also, controlled release of a biologically active compound prevents overdosing, minimizing the side
Drug release effects, especially cardiotoxicity, neurotoxicity and tissue lesions. Clinical use of liposomal formu-

lation brings high impressive results in pain control and quick patient recovery. Increased patient
comfort, reducing to half the hospital length of stay, and treatment costs are able to provide a
higher level of healthcare.
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1. Introduction

Pain management represents one of the major therapeutical
goals in Intensive Care Unit [1,2]. Opioids represent the gold
standard in pain control [3]. However, their systemic adminis-
tration is associated with unwanted and potentially severe side
effects [4] such as respiratory depression, drowsiness and seda-
tion, nausea and vomiting, allergies and neutrophil disfunction
[1-7].

Therefore, many sustained release systems were studied
using local anesthetic agents [8], liposomal bupivacaine being
the most studied system [9]. The present paper presents differ-
ent liposomal systems used to obtain analgesia, and their
applications in Anesthesia and Intensive Care Unit.

2. Liposomal drug delivery systems

Liposomes are spherical, small dimension nanovesicles consist-
ing in a phospholipidical double layer [10,11]. Phospholipids
have a polar group and two hydrophobic groups, usually an
unsaturated fatty acid. Because in their constitution there is
also a hydrophilic part, a number of water soluble active sub-
stances can be encapsulated without the drug structure being
affected [12,13].

Currently, liposomes are of particular interest in clinical
treatment due to its important properties (Fig. 1). Among
these, the cell membrane biocompatibility and the ability to
graft different ligands on their surface are the most important
[10,14]. For this purpose, various controlled release systems
based on liposomal nanovesicles have been developed. Several
obstacles in drug release have been observed, mainly due to the
interaction of the nanovesicles with high density lipoproteins
in blood [15,16]. To minimize side reactions that lead to
decreased efficacy of liposomal systems, nanovesicles were
biofunctionalized with various compounds, increasing their

« Biodegradable;
 Natural lipid molecules;
Liposomes * Non-toxic;

« Non-immunogenic;

« Bioavailable;

Figure 1

Properties of liposomal nanovesicles.

bioavailability and reducing their absorption by the reticuloen-
dothelial system [12,16].

2.1. Biofunctionalized polymeric liposomal system

Biofunctionalizing the liposomes with polyethylene glycol
(PEG) (Fig. 2) [15] prevents the interaction between the liposo-
mal nanovesicles and the mononuclear phagocytic system
[12,17], obtaining a higher pharmacokinetic response. Li
et al. [16] have evaluated the influence of polyethylene glycol
(PEG) upon the time that the nanovesicles are retained in
the blood. They evaluated LPD complex (liposome-polyca-
tion-DNA) [16] which was synthesized using cationic lipo-
some, nucleic acids and protamine [16]. Experimental results
highlight that by functionalizing liposomal vesicles with
PEG, the pharmacodynamic properties of liposomal systems
increase and their inactivation is minimized.

Ying Li and collaborators have investigated the conse-
quences of biofunctionalized controlled release systems com-
posed of liposomal bufalin and pectin [11]. Bufalin [19]
represents a chemotherapeutic agent mainly used for colon
cancer and gastric cancer [18]. Bufalin administration entails
a number of negative effects due to increased toxicity of the
active substance and low solubility in water. Thus, it has been
administrated in the liposomal form in order to reduce the
overconcentration in the body and increase the therapeutical
effect. In their study, liposomal bufalin has been functionalized
with citrus pectin (Fig. 3) — a non-toxic polymer, biodegrad-
able and biocompatible in order to increase the stability of
the liposomal complex [11]. Analyses have shown the benefits
of biofunctionalization with a biocompatible polymer upon
liposomal controlled release systems [11] (Fig. 4).

Figure 2 PEGylated lipid bilayer [15].



Liposomal bupivacaine

91

e Bufalin

Liposomal bufalin functionalized with citrus pectin [11].

Anesthetic liposolubility generates its intrinsic potency and
the onset time. Hydrolysis takes place in the amide bond, the
degradation is mainly in the liver and the degradation com-
pounds rarely induce allergic reactions [20,25,26]. An increase
in molecular volume increases the anesthetic potency to a cer-
tain level when it starts to decline. Finally, we can say that the
chemical structure influences anesthetic liposolubility, water
solubility, pharmacokinetics and eventually block characteris-
tics and clinical effects [27].

3.2. Mechanism of action

Neuronal membrane is characterized by a resting potential
generated by electric potential difference (60-90 mV) between
the internal and external membrane [28]. The resting mem-
brane is impermeable to Na™ and there is a concentration gra-
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Figure 4 In vitro release kinetic profiles of bufalin from

liposomal bufalin (BFL), liposomal bufalin functionalized with
pectin citrus (CPL) compared to freely soluble bufalin [11].

3. Bupivacaine — structure, mechanism of action, toxicity

3.1. Chemical structure

Bupivacaine is a synthesis derivate, with chemical configura-
tion similar to the first local anesthetic ever discovered —
cocaine [20-22]. For a local anesthetic agent to be useful, it
must have some characteristics: increased potency, sufficient
duration of action, low systemic toxicity, low local toxicity,
short onset time, high solubility in water, easily sterilizing
[20,23,24]. The chemical structure of bupivacaine (see Fig. 5),
highlights different subunits: an aromatic group, an intermedi-
ate chain which includes an amide link and an amine group.
The liposolubility is due to the aromatic ring, allowing the
compound to cross the axonal membrane, essential step in
anesthetic action.

CH,
NH

N ( ;H3
o) \/\/
CH3

Figure 5 Bupivacaine — chemical structure.

dient between intracellular and extracellular environment
(14 mmol/L and 142 mmol/L) [29]. The depolarizing process
is carried out by electrical charge transfer from outside to
inside of the cell membrane until the reversal of the potential
at which time the Na™ channels are closed [30]. In the process
of repolarization K™ ions move out of the cell to restore the
resting membrane potential [21]. Local anesthetics act after dif-
fusion through the nerve sheath and axonal membrane, con-
version to ionized form, binding of the ionized molecule to
the Na™* channel, blocking the flow of Na™ ions inside the cell,
therefore blocking the neuronal membrane depolarization and
preventing the spread of the electrical impulse throughout the
nerve [31,32]. The main characteristic of the anesthetic agents
is the ability to exist in solution, in both unionized and ionized
forms [33]. The neutral form is less water soluble, but highly
liposoluble which favors crossing the lipidic cell membranes
[34-37].

The ionized form is less liposoluble but strong watersoluble,
which allows binding to specific receptors on the Na™ channel
and determining closing the channels which stops the Na™*
flow and prevents nerve fiber depolarization [23,26-28].

3.3. Toxicity of local anesthetics

Systemic toxicity is caused by high concentrations of local
anesthetics. They occur accidentally by injection directly into
the systemic circulation or by overdose [38]. Most sensitive
to the toxic action of local anesthetic agents are central ner-
vous system [39] and cardiovascular system [40,41]. Therefore
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the symptoms can include isolated muscle contractures, inco-
herent speech, generalized convulsions, loss of consciousness
[42], coma and respiratory depression [43,44].

Cardiovascular changes include tachycardia, slight increase
in arterial tension, followed by PR and QRS prolongation
[27,41]. AV block or various arrhythmias, decreased cardiac
output and accentuated hypotension and ultimately asystole
or ventricular fibrillation [34]. Studies have shown that bupiv-
acaine has a higher affinity for cardiac tissue than lidocaine,
thus cardiovascular collapse occurs faster. Cai et al. [1] have
shown in their study that bupivacaine, tetracaine and etido-
caine have a higher tendency to impair the cardiovascular sys-
tem or depress the central nervous system compared with
lidocaine, mepivacaine and prilocaine [1]. The main obstacle
in using bupivacaine is pronounced systemic toxicity [45,46].
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Figure 6 Cumulative release of bupivacaine form Exparel™ and
release of unencapsulated 1.31% w/v and 0.5% w/v bupivacaine
HCI [57].

Figure 7

The toxic concentrations initially cause marked sympa-
thetic stimulation, but later myocardial contractility depres-
sion and ventricular arrhythmias carrying the risk of
nonresuscitable cardiac arrest [47]. ECG analysis reveals in
early stages PR prolongation and QRS widening followed by
the appearance of malign arrhythmias [31]. Due to its
increased liposolubility and protein binding (heart muscle
binding is rapid, but elimination is slow), bupivacaine-induced
cardiac arrest is impossible in clinical practice. Pregnant
women [48] are susceptible to cardiotoxicity due to the fact
that cardiac depression is increased by progesterone [49-51].
In order to limit the toxic consequences of bupivacaine and
provide a favorable effect in clinical practice, alternatives have
been developed for controlled release of the active substance in
order to support the motor and sensory local block for a
longer period of time, thus enhancing patient safety.

For this purpose, a number of biomaterials are being stud-
ied: lipospheres, microspheres [52], cyclodextrin matrices,
lipid—protein—sugar nanoparticles, microcrystals, implantable
pellets, implantable membranes and, not least liposomal
bupivacaine [53-57].

4. Liposomal bupivacaine

Liposomal bupivacaine has recently been introduced in clinical
practice [56,57] and is tested in many clinical studies on healthy
volunteers in order to obtain long-lasting pain relief in a single
dose administration (DepoFoam bupivacaine, Exparel™) [53].
Liposomal bupivacaine consists of liposomal spheres with
diameter between 31.2 um + 17.8 [53]. In vitro studies regard-
ing controlled release system compared the Exparel™ complex
with bupivacaine hydrochloride 0.5% (w/v) and 1.31%

Sciatic nerve samples harvested from rats 4 day after injection with either Exparel™ (A), bupivacaine HCI 0.5% w/v (B),
bupivacaine HCI 1.31% w/v (C) or uninjected sciatic nerve (D) [57].
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respectively, with an equal amount of active substance. Release
kinetics profile was identical in the case of hydrochloride from
free bupivacaine with a maximum time release of 48 h, while
regarding the Exparel™ complex [53.57], the active substance
has been fully released in about 800 h (Fig. 6).

McAlvin et al. [57] studied the effect of liposomal bupiva-
caine on the sciatic nerve in experimental models, and obtained
sensory block for 240 min for the Exparel™ complex and
120 min for bupivacaine hydrochloride 0.5% (w/w) [57]. After
histological evaluation, they found that both Exparel complex
and bupivacaine hydrochloride produce tissue reaction, the
liposomal complex being less aggressive. The degree of myco-
toxicity was similar in both pharmaceutical preparations,
which was examined 2 weeks after administration. Also, the
perineural tissue appears normal, without emphasizing signifi-
cant changes in axonal density and myelin structure [57]
(Fig. 7).

Lonner et al. [58] studied the role of liposomal bupivacaine
in pain management after total joint arthroplasty, and
observed that liposomal bupivacaine pharmacokinetics and
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pharmacodynamics are supporting a minimum concentration
necessary to maintain the therapeutical effect for 72 h without
overconcentrating the active substance in the body [58]. Thus,
liposomal bupivacaine has less cardiac toxic effects, without
significant differences between Exparel™ and placebo: palpa-
tions and extrasystoles (<2%) [58], tachycardia (3.9%) [58],
bradycardia (1.6%) [58], hypertension and hypotension
(<2%) [58].

Richard et al. [59] showed no significant hematological, bio-
chemical and biological side effects of Exparel complex in lab-
oratory animals. Histological analysis 15days after
administrating Exparel™ formulation showed evidence of
granulomatous inflammation that was resolved without signif-
icant tissue damage. The optimum plasma concentration was
maintained for about 96 h [59]. Liposomal bupivacaine used
in postoperative patients reduces the need for opioids, the hos-
pitalization period and costs by up to 50%, as shown by
Cohen [60] and collaborators in clinical trials involving
sigmoidectomy, cecectomy, hemicolectomy (right or left) in
adult patients [60].
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Figure 8 Plasma bupivacaine concentration after administration of DepoFoam bupivacaine or bupivacaine HCI to patients undergoing

total knee arthroplasty [62].
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Figure 9 Mean blinded care provider’s satisfaction with analgesia (rating scale: 0 = completely unsatisfied patients analgesia and

10 = completely satisfied patients analgesia) [62].
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Soberon et al. [61] present the case of a 45 year old woman
with digital ischemia (fingers 4 and 5) at the right hand. Axil-
lary block was obtained by injecting 3 mL Exparel 1.3% [61].
They found that the results are superior to the subclavicular
block due to a better pain control [61]. After surgery, photopl-
ethysmography showed a normal ulnar artery and disappear-
ance of finger cyanosis, which was due to the vasodilation
effect created by liposomal bupivacaine [61-64].

Bramlett et al. [62] in a study on analgesic effect of liposo-
mal bupivacaine in patients after total knee arthroplasty,
describe replacing classical continuous femoral blocks [63] with
liposomal bupivacaine Exparel, leading to increased patient
comfort. They also note that for a proper analgesia up to
96 h 532 mg of Bupivacaine DepoFoam 1.3% in just one
administration (Exparel™) is necessary [62] (Figs. 8 and 9).

5. Conclusions

The use of liposomal bupivacaine in order to obtain motor and
sensory block represents a breakthrough in medical practice.
Long-term analgesia in postoperative patients achieved by
liposomal bupivacaine controlled release systems represents a
great advantage for the safety and patient comfort. Therapeu-
tical action of liposomal bupivacaine sustained up to 96 h after
one administration without toxic concentration, well tolerated,
without side effects and exhibited a predictable kinetic profile.

6. Conflict of interest
The authors have no conflict of interest to declare.

References

[1] Cai XY, Xiong LM, Yang SH, et al. Comparison of toxicity
effects of ropivacaine, bupivacaine, and lidocaine on rabbit
intervertebral disc cells in vitro. Spine J 2014;14(3):483-90.

[2] Ciuca I, Pop L, Popa Z, Tamas L, Guta BA, Matusz P. 187
evaluation of cystic fibrosis liver disease and the relation with
risk factors in a Romanian centre. J Cyst Fibros 2014;13:S94.

[3] Mekawy NM, Badawy SSI, Sakr S. Role of postoperative
continuous subfascial bupivacaine infusion after posterior
cervical laminectomy: randomized control study. Egypt J
Anaesth 2012;28(1):83-8.

[4] Szmuk P, Olomuk P, Pop RB. General anesthetics and
neurotoxicity in the developing brain: a review of current
literature. J Rom Anesth Terap Int 2010;17(2):117-22.

[S] Kuthiala G, Chaudhary G. Ropivacaine: a review of its
pharmacology and clinical use. Indian J Anaesth
2011;55(2):104-10.

[6] Mahmoud MS, Abd Al Alim AA, Hefni AF. Dexamethasone
bupivacaine versus bupivacaine for peribulbar block in posterior
segment eye surgery. Egypt J Anaesth 2013;29(4):407—11.

[7] Acalovschi 1. Postoperative nausea and vomiting. Curr Anaesth
Crit Care 2002;13(1):37-43.

[8] Al-Nasser B. Long-acting local anesthetics at home: do we need
to worry? J Clin Anesth 2007;19(3):239—40.

[9] Baxter R, Bramlett K, Onel E, Daniels S. Impact of local
administration of liposome bupivacaine for postsurgical
analgesia on wound healing: a review of data from ten
prospective,  controlled  clinical  studies. Clin  Ther
2013;35(3):312-20.

[10] Zucker D, Marcus D, Barenholz Y, Goldblum A. Liposome
drugs’ loading efficiency: a working model based on loading

conditions and drug’s physicochemical properties. J Control
Release 2009;139(1):73-80.

[11] Li Y, Zhao H, Duan LR, et al. Preparation, characterization
and evaluation of bufalin liposomes coated with citrus pectin.
Colloid Surfaces A Physicochem Eng Asp 2014;444:54-62.

[12] Allen TM, Cullis PR. Liposomal drug delivery systems: from
concept to clinical applications. Adv Drug Deliv Rev
2013;65(1):36-48.

[13] Qiu F, Mhanna R, Zhang L, Ding Y, Fujita S, Nelson BJ.
Artificial bacterial flagella functionalized with temperature-
sensitive liposomes for controlled release. Sens Actuat B Chem
2014;196:676-81.

[14] Uhrich KE, Cannizzaro SM, Langer RS, Shakesheff KM.
Polymeric systems for controlled drug release. Chem Rev
1999;99(11):3181-98.

[15] Lee KY, Yuk SH. Polymeric protein delivery systems. Prog
Polym Sci 2007;32(7):669-97.

[16] Li S-D, Huang L. Nanoparticles evading the reticuloendothelial
system: role of the supported bilayer. Biochim Biophys Acta
2009;1788(10):2259-66.

[17] Kimelberg HK. Differential distribution of liposome-entrapped
[3H]methotrexate and labelled lipids after intravenous injection
in a primate. Biochim Biophys Acta - Biomembr
1976;448(4):531-50.

[18] Luo Y, Wang A, Yuan J, Gao Q. Preparation, characterization
and drug release behavior of polyion complex micelles. Int J
Pharm 2009;374(1-2):139-44.

[19] Ma B, Xiao ZY, Chen YJ, et al. Synthesis and structure—
activity relationships study of cytotoxic bufalin 3-nitrogen-
containing-ester derivatives. Steroids 2013;78(5):508-12.

[20] Li XY, Zhao Y, Sun MG, et al. Multifunctional liposomes
loaded with paclitaxel and artemether for treatment of invasive
brain glioma. Biomaterials 2014;35(21):5591-604.

[21] Celik JB. Intraarticular local anesthetics: primum non nocere.
Knee Surg Sports Traumatos Arthrosc 2012;20:2124.

[22] McLure H, Rubin P. Review of local anaesthetic agents.
Minerva Anestesiol 2005;71(3):59-74.

[23] Shah VR, Mackwana R, Vora K. Spinal anaesthesia in
ambulatory surgery: dose-response characteristics of constant
volume bupivacaine. Indian J Anaesth 2008;52(2):191-5.

[24] Leone S, Di Cianni S, Casati A, Fanelli G. Pharmacology,
toxicology, and clinical use of new long acting local anesthetics,
ropivacaine and levobupivacaine. Acta Biomed
2008;79(2):92—-105.

[25] Tong YCI, Kaye AD, Urman RD. Liposomal bupivacaine and
clinical outcomes. Best Pract Res Clin Anaesthesiol
2014;28(1):15-27.

[26] Odedra D, Lyons G. Current anaesthesia & critical care
local anaesthetic toxicity. Curr Anaesth Crit Care
2010;21(1):52—4.

[27] Weinberg GL, Ripper R, Murphy P, et al. Lipid infusion
accelerates removal of bupivacaine and recovery from
bupivacaine toxicity in the isolated rat heart. Reg Anesth Pain
Med 2006;31(4):296-303.

[28] Goyal R, Shukla RN. Local anesthetic systemic toxicity (LAST)
— should we not be concerned? Med J Armed Forces India
2012;68(4):371-5.

[29] Rodriguez-Navarro AJ, Lagos M, Figueroa C, et al
Potentiation of local anesthetic activity of neosaxitoxin with
bupivacaine or epinephrine: development of a long-acting pain
blocker. Neurotox Res 2009;16(4):408-15.

[30] Uptake D. Membrane biology effects of local anesthetics on
phospholipid topology and dopamine uptake and release in rat
brain synaptosomes materials and methods preparation of
synaptosomes. J Membrane Biol 1982;218:211-8.

[31] De Paula E, Cereda CMS, Tofoli GR, Franz-Montan M,
Fraceto LF, de Araujo DR. Drug delivery systems for local
anesthetics. Recent Pat Drug Del Formul 2010:4(1):23-34.


http://refhub.elsevier.com/S1110-1849(14)00098-1/h0005
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0005
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0005
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0005
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0010
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0010
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0010
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0015
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0015
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0015
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0015
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0020
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0020
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0020
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0025
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0025
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0025
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0030
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0030
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0030
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0035
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0035
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0040
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0040
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0045
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0045
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0045
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0045
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0045
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0050
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0050
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0050
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0050
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0055
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0055
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0055
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0060
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0060
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0060
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0065
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0065
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0065
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0065
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0070
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0070
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0070
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0075
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0075
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0080
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0080
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0080
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0085
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0085
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0085
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0085
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0090
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0090
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0090
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0095
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0095
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0095
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0100
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0100
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0100
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0105
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0105
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0110
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0110
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0115
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0115
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0115
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0120
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0120
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0120
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0120
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0125
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0125
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0125
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0130
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0130
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0130
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0135
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0135
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0135
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0135
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0140
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0140
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0140
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0145
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0145
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0145
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0145
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0150
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0150
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0150
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0150
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0155
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0155
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0155

Liposomal bupivacaine

95

[32] Borgeat A, Ekatodramis G, Blumenthal S. Interscalene brachial
plexus anesthesia with ropivacaine 5 mg/mL and bupivacaine 5
mg/mL: effects on electrocardiogram. Reg Anesth Pain Med
2004;29(6):557-63.

[33] Safari J, Zarnegar Z. Advanced drug delivery systems:
nanotechnology of health design a review. J. Saudi Chem Soc
2014;18:85-99.

[34] Jungerman FS, Alves HNP, Carmona MIJC, Conti NB,
Malbergier A. Anesthetic drug abuse by anesthesiologists. Rev
Bras Anestesiol 2012;62(3):375-86.

[35] Tsuchiya H, Ueno T, Mizogami M, Takakura K. Local
anesthetics  structure-dependently interact with anionic
phospholipid membranes to modify the fluidity. Chem Biol
Interact 2010;183(1):19-24.

[36] Choi JH, Jang JY, Joung YK, Kwon MH, Park KD.
Intracellular delivery and anti-cancer effect of self-assembled
heparin-Pluronic nanogels with RNase A. J Control Release
2010;147(3):420-7.

[37] Portney NG, Ozkan M. Nano-oncology: drug delivery, imaging,
and sensing. Anal Bioanal Chem 2006;384(3):620-30.

[38] Wilder RT. Local anesthetics for the pediatric patient. Pediatr
Clin North Am 2000;47(3):545-58.

[39] Byrne K, Engelbrecht C. Toxicity of local anaesthetic agents.
Trends Anaesth Crit Care 2013;3(1):25-30.

[40] Wang Z, Shen J, Wang J, et al. Lithium attenuates bupivacaine-
induced neurotoxicity in vitro through phosphatidylinositol-3-
kinase/threonine-serine protein kinase B- and extracellular
signal-regulated kinase-dependent mechanisms. Neuroscience
2012;206:190-200.

[41] Clark MK. Lipid emulsion as rescue for local anesthetic-related
cardiotoxicity. J Perianesth Nurs 2008;23(2):111-7.

[42] Riutort KT, Robards CB, Clendenen SR, Brull SJ, Greengrass
RA. Continuous peripheral nerve blockade may contribute to
early diagnosis of postoperative myocardial infarction in high
risk patients. J Rom Anest Terap Int 2011;18(1):49-52.

[43] Ferrari L, Crestan V, Sabattini G, Vinco F, Fontana S, Gozzi A.
Brain penetration of local anaesthetics in the rat: implications
for experimental neuroscience. J Neurosci Methods 2010;186(2):
143-9.

[44] Padera R, Bellas E, Tse JY, Hao D, Kohane DS. Local
myotoxicity from sustained release of bupivacaine from
microparticles. Anesthesiology 2008;108(5):921-8.

[45] Shen X, Wang F, Xu S, et al. Is cardiolipin the target of local
anesthetic cardiotoxicity? Rev Bras Anestesiol 2010;60(4):
445-54.

[46] Kang C, Shin S-C. Development of prilocaine gels for
enhanced local anesthetic action. Arch Pharm Res 2012;35(7):
1197-204.

[47] Tsuchiya H, Ueno T, Mizogami M. Stereostructure-based
differences in the interactions of cardiotoxic local anesthetics
with cholesterol-containing biomimetic membranes. Bioorg Med
Chem 2011;19(11):3410--5.

[48] Anand KIS, Johnston CC, Oberlander TF, Taddio A, Lehr VT,
Walco G. Analgesia and local anesthesia during invasive
procedures in the neonate. Clin Ther 2005;27(6):844-76.

[49] Kothari D, Bindal J. Impact of obstetric analgesia (regional vs
parenteral) on progress and outcome of labour: a review. J] Rom
Anest Terap Int 2011;18(1):34-40.

[50] Col L, Goyal R, Shukla CRN. Review article local anesthetic
systemic toxicity (LAST) and should we not be concerned? Med
J Armed Forces India 2012:8:5-9.

[51] Tsuchiya H, Mizogami M. Stereospecific cardiotoxicity
evaluation of local anesthetics using their discriminable
interactions with biomimetic chiral membranes. Toxicol Lett
2013;221:895-6.

[52] Greengrass RA, Isenhower MW, Rospigliosi K, Brull SJ.
Continuous peripheral nerve catheters and regional analgesia
in pregnancy — a brief review of safety. J] Rom Anest Terap Int
2013;20(2):121-4.

[53] De Oliveira RM, Tanaka PP, Tenorio SB. Assessing the use of
50% enantiomeric excess bupivacaine-loaded microspheres after
sciatic nerve block in rats. Rev Bras Anestesiol
2011;61(6):736-47.

[54] McAlvin JB, Padera RF, Shankarappa SA, et al. Multivesicular
liposomal bupivacaine at the sciatic nerve. Biomaterials
2014;35(15):4557-64.

[55] Maestrelli F, Gonzalez-Rodriguez ML, Rabasco a M,
Ghelardini C, Mura P. New, “drug-in cyclodextrin-in
deformable liposomes” formulations to improve the
therapeutic efficacy of local anaesthetics. Int J Pharm
2010;395(1-2):222-31.

[56] Sermkaew N, Ketjinda W, Boonme P, Phadoongsombut N,
Wiwattanapatapee R. Liquid and solid self-microemulsifying
drug delivery systems for improving the oral bioavailability of
andrographolide from a crude extract of Andrographis
paniculata. Eur J Pharm Sci 2013;50(3—4):459—-66.

[57] Mcalvin JB, Padera RF, Shankarappa SA, et al. Biomaterials
Multivesicular liposomal bupivacaine at the sciatic nerve.
Biomaterials 2014;35(15):4557-64.

[58] Lonner J. Role of liposomal bupivacaine in pain management
after total joint arthroplasty. J Surg Orthop Adv
2014;23(01):37-41.

[59] Richard BM, Newton P, Ott LR, et al. The safety of
EXPAREL ® (bupivacaine liposome injectable suspension)
administered by peripheral nerve block in rabbits and dogs. J
Drug Del 2012;2012:1-10.

[60] Cohen SM. Extended pain relief trial utilizing infiltration of
Exparel(®), a long-acting multivesicular liposome formulation
of bupivacaine: a Phase IV health economic trial in adult
patients undergoing open colectomy. J Pain Res 2012;5:567-72.

[61] Soberon JR, Duncan SF, Sternbergh WC. Case report treatment
of digital ischemia with liposomal bupivacaine. Case Rep
Anesth 2014;2014:1-4.

[62] 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 HCI for postsurgical analgesia in
total knee arhroplasty. Knee 2012;19(5):530-6.

[63] Chee AV, Ren J, Lenart BA, Chen E-Y, Zhang Y, An HS.
Cytotoxicity of local anesthetics and nonionic contrast agents on
bovine intervertebral disc cells cultured in a three-dimensional
culture system. Spine J 2014;14(3):491-8.

[64] Antoni M, Jenny JY, Noll E. Postoperative pain control by
intra-articular local anesthesia versus femoral nerve block
following total knee arthroplasty: impact on discharge. Orthop
Traumatol Surg Res 2014;100(3):313-6.


http://refhub.elsevier.com/S1110-1849(14)00098-1/h0160
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0160
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0160
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0160
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0165
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0165
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0165
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0170
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0170
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0170
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0175
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0175
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0175
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0175
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0180
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0180
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0180
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0180
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0185
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0185
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0190
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0190
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0195
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0195
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0200
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0200
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0200
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0200
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0200
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0205
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0205
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0325
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0325
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0325
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0325
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0215
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0215
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0215
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0215
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0220
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0220
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0220
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0225
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0225
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0225
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0230
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0230
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0230
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0235
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0235
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0235
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0235
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0240
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0240
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0240
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0245
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0245
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0245
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0250
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0250
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0250
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0255
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0255
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0255
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0255
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0260
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0260
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0260
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0260
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0265
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0265
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0265
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0265
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0270
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0270
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0270
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0275
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0275
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0275
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0275
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0275
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0280
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0280
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0280
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0280
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0280
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0285
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0285
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0285
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0290
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0290
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0290
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0295
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0295
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0295
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0295
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0300
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0300
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0300
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0300
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0305
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0305
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0305
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0310
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0310
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0310
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0310
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0310
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0315
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0315
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0315
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0315
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0320
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0320
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0320
http://refhub.elsevier.com/S1110-1849(14)00098-1/h0320

	Liposomal bupivacaine – New trends in Anesthesia and Intensive Care Units
	1 Introduction
	2 Liposomal drug delivery systems
	2.1 Biofunctionalized polymeric liposomal system

	3 Bupivacaine – structure, mechanism of action, toxicity
	3.1 Chemical structure
	3.2 Mechanism of action
	3.3 Toxicity of local anesthetics

	4 Liposomal bupivacaine
	5 Conclusions
	6 Conflict of interest
	References


