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Since 2008, three new analgesic entities, tapentadol immediate release (Nucynta)
diclofenac potassium soft gelatin capsules (Zipsor), and bupivacaine liposome
injectable suspension (EXPAREL) were granted US Food and Drug Administration
(FDA) approval to treat acute pain. Tapentadol immediate-release is a both a mu-
opioid agonist and a norepinephrine reuptake inhibitor, and is indicated for the
treatment of moderate to severe pain. Diclofenac potassium soft gelatin capsules are
a novel formulation of diclofenac potassium, which is a nonsteroidal anti-
inflammatory drug (NSAID), and its putative mechanism of action is through
inhibition of cyclooxygenase enzymes. This novel formulation of diclofenac allows for
improved absorption at lower doses. Liposomal bupivacaine is a new formulation of
bupivacaine intended for single-dose infiltration at the surgical site for postoperative
analgesia. Bupivacaine is slowly released from this liposomal vehicle and can provide
prolonged analgesia at the surgical site. By utilizing NSAIDs and local anesthetics to
decrease the transmission of afferent pain signals, less opioid analgesics are needed
to achieve analgesia. Since drug-related adverse events are frequently dose related,
lower doses from different drug classes may be employed to reduce the incidence of
adverse effects, while producing synergistic analgesia as part of a multimodal
analgesic approach to acute pain.
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Pain, as defined by the International Association for
the Study of Pain, is ‘‘an unpleasant sensory and

emotional experience associated with actual or potential
tissue damage, or described in terms of such damage.’’1

Although there is a subjective and perhaps emotional
component to pain, acute pain is usually proportional to
the degree of tissue damage.2

Pain may serve a protective mechanism to the
individual by signaling tissue injury or organ dysfunction
that may otherwise result in illness if left unnoticed and
untreated. However, pain that is secondary to a surgical
intervention is undesirable. Postoperative pain can result

in increased sympathetic nervous system activity, guard-
ed breathing, increased likelihood of thrombi formation,
and delayed recovery.3 The benefits of adequate
postoperative analgesia include improved respiratory,
cardiovascular, and gastrointestinal function, improved
arterial graft survival, and decreased incidence of
thrombotic or septic complications. Not only does
adequate postoperative analgesia result in earlier return
to function, more rapid patient mobilization, improved
healing, reduced health care costs, and improved patient
satisfaction, but it may play a role in preventing the
progression of chronic pain.4–6

Opioids have traditionally been the most common
analgesic for treating moderate to severe postoperative
pain.2 However, their utility is hampered by undesirable
side effects, which are sometimes intolerable to the
patient. These side effects include central nervous
depression, respiratory depression, pruritus, nausea,
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vomiting, ileus, tolerance, and opioid-induced hyperal-
gesia.4–6 By treating pain with several modalities,
including local anesthetics and nonsteroidal anti-inflam-
matory drugs (NSAIDs,) lower doses of opioids are
needed to achieve analgesia while reducing or eliminat-
ing opioid-mediated adverse effects.4,5

The multimodal approach to analgesia intervenes
pharmacologically at many different inputs along the
pain pathway. The synergistic analgesia achieved by
affecting pain transmission at multiple points also results
in lower doses of each drug administered. Adverse drug
reactions or drug toxicities are dose-dependent, so there
are fewer side effects from each drug class. This article
presents and reviews 3 new analgesic agents that may be
useful in treating postoperative dental and maxillofacial
pain: tapentadol immediate release (Nucynta) diclofenac
potassium soft gelatin capsules (Zipsor) and bupivacaine
liposome injectable suspension (EXPAREL).

TAPENTADOL IMMEDIATE-RELEASE

Tapentadol immediate-release was granted approval by
the US Food and Drug Administration (FDA) in
November 2008 and is indicated for the treatment of
moderate to severe pain.7,8 Tapentadol is a both a mu-
opioid agonist and a norepinephrine reuptake inhibi-
tor.9,10 Unlike tramadol, this opioid agonist predomi-
nantly inhibits norepinephrine reuptake with minimal
serotonin effects.9

In rodent models, tapentadol has one fiftieth the
affinity to the murine mu-opioid receptor but one third
the analgesic potency when compared to morphine11

because norepinephrine reuptake also contributes to
analgesia.8 Tapentadol’s lower affinity for the opioid
receptor results in decreased potential for opioid
receptor mediated side effects such as sedation, nausea,
emesis, and ileus, when compared to relatively high-
doses of immediate-release opioids.8 Whether this
property holds true for doses of opioids (hydrocodone
5–10 mg, oxycodone 5–10 mg, or codeine 30–60 mg)
that are routinely employed in combination with aspirin,
acetaminophen, or ibuprofen in treating postoperative
dental pain has not been proven.8 Tapentadol 50 mg to
100 mg provided analgesia while having lower incidence
of nausea and constipation as compared to immediate-
release single-entity oxycodone 10 mg to 15 mg.12,13

Since tapentadol mediates both mu-opioid agonism and
norepinephrine reuptake, there is multimodal analgesia
with a single compound.9

Clinical trials have demonstrated safety and efficacy
for the management of acute postoperative pain for third
molar extraction and bunionectomy as well as for acute
exacerbations in patients with degenerative joint dis-

ease.9,14 However, in acute postsurgical dental pain,
even the highest approved dose of tapentadol IR (100
mg) was inferior to ibuprofen 400 mg,15 demonstrating
the key role prostaglandins play in the acute pain
phenomena following the surgical removal of impacted
third molars16 (Figure 1). Tapentadol 100 mg also
produced a much greater incidence of dizziness and
nausea compared to ibuprofen 400 mg and placebo: 38
and 10% for tapentadol 100 mg, 12 and 2% for
ibuprofen 400 mg, and 14 and 2% for placebo,
respectively.15

Tapentadol IR is available in 50-mg, 75-mg, and 100-
mg doses and is dosed in a 4- to 6-hour interval.9,10 The
redosing interval is a range in order to maintain balance
between analgesia and tolerability of adverse drug
reactions such as nausea and vomiting.9 The maximum
daily dose is 700 mg on the first day and no more than
600 mg on the following days; if the patient is still in pain
after the first dose on the first day, the second dose may
be administered 1 hour later. Higher doses cannot be
recommended as they have not been studied.7

Tapentadol is primarily metabolized by the liver,
where it is glucuronidated to an inactive metabolite.7

Tapentadol is not a microsomal enzyme inducer or
inhibitor.10 The manufacturer does not recommend dose
reductions for patients with mild hepatic disease or mild
to moderate renal disease. Recommendations for
patients with moderate hepatic disease are to initiate
treatment at 50 mg and to redose every 8 hours. The
effects of tapentadol in patients with severe renal or
hepatic disease have not been studied and therefore the
drug is not recommended in this patient population.7

Tapentadol is contraindicated in patients with limited
pulmonary function, paralytic ileus, or concomitant
monoamine oxidase inhibitor use.7 Although tapentadol
has less potential for respiratory depression as compared
to other opioids, it is contraindicated for unmonitored
use in patients with significant pulmonary disease or
acute or severe asthma in the absence of resuscitative
equipment.7 Therapeutic doses may be problematic in
the following: those with preexisting respiratory condi-
tions such as asthma, chronic obstructive pulmonary
disease, obstructive sleep apnea, severe obesity, kypho-
scoliosis, upper airway obstructions; concomitant central
nervous (CNS) depressant use; and the elderly or
debilitated.7 The administration of any mu-opioid
agonist, including tapentadol, is contraindicated if the
patient has or is suspected to have paralytic ileus.7

Tapentadol is also contraindicated in patients taking
monoamine oxidase inhibitors in the past 14 days as
both drugs increase synaptic levels of norepinephrine
that may precipitate a hypertensive crisis.7

Tapentadol is a CNS depressant and caution should be
taken in patients receiving other opioid analgesics,
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anesthetics, sedatives, and hypnotics. Dose reduction
should be contemplated as synergistic cardiovascular,
respiratory, and central nervous system depression may
result in coma or death.7 As a CNS depressant, care
should be cautioned to not drive or operate heavy
machinery. Additionally, patients should be warned of
the cumulative sedative effects of taking other tranquil-
izers, illicit or legitimate, as well as alcohol concomitantly
with tapentadol.7 Although tapentadol’s dual mechanism
of action was hoped to limit its potential for abuse, the
drug has high abuse potential, and the FDA assigned it to
the Drug Enforcement Administration Schedule II drug
category.8–10

Opioids can raise intracranial pressure so tapentadol
should be used with caution in patients with known
raised intracranial pressure, intracranial lesions, or head
injury. Tapentadol has not been studied in patients with
seizures. As with other mu-opioids, tapentadol may
cause sphincter of Oddi spasm and should be used with
caution in patient with pancreatitis and biliary tract
disease.7

While tapentadol’s mechanism of action includes that
of minimal serotonin reuptake, concomitant use of other
serotonergic drugs, such as selective serotonin reuptake
inhibitors, serotonin-norepinephrine reuptake inhibitors,
tricyclic antidepressants, monoamine oxidase inhibitors,
and triptans, may result in a potentially life-threatening
condition called serotonin syndrome.9 Serotonin syn-
drome presents with altered mental status, agitation,
hallucinations, seizures, coma, hyperthermia, myoclo-
nus, tachycardia, hypertension, diarrhea, nausea, or
vomiting. Drugs that increase synaptic levels of serotonin
taken in concert with tapentadol can lead to dangerously

high levels of serotonin to precipitate serotonin syn-
drome.

Tapentadol has not been studied for safety and
efficacy in pregnancy, labor and delivery, nursing
mothers, and in patients under 18 years of age.
Tapentadol is not recommended for use in any of these
patient populations. Tapentadol is a Pregnancy Catego-
ry C drug and should only be used if the benefit
outweighs the risk to the mother and fetus. If used
during labor and delivery, the neonate may be at risk for
respiratory depression: neonatal monitoring and an
opioid antagonist naloxone should be available.7

For postsurgical dental pain, NSAIDs should be used
as a first line agent.17 However, for severe pain,
tapentadol can be used in combination with NSAIDs
and/or acetaminophen where it should provide an
additive analgesic effect.18

Diclofenac Potassium Soft Gelatin Capsules

Diclofenac potassium soft gelatin capsules (DPSGC)
were FDA approved in 2009 and are indicated for the
relief of mild to moderate pain.19 This novel formulation
of diclofenac potassium, an NSAID, has analgesic, anti-
inflammatory, and antipyretic properties.20 It is formu-
lated as a liquid-filled capsule using a proprietary Prosorb
technology and a gelatin-containing capsule shell.20 The
mechanism of action of DPSGC as well as other NSAIDs
is not fully elucidated, but it may involve inhibition of
cyclooxygenase enzymes, both COX-1 and COX-2, with
approximately threefold selectivity for inhibiting COX-2
over COX-1.21

Figure 1. Reprinted with permission from Kleinert R, Lange C, Steup A, Black P, Goldberg J, and Desjardins P.16
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DPSGC is indicated to treatmild tomoderate acute pain.
The drug is indicated for use only in adults, age 18 or older;
use in children is not recommended. DPSGC is only
available as a 25-mg liquid filled capsule intended for oral
administration. The dosing regimen is 25mg, up to 4 times
a day, although higher doses have been studied.20,22,23

DPSGC iswell absorbed after oral administration. In fact,
studies with fasting patients demonstrate 100% absorption
and the first pass effect results in approximately 50%
bioavailability of the drug.20 Compared to immediate-
release diclofenac potassium tablets, DPSGC can reach
double the maximal plasma concentration in half the
time.22 When taking DPSGC with food, the maximal
plasma concentration is nearly halved and requires double
the time as compared to taking DPSGC while fasting.20

DPSGC is highly protein bound, especially to albumin (at
least 99%), which at least could theoretically increase blood
levels and subsequent toxicity of other highly protein bound
drugs such as sulfonylurea hypoglycemic drugs, warfarin,
and phenytoin.20,24

Liver microsomal enzymes, including CYP2C9, 3A4,
and 2C8, are responsible for metabolism of DPSGC.
CYP2C9 forms the major metabolite, 40-hydroxy-diclo-
fenac, which has very weak activity.20 The parent drug
and its metabolites also undergo sulfation and glucur-
onidation reactions followed by urinary and biliary
excretion. Reduced dosage may need to be considered
for patients with hepatic impairment.20 Since DPSGC is
a CYP 450 2C9 substrate, concomitant administration
of known inducers or inhibitors of the enzyme may alter
metabolism and result in unpredictable decreases or
increases in plasma levels, respectively.20 Two thirds of
the excretion is through the kidneys and the other third
through the bile. Since little to none of the dose is
excreted unchanged, the dose does not need to be
changed in mild to moderate renal impairment.20

Like other NSAIDs, an acute diclofenac overdose
should be treated with supportive care. Patients may
present with nausea, vomiting, epigastric pain, drowsi-
ness, and lethargy. Overdose may also result in acute
kidney failure, gastrointestinal bleeds, hypertension,
respiratory depression, and coma. Although there is no
specific treatment for an overdose, an osmotic cathartic
or activated charcoal may be administered within 4 hours
of ingestion in order to prevent absorption. Since
DPSGC is highly protein bound, alkalinization of the
urine, an established treatment for overdoses of weak
acids, or diuresis may not be helpful.20

The FDA black box warning for all NSAIDs, including
DPSGC, describes gastrointestinal events. NSAIDs may
cause potentially fatal gastrointestinal ulcers, perfora-
tions, and/or bleeds that may occur without warning
with elderly individuals at a higher risk. In fact, of the
patients who experience severe gastrointestinal events,

only 1 in 5 have gastrointestinal symptoms.20 DPSGC
should be avoided or used cautiously in patients with a
history of gastrointestinal ulcers and bleeds. The 2 most
significant risk factors for a gastrointestinal bleed are a
history of gastrointestinal bleeds with NSAID use and/or
a history of peptic ulcer disease.20 Other risk factors to
consider are poor overall health, old age, smoking
tobacco, alcohol consumption, simultaneous administra-
tion of oral anticoagulants or corticosteroids, and long-
term NSAID therapy.20 By utilizing the Prosorb tech-
nology, it is possible to administer a lower dose while
retaining analgesic efficacy due to improved absorption.
This does not mitigate the risk for serious gastrointestinal
events in high-risk patients; DPSGC should be discon-
tinued if there is any suspicion of serious gastrointestinal
events. DPSGC may not be the analgesic of choice in the
highest risk patients if the potential benefit is not
outweighed by risk of gastrointestinal events.

The FDA black box warning also states that NSAIDs
may increase the risk of potentially fatal cardiovascular
adverse events such as myocardial infarction, thrombo-
sis, and stroke. Patients with cardiovascular disease,
cardiovascular disease risk factors, and prolonged
NSAID use are at higher risk for cardiovascular adverse
events. Administering aspirin does not offset the risk of
thrombotic events, but it will increase the risk of
gastrointestinal events.

There are several absolute contraindications to
DPSGC. A known diclofenac allergy is a contraindica-
tion to DPSGC. An allergy to bovine protein is also a
contraindication as the capsule shell contains gelatin.20

Patients with a history of allergic-type reactions such as
asthma or urticaria when taking NSAIDs or aspirin
should also avoid DPSGC.20 The aspirin triad is a
contraindication for DPSGC use; it consists of patients
with asthma exacerbations when taking aspirin and/or
NSAIDs and who may or may not have nasal polyps.20

Other adverse effects of DPSGC and other NSAIDs
include renal complications. NSAID treatment may result
in fluid retention, edema, and hypertension. Prolonged
NSAID use may cause renal injury such as renal papillary
necrosis. Therefore, DPSGC should be used cautiously in
elderly patients as well as those with renal dysfunction,
liver dysfunction, heart failure, or those on angiotensin-
converting-enzyme inhibitors or diuretics. Liver dysfunc-
tion may occur at any time with DPSGC and without
warning. Although DPSGC does not have a chronic pain
indication, chronic diclofenac use has been known to
raise liver enzymes, and monitoring for liver enzyme
elevations is recommended with chronic use. DPSGC
should be prescribed cautiously when patients are
receiving hepatotoxic medications such as antiepileptics
or acetaminophen,20 although diclofenac’s single-dose
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use in combination with acetaminophen in treating acute
postsurgical dental pain has been well tolerated.25

Anaphylactic reactionsmayoccur inpatientswhomayor
may not have prior exposure to DPSGC. DPSGC may
causepotentially fatal skin reactions suchas toxic epidermal
necrolysis, exfoliative dermatitis, and Steven-Johnson
syndrome. Patients may experience such potentially fatal
dermatologic reactionswithoutwarning;DPSGC should be
stopped with any sign of skin hypersensitivity.20

Therearenotable drug interactionswhile takingDPSGC.
Simultaneous use of anticoagulants, such as aspirin or
warfarin, is not recommended due to increased risk of
gastrointestinal bleeding. NSAIDs, including DPSGC,
inhibit the synthesis of renal prostaglandins, which can
inhibit the antihypertensive effects of angiotensin-convert-
ing-enzyme inhibitors and diuretics; patients should be
observed for signs of nephrotoxicity. By interfering with
renal prostaglandin synthesis, DPSGC may increase the
nephrotoxicity of other drugs such as cyclosporine when
taken at the same time. DPSGC may also increase the
toxicity of lithium and high-dose methotrexate by compet-
ing with the renal excretion of both.24

DPSGC has not been well studied in pediatric,
pregnant, or geriatric patients or patients who are in
labor and delivery or nursing. NSAIDs close the ductus
arteriosus by inhibiting prostaglandin synthesis. DPSGC
is considered a Pregnancy Category C drug before 30
weeks gestational age, meaning that the drug should be
used only if the therapeutic benefit outweighs any
potential harm to the fetus. At 30 weeks, DPSGC is
considered a Pregnancy Category D drug and should be
avoided. DPSGC has not been studied in parturients and
is thus not recommended in that patient population.
Additionally, the presence or amount of DPSGC in

human milk has not been studied; nursing while taking
DPSGC is not recommended.20

There is insufficient data regarding DPSGC in patients
65 years of age and older; it is not possible to conclude
that this patient population will respond differently to
DPSGC when compared to younger patients. Elderly
patients often have reduced renal function and increased
risk for gastrointestinal bleeding. Elderly patients also
have a higher likelihood for other comorbidities, which
may include reduced cardiac, hepatic, or renal function
and are more likely to be taking other medications so a
reduction in DPSGC dosing should be considered based
on the patient’s history.20

The 25-mg dose of DPSGC has been demonstrated to
be highly effective in postsurgical dental pain, though
supratherapeutic doses increase its peak effect and
duration of action22 (Figure 2). An onset of confirmed
perceptible pain relief occurs in less than 30 minutes
with DPSGC.26

DPSGC is an option in postsurgical dental patients
who require an NSAID but refuse a prescription for
ibuprofen or naproxen because they believe their over-
the-counter availability equates to poor pain relief. In
young healthy adults experiencing moderately severe to
severe dental pain, combining DPSGC with acetamino-
phen and/or an opioid should provide enhanced
analgesic activity.17,25

BUPIVACAINE LIPOSOME INJECTABLE
SUSPENSION

Liposomal bupivacaine was granted FDA approval in
2011 and is indicated for postsurgical analgesia by way

Figure 2. Adapted with permission from Hersh EV, Levin LM, Adamson D, et al.22
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of a single-dose local administration to the surgical site.27

It is a new multivesicular liposome formulation of
bupivacaine using DepoFoam technology (Pacira Phar-
maceuticals Inc, San Diego, Calif) (Figure 3). Liposomes
usually consist of a phospholipid bilayer with an aqueous
core. Liposomal bupivacaine consists of multivesicular
liposomes, which have multiple lipid bilayers that are
arranged like a honeycomb with bupivacaine in the
aqueous cores. The bupivacaine concentration is 1.3%
(or 13.3 mg/mL.) This multivesicular liposome structure
accounts for liposomal bupivacaine’s increased stability
and extended drug release.5,28

Liposomal bupivacaine is available as a single-dose vial
at a 1.3% concentration (266 mg/20 mL).28 It should be
administered as a single dose by infiltration only,
aspirating frequently to avoid inadvertent intravascular
injection, using a 25-gauge needle or larger, and the
maximum dose should not exceed 266 mg (or 20 mL of
1.3% bupivacaine).28 It is also advised to invert the vial
several times before withdrawing the drug because the
particles may have settled.28 The vials may be refriger-
ated but not frozen. Once removed from the refrigerator,
the vials may remain at room temperature for 30 days.
Once the liposomal bupivacaine is drawn into a syringe,
it must be administered within 4 hours.28 There are

currently no specific guidelines for liposomal bupivacaine
dosing for postoperative analgesia in the oral cavity,
other than the labeled statement that the recommended
dose is based on the surgical site and volume required to
cover the area.

Liposomal bupivacaine is not indicated as a substitute
for preincisional local anesthesia. Liposomal bupivacaine
is only indicated for local administration (specifically,
infiltration and instillation) and has not yet been
approved for other routes of administration including
nerve blocks, intravascular, or intra-articular use, though
pivotal nerve block trials are currently ongoing. It is
currently not advised or indicated to use any bupivacaine-
containing products (including immediate-release and
liposomal formulations) for intra-articular infusions.
Postmarketing surveillance data has reported chondrol-
ysis or loss of cartilage in a joint following the
degradation of the cartilage matrix and cells.28 There is
no current treatment for chondrolysis and some patients
have required arthroplasty or joint replacement.28

Studies show that there is no effect on wound healing
when liposomal bupivacaine is infiltrated into the surgical
site for postoperative analgesia.4,5 Studies demonstrate
that common implantable materials do neither affect
liposomal bupivacaine nor does liposomal bupivacaine

Figure 3. Diagram of liposomal bupivacaine particle in DepoFoam vehicle. Image supplied courtesy of Pacira Pharmaceuticals Inc.
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affect these materials. These materials include stainless
steel, titanium, silicone, polypropylene, and polytetra-
fluoroethylene.28

Liposomal bupivacaine possesses some differences in
its pharmacokinetic profile as compared to other
bupivacaine formulations. Once in the blood, systemic
levels of bupivacaine may persist for 96 hours.28,29

Therefore, it is advised to avoid administering immedi-
ate-release bupivacaine and other local anesthetics for
96 hours after liposomal bupivacaine is infiltrated to
avoid unintentional overdose.28 Although liposomal
bupivacaine has longer local anesthetic efficacy at the
infiltration site compared to bupivacaine HCl, systemic
levels of liposomal bupivacaine last beyond the longer
local anesthetic effect of liposomal bupivacaine; blood
levels are correlated with systemic toxicity, not local
efficacy.28,29

Once released from the liposome, the pharmacoki-
netics of bupivacaine are similar to the bupivacaine HCl
formulation with respect to absorption, distribution,
metabolism, and excretion. Systemic absorption de-
pends on route of administration, the vascularity of the
injection site, and the total drug dose.28 Once in the
systemic circulation, liposomal bupivacaine is distributed
to highly perfused organs (such as the brain, heart, liver,
and lungs) in a fashion similar to bupivacaine HCl.
Bupivacaine undergoes hepatic metabolism, mainly by
glucuronic acid conjugation and N-dealkylation into
pipecolylxylidine, the major inactive metabolite (approx-
imately 5% of bupivacaine).5,28 Pipecolylxylidine is
hydroxylated and glucuronidated as well.5 There are no
recommended dose adjustments for patients with mod-
erate hepatic impairment.5,28 Patients with severe
hepatic disease, because of their inability to metabolize
local anesthetics normally, are at a greater risk of
developing toxic plasma concentrations.28 Most local
anesthetics, including bupivacaine, are excreted by the
kidneys. Approximately 6% of bupivacaine is excreted in
the urine unchanged.5,28 There are no recommended
dose adjustments for patients with renal impairment.
Bupivacaine can produce a use-dependent block on

the myocardium even at regular heart rates and should
be used carefully in patients with known impaired
cardiovascular function.28 Allergic reactions to amide
local anesthetics are rare, but cross allergenicity with
other amide local anesthetics has been reported.28,30 A
true allergic reaction can present with pruritus, erythe-
ma, urticaria, angioedema, possible dizziness and/or
syncope, tachycardia, hypotension, nausea, vomiting,
elevated temperature, and increased perspiration.28

There are several drug-drug interactions that may
occur involving the liposomal carrier. Disruption of the
liposomal carrier may result in uncontrolled, instanta-
neous release of bupivacaine, which may lead to

overdose and systemic toxicity. The liposomal vesicles
will be disrupted if hypotonic solutions are used or if the
drug is admixed with any other local anesthetics,
including bupivacaine HCl. Liposomal bupivacaine does
not need to be diluted for use, but dilutions are permitted
with sterile 0.9% normal saline, the maximum dilution is
0.89 mg/mL (a 1 : 14 dilution).28 Due to the liposomal
formulation, liposomal bupivacaine dosing is not inter-
changeable with other formulations of bupivacaine even
if the drugs are in the same concentration. Also, it is not
advisable to administer traditional bupivacaine HCl
before liposomal bupivacaine; there is potential for
increased exposure to the drug when the bupivacaine
HCl dose is more than half of the liposomal bupivacaine
dose.28 However, if a local anesthetic must be admin-
istered immediately before liposomal bupivacaine, bu-
pivacaine HCl is the only local anesthetic recommended.
It is recommended to wait at least 20 minutes after
administering a nonbupivacaine local anesthetic such as
lidocaine because coadministration may cause an imme-
diate release of bupivacaine from the liposomes. In order
to prevent disruption of the liposomes and inadvertent
uncontrolled drug release, topical skin antiseptics such as
chlorhexidine or povidone iodide must dry.5,28 Since
there are no data on liposomal bupivacaine on intraoral
procedures and any interactions with oral antimicrobials
such as chlorhexidine rinses, recommendations cannot
be made.28

Like bupivacaine HCl, the systemic toxicity of local
anesthetic overdose is dose-dependent and primarily
affects the CNS and cardiovascular system.28,31 Anes-
thetic toxicity is additive if other local anesthetics are
administered.31 Overdosage can be avoided by being
mindful of the total amount administered and using
aspirating technique to avoid intravascular injection.
Other causes for increased plasma levels of local
anesthetic include decreased hepatic function and
metabolism, decreased plasma protein production, or
decreased plasma protein binding due to acidosis or
competition for protein binding sites from other highly
protein-bound drugs. Rarely, some individuals may be
more sensitive to the effects of local anesthetics and can
experience toxicity as lower doses.28

Traditional local anesthetics are limited by dose-
dependent risk of systemic toxicity and short duration
of action. Liposomal formulations keep the local
anesthetic at the infiltration site and slowly release
bupivacaine, which contributes to a longer duration of
action while reducing and delaying systemic drug
absorption. A clinical trial compared subcutaneous
injection of 0.5% bupivacaine HCl plain (20 mL or
100 mg) to 2% liposomal bupivacaine (20 mL or 400
mg).32 The maximum recommended dose for immedi-
ate-release bupivacaine is 2.5 mg/kg, or approximately
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175 mg for a 70-kg adult.32 The dose of liposomal
bupivacaine exceeded the MRD by more than a factor of
2; however, none of the patients presented with any
signs or symptoms of local anesthetic toxicity, likely the
result of its slower absorption and lower peak blood
levels (Cmax) than immediate-release bupivacaine solu-
tions. The same maximum blood concentration was
detected as the immediate-release bupivacaine solution,
meaning that the Cmax remained in the safe range when
the dose was raised by a factor of 4 in the liposomal
formulations.32 The Cmax was in the range of 0.4–1.4
lg/mL for the liposomal bupivacaine, which is below the
blood concentration of bupivacaine associated with
central nervous system toxicity (2–4 lg/mL).32 The time
to Cmax (Tmax) was 262 6 149 minutes (mean 6 SD) for
liposomal bupivacaine as compared to 37.5 6 16
minutes (mean þ SD) for bupivacaine plain; it took 7
times longer to reach the Cmax which confers additional
safety.32 However, this also implies that there is a longer
window for which Cmax can peak, so supplemental doses
of local anesthetic cannot be given as it is uncertain how
this would affect drug release from the liposomes and
subsequent peaks in plasma levels of local anesthetic.32

Clinical trials showed no difference between liposomal
bupivacaine and bupivacaine HCl with epinephrine with
respect to heart rate and electrocardiographic changes in
PR or QT interval.4,5

Liposomal bupivacaine has not been studied in
pregnant or nursing patients or patients under 18 years
of age and cannot be recommended for use in these
groups at this time. Liposomal bupivacaine is a
Pregnancy Category C drug. There have been no safety
or efficacy data demonstrating any differences in
geriatric patients; however, some older individuals may
be more sensitive to the effects of liposomal bupiva-
caine.28

Liposomal bupivacaine has not been studied as an
intraoral analgesic infiltrated around surgical wound sites.
Its cost of approximately $250 per single-use 20-mL vial
may render it cost-prohibitive for most outpatient dental
surgical procedures, unless concomitant benefits such as
a decrease in postsurgical opioids requirements and their
sequelae offset this cost.33 Liposomal bupivacaine may
be a useful analgesic for inpatients with facial trauma or
elective orthognathic surgery because it provides pro-
longed analgesia and may possibly reduce opioid
consumption, reduce the incidence of opioid-related
adverse events, and reduce the costs associated with
managing them. In an open-label phase IV health
economic trial comparing patient-controlled analgesic
with opioids to single-dose liposomal bupivacaine
following open colectomy, the results demonstrated
significant reductions in opioid consumption, cost of
hospitalization, and reduced length of hospital stay when

patients received liposomal bupivacaine.34 Following
open colectomy, patients either received patient-con-
trolled analgesic opioid analgesia, per their institution’s
patient-controlled analgesic regimen, or were given a
single dose of liposomal bupivacaine 266 mg at the end
of the procedure.34 The rescue medication was oxyco-
done 5 mg with acetaminophen 325 mg every 6 hours
as needed.34 The group receiving liposomal bupivacaine
received a multimodal analgesia regimen that consisted
of ketorolac 30 mg intravenously at the end of the
procedure followed by oral administration of ibuprofen
600 mg and acetaminophen 1 g every 6 hours.34 A
maximum of acetaminophen 4 g was allowed for a 24-
hour period in both groups.34 Both groups were studied
for 72 hours.34 Multimodal analgesia with liposomal
bupivacaine as compared to patient-controlled analgesic
opioids resulted in statistically significant reductions in
the study endpoints such as a reduction in mean opioid
consumption (57 mg morphine equivalents vs 115 mg,
respectively), mean total cost of hospitalization ($8,766
vs $11,850), and median length of stay (2 days vs 4.9
days).34 In a double-blind study comparing infiltration of
bupivacaine HCl 75 mg to liposomal bupivacaine 366
mg at the end of hemorrhoidectomy procedures,
liposomal bupivacaine demonstrated 47% reduction in
cumulative pain scores, 66% reduction in opioid
consumption, and 89% reduction in opioid-related
adverse events.35

DISCUSSION AND CONCLUSIONS

The goal of multimodal analgesia is to utilize different
analgesics with different mechanisms of action to
synergistically produce analgesia while reducing the dose
of each agent. Since adverse reactions are dose related,
there may be fewer and less severe side effects when
using smaller doses of several different agents as
compared to using a larger dose, single agent analgesic.
EXPAREL is a formulation of bupivacaine using a
liposomal vehicle, resulting in prolonged local anesthe-
sia. DPSGC is a liquid-filled capsule formulation of
diclofenac, which confers better absorption and requires
lower doses of diclofenac to provide analgesia, possibly
reducing gastrointestinal toxicity. Lastly, tapentadol is
both a mu-opioid agonist and a norepinephrine reuptake
inhibitor. Tapentadol’s dual mechanism of action pro-
vides analgesia but less gastrointestinal side effects such
as constipation when compared to other relatively high-
dose opioid agonists.

Using 2 or 3 of these drugs in a multimodal approach
may enhance analgesia while lowering dosing require-
ments and subsequent toxicity of employing equianalge-
sic doses of individual agents. For example, the
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combination of enteric-coated diclofenac 100 mg and
acetaminophen 1000 mg has produced an analgesic
effect beyond that of either drug alone or the combina-
tion of acetaminophen 1000 mg plus codeine 60 mg.25

Combining NSAIDs other than diclofenac with opioids
has also demonstrated enhanced analgesia beyond that
of the opioid or NSAID alone.36 A review of 10
randomized, double-blind, clinical studies demonstrated
that patients receiving liposomal bupivacaine reported
lower pain scores and consumed less opioids during the
first 72 hours postoperatively than those who did not
receive the drug.29 Future clinical trials of analgesic
agents should focus on their efficacy and safety as part of
multimodal analgesic regimens.
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