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ABSTRACT: The advent of novel drug delivery systems has allowed local anesthetics to
become a popular and practical means of providing analgesia with minimal systemic effects.
Through the complete and continuous blockade of pain transmission, these drugs can be
effectively used to reduce or prevent the development of secondary hyperalgesia. Currently
used novel drug delivery systems for local anesthetics include ambulatory electronic delivery,
patient-controlled infusion, implantable local infusion, and ambulatory elastomeric infusion.
Topical application products include transdermal creams and patches as well as iontophoretic
delivery systems. 

The timely identification and treatment of pain help to reduce its negative
effects on patient health and well-being. Furthermore, it has become
increasingly apparent that the detrimental consequences of pain on

patient health outweigh the potential negative effects of treating pain. Pain pro-
duces stress, which can lead to compensatory elevations in adrenocorticotropic
hormone, cortisol, antidiuretic hormone, catecholamines, aldosterone, renin,
angiotensin II, and glucose.1,2 When severe, stress can lead to cardiorespiratory
compromise, catabolism, and immunosuppression.1,2 Increases in sympathetic
nervous system activity can decrease bowel motility and gastrointestinal blood
flow, resulting in bacterial overgrowth and increased potential for ischemia and
translocation of harmful bacteria.1

An effective plan for managing surgical pain must incorporate the patient’s
past and current health status; age; past, present, and anticipated sensitivity to
pain; and drug effects, including potential drug interactions. Inadequate or inap-
propriate pain therapy results in pain that is more difficult to treat, often result-
ing in the need for prolonged or more frequent administration of systemic anal-
gesics, which, in turn, results in increased cost, prolonged hospitalization, and
the potential for systemic side effects and toxicity.2,3

Local anesthetics have a long history of providing pain relief from a variety of
medical and surgical procedures.1 Although primarily limited to topical, local, or
regional (epidural) administration, new topical formulations and the advent of

CE

n Local anesthetic agents can be
used effectively in managing
postoperative pain while
minimizing the undesired
systemic effects of traditional
systemic analgesics.

n Drugs or drug delivery systems
that produce uninterrupted and
prolonged analgesic effects
are more likely to be effective
in preventing secondary
hyperalgesia and the
development of chronic
pain states.

n A variety of novel local
anesthetic delivery systems are
currently available, including
constant-rate delivery catheters,
implantable pumps, and
transdermal creams and
patches.
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novel drug delivery systems have markedly increased
both the acceptance and clinical utility of local anes-
thetics. Local anesthetics are comparatively inexpensive,
effective, and safe compared with traditional analgesic
treatments. Most traditional analgesic drugs, including
opioids and α2-agonists, have a short duration of action
and the potential to produce systemic side effects,
including emesis, respiratory depression, drowsiness,
and ileus.3,4 This article focuses on newer therapeutic
modalities for administering local anesthetic drugs in
veterinary patients. The routine use of local anesthetics
for wound lavage, direct nerve block, or to produce
intracavitary, intraarticular, and epidural analgesia is
described elsewhere.3–6

BACKGROUND
Pain can be either physiologic or pathologic.2,7 Physi-

ologic pain is produced by acute, transient, non–tissue
damaging stimuli and is protective, evoking either
defensive or escape behaviors in most animals. Activa-
tion of specialized receptors located on bare nerve end-
ings produces pain. These receptors transform noxious
stimuli into action potentials (electrical signals) that are
transmitted by thinly myelinated (Aδ) and unmyeli-
nated (C) nerve fibers to the dorsal horn of the spinal
cord where they activate additional receptors on nerves
that connect locally, project to the brain, or activate
rapidly conducting myelinated nerves (Aβ) in the ven-
tral horn of the spinal cord.2,7 Activation of these recep-
tors results in the rapid removal of the affected body
part from the source of the noxious stimulus.

Pathologic pain is caused by tissue or nerve damage.2,7

Trauma and surgery cause pain by damaging skin, mus-
cles, and small nerve endings. Inflammation and flare for-
mation at the site of injury are common signs of tissue
injury. The magnitude and severity of the initiating injury
determines the extent of the injured area and the poten-
tial for two types of hyperalgesia to develop. Primary
hyperalgesia is initiated by the local release of chemicals
(e.g., prostaglandins, histamine, nerve growth factor) that
sensitize nerves at the site of injury to both mechanical
and thermal stimuli (Figure 1). More severe injuries pro-
duce a sustained input of electrical signals to the dorsal
horn that activates and unmasks additional dorsal horn
receptors and signaling cascades that amplify input,
resulting in central sensitization. Central sensitization is
responsible for the development of hyperalgesia outside
the injured area2,7 (secondary hyperalgesia; Figure 1).

Considerable evidence suggests that surgical pain can
be reduced by administering drugs before (preemptive)
surgery.2,7–9 Administering local anesthetics (e.g., lido-
caine, bupivacaine, ropivacaine) before surgery can block
the activation of pain-transmitting neurons and prevents

the development of central sensitization. Several studies
in humans and rats also suggest that surgical pain can be
equivalently treated by administering local anesthetics
(e.g., lidocaine) after surgery.8,9 These same studies also
demonstrate that for postsurgical treatment to be effec-
tive, treatment should focus on the continuous blockade
of peripheral sensory nerve pathways.8 Together, these
studies suggest that drugs or drug delivery systems that
produce uninterrupted and prolonged analgesic effects are
more likely to be effective in preventing secondary hyper-
algesia and the development of chronic pain states.7–9

HISTORY AND PHARMACOLOGY
The first known application of a local anesthetic in

veterinary medicine was in 1885 by McLean, a veteri-
narian in Meadville, Pennsylvania.10 McLean admin-
istered cocaine hydrochloride as a local nerve block for
diagnosing equine lameness. This same year, Corning
injected cocaine intrathecally in a dog to provide spinal
analgesia.10 Approximately 15 years later, this same
technique became popular in human medicine.
Cocaine’s less desirable properties—toxicity and addic-
tion—became apparent in the early 1900s. This discov-
ery prompted the development of safer alternative local
anesthetic drugs (e.g., procaine, lidocaine). Einhorn
(1905) developed procaine, and Lofgren (1944) synthe-
sized today’s most popular local anesthetic, lidocaine,
which quickly became popular in dental and surgical
procedures for local infiltration and nerve blockade.10

Subsequently, more than 50 synthetic local anesthetic
drugs have been developed for a variety of clinical
applications.

Local anesthetics inhibit the conduction of nerve
impulses generated by noxious and innoxious stimuli.11

They produce this effect by blocking pores or channels
in the membrane of nerve cells, thereby inhibiting
entry of sodium ions into the cell, subsequent depolar-
ization, and production of an electrical signal.4,10,11 Sen-
sations typically disappear in the following order: pain,
cold, warmth, touch, and deep pressure; they return in
the reverse order.4,10,11 Additional (and, at times, contro-
versial) benefits of local anesthetic (particularly lido-
caine) administration include potent antimicrobial
effects, reduction in local inflammatory mediators,
reduction in ischemia-reperfusion injury, improved
wound healing, the absence of tissue damage/irritation,
lack of hypersensitivity, and rapid penetration.10,12–16

Local anesthetics generally consist of three basic
units: an unsaturated aromatic group (benzene ring),
an intermediate chain, and a tertiary amine ring. The
aromatic ring structure affects the lipophilicity and
potency of each compound (the more lipid solubility
there is, the greater the potency of the drug).10,11,17 Typi-



cally, the smaller, lipophilic molecules have a faster onset of action.10,11,17 The
composition of the intermediate chain classifies local anesthetics as either
ester- or amide-linked.10,11,17 The most common aminoesters are procaine,
chloroprocaine, and tetracaine, whereas the most common aminoamides are
lidocaine, mepivacaine, bupivacaine, and ropivacaine (Table 1). Ester-linked
local anesthetics are hydrolyzed in plasma, whereas amides are metabolized in
the liver.10,11,17 The para-aminobenzoic acid byproduct of ester hydrolysis is
responsible for allergic responses in humans.10,11 Because amide breakdown
results in a somewhat different spectrum of metabolites in dogs and cats than
in humans, allergic reactions are rare.10,11 Hepatic degradation of the amide
class requires conjugation with glucuronic acid.10 Therefore, because of cats’
decreased capacity to glucuronidate drugs, they are more likely than dogs to
develop toxic side effects.10 Final elimination of metabolites depends on the
renal mechanisms. The tertiary amine determines the pKa of the local anes-
thetic and the amount of uncharged base available for penetration through
membranes (the more base there is, the more rapid the onset and greater the
potency).10,17 Protein binding limits drug availability and prolongs the dura-
tion of action.10,11 The addition of vasoconstrictors, such as epinephrine, to a
local anesthetic solution delays the rate of vascular absorption and prolongs
the duration of action.10,18 The addition of bicarbonate to the local anesthetic
solution speeds the onset of drug effect but shortens the duration of action
because more drug is available in base form.10 The combination of lidocaine
and bupivacaine has been promoted for clinical use to hasten the onset of
action and prolong the local anesthetic effect.11

Side effects of local anesthetics are rare if appropriate dosage recommenda-
tions are adhered to and are most common in association with deliberate or
inadvertent IV delivery. Central nervous system and cardiovascular distur-
bances are the most common side effects reported.4,10,18–20 Humans often
report a metallic taste, restlessness, and difficulty focusing.10 This often pro-
gresses to slurred speech and seizures if allowed to continue (Table 1).10 The
most common central nervous system effects in dogs include sedation, nau-
sea, ataxia, nystagmus, and muscle tremors.18–20 Cardiovascular effects usually
occur subsequent to central nervous system effects and can be both electrical
and mechanical. Specifically, the rate of depolarization of individual cardiac
cells is reduced, leading to prolonged conduction of the cardiac impulse,
arrhythmias, or bradycardia and asystole.4,18–20 Rapid IV administration of
local anesthetics can decrease vascular tone and myocardial contractility,
resulting in the acute onset of hypotension.4,10,18–20 More potent local anes-
thetics (bupivacaine) have a greater effect on cardiac contractility.10 Methemo-
globinemia has also been reported, particularly with topical prilocaine and
benzocaine.10,18–20 It is believed that the formation of methemoglobin is due in
part to oxidative damage from the breakdown products of local anesthetic
metabolism.10,18–20 Such agents should be used with caution, particularly in
species most susceptible to oxidative injury (e.g., cats).

NOVEL CLINICAL APPLICATIONS AND DELIVERY SYSTEMS
The administration of bolus and continuous local infusions of local anes-

thetic drugs has gained popularity in human medicine (Table 2). These deliv-
ery systems are very versatile, allowing delivery of local analgesics, chemother-
apeutics, and antibiotics in ambulatory patients. Successful use of these
analgesic systems has been associated with decreased use of supplemental sys-
temic analgesics, shortened hospital stays, and overall decreased patient mor-
bidity.21 Motor blockade has been minimal, and there has been no reported
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Figure 1—Physiologic or nociceptive pain caused by thermal, mechanical, or chemical stimuli serves as a warning or alarm system
in response to impending tissue damage. Nociceptive pain is activated by noxious stimuli acting on high threshold sensory (Aδ
and C) nerve fiber terminals located in peripheral tissues. The resultant electrical signal generated causes the release of glutamate
in central nerve terminals in the spinal cord. Glutamate activates α-amino-3-hydroxy-5-methylisoxazole-4-proprionic acid
(AMPA) and kainate (KAI) receptors, causing a transient localized sensation. The release of local tissue enzymes (cyclooxygenase 2
[COX2] ) and inflammatory substances, including prostaglandins, histamine, serotonin, bradykinin, proteases, cytokines, and
nerve growth factor, produces peripheral sensitization and primary hyperalgesia at the site of injury and pain in response to
innocuous low-intensity stimuli. More intense noxious stimuli caused by extensive tissue or nerve damage activate N-methyl-D-
aspartate (NMDA), metabotropic glutamate (mGluR), neurokinin-1 (NK1), and tyrosine kinase B (TrkB) receptors in dorsal horn
neurons, resulting in central sensitization. Central sensitization is characterized by secondary hyperalgesia and allodynia (i.e., pro-
longed and amplified response to noxious and innoxious stimuli at and around the site of injury) and is an activity-dependent
increase in dorsal horn nerve excitability. (BDNF = brain-derived neurotrophic factor; Ca2+ = calcium; CNS = central nervous sys-
tem; Mg 2+ = magnesium; TNF = tumor necrosis factor)
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Figure 2A—Total ear canal ablation Figure 2B—Forelimb amputation

Figure 2—Applications of the Pain Buster local anesthetic infusion system.
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increase in the rate of infection.22–24 Currently, several
delivery systems are available for local analgesic therapy,
including ambulatory electronic delivery, patient-con-
trolled infusion, implantable local infusion, and ambu-
latory elastomeric delivery.21–25 Each of these systems
consists of slightly varying components that allow con-
trolled, precise delivery of a drug to the region of inter-
est. Current postoperative applications in human medi-
cine include a wide variety of gynecologic, transplant,
orthopedic, and gastrointestinal procedures.21–25 Im-
plantable systems are often used for treating chronic
pain associated with neoplasia or neuropathic disease.25

Topically, the most commonly used local anesthetic in
veterinary medicine is proparacaine for ocular anesthe-
sia. In more recent years, percutaneous agents, such as
EMLA cream or patches (2.5% lidocaine, 2.5% prilo-
caine; Astra Pharmaceuticals Ltd, Wilmington, DE),
ELA-Max cream (4% liposome encapsulated lidocaine;
Ferndale Laboratories Inc, Ferndale, MI), Lidoderm
patches (4% lidocaine; Endo Laboratories, Chadds
Ford, PA), and Numby Stuff patches (2% lidocaine,
1:100000 epinephrine; Iomed Inc, Salt Lake City, UT)
have become available (Table 2). EMLA creams and
patches are eutectic mixtures of lidocaine and prilocaine
that allow greater tissue solubility and uptake.26,27 This
product is designed to penetrate the stratum corneum
and provide superficial analgesia. It is commonly used
to facilitate small wound repair, venipuncture, or
catheter placement (IV, epidural) in small and exotic
animals, particularly if systemic drugs are contraindi-

cated. It is recommended to apply the cream formula-
tion under an occlusive dressing for at least 30 to 60
minutes before the desired procedure.27–29 Depth of
cutaneous analgesia is believed to be time dependent (1
to 4 hours), ranging from 1 to 6 mm.27 Mixed clinical
success has been reported in humans.26,27,29,30

ELA-Max cream consists of 4% lidocaine, which is
liposome encapsulated to facilitate faster percutaneous
absorption. Liposome encapsulation also allows the
active ingredient to remain in the epidermis after ap-
plication and minimizes rapid drug metabolism.29 In
addition, this preparation lacks the active ingredient
prilocaine, which has been associated with methemo-
globinemia in infants.28,29 Because cats are more suscep-
tible to methemoglobin formation, ELA-Max has been
suggested as an attractive alternative to EMLA cream in
this species.28 No occlusive dressing is required with
this preparation, and only 20 to 30 minutes are re-
quired for effect.28,29

Lidoderm patches, containing 5% lidocaine, are used
primarily in human medicine for treating chronic neu-
ropathic pain associated with postherpetic neuralgia.30

Other reported uses include postthoracotomy and post-
mastectomy analgesia in humans.30 The patches are
used in a 12 hours on, 12 hours off schedule to mini-
mize systemic absorption. Single patches are 10 × 14
cm, with 700 mg of lidocaine per patch. Reported side
effects include mild skin irritation. Use of this product
in veterinary medicine has not been reported.

Numby Stuff is an iontophoretic system commonly
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used in human medicine to facilitate short percutaneous
procedures. During iontophoretic drug administration,
a small electrical current (4 mA) is administered
through a battery generator and two small electrodes to
facilitate rapid percutaneous drug uptake.26,31 Following
10 minutes of delivery, anesthetic depths up to 10 mm
have been documented.31 This technique allows more
rapid onset of action with greater depth of local anesthe-
sia/analgesia. Each application device delivers 1 ml of
2% lidocaine and 1:100,000 epinephrine to the region.
The effect of delivery is felt immediately, with associated
transient blanching and tingling of the skin. Use of this
system is contraindicated in patients with pacemakers.
Although veterinary application of this product has not
been published, potential uses include catheter place-
ment and epidural placement.

The Wand (Milestone Scientific, Livingston, NJ) is a
popular means of applying local nerve blockade in
human dentistry and minor perianal procedures.32 This
pen-like delivery device contains a needle/syringe appa-
ratus under computer control. This allows controlled
delivery pressure and volume ahead of the needle tip to
minimize the pain associated with injection. Various
administration volumes are available. Use of this prod-
uct in veterinary medicine has not yet been described.

The Pain Buster/ON-Q (I-flow Corp, Lake Forest,
CA) local anesthetic delivery system includes a
radioopaque, fenestrated catheter that is placed in the
surgical wound under direct visualization just before
wound closure (Figure 2). This is attached to an exten-
sion set containing a filter and flow restrictor. The
attached drug reservoir is a disposable elastomeric bulb
designed to deliver a known volume of drug each hour.
Variable infusion bulbs and flow rates are available. A
preliminary pilot study, including 17 dogs undergoing
total ear canal ablation, amputation, and median and
lateral thoracotomies, was conducted. The first two
patients received ropivacaine infusions, whereas all sub-
sequent patients received lidocaine. Many of these
patients recovered quickly and comfortably, requiring
little to no supplemental analgesics. All infusion sys-
tems were well tolerated by the patients, and little (if
any) breakthrough pain was reported. Mild signs of
lidocaine toxicity were noted in one patient that devel-
oped nystagmus several hours postoperatively but
responded quickly to removal of the Pain Buster
catheter. It was later determined that incomplete drug
reservoir filling may have contributed to an inappropri-
ate drug delivery rate. Reported disadvantages of elas-
tomeric infusion systems in humans include prolonged
wound drainage, inability to alter delivery rate, and dif-
ficulty in identifying and monitoring increases or
delays in the rate of infusion.21,23 Ongoing work evalu-

ating these systems as a sole means of providing postop-
erative analgesia to dogs is currently being conducted.
However, our initial experience supports their use in
selected clinical patients.

SUMMARY
As local anesthetic usage increases among small ani-

mal practitioners, the methods for applying such drugs
will increase. Alternative local anesthetic delivery sys-
tems, such as Pain Buster/ON-Q, could become an
integral component of analgesic therapy in veterinary
practice. Use of such systems should improve the qual-
ity of analgesia while minimizing the systemic effects
and overall need for supplemental systemic therapy.

REFERENCES
1. Muir WW: Pain and stress, in Gaynor JS, Muir WW (eds):

Handbook of Veterinary Pain Management. St. Louis, Mosby,
2002, pp 46–59.

2. Muir WW: Physiology and pathophysiology of pain, in Gaynor
JS, Muir WW (eds): Handbook of Veterinary Pain Management.
St. Louis, Mosby, 2002, pp 13–45.

3. White PF: The role of non-opioid analgesic techniques in the
management of pain after ambulatory surgery. Anesth Analg 94:
577–585, 2002. 

4. Quandt JE, Rawlings CR: Reducing postoperative pain for
dogs: Local anesthetic and analgesic techniques. Compend Con-
tin Educ Pract Vet 18(2):101–111, 1996.

5. Sammarco JL, Conzemius MG, Perkowski SZ, et al: Postopera-
tive analgesia for stifle surgery: A comparison of intra-articular
bupivacaine, morphine, or saline. Vet Surg 25:59–69, 1996.

6. Winkler KP, Greenfield CL, Benson GJ: The effect of wound
irrigation with bupivacaine on postoperative analgesia of the
feline onychectomy patient. JAAHA 33:346–352, 1997.

7. Woolf CJ, Chong MS: Preemptive analgesia: Treating postopera-
tive pain by preventing the establishment of central sensitiza-
tion. Anesth Analg 77:362–379, 1993.

8. Pogatzke EM, Vandermeulen EP, Brennan TJ: Effect of plantar
local anesthetic injection on dorsal horn neuron activity and
pain behaviors caused by incision. Pain 97:151–161, 2002.

9. Kawamata M, Watanabe H, Nishikawa K, et al: Different mech-
anisms of development and maintenance of experimental inci-
sion-induced hyperalgesia in human skin. Anesthesiology 97:
550–559, 2002.

10. Steffey EP, Booth NH: Local anesthetics, in Adams HR (ed):
Veterinary Pharmacology and Therapeutics, ed 7. Ames, Iowa
State University Press, 1995, pp 358–371.

11. Butterworth JF, Stichartz GR: Molecular mechanisms of local
anesthesia: A review. Anesthesiology 72:711–734, 1990.

12. Parr AM, Zoutman DE, Davidson JSD: Antimicrobial activity
of lidocaine against bacteria associated with nosocomial wound
infection. Ann Plast Surg 43(3):239–245, 1999.

13. Aydin ON, Eyigor M, Aydin N: Antimicrobial activity of ropi-
vacaine and other local anesthetics. European J Anaesth 18(10):
687–694, 2001.

14. Eriksson AS, Sinclair R, Cassuto J, et al: Influence of lidocaine
on leukocyte function in the surgical wound. Anesthesiology 77:
74–78, 1992.



15. Drucker M, Cardenas E, Arizti P, et al: Experimental studies on
the effect of lidocaine on wound healing. World J Surg 22:
394–398, 1998.

16. Vasseur PB, Paul HA, Dybdal N, et al: Effects of local anesthet-
ics on healing of abdominal wounds in rabbits. Am J Vet Res
45(11):2385–2388, 1984.

17. Duke T: Local and regional anesthetic and analgesic techniques
in the dog and cat: Part I. Pharmacology of local anesthetics and
topical anesthesia. Can Vet J 41:883–884, 2000.

18. MacKenzie TA, Young ER: Local anesthetic update. Anesth Prog
40:29–34, 1993.

19. Feldman HS, Arthur GR, Covino BG: Comparative systemic
toxicity of convulsant and supraconvulsant doses of intravenous
ropivacaine, bupivacaine, and lidocaine in the conscious dog.
Anesth Analg 69:794–801, 1989.

20. Welch SL: Local anesthetic toxicosis. Vet Med 95(9):670–673,
2000.

21. Klein SM, Grant SA, Greengrass MD, et al: Interscalene
brachial plexus block with a continuous catheter insertion sys-
tem and a disposal infusion pump. Anesth Analg 91:1473–1478,
2000.

22. Ilfeld BM, Enneking FK: A portable mechanical pump provid-
ing over four days of patient-controlled analgesia by perineural
infusion at home. Reg Anesth Pain Med 27(1):100–104, 2002.

23. DeWeese FT, Akbari Z, Carline E: Pain control after knee
arthroplasty. Clin Orthopedics 392:226–231, 2001.

24. Fredman B, Zohar E, Tarabykin A, et al: Bupivacaine wound
instillation via an electronic patient-controlled analgesia device
and a double-catheter system does not decrease postoperative
pain or opioid requirements after major abdominal surgery. Reg
Anesth Pain Med 92:189–193, 2001.

25. Hildebrand KR, Elsberry DD, Deer TR: Stability, compatibility,
and safety of intrathecal bupivacaine administered chronically via
an implantable delivery system. Clin J Pain 17:239–244, 2001.

26. Squire SJ, Kirchoff KT, Hissong K: Comparing two methods of
topical anesthesia used before intravenous cannulation in pedi-
atric patients. J Pediatr Health Care 14(2):68–72, 2000.

27. Wahlgren CF, Quiding H: Depth of cutaneous analgesia after
application of a eutectic mixture of the local anesthetics lido-
caine and prilocaine (EMLA cream). J Am Acad Dermatol 42(4):
584–588, 2000.

28. Fransson BA, Peck KE, Smith JK, et al: Transdermal absorption
of a liposome-encapsulated formulation of lidocaine following
topical administration in cats. AJVR 63(9):1309–1312, 2002.

29. Eichenfield LF, Funk A, Fallon-Friedlander S, et al: A clinical
study to evaluate the efficacy of ELA-Max (4% liposomal lido-
caine) as compared with eutectic mixture of local anesthetics
cream for pain reduction of venipuncture in children. Pediatrics
109(6):1093–1099, 2002.

30. Devers A, Galer BS: Topical lidocaine patch relieves a variety of
neuropathic pain conditions: An open label study. Clin J Pain
16:205–208, 2000.

31. Wallace MS, Ridgeway B, Jun E, et al: Topical delivery of lido-
caine in healthy volunteers by electroporation, electroincorpora-
tion, or iontophoresis: An evaluation of skin analgesia. Reg
Anesth Pain Med 26(3):229–238, 2001.

32. Gibson RS, Allen K, Hutfless S, et al: The wand vs traditional
injection: A comparison of pain related behaviors. Pediatr Dent
22:458–462, 2000.

1. Which of the following is not a potential sequela to
pain?
a. improved wound healing
b. decreased bowel motility
c. cardiorespiratory compromise
d. immunosuppression
e. elevations in blood glucose

2. Secondary hyperalgesia
a. describes pain that is localized to the site of injury.
b. describes pain that is felt outside of the injured area.
c. can be prevented by using local anesthetics.
d. results in pain that is easier to manage.
e. both b and c

3. Potential systemic effects of traditional analgesics (opi-
oids) may include
a. sedation. d. ileus.
b. emesis. e. all of the above
c. respiratory depression.

4. Local anesthetics of the amide group 
a. include procaine, tetracaine, and lidocaine.
b. require glucuronic acid conjugation for breakdown.
c. are hydrolyzed in plasma.
d. are more commonly associated with allergic

response.
e. are not eliminated by the kidney.

5. Side effects of local anesthetic agents
a. can include hypotension, arrhythmia, methemoglo-

binemia, and seizure.
b. are common.
c. are less likely with IV delivery.
d. are least likely with benzocaine and prilocaine.
e. are not reported.

6. Which of the following is false?
a. Some local anesthetics have antimicrobial effects.
b. The addition of bicarbonate to local anesthetics is

associated with a more rapid onset and shorter
duration of analgesia.

c. The addition of epinephrine to local anesthetics
hastens the rate of vascular absorption and lessens
the duration of action. 

d. More lipophilic local anesthetics are more potent.
e. Local anesthetics act by blocking sodium channels. 
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CE
ARTICLE #3 CE TEST

The article you have read qualifies for 1.5 con-
tact hours of Continuing Education Credit from
the Auburn University College of Veterinary Med-
icine. Choose the best answer to each of the follow-
ing questions; then mark your answers on the
postage-paid envelope inserted in Compendium.



7. Reported disadvantages of elastomeric local drug deliv-
ery include all of the following except
a. prolonged wound drainage.
b. fixed delivery rate.
c. difficulty in monitoring rate of infusion.
d. increased rate of infection.
e. none of the above

8. EMLA cream
a. contains a eutectic mixture of lidocaine and prilo-

caine.
b. consists of liposome-encapsulated lidocaine.
c. uses iontophoresis to promote drug delivery.
d. does not require application under an occlusive

dressing.
e. requires 10 minutes to become effective.

9. ELA-Max cream
a. requires application beneath an occlusive dressing.
b. is liposome-encapsulated to prolong its duration of

action.
c. contains prilocaine, which has been associated with

methemoglobinemia.
d. is liposome-encapsulated to facilitate more rapid

absorption.
e. all of the above

10. Numby Stuff
a. is an iontophoretic drug delivery system.
b. contains a combination of lidocaine and epinephrine.
c. can penetrate to a depth of up to 10 mm.
d. uses an electric current to promote drug delivery.
e. all of the above
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