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perioperative risk, clinicians must consider past
and present illnesses, major hospitalizations,
functional capacity, history of drug allergies and
other adverse drug reactions (ADRs), dietary
supplements and special diets, and medications
taken by the patient.1

•
•

In the United States there are approximately 500
Food and Drug Administration (FDA)-approved
active ingredients (chemical entities) in several
thousand different therapeutic formulations.
ClinCalc DrugStats provides prescription drug
utilization data estimates based on the annual
Medical Expenditure Panel Survey (MEPS).2 The
list of the Top Prescription Drugs of 2017 reflects
data collected in 2014 and is based on more than
3.187 billion out-patient prescriptions.2

•
•
•
•
•
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Overview

This continuing dental education course
presents the physiological basis of adrenergic
pharmacology. It discusses the safe and
effective use of epinephrine in the treatment
of anaphylaxis and as a vasoconstrictor
administered in conjunction with local
anesthetic agents. The objective of this course
is to provide evidence-based information
essential for determining the therapeutic
dose of epinephrine to minimize toxicity when
treating anaphylaxis or when epinephrine is
used as a vasoconstrictor in conjunction with
local anesthesia.

The DrugStats database is a sanitized,
standardized versions of the MEPS database.2
Sanitization measures include identifying
prescriptions that are not valid medications and
those with incomplete data. Standardization
measures predicated on the FDA National Drug
Code, the FDA Orange Book, and the NLM
RxNorm databases are used to aggregate likemedications based on their active ingredient,
i.e., DrugStats entries are standardized against
approved chemical entities.
The Top 200 Prescription Drugs of 2017 represent
40% of the available 500 active ingredients and
comprise 90% of all prescription drugs taken
by ambulatory patients in 2014.2 The Top 300
Prescription Drugs of 2017 represent 60% of the
available 500 active ingredients and comprise
97% of all prescription drugs taken by ambulatory
patients in 2014.2 These data are invaluable
in identifying patient-specific risks factors in
ambulatory settings, e.g., oral healthcare settings.

Learning Objectives

Upon completion of this course, the dental
professional should be able to:
• Discuss the relevance of the top 300 drugs
dispensed by U.S. community pharmacies.
• Describe and discuss the relevance of
epinephrine formulations in the Top 300
Drugs.
• Describe the mechanism of action and
pharmacokinetics of epinephrine.
• Explain the treatment of anaphylaxis in oral
healthcare settings.
• Explain the use of epinephrine as adjuvant
in local anesthetic formulations.

The Top 300 Prescription Drugs of 2017 include
epinephrine, ranked # 293.2 The “rank,” based
on nearly 1.45 million prescriptions, refers to
the frequency that epinephrine formulations
were prescribed in 2014 compared to other
medications. Drug synonyms used during
the sanitization and standardization process
included generic- and brand name-formulations
that contained epinephrine, epinephrine
hydrochloride, and epinephrine bitartrate as
active ingredients.2

Introduction

A patient’s overall health status determines
the patient’s ability to undergo and respond
to dental care. Consequently, patient-specific
problems that may interfere with the clinical
process must be identified. In determining
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The rank of 293 indicates that based on the Top
300 Prescription Drugs of 2017, epinephrine
formulations are relatively uncommon prescription
medications. However, it is of note that the true
per annum use of epinephrine is far greater, i.e.,
epinephrine is underrepresented in the database
because local anesthetic (LA) formulations
containing epinephrine and epinephrine as an
emergency drug administered by healthcare
providers are not counted in the database.

relevant data.3 The posted information is the most
recent submitted to the FDA by pharmaceutical
companies and includes strengthened warnings
undergoing FDA review. The information is
accurate; whenever possible it is based on human
experience; and does not contain promotional or
misleading information such as implied claims.

Epinephrine Formulations in the Top 300
DrugStats uses generic drug synonyms and
salts to aggregate all epinephrine formulations.2
Predicated on the delivery systems of these
formulations, the drugs were prescribed for
“self-administration” by patients (or caretakers)
in ambulatory settings (Table 1). The majority of
epinephrine formulations in the 2014 database
were auto-injectors indicated for intramuscular
(IM) administration in the emergency treatment
of Type I allergic reactions, i.e., anaphylaxis.

Most epinephrine formulations are prescribed
primary by physicians. Oral healthcare providers
administer epinephrine to patients as an adjuvant
in local anesthetic formulations as a matter of
standard practice in association with perioperative
pain management. Furthermore, in rare instances,
oral healthcare providers are called upon to
administer epinephrine formulations during the
course of managing acute severe Type 1 allergic
reactions, i.e., anaphylaxis.

Some of the drugs (Bronkaid Mist, Primatene Mist,
and Sus-phrine Sulfite Free) were formulated for
delivery by metered-dose inhalers (MDIs) intended
for the treatment of mild, intermittent asthma and
as rescue medication in the treatment of acute
asthma. However, in 2012, the FDA began to phase
out MDIs with chlorofluorocarbon (CFC)-based
propellants, a substance that harms public health
and the environment by destroying the ozone in
the upper atmosphere.4

When oral healthcare providers are administering
epinephrine-containing drug formulations,
minimum competency must reflect knowledge in
relation to the pharmacology of epinephrine in
the following eight areas: (1) drug name (brand/
generic), (2) mechanisms of action, (3) drug
kinetics, (4) indications for use, (5) dosing, (6)
familiarity with potential ADRs and monitoring
parameters, (7) contraindications, and (8) the use
of reliable informational resources.

Epinephrine formulations in MDIs that
were available in 2014 for the symptomatic
treatment of acute asthma and COPD are
no longer available commercially in the
United States.4 Today, albuterol in MDIs, (a

DailyMed, a useful online resource, is the
official repository for FDA-approved package
inserts, i.e., for individual drug-related, clinically

Table 1. Epinephrine-containing Prescription-formulations in the Top 300
Prescription Drugs of 2017.2

*Brand names in the original data (MEPS) included Adrenaclick, Adrenalin, Auvi-q, Bronkaid Mist, Epi E Z Pen Jr, Epi
E Z Pen, Epipen Jr., Epipen, Primatene Mist, Sus-phrine Sulfite Free, Twinject 0.15, and Twinject 0.3 - some of these
products are no longer marketed or are very infrequently prescribed.
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non-catecholamine, orally inhaled, short-acting,
strongly β2-adrenoceptor-selective agonist) is the
cornerstone of treatment of mild, intermittent
asthma and as rescue medication in the treatment
of acute exacerbations of asthma and COPD.5,6

parasympathetic (cholinergic) branches.7
The parasympathetic branch of the ANS is
responsible for conserving energy by regulating
“rest and digest” responses. The sympathetic
branch of the ANS mobilizes body systems to
provide energy for “fight or flight” responses.

Physiological Basis of Adrenergic
Pharmacology

The sympathetic branch of the ANS is the major
source of endogenous catecholamines, i.e.,
dopamine, norepinephrine, and epinephrine.8
Norepinephrine is synthesized primarily at
sympathetic nerve endings and epinephrine
is synthesized primarily in chromaffin cells of
the adrenal medulla by sequential modification
of tyrosine (Figure 2).8 Activation of the
sympathetic branch and subsequent release of
catecholamine is initiated by signals originating
in the CNS.8

The nervous system has two major components
(Figure 1): the peripheral nervous system (PNS)
and the central nervous system (CNS).7 Its
functions include sensory input, integration
of data, and motor output. The PNS is divided
into sensory and motor divisions. The sensory
division conducts information from the PNS to
the CNS. The motor division conducts signals
from the CNS to the PNS and is divided into the
somatic (SNS) and autonomic nervous systems
(ANS).7

The conversion of tyrosine to DOPA and of
DOPA to dopamine occurs within the cytoplasm
of neuronal cells. Dopamine is transported
into synaptic vesicles where it is converted to
norepinephrine. In adrenal medullary chromaffin

The autonomic division of the PNS, i.e., the
autonomic nervous system (ANS), controls
involuntary responses through the coordinated
actions of its sympathetic (adrenergic) and

Figure 1. The Nervous System.
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Figure 2. The Synthesis of Catecholamines: Dopamine, Norepinephrine, and Epinephrine.

cells, norepinephrine is transported or diffuses
back into the cytoplasm where, under the
influence of cortisol, it is converted to epinephrine.
Epinephrine is then transported back into vesicles
for storage until it is released by exocytosis.

(α1A, α1B, and α1D), α2 (α2A, α2B, and α2C), and β (β1,
β2, and β3).8,9 Each of the adrenoceptor subtype
is a member of the G protein-coupled receptor
family (i.e., transmembrane receptors coupled
to intracellular G proteins), so called because
they bind guanine nucleotides, i.e., guanosine
diphosphate (GDP) and triphosphate (GTP).8,9

Unlike sympathetic neurons, which synthesize
and release norepinephrine at synapses
on specific target organs, neuroendocrine
(chromaffin) cells of the adrenal medulla
synthesize epinephrine and release it directly
into the bloodstream to be transported to
target organs.8 In either case, to produce
a biological/physiological effect, both
norepinephrine and epinephrine must interact
with adrenergic receptors (adrenoceptors),
which have an organ-specific distribution.7-9

G proteins are composed of α- and βγ-subunits.
The binding of an agonist to a G protein-coupled
adrenoceptor causes the exchange of GTP for
GDP on the α-subunit.8,9 The α-GTP subunit
dissociates from the βγ-subunit and interacts
with effector proteins such as adenylate cyclase
(Figure 3), phospholipase C, ion channels, and
other proteins. Depending on the subtype of
the adrenoceptor and the Gα isoform, Gα can
stimulate or inhibit the activities of target organs.

Adrenoceptors are selective for norepinephrine
and epinephrine and are divided into three main
classes, each of which has three subtypes; α1

Major Gα isoforms include: Gαs (Gα stimulatory
isoform), Gαi (Gα inhibitory isoform), Gαq (generally
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Figure 3. Schematic Representation of Agonist-Gs Regulatory Protein Interaction.

Gα stimulatory isoform), and Gα12/13 (a Gα isoform
that interacts with diverse ion channels).8,9
Clearly, adrenoceptor subtypes bound to Gα
isoforms activate different signaling pathways
and have unique effects on target tissues
(Table 2). G protein-mediated signals are
terminated by the hydrolysis of GTP to GDP,
catalyzed by α-subunit GTPase activity.8,9

of cAMP. Increased cAMP activates protein
kinases affecting a variety of intracellular
proteins, including ion channels.8,9 Beta1adrenoceptors are expressed primarily in the
kidney and heart; β2-adrenoceptors in smooth
muscle, skeletal muscle, liver, and heart; and
β3-adrenoceptors in adipose tissue.8,9

Prototypical signaling mechanism of
α1-adrenoceptors primarily involves Gαq,
a stimulatory Gα isoform. Gαq activates
phospholipase C and increases intracellular
Ca2+ ion concentrations.8,9 Increased Ca2+ ion
concentrations activate diverse regulatory
proteins that mediate physiological responses
in various tissues. Alpha1-adrenoceptors are
expressed primarily in vascular smooth muscle,
genitourinary smooth muscle, gastrointestinal
smooth muscle, heart, liver, and brain.8,9

Epinephrine is well absorbed and has
rapid onset of action following parenteral
administration, e.g., when injected in
combination with LAs or when administered
IM into the vastus lateralis muscle (i.e.,
anterolateral aspect of the thigh) using an
auto-injector.4 Following administration
with LAs, epinephrine reaches peak plasma
concentrations in 5-10 minutes; when using
an auto-injector, it reaches peak plasma
concentrations in 8±2 minutes.4,10-13

Pharmacokinetics of Epinephrine

Prototypical signaling mechanism of
α2-adrenoreceptors primarily involves Gαi, an
inhibitory Gα isoform. Gαi activation includes
inhibition of adenylate cyclase that blocks the
synthesis cAMP.8,9 Blocking cAMP synthesis
decreases neuronal Ca2+ ion concentrations and
neurotransmitter release from target neurons.
Alpha2-adrenoceptors are expressed primarily
in pancreatic β-cells, platelets, vascular smooth
muscles, and at various sites in the CNS.8,9

Epinephrine is distributed to most tissues: it
crosses the placenta, it is secreted into milk,
but it does not cross the blood-brain barrier.4
Epinephrine is rapidly cleared from the
extracellular fluid by uptake into sympathetic
postganglionic neurons, where it is mainly
stored; and by uptake into liver cells, where
it is inactivated primarily by catechol-Omethyltransferase and monoamine oxidase
and excreted in the urine.4 The elimination halflife of epinephrine is ≈2 minutes.14

Prototypical signaling mechanism of
β-adrenoceptors primarily activate Gαs,
a stimulatory Gα isoform.8,9 Gαs activates
adenylate cyclase catalyzing the synthesis

Therapeutic Use of Epinephrine

The sympathetic nervous system has an
organ-specific distribution of adrenoceptor
6
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Table 2. Actions of adrenoceptor and Gα signaling mediators.8,9
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subtypes and there are many prescription
drugs that modulate their activities. For
example, β1-adrenoceptor antagonists, such
as metoprolol, can selectively decrease heart
rate and contractility; while β2-adrenoceptor
agonists, such as albuterol, can selectively
dilate bronchioles.15,16 Other sympathetic
agonists/antagonists are used to treat
gastrointestinal and genitourinary problems.16

•

•

Here, further discussion is limited to the
therapeutic uses of epinephrine in autoinjectors to treat anaphylaxis and the use of
epinephrine and levonordefrine adjuvants in
some LA formulations intended to decrease
LA’s rate of vascular absorption, thereby,
localizing and prolonging LA’s duration of
action and, potentially, reducing LA’s systemic
toxicity; and, with infiltration anesthesia, to
control superficial bleeding from arterioles and
capillaries.4

FDA-approved generic epinephrine injection
formulations are also available in pre-filled,
single-use, auto-injectors capable of delivering
one dose of either 0.15 mg/0.15 mL or 0.3
mg/0.3 mL of epinephrine injection, USP
(Figure 9).3 In 2017, the FDA also approved
Symjepi®, a pre-filled, single-use syringe for
manual injection containing 0.3 mg/0.3 mL of
epinephrine, USP.3

Treatment of Anaphylaxis
Epinephrine is the drug of choice for the
emergency treatment of Type 1 allergic
reactions to stinging and biting insects (e.g.,
bees, wasps, hornets, yellow jackets, fire
ants, mosquitoes, and triatoma); idiopathic
or exercise-induced anaphylaxis; foods;
immunobiologicals, contrast media, and other
drugs; and various other allergens (e.g., latex).3,4
No absolute contraindications exist to
the use of epinephrine in the emergency
treatment of acute anaphylactic reactions.3,4
It is of note that in 2016, the FDA changed
its labeling standards for all single-entity
epinephrine preparations such as those used
in the treatment of anaphylaxis.4 Dosage
strengths must now only be expressed in mg/
mL. The labeling change was prompted by
numerous reports of serious medication errors
caused by confusion with ratio expressions
(e.g., 1:1000, 1:2000, etc.). Pre-filled, single-use,
epinephrine auto-injectors are available in
convenient strengths and include:3,4
•

EpiPen®
0.3 mg/0.3 mL epinephrine injection, USP,
pre-filled auto-injector (yellow label –
Figure 5)3
Auvi-Q®
0.1 mg/0.1 mL epinephrine injection, USP,
pre-filled auto-injector (white and lavender
outer case – Figure 6)3
0.15 mg/0.15 mL epinephrine injection,
USP, pre-filled auto-injector (blue outer
case – Figure 7)3
0.3 mg/0.3 mL epinephrine injection, USP,
pre-filled auto-injector (red outer case –
Figure 8)3

Figure 4. EpiPen Jr®, 1.5 mg of epinephrine.

EpiPen Jr®
0.15 mg/0.3 mL epinephrine injection,
USP, pre-filled auto-injector (green label –
Figure 4)3

Figure 5. EpiPen®, 0.3 mg of epinephrine.
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Figure 6. Auvi-Q, 0.1 mg of
epinephrine.

Figure 7. Auvi-Q, 0.15 mg of
epinephrine.

Figure 8. Auvi-Q, 0.3 mg of
epinephrine.

Figure 9. Generic epinephrine auto-injectors: 0.15 mg and 0.3 mg.

Some manufacturers of epinephrine autoinjectors supply an auto-injector trainer device
(e.g., EpiPen Trainer Device - Figure 10; and
AUVI-Q Trainer - Figure 11).3 The devices contain
neither a needle nor epinephrine. It is prudent
to practice with a trainer to ensure the safe use
of the real auto-injector before an emergency
occurs. Reliable information on the use of
these trainer devices is available in the FDAapproved package insert of each product.3

The safe and effective use of epinephrine autoinjectors in the treatment of anaphylaxis in oral
healthcare setting is predicated on familiarity with
FDA-approved, individual drug-related, clinically
relevant data and include the following general
information:3,4
Step 1 - Select an auto-injector with the
appropriate dosage strength predicated on the
patient’s body weight:
• Patients 7.5 to 15 kg (16.5 to 33 pounds)
0.1 mg; with severe persistent anaphylaxis,
repeat injection with an additional dose may
be necessary in 15-20 minutes
• Patients 15 to 30 kg (33 to 66 pounds)
0.15 mg; with severe persistent anaphylaxis,
repeat injection with an additional dose may
be necessary in 15-20 minutes
• Patients ≥30 kg (≥66 pounds)
0.3 mg; with severe persistent anaphylaxis,
repeat injection with an additional dose may
be necessary in 15-20 minutes

An anaphylactic reaction may occur within
minutes after reexposure (previous sensitization
is a prerequisite) to a specific allergen and
consists of urticaria, pruritus, angioedema
(e.g., swelling of the lips, eyelids, and tongue),
wheezing, dyspnea, and hypotension.4,10,17
Although patients susceptible to anaphylaxis
are instructed to always carry their epinephrine
auto-injector with them, it should always be
available in various fixed-dose formulations in
every emergency kit.
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Figure 10. EpiPen Trainer Device.

Figure 11. AUVI-Q Trainer.

Step 2 - Remove the auto-injector from its
protective case.
• Check to make sure the expiration date has
not passed.
• Confirm that the liquid inside the autoinjector is not discolored (i.e., not pinkish or
brownish), cloudy, and is free of particles.

Step 7 - Immediately following the
administration of epinephrine, the patient
must be referred for additional medical care Call 911.
• Tell the dispatcher you just administered
epinephrine to a patient to treat a suspected
anaphylactic reaction.

Step 3 - Grasp the auto-injector in the dominant
hand, with thumb closest to the safety cap; and,
with the other hand, remove the cap.

Step 8 – With severe persistent anaphylaxis
a repeat injection of epinephrine, with an
additional auto-injector, may be necessary in
15-20 minutes.
• More than two sequential doses of
epinephrine should not be administered
without direct medical supervision of the
patient.

Step 4 - Hold the patient’s leg to keep it steady
while injecting.
• Place (jab) the needle end of the autoinjector at right angle against the
anterolateral aspect of the thigh.
• The needle is designed to go through clothing.

Step 9 – Do not discard the auto-injector.
• Identify the site of injection and surrendered
the auto-injector to EMS personnel.

Step 5 – Press on the auto-injector firmly to
release the needle and inject the epinephrine.
• Keep auto-injector in place for ≈5 seconds.
• Do not be alarmed if liquid is left in the
auto-injector, the auto-injector is designed
to release the proper dose.

ADRs may occur with the administration of
therapeutic doses of epinephrine.4,10,17 Signs
and symptoms, which usually subside rapidly
with rest and recumbency, include restlessness,
tremor, palpitations, tachycardia, sweating,
nausea and vomiting, pallor, headache, dizziness,
feelings of panic or anxiety, and respiratory
difficulties. These signs and symptoms are
more likely to occur in patients with high blood
pressure (BP) and those with uncontrolled
hyperthyroidism.4,10,17

Step 6 - Remove the auto-injector and massage
the injection site for 10 seconds.
• Some auto-injectors have a needle that
retracts back into the case after use.
• If the needle remains exposed, insert the
injector (needle first) back into its case.
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Overdosage (and even therapeutic doses) of
epinephrine may precipitate angina pectoris
and/or produce ventricular arrhythmias
in patients with heart disease (i.e., cardiac
arrhythmias, coronary artery or organic heart
disease), high BP, hyperthyroidism, and in
patients who are on drugs that may sensitize
the heart to the effects of epinephrine.3,4,17
While waiting for EMS, prepare to begin
cardiopulmonary resuscitation (CPR) and
automated external defibrillation.

center of the CNS, suppresses sympathetic
output from the brain and lowers BP.
Levonordefrin, 0.05 mg, is bioequivalent to
epinephrine, 0.01 mg. Levonordefrin is less likely
than epinephrine to cause cardiac arrhythmias
but it may cause reflex bradycardia.
In general, the maximum recommended dose
(MRD) of epinephrine in LA formulations for
healthy adults is 0.2 mg per visit.18 Based on
this recommendation, the maximum safe dose
of 2% lidocaine w/epinephrine 1:100,000 (0.01
mg/mL) is 20 mL and w/epinephrine 1:50,000
(0.02 mg/mL) it is 10 mL. Consequently, with
these LA formulations, the MRD of epinephrine
(0.2 mg) is reached before the MRD of 2%
lidocaine, which is 500 mg or 25 mL of LA
(Table 3).3

Epinephrine in Local Anesthetic Agents
The use of local anesthetic agents is standard
practice in dentistry. Some of the LA
formulations in delivery systems intended for
use in oral healthcare settings (i.e., cartridges)
include epinephrine or levonordefrin for
vasoconstriction.18-20 These adjuvants decrease
the rate of LAs’ systemic absorption; prolong
LAs’ duration of action; reduce the risk of LAs’
systemic toxicity; and with infiltration anesthesia,
they may reduce bleeding in the operative field.18-

Mepivacaine 2% is available w/levonordefrin
1:20,000 (0.05 mg/mL). Levonordefrin, 0.05
mg, is bioequivalent to epinephrine, 0.01 mg;
consequently, the MRD of levonordefrin is
1 mg. Based on this recommendation, the
maximum safe dose of 2% mepivacaine w/
levonordefrin 1:20,000 (0.05 mg/mL) is 20
mL. With 2% mepivacaine formulation, the
MRD of levonordefrin (1 mg) and the MRD of
mepivacaine (400 mg) are both reached with
20mL of LA (Table 3).

20

The 2016 change in labeling standards mandated
by the FDA for all single-entity epinephrine
formulations does not apply to multiple-entity
formulations containing epinephrine. However,
to minimize medication errors, it may be prudent
to think of dosage strengths of epinephrine in
LAs in mg/mL rather than ratio expressions (e.g.,
1:100,000) as well.4 It is of note that mepivacaine
and prilocaine have no intrinsic vasodilating effect
and are available without a vasoconstrictor.18

Prilocaine 4% is available w/epinephrine
1:200,000. The MRD of epinephrine (0.2 gm)
is reached with 40 mL of LA, but based on the
MRD of prilocaine (600 mg), the safe dose of
4% prilocaine is 15 mL (Table 3). Articaine 4% is
available w/epinephrine 1:100,000 and 1:200,000.
The MRD of epinephrine is reached with 20 mL
and 40 mL of LA, respectively; however, based on
the MRD of articaine (500 mg), the safe dose of
4% articaine is 12.5 mL (Table 3).

LAs available with vasoconstrictors (Table 3)
include 2% lidocaine w/epinephrine 1:100,000
(i.e., 0.01 mg/mL) and w/epinephrine 1:50,000
(i.e., 0.02 mg/mL); 4% prilocaine w/epinephrine
1:200,000 (i.e., 0.005 mg/mL); 4% articaine w/
epinephrine 1:100,000 (i.e., 0.01 mg/mL) and
w/epinephrine 1:200,000 (i.e., 0.005 mg/mL);
0.5% bupivacaine w/epinephrine 1:200,000
(i.e., 0.005 mg/mL), and 2% mepivacaine w/
levonordefrin 1:20,000 (i.e., 0.05 mg/mL).3,18-20

Epinephrine has a relatively narrow therapeutic
window. Common adverse effects may occur
even with the administration of recommended
therapeutic doses and include restlessness,
agitation, anxiety, tremulousness, headache,
dizziness, pallor, palpitation, and tachycardia.3,17-20
In patients with Parkinson’s disease it may
increase tremor and rigidity. Since epinephrine
does not cross the blood-brain barrier, these
ADRs are the result of peripheral effects.

Levonordefrin is a derivative of
norepinephrine.21 It activates peripheral
α2-adrenoceptors in vascular smooth muscles
and produces vasoconstriction. It also activates
α2-adrenoceptors in the cardiovascular control
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Table 3. Dosage strengths of local anesthetic agents in mg/mL of LA and epinephrine
in mg/mL in LA and maximum safe doses in mL of LA.3

*Maximum safe dose of LAs in mL per visit predicated on the MRD of LA or MRD of epinephrine (levonordefrine).

Particularly vulnerable populations to the effects
of therapeutic doses of epinephrine include the
young and the old; those with high BP, severe
cardiovascular disease (i.e., unstable angina
pectoris, recent myocardial infarction (MI),
decompensated heart failure, severe valvular
disease, supraventricular arrhythmias with
uncontrolled ventricular rate, and symptomatic
ventricular arrhythmias); patients with
uncontrolled hyperthyroidism; and those taking
certain drugs.3,17-20

block β2-adrenoceptor-mediated vasodilation
resulting in unopposed α-adrenoceptorinduced vasoconstriction and high BP.4,17-22
Epinephrine should be avoided in patients on
cocaine, it inhibits the reuptake of epinephrine
increasing HR and BP.22
Epinephrine should be used with caution
in patients under the influence of general
anesthetics (e.g., halothane and cyclopropane)
that sensitize the myocardium to epinephrine
causing ventricular arrhythmias (premature
ventricular contractions, tachycardia, or
fibrillation).4,19-22 Levonordefrin should be
avoided in patients on tricyclic antidepressants
(e.g., amitriptyline) that inhibit the reuptake of
norepinephrine increasing HR.4,19-22

Epinephrine should be used with caution
in patients on other sympathomimetic
agents because of additivity.4,17-22 Epinephrine
should be used with caution in patients on
nonselective β-adrenoceptor antagonists, which
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Epinephrine should be used with caution in
patients with supraphysiological thyroid levels
(i.e., thyroid overdose or hyperthyroidism)
that upregulate β-adrenoceptors in vascular
smooth muscles sensitizing the myocardium to
β-adrenergic effects of epinephrine increasing
HR and BP.4,22 Caution is also recommended
when patients are on digoxin and diuretics,
which may increase cardiosensitivity and
potentiate the arrhythmogenic effects of
epinephrine, respectively.4

perform to completion activities requiring
≥2 METs. FC is moderate is the patient can
perform to completion activities requiting ≥2
METs but <5 METs. FC is good if the patient can
perform to completion activities requiting ≥5
METs but <7 METs. FC is excellent if the patient
can perform to completion activities requiting
>7 METs.
A FC of <4 METs is indicative of increased
perioperative and long-term cardiac risk.23
Other clues indicative of increased cardiac
risk include the physical findings of tremor,
anxiety, cyanosis, pallor, diaphoresis, dyspnea,
tightness and/or pain in the chest with minimal
activity, and peripheral edema.1 Critically, the HR
(normal: 60 to 100 beats per minute - bpm) and
BP (normal: <120/80 mm Hg) of the patient must
also be determined as part of risk assessment.1

In high-risk populations, the therapeutic benefits
of epinephrine must outweigh possible risks
and a lower maximum dose of 0.02 to 0.05 mg
is recommended.18 Since the main physiologic
stimulus to epinephrine secretion is exercise,
to establish the safe dose of epinephrine
determine the patient’s functional capacity.23
Functional capacity (FC) reflects a person’s
functional reserve to meet physiological demand
for oxygen and is expressed in metabolic
equivalents (METs).

The hemodynamic effects (determined by
echocardiography) of infiltration anesthesia
with 0.045 mg of epinephrine (i.e., 4.5 mL
of 2% lidocaine w/epinephrine 1:100,000)
in normotensive and hypertensive patients
was reported to be less than those produced
by ergometric stress testing at 4 METs.28
Consequently, from a mean resting (supine)
metabolic state, 0.045 mg of epinephrine
produces an approximate 4-fold transient
increase in mean plasma epinephrine
concentration.

One MET is defined as the FC required of a
70-kg, 40-year-old man at rest, sitting quietly in
a chair, to meet metabolic demand for oxygen.
Work at 1 MET requires a capacity to deliver
3.5 mL of O2/kg/min.24 Work at 2 METs requires
twice the resting capacity, the individual must
meet metabolic demand for 7 mL of O2/kg/min,
work at 3 METs requires three times the resting
capacity, the individual must meet metabolic
demand for 10.5 mL of O2/kg/min, etc.

Based on other studies conducted in oral
healthcare settings, investigators reported
mean resting (supine) plasma epinephrine
concentrations of 27±4 pg/mL (n=11, mean age
24±3 years) and 28±8 pg/mL (n=14, mean age

FC is reflected in a person’s ability to participate
in and complete common daily activities
(Box 1).24-27 FC is poor if the patient cannot

Box 1. Estimated Energy Requirement for a Spectrum of Common Daily Activities.24-27
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33±4 years).11,12 These mean resting (supine)
plasma epinephrine concentrations compare
favorably to 34±18 pg/mL (n=60) reported by
other investigators, and overlap the lower half
of the reported mean resting (supine) range of
<10-70 pg/mL.29,30

The hemodynamic effects of 5.4 mL of 2%
lidocaine w/epinephrine 1:100:000 (i.e., 0.054 mg)
were evaluated in 21 patients undergoing third
molar extractions.13 Mean plasma epinephrine
concentration (semi-supine) rose 5-fold from
60±41 pg/mL (pre-operative baseline) to peak
plasma levels of 269±140 pg/mL 5 minutes postinjection with increases in HR (64±8 to 80±20
bpm), systolic BP (114±15 to 130±25 mm Hg), and
cardiac output (6.0±1.6 to 8.2±2.2 L/min).

In one study, a randomized double-blind
crossover design, nerve block anesthesia was
obtained either with 1.8 mL of 2% lidocaine
without epinephrine or w/epinephrine
1:100,000 (0.018 mg) in normotensive
patients.11 To determine patient-response to
nerve blocks, heart rate (HR), mean arterial
pressure (MAP), plasma epinephrine and
norepinephrine concentrations were quantified
at two baselines (-30 and -20 minutes) and at 1,
2, 4, 8, 16, 30, and 60 minutes post-injection.

It is instructive to note that mean plasma
epinephrine concentrations were also reported
to increase from mean resting (supine) values of
34±18 pg/mL nearly 2-fold (≈50 pg/mL) during
quite standing; nearly 3-fold during cigarette
smoking (≈100 pg/mL); and from 2 to 13-fold
during mild to heavy exercise (≈75 to 425 pg/
mL); and nearly 7-fold to peak plasma levels of
230 pg/mL in response to a decrement in plasma
glucose levels from 95 to 60 mg/mL.29,30

Lidocaine alone did not alter plasma
catecholamine levels, HR, or MAP over the
study period. Lidocaine with 0.018 mg of
epinephrine resulted in ≈3.5-fold transient
elevation of mean plasma epinephrine values
from 27±4 pg/mL (baseline) to peak plasma
levels of 94±13 pg/mL at 8 minutes postinjection. HR increased by a few beats, but MAP
and norepinephrine values were unaffected.
Clearly, the transient rise in epinephrine levels
was due to the epinephrine in the LA.

Note as well that threshold epinephrine values for
hemodynamic and metabolic effects begin at or
are slightly above normal values (range: (<10 to
70 pg/mL).29,30 Based on graded infusion studies,
plasma epinephrine threshold for increments
in HR is 50-100 pg/mL, i.e., chronotropic effects
occur at only 2 to 3-fold basal levels; and plasma
epinephrine threshold for increments in systolic
BP is 75-125 pg/mL and for decrements in
diastolic BP it is 150-200 pg/mL.29,30

In the other study, nerve block anesthesia with
1.8 mL of 2% lidocaine w/epinephrine 1:100,000
(0.018 mg) was obtained in normotensive
patients requiring class II amalgam restoration
of posterior teeth.12 HR, MAP, and plasma
epinephrine and norepinephrine concentrations
were determined at 11 time-points, including two
baselines (-30 and -20 minutes), 5 and 10 minutes
post-injection, and 10 minutes post-treatment
during procedures lasting 62±4 minutes.

Data from graded infusion studies also showed
that as mean plasma epinephrine values rose
from 24 to 1,020 pg/mL, baseline HR rose by
nearly 30 bpm, systolic BP rose by slightly more
than 20 mm Hg, and diastolic BP decreased
by about 20 mm Hg. Transient mean plasma
epinephrine concentration of 1,024 pg/mL
would require administering ≈0.17 to 0.21 mg of
epinephrine (MRD in healthy adults: 0.2 mg) or
≈17 to 21 mL of LA w/epinephrine 1:100,000.11-13

Lidocaine with 0.018 mg of epinephrine resulted
in a transient ≈3.5-fold elevation of mean plasma
epinephrine concentration from 28±8 pg/mL
(baseline) to peak plasma levels of 105±28 pg/
mL at 10 minutes post-injection. HR increased by
3-4 bpm at 5 and 10 minutes post-injection. MAP
and mean plasma norepinephrine concentrations
were unaffected. Once again, the transient rise in
epinephrine levels was due to the epinephrine in
the LA and not procedure-related.

Note that, in general, ADRs with therapeutic
doses of epinephrine subside rapidly with rest
and recumbency. Not only does epinephrine
have a short half-life (≈2 minutes), it accelerates
its own metabolic clearance.29,30 The reported
mean plasma metabolic clearance rate of
epinephrine in young men at steady-state
plasma concentrations between 24-74 pg/mL is
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52±4 mL/kg/min; at steady-state values between
90-1020 pg/mL it is 89±6 mL/kg/min (a 79%
increase in clearance).

with high, intermediate, or low cardiac-risk. Breast
surgery, eye surgery, and dental procedures under
local anesthesia were identified as low cardiacrisk procedures, i.e., the risk of a cardiac event is
negligible unless, as noted earlier, strong patientspecific risk factors are present.32

Epinephrine appears to regulate its metabolic
clearance through β-adrenergic mechanisms. In
normal subject, propranolol, a β-adrenoceptor
blocking agent, reduced the stimulated clearance
rate of epinephrine by more than 75%, i.e., to
more than 50% below the basal clearance rate.29,30
The reduction in epinephrine clearance appears
to be due to vasoconstriction and decreased
delivery of epinephrine to the liver and other
tissues critical in epinephrine clearance.29,30

Data from clinical trials that define perioperative
cardiac risk for various dental procedures is
limited.11-13 However, based on evidence from
a retrospective analysis of EMS data in Seattle
and King Counties, WA, with a combined
population 1.5 million, over a seven year period
only six major cardiac events (i.e., nonfatal MI,
heart failure, or sudden cardiac death) were
confirmed in community-based dental practices
(<0.002/practice/year).33

Rarely, overdosage with epinephrine in
oral healthcare settings may result from
intravascular injection; administration of
supratherapeutic doses, especially to high-risk
patients; concomitant therapy with other drugs,
which may potentiate adverse sympathetic
effects; and additivity of epinephrine
administered with the LA and endogenous
epinephrine released in response to surgical
stress, i.e., procedure-related stress mediated
by the sympathoadrenal system.

Low cardiac-risk with dental procedures
is further supported by data from two
independent prospective surveys.34 Over a
10-year period, 4,309 dentists documented
30,602 medical emergencies, i.e., 0.5
emergencies per practice (not dentist) per
year. Cardiovascular events included postural
hypotension (17.8%), angina pectoris (4.6%), MI
(1.4%), and cardiac arrest (1.1%) at an annual
rate of 0.08, 0.02, 0.007, and 0.005 per dental
practice per year, respectively.

The magnitude of surgical stress depends on
the extent of procedure-related tissue trauma,
duration of the procedure, volume of blood loss,
fluid shifts in the body, and changes in core body
temperature.31 For example, the mean plasma
epinephrine concentration rose nearly 7-fold
from baseline during elective cholecystectomy to
>200 pg/mL.29 Plasma epinephrine at these levels
can precipitate tachycardia, hypertension, and
increase myocardial oxygen demand.

The minimum lethal dose of epinephrine, based
on data for subcutaneous injection, is estimated
to be 4 mg.35 Autopsy findings in patients who
died of epinephrine overdosage include evidence
of circulatory collapse and congestion of most
organs with blood (e.g. pulmonary edema).19
The treatment of acute epinephrine toxicity
is mainly supportive - Call 911. While waiting
for EMS, prepare to begin CPR and automated
external defibrillation.

Surgical stress can also cause alterations in the
balance between prothrombotic and fibrinolytic
factors, resulting in hypercoagulability and possible
coronary thrombosis (elevation of fibrinogen
and other coagulation factors, increased platelet
activation and aggregation, and reduced
fibrinolysis).31 The extent of these responses is
also proportional to the degree and duration of
procedure-related surgical stress and contribute to
myocardial ischemia and heart failure.

Summary

When used in recommended dosages and
administered by the intended route of the
formulation, epinephrine is the clinician’s best
friend. In fixed-dose auto-injectors it is the drug
of choice for the treatment of anaphylactic
reactions in oral healthcare settings, but
immediately following the administration of
epinephrine, the patient must be referred for
additional medical care. Call 911 and while
waiting for the EMS, prepare to initiate CPR and
automated cardiac defibrillation.

Cardiac risk, defined as myocardial infarction
or cardiac death within 30 days of non-cardiac
procedures, has been assessed.32 It was concluded
that non-cardiac procedures may be associated
15
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The use of epinephrine with LAs is standard
dental practice. The question to ask is not
whether epinephrine should be used – the
question to ask is how much epinephrine
can be used safely. To minimize serious
medication errors, think of dosage strengths of
epinephrine in mg/mL of LA rather than ratio
expressions (e.g., 1:100,000). In general, the
MRD of epinephrine with LAs for healthy adults
is 0.2 mg per visit; in high-risk populations, 0.02
to 0.05 mg is recommended.

Toxicity associated with epinephrine
overdosage is characterized by increased HR
and force of myocardial contraction, which may
lead to angina pectoris, MI, fatal arrhythmias,
heart failure, and cardiac arrest. Increased
cardiac stimulation and peripheral vascular
resistance may also lead to rapid rise in BP,
which may lead to pulmonary edema and
respiratory failure. Call 911 and while waiting
for the EMS, prepare to initiate CPR and
automated cardiac defibrillation.
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Course Test Preview

To receive Continuing Education credit for this course, you must complete the online test. Please
go to: www.dentalcare.com/en-us/professional-education/ce-courses/ce547/start-test
1.

All of the following statements related to the ClinCalc DrugStats database are correct
EXCEPT which one?
a. ClinCalc DrugStats provides prescription drug utilization data estimates based on the
annual Medical Expenditure Panel Survey.
b. The list of the Top Prescription Drugs of 2017 reflects data collected in 2017.
c. The Top 200 Prescription Drugs of 2017 represent 40% of the available 500 active
ingredients and comprise 90% of all prescription drugs.
d. The Top 300 Prescription Drugs of 2017 represent 60% of the available 500 active
ingredients and comprise 97% of all prescription drugs.

2.

Which of the following statement related to the DailyMed website is correct?
a. DailyMed, a useful online resource, is the official repository for FDA-approved package
inserts, i.e., for individual drug-related, clinically relevant data.
b. The information on DailyMed is the most recent submitted to the FDA by pharmaceutical
companies and includes warnings undergoing FDA review.
c. The information is accurate; when possible it is based on human experience; and does not
contain promotional or misleading information (e.g., implied claims).
d. All of the above.

3.

Which of the following statement related to the Top 300 Drugs of 2017 is correct?
a. The majority of epinephrine formulations were prescribed for “self-administration” by
patients (or caretakers) in ambulatory settings.
b. Epinephrine in auto-injectors are indicated for intramuscular (IM) administration in the
emergency treatment of Type I allergic reactions, i.e., anaphylaxis.
c. Epinephrine formulations in MDIs that were available in 2014 are no longer available
commercially in the United States.
d. All of the above.

4.

All of the following statements related to the peripheral nervous system (PNS) are
correct EXCEPT which one?
a. The PNS is divided into sensory and motor divisions.
b. The sensory (afferent) and motor (efferent) neurons, conduct signals from peripheral
tissues to the CNS and from the CNS to peripheral tissues, respectively.
c. The somatic nervous system, a component of the motor division of the PNS regulates
involuntary skeletal muscle responses.
d. The sympathetic branch of the ANS mobilizes body systems to provide energy for “fight or
flight” responses.

5.

All of the following statements related the sympathetic branch of the ANS are correct
EXCEPT which one?
a. Activation of the sympathetic branch and subsequent release of catecholamine is initiated
by signals originating in the PNS.
b. Norepinephrine is synthesized primarily at sympathetic nerve endings and is released at
synapses on specific target organs.
c. Epinephrine is synthesized by neuroendocrine (chromaffin) cells of the adrenal medulla and
it is released into the bloodstream to be transported to target organs.
d. To produce an effect, both norepinephrine and epinephrine must interact with adrenergic
receptors (adrenoceptors), which have an organ-specific distribution.
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6.

All of the following statements related to adrenoceptors are correct EXCEPT which one?
a. Epinephrine interacts with adrenoceptors which are divided into three classes; α1 (α1A, α1B,
and α1D), α2 (α2A, α2B, and α2C), and β (β1, β2, and β3).
b. Each of the adrenoceptor subtype is a member of the G protein-coupled receptor family
(i.e., transmembrane receptors coupled to intracellular G proteins).
c. The binding of epinephrine to a G protein-coupled adrenoceptor invariably increases, i.e.,
stimulates the target organ.
d. G proteins are composed of α- and βγ-subunits, the binding of an agonist to a G proteincoupled adrenoceptor causes the exchange of GTP for GDP on the α-subunit, the α-GTP
subunit dissociates from the βγ-subunit and interacts with effector proteins.

7.

All of the following statements related to signaling mechanisms of adrenoceptors are
correct EXCEPT which one?
a. Prototypical signaling mechanism of α1-adrenoceptors primarily involves Gαq, resulting in
increased sympathetic activity.
b. Prototypical signaling mechanism of α2-adrenoreceptors primarily involves Gαi, resulting in
increased cAMP, which activates protein kinases affecting a variety of intracellular proteins,
including ion channels.
c. Alpha2-adrenoceptors are expressed primarily in pancreatic β-cells, platelets, vascular
smooth muscles, and at various sites in the CNS.
d. Prototypical signaling mechanism of β-adrenoceptors primarily involves Gαs, resulting in
increased sympathetic activity.

8.

All of the following statements related to the pharmacokinetics of epinephrine are
correct EXCEPT which one?
a. Epinephrine is well absorbed and has rapid onset of action following parenteral
administration, e.g., in combination with LAs or when administered IM.
b. Epinephrine in LAs reaches peak plasma concentrations in 5-10 minutes; following IM
injection it reaches peak plasma concentrations in 8±2 min.
c. Epinephrine is distributed to most tissues: it crosses the placenta, it is secreted into milk,
and it crosses the blood-brain barrier.
d. Epinephrine is inactivated primarily by catechol-O-methyltransferase and monoamine
oxidase and excreted in the urine (elimination half-life: ≈2 minutes).

9.

All of the following statements related to the use of epinephrine in the treatment of
anaphylaxis are correct EXCEPT which one?
a. Epinephrine is the drug of choice for the emergency treatment of severe Type 1 allergic
reactions, i.e. anaphylaxis.
b. No absolute contraindications exist to the use of epinephrine in the emergency treatment
of acute anaphylactic reactions.
c. Because of serious medication errors with epinephrine, dosage strengths on single-entity
preparations must be expressed as ratios (e.g., 1:1000, 1:2000, etc.).
d. Pre-filled, single-use, auto-injectors are available in convenient dosage strengths such as
0.1 mg/0.1 mL, 0.15 mg/0.15 mL, 0.15 mg/0.3 mL, and 0.3 mg/0.3 mL.
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10. Which of the following statement related to anaphylaxis is correct?
a. An anaphylactic reaction may occur within minutes after reexposure (previous sensitization
is a prerequisite) to a specific allergen.
b. Anaphylaxis consists of urticaria, pruritus, angioedema (e.g., swelling of the lips, eyelids,
and tongue), wheezing, dyspnea, and hypotension.
c. Epinephrine auto-injectors should always be available in various fixed-dose formulations in
every office emergency kit.
d. All of the above.
11. All of the following statements related to the treatment of anaphylaxis in oral
healthcare setting are correct EXCEPT which one?
a. When treating anaphylaxis, select an auto-injector with the appropriate dosage strength
predicated on the patient’s body weight.
b. Immediately following the administration of epinephrine, the patient must be referred for
additional medical care - Call 911.
c. With severe persistent anaphylaxis a repeat injection of epinephrine, with an additional
auto-injector, may be necessary in 15-20 minutes.
d. More than two sequential doses of epinephrine should only be administered under direct
medical supervision of the patient by the dentist.
12. All of the following statements related to the consequences of treating anaphylaxis are
correct EXCEPT which one?
a. ADRs are not likely to occur with the administration of therapeutic doses of epinephrine.
b. ADRs usually subside rapidly with rest and recumbency.
c. Signs and symptoms of ADRs include restlessness, tremor, palpitations, tachycardia,
sweating, nausea and vomiting, pallor, headache, dizziness, feelings of panic or anxiety,
and respiratory difficulties.
d. Overdosage (and even therapeutic doses in some patients) of epinephrine may precipitate
angina pectoris and/or produce ventricular arrhythmias.
13. All of the following statements related to the rationale for including a vasoconstrictor
in LA formulations are correct EXCEPT which one?
a. Decrease the rate of LAs’ systemic absorption.
b. Prolong LAs’ duration of action.
c. With block anesthesia, reduce bleeding in the operative field.
d. Reduce the risk of LAs’ systemic toxicity.
14. All of the following statements related levonordefrin are correct EXCEPT which one?
a. 2% mepivacaine is available w/levonordefrin 1:20,000 (i.e., 0.05 mg/mL) which is
bioequivalent to epinephrine 1:100,000 (i.e., 0.01 mg/mL).
b. Levonordefrin is a derivative of norepinephrine and activates peripheral α2-adrenoceptors
in vascular smooth muscles and produces vasoconstriction.
c. Levonordefrin is more likely than epinephrine to cause cardiac arrhythmias.
d. Levonordefrin activates α2-adrenoceptors in the cardiovascular control center of the CNS,
suppresses sympathetic output from the brain and lowers BP.
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15. All of the following statements related to the available 2% lidocaine formulations w/
epinephrine are correct EXCEPT which one?
a. In general, the maximum recommended dose (MRD) of epinephrine in LA formulations for
healthy adults is 0.2 mg per visit.
b. The maximum safe dose of 2% lidocaine w/epinephrine 1:100,000 (0.01 mg/mL) is 20 mL.
c. The maximum safe dose of 2% lidocaine w/epinephrine 1:50,000 (0.02 mg/mL) is 10 mL.
d. The MRD of 2% lidocaine is reached before the MRD of epinephrine 1:100,000 (0.01 mg/
mL) or epinephrine 1:50,000 (0.02 mg/mL).
16. All of the following statements related to mepivacaine 2% w/levonordefrin 1:20,000
(0.05 mg/mL) are correct EXCEPT which one?
a. Levonordefrin, 0.05 mg, is bioequivalent to epinephrine, 0.05 mg.
b. The MRD of levonordefrin is 1 mg.
c. The maximum safe dose of 2% mepivacaine w/levonordefrin 1:20,000 (0.05 mg/mL) is 20 mL.
d. With 2% mepivacaine formulation, the MRD of levonordefrin (1 mg) and the MRD of
mepivacaine (400 mg) are both reached with 20mL of LA.
17. All of the following statements related to various available LA formulations are correct
EXCEPT which one?
a. Based on the MRD of prilocaine (600 mg), the MRD of epinephrine 1:200,000 in prilocaine is
reached after the MRD of 4% prilocaine.
b. Based on the MRD of articaine (500 mg), the MRD of epinephrine 1:100,000 in articaine is
reached before the MDR of 4% articaine.
c. Based on the MRD of articaine (500 mg), the MRD of epinephrine 1:200,000 in articaine is
reached after the MDR of 4% articaine.
d. Based on the MRD of bupivacaine (90 mg), the MDR of epinephrine 1:200,000 in
bupivacaine is reached after the MDR of 0.5% bupivacaine.
18. All of the following statements related to epinephrine are correct EXCEPT which one?
a. Epinephrine has a relatively narrow therapeutic window.
b. Since epinephrine crosses the blood-brain barrier, epinephrine-associated ADRs are the
result of CNS effects.
c. Common adverse effects may occur even with the administration of recommended
therapeutic doses and include restlessness, agitation, anxiety, tremulousness, headache,
dizziness, pallor, palpitation, and tachycardia.
d. In patients with Parkinson’s disease epinephrine may increase tremor and rigidity.
19. Particularly vulnerable populations to the effects of therapeutic doses of epinephrine
include all of the following EXCEPT which one?
a. Patients with uncontrolled hypothyroidism.
b. The young and the old.
c. Those with high BP and severe cardiovascular diseases (i.e., unstable angina pectoris,
recent myocardial infarction (MI), decompensated heart failure.
d. Patients with severe valvular disease, supraventricular arrhythmias with uncontrolled
ventricular rate, and symptomatic ventricular arrhythmias).
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20. Epinephrine should be _______________.
a. used with caution in patients on other sympathomimetic agents and in patients on
nonselective β-adrenoceptor antagonists
b. avoided in patients on cocaine
c. used with caution in patients with supraphysiological thyroid levels (i.e., excess thyroid
medication or hyperthyroidism)
d. All of the above.
21. All of the following statements related to epinephrine dosing in high-risk populations
are correct EXCEPT which one?
a. In high-risk populations, the therapeutic benefits of epinephrine must outweigh possible
risks and a lower maximum dose of 0.02 to 0.05 mg is recommended.
b. Since the main physiologic stimulus to epinephrine secretion is exercise, to establish the
safe dose of epinephrine determine the patient’s functional capacity.
c. Functional capacity is expressed in metabolic equivalents (METs) and reflects a person’s
functional reserve to meet physiological demand for oxygen.
d. Work at 1 MET requires a capacity to deliver 7 mL of O2/kg/min.
22. All of the statements related to the relationship between cardiac risk, metabolic
equivalents, plasma epinephrine levels, and stress testing are correct EXCEPT which one?
a. A functional capacity of <2 METs is indicative of increased perioperative and long-term
cardiac risk.
b. Clues indicative of increased cardiac risk include the physical findings of tremor, anxiety,
cyanosis, pallor, diaphoresis, dyspnea, tightness and/or pain in the chest with minimal
activity, and peripheral edema.
c. The hemodynamic effects of infiltration anesthesia with 0.045 mg of epinephrine, was
reported to be less than those produced by stress testing at 4 METs.
d. From a mean resting (supine) metabolic state, 0.045 mg of epinephrine produces about a
4-fold transient increase in mean plasma epinephrine concentration.
23. All of the following statements related to transient increases in mean plasma
epinephrine levels are correct EXCEPT which one?
a. Significant transient elevation in mean plasma epinephrine levels was reported w/ nerve
block anesthesia with 1.8 mL of 2% lidocaine without epinephrine.
b. Transient ≈3.5-fold elevation of mean plasma epinephrine level was reported w/ nerve
block anesthesia with 1.8 mL of 2% lidocaine w/0.018 mg of epinephrine.
c. Transient ≈3.5-fold elevation of mean plasma epinephrine level was reported w/ restorative
procedures under 1.8 mL of 2% lidocaine w/0.018 mg of epinephrine.
d. Transient ≈5-fold elevation of mean plasma epinephrine level was reported w/ third molar
extractions under 5.4 mL of 2% lidocaine w/ 0.054 mg of epinephrine.
24. All of the statements related to transient elevation of mean plasma epinephrine levels
are correct except which one? Mean resting (supine) values rise from mean resting
(supine) values nearly _______________.
a. 2-fold during quite standing.
b. 3-fold during cigarette smoking.
c. 7-fold in response to an increment in plasma glucose levels from 60 to 95 mg/mL.
d. 2 to 13-fold during mild to heavy exercise.
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25. All of the statements related to threshold epinephrine values for hemodynamic and
metabolic effects are correct EXCEPT which one?
a. Threshold epinephrine values for hemodynamic and metabolic effects begin at or are
slightly above normal values (range: (<10 to 70 pg/mL).
b. Plasma epinephrine threshold for increments in HR is 50-100 pg/mL, i.e., chronotropic
effects occur at only 2 to 3-fold basal levels.
c. Plasma epinephrine threshold for increments in systolic BP is 75-125 pg/mL and for
decrements in diastolic BP it is 150-200 pg/mL.
d. Plasma epinephrine threshold for increments in diastolic BP is 150-200 pg/mL.
26. All of the statements related to rises in mean plasma epinephrine values from a baseline
of 24 pg/mL to peak plasma concentration of 1,020 pg/mL are correct EXCEPT which one?
a. Baseline HR rises by nearly 30 bpm.
b. Baseline systolic BP rises by slightly more than 20 mm Hg.
c. Baseline diastolic BP rises by about 20 mm Hg.
d. Transient mean plasma epinephrine concentration of 1,024 pg/mL would require ≈0.17 to
0.21 mg of epinephrine (MRD in healthy adults: 0.2 mg).
27. All of the statements related to the clearance of epinephrine are correct EXCEPT which one?
a. In general, ADRs with therapeutic doses of epinephrine subside rapidly with rest and
recumbency.
b. Epinephrine has a half-life of about 2 hours; but it accelerates its own metabolic clearance
through α-adrenergic mechanisms.
c. Mean plasma metabolic clearance rate of epinephrine in young men at steady-state plasma
concentrations between 24-74 pg/mL is 52±4 mL/kg/min.
d. Mean plasma metabolic clearance rate of epinephrine in young men at steady-state plasma
concentrations between 90-1020 pg/mL is 89±6 mL/kg/min.
28. Rarely, overdosage with epinephrine in oral healthcare settings may result from _______________.
a. intravascular injection and/or the administration of supratherapeutic doses, especially to
high-risk patients
b. concomitant therapy with other drugs, which may potentiate adverse sympathetic effects
c. additivity of epinephrine administered with the LA and endogenous epinephrine released in
response to surgical stress
d. All of the above.
29. The magnitude of surgical (procedure-related) stress depends on _______________.
a. the extent of tissue trauma and duration of the procedure
b. volume of blood loss, fluid shifts in the body
c. changes in core body temperature
d. All of the above.
30. All of the statements related to epinephrine-induced cardiac risk are correct EXCEPT
which one?
a. Cardiac risk is defined as myocardial infarction or cardiac death within 30 days of a noncardiac procedure.
b. Dental procedures under local anesthesia are low cardiac-risk procedures, i.e., cardiac-risk
is negligible unless strong patient-specific risk factors are present.
c. The minimum lethal dose of epinephrine, based on data for subcutaneous injection, is
estimated to be 0.4 mg.
d. Autopsy findings in patients who died of epinephrine overdosage include evidence of
circulatory collapse and congestion of most organs with blood.

22
Crest® + Oral-B® at dentalcare.com | The trusted resource for dental professionals

References

1. Terézhalmy GT, Huber MA, Jones AC. Physical evaluation in dental practice, 1st ed. Ames, IA.
Wiley-Blackwell. 2009.
2. About the DrugsStats database. Drug usage statistics for the United States. ClinCalc.com.
Accessed February 2, 2018.
3. NIH. U.S. National Library of Medicine. DailyMed. Advanced Search. Accessed February 2, 2018.
4. Drugs.com. Epinephrine. Professional Monograph. Accessed February 2, 2018.
5. FDA. Drug Treatments for Asthma and Chronic Obstructive Pulmonary Disease that Do Not Use
Chlorofluorocarbons. Accessed February 2, 2018.
6. Pollart SM, Compton RM, Elward KS. Management of acute asthma exacerbations. Am Fam
Physician. 2011 Jul 1;84(1):40-7.
7. Galanter JM, Cornes SB, Lowenstein DH. Principles of nervous system physiology and
pharmacology. Principles of Pharmacology: The pathophysiologic basis of drug therapy, 4th
edition. David E. Golan (Ed). Philadelphia, PA. Wolters Kluwer. 2017:110-25.
8. Gera N, Armstrong EJ, Golan DE. Adrenergic pharmacology. Principles of Pharmacology: The
pathophysiologic basis of drug therapy, 4th edition. Golan DE (Ed). Philadelphia, PA. Wolters
Kluwer. 2017:150-66.
9. Alenghat FJ, Golan DE. Drug-receptor interactions. Principles of Pharmacology: The
pathophysiologic basis of drug therapy, 4th edition. Golan DE (Ed). Philadelphia, PA. Wolters
Kluwer. 2017:2-16.
10. Sicherer SH, Simons FE; Section on Allergy and Immunology, American Academy of Pediatrics.
Self-injectable epinephrine for first-aid management of anaphylaxis. Pediatrics. 2007 Mar;
119(3):638-46.
11. Chernow B, Balestrieri F, Ferguson CD, et al. Local dental anesthesia with epinephrine. Minimal
effects on the sympathetic nervous system or on hemodynamic variables. Arch Intern Med. 1983
Nov;143(11):2141-3.
12. Cioffi GA, Chernow B, Glahn RP, et al. The hemodynamic and plasma catecholamine responses
to routine restorative dental care. J Am Dent Assoc. 1985 Jul;111(1):67-70.
13. Goldstein DS, Dionne R, Sweet J, et al. Circulatory, plasma catecholamine, cortisol, lipid, and
psychological responses to a real-life stress (third molar extractions): effects of diazepam
sedation and of inclusion of epinephrine with the local anesthetic. Psychosom Med. 1982 Jul;
44(3):259-72.
14. NIH. US National Library of Medicine. PubChem. Compound Summary for Epinephrine. Accessed
February 2, 2018.
15. Banasik EA, Al-saadi T, Faddoul FF. Cardiovascular Drugs in the Top 200: Clinical Implications.
dentalcare.com. Accessed February 2, 2018.
16. Terezhalmy GT. Pharmacology of the Respiratory, Gastrointestinal and Genitourinary Drugs:
Clinical Implications. dentalcare.com. Accessed February 2, 2018.
17. Kemp SF, Lockey RF, Simons FE; et al. Epinephrine: the drug of choice for anaphylaxis-a
statement of the world allergy organization. World Allergy Organ J. 2008 Jul;1(7 Suppl):S18-26.
doi: 10.1097/WOX.0b013e31817c9338.
18. Local anesthetics. Local anesthetics, Parenteral, General Statement. AHFS Drug Information
2004. McEvoy KG (Ed). Bethesda, MD. American Society of Health-System Pharmacists.
2017:3102-14.
19. Sympathetic (adrenergic) Agents. Epinephrine/racepinephrine. AHFS Drug Information 2004.
McEvoy KG (Ed). Bethesda, MD. American Society of Health-System Pharmacists. 2004:1250-6.
20. Vasoconstrictors. Epinephrine Hydrochloride. AHFS Drug Information 2004. McEvoy KG (Ed).
Bethesda, MD. American Society of Health-System Pharmacists. 2004:2720-2.
21. Drugs.com. Mepivacaine and Levonordefrin. Professional Monograph. Accessed February 2, 2018.
22. Yagiela JA. Adverse drug interactions in dental practice: interactions associated with
vasoconstrictors. Part V of a series. J Am Dent Assoc. 1999 May;130(5):701-9.

23
Crest® + Oral-B® at dentalcare.com | The trusted resource for dental professionals

23. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on perioperative
cardiovascular evaluation and management of patients undergoing noncardiac surgery: executive
summary: a report of the American College of Cardiology/American Heart Association Task Force
on practice guidelines. J Nucl Cardiol. 2015 Feb;22(1):162-215. doi: 10.1007/s12350-014-0025-z.
24. Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise testing, exercise
prescription, and evaluation of functional capacity. Clin Cardiol. 1990 Aug;13(8):555-65.
25. Hlatky MA, Boineau RE, Higginbotham MB, et al. A brief self-administered questionnaire to
determine functional capacity (the Duke Activity Status Index). Am J Cardiol. 1989 Sep 15;
64(10):651-4.
26. Fletcher GF, Balady GJ, Amsterdam EA, et al. Exercise standards for testing and training: a
statement for healthcare professionals from the American Heart Association. Circulation. 2001
Oct 2;104(14):1694-740.
27. Reilly DF, McNeely MJ, Doerner D, et al. Self-reported exercise tolerance and the risk of serious
perioperative complications. Arch Intern Med. 1999 Oct 11;159(18):2185-92.
28. Niwa H, Satoh Y, Matsuura H. Cardiovascular responses to epinephrine-containing local
anesthetics for dental use: a comparison of hemodynamic responses to infiltration anesthesia
and ergometer-stress testing. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2000 Aug;
90(2):171-81. doi: 10.1067/moe.2000.107534.
29. Cryer PE. Physiology and pathophysiology of the human sympathoadrenal neuroendocrine
system. N Engl J Med. 1980 Aug 21;303(8):436-44. doi: 10.1056/NEJM198008213030806.
30. Clutter WE, Bier DM, Shah SD, et al. Epinephrine plasma metabolic clearance rates and
physiologic thresholds for metabolic and hemodynamic actions in man. J Clin Invest. 1980 Jul;
66(1):94-101. doi: 10.1172/JCI109840.
31. Mangano DT. Perioperative medicine: NHLBI working group deliberations and recommendations.
J Cardiothorac Vasc Anesth. 2004 Feb;18(1):1-6.
32. Boersma E, Kertai MD, Schouten O, et al. Perioperative cardiovascular mortality in noncardiac
surgery: validation of the Lee cardiac risk index. Am J Med. 2005 Oct;118(10):1134-41. doi:
10.1016/j.amjmed.2005.01.064.
33. Becker L, Eisenberg M, Fahrenbruch C, et al. Cardiac arrest in medical and dental practices:
implications for automated external defibrillators. Arch Intern Med. 2001 Jun 25;161(12):1509-12.
34. Malamed SF. Managing medical emergencies. J Am Dent Assoc. 1993 Aug;124(8):40-53.
35. Kolman A. Epinephrine. ACuteTox.com. Revised November 2006. Accessed February 2, 2018.

24
Crest® + Oral-B® at dentalcare.com | The trusted resource for dental professionals

About the Authors
M. Louay Taifour, BDS, DMD
Dr. Taifour earned his dental degree from Beirut Arab University School of Dental
Medicine, then completed an AEGD residency and a Restorative Fellowship at Case
Western Reserve School of Dental Medicine. Dr. Taifour teaches several pre-doctoral
courses and is a full time clinical attending for the AEGD residency program.
Email: mohammedlouay.taifour@case.edu

Géza T. Terézhalmy, DDS, MA
Dr. Terézhalmy is Professor and Dean Emeritus, School of Dental Medicine, Case
Western Reserve University. In addition, he is a Consultant, Naval Postgraduate
Dental School, National Naval Medical Center. Dr. Terézhalmy earned a BS
degree from John Carroll University; a DDS degree from Case Western Reserve
University; an MA in Higher Education and Human Development from The
George Washington University; and a Certificate in Oral Medicine from the
National Naval Dental Center.
Dr. Terézhalmy has many professional affiliations and over the past 40+ years, has held more than
30 positions in professional societies. He has served as editor or contributing editor for several
publications, co-authored or contributed chapters for several books and has had over 225 papers
and abstracts published. Dr. Terézhalmy has accepted invitations to lecture before many local, state,
national, and international professional societies.
Email: gtt2@case.edu

25
Crest® + Oral-B® at dentalcare.com | The trusted resource for dental professionals

