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The issue concerning how much and under what
circumstances epinephrine vasoconstriction within dental local anesthesia is appropriate has been strenuously
debated over the last 50 years. Because relevant human
and animal studies are difficult to perform, there are, at
present, insufficient data to answer many of our questions. Many of the previous conclusions regarding safety
and efficacy were based upon incomplete understanding, bias, and limited scientific and clinical data.1 Well
designed controlled, randomized, and blinded studies
are the gold standard with regard to determining pharmacotherapeutic efficacy and safety.
With regard to epinephrine vasoconstriction, many
opinions concerning this issue neglect our current
understanding of physiology and pharmacology as
well as the results of scientific clinical studies. Previous
misunderstanding has been woven into much of our
current clinical practice and as such reappraisal is
warranted, because medical comprehension of the
dynamics of physiology and pharmacology have recently undergone dramatic changes.2 Issues regarding
these medications remain and include: 1) the advantages
of combining vasoconstriction with local anesthesia,
2) the physiologic workings of the adrenergic nervous
system, 3) toxicity issues of vasoconstrictors, 4) insignificant changes in mean arterial (MAP) blood pressure
with relatively small amounts of epinephrine, 5) recepa

Professor, Department of Oral Diagnostic Services, Howard University College of Dentistry; Clinical Associate Professor, Department of Otolaryngology, Georgetown University Medical Center.
b
Morse Distinguished Professor and Director of Oral Medicine,
Department of Diagnostic/Surgical Science, University of Minnesota
School of Dentistry.
Received for publication Nov 29, 2004; returned for revision Jan 31,
2005; accepted for publication May 13, 2005.
1079-2104/$ - see front matter
Ó 2005 Mosby, Inc. All rights reserved.
doi:10.1016/j.tripleo.2005.05.074

tor dynamics, 6) drug-drug interactions, and 7) vasoconstrictor issues with regard to the dental treatment of
patients with severe cardiac disease.
THE RATIONALE FOR COMBINATION
OF VASOCONSTRICTOR WITH LOCAL
ANESTHETICS
The presence of epinephrine and other vasoconstrictors in local anesthetic solutions is beneficial with regard
to duration, depth of anesthesia, blood loss, and the
reduction of systemic local anesthesia toxicity. Local
anesthetic clinical efficacy is dependent upon the action
of the vasoconstrictor.3 Dental treatment with insufficient vasoconstriction within the local anesthetic formulation may lead to less than adequate pain control
and thus increased levels of endogenous catecholamines and particularly norepinephrine (NE).4 Pain
control was significantly impaired in those patients
receiving the local anesthetic without the vasoconstrictor as compared to those patients receiving the local
anesthetic with vasoconstrictor.3,5 Ineffective pain control increases patient health outcomes risk.6,7 NE (either
parental or endogenous) increases blood pressure and
has other cardiotoxic effects.8,9
Local alpha-adrenergic agonist action resulting in vasoconstriction at the injection site, in addition to increased
depth and duration of anesthesia, may be important in
limiting the systemic dose of the local anesthetic. In a
randomized, double-blind, parallel-group, and crossover study evaluating the removal of impacted third
molars, Knoll-Kohler and Fortcsh3 demonstrated that
systemic NE levels as a measure of stress were significantly elevated with 4% articaine with 1:200,000
epinephrine as compared to 4% articaine with 1:100,000
epinephrine. According to Knoll-Kohler and Fortsch
and Knoll-Kohler et al (also a randomized, double-blind,
parallel-group and crossover study),3,5 the combination
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of epinephrine and local anesthetic is especially important in patients suffering from cardiovascular diseases,
because only in the combination of epinephrine with
the local anesthetic in an appropriate concentration is
there a sufficient guarantee of depth and duration of
pulpal and surgical anesthesia and thus the avoidance of
patient pain/stress (which increases sympathetic drive)
and the ill effects of excess endogenous NE.
THE ADRENERGIC SYSTEM
This system is composed of both beta and alpha
receptors and various subtypes including beta 1 and beta
2, along with alpha 1 and alpha 2 receptors.7 The beta
1 receptors increase heart rate, and the beta 2 receptors
increase vasodilation of the pulmonary vascular beds.
The actions of the beta-adrenergic system are mainly
systemic whereas the actions of the alpha-adrenergic
system are mainly peripheral with some systemic
action. Stimulation of the alpha receptors increases
vasoconstriction mainly of local peripheral circulation,
though with limited systemic activity. Therefore, beta 1
stimulation tends to cause an increase in blood pressure and beta 2 stimulation tends to decrease blood
pressure.10 Systemic alpha stimulation tends to increase
blood pressure but not dramatically.7,10
The actions of the 2 catecholamines are different. NE
stimulates the beta 1eadrenergic receptors preferentially, with very little beta 2 activity, therefore causing
an increase in blood pressure when utilized as a local
anesthetic vasoconstrictor. However, because epinephrine has both beta 1 and beta 2 activity, it does not tend
to dynamically increase blood pressure owing in part to
beta 2 vasodilation.7,10
Furthermore, the hemodynamic alterations seen
with elevated serum epinephrine are usually very short
in duration owing to the very short plasma half-life of
epinephrine, which is approximately less than 1 minute.
Pharmacotherapeutic administered epinephrine is eliminated from the blood stream in approximately 10 minutes or less owing to breakdown by catechol-O-methyl
transferase (COMT) in the blood, liver, lungs, and other
tissues.11
The sympathetic nervous system transmits the
body’s response to pain. Under stimulation, NE is
released from the sympathetic nerve terminals, and the
target immune cells express adrenoreceptors. Through
stimulation of these receptors, locally released NE, or
circulating catecholamines such as epinephrine, affects
circulation and modulates cytokine production and the
functional activity of different lymphoid cells.12 Essentially, sympathetic drive (pain) primarily results in the
release of NE and secondarily epinephrine.
The systemic alpha-adrenergic effects upon blood
pressure are limited. Both NE and epinephrine are
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alpha-adrenergic agonists.13 The alpha-adrenergic agonist effect is vasoconstriction, which aids the analgesic
effects at the peripheral injection site but has limited
systemic effects upon blood pressure. For example, the
drug prazosin, an alpha-adrenergic antagonist (specifically, an alpha 1 antagonist), is also utilized as an
antihypertensive drug. But the antihypertensive effects
of prazosin are limited and effective only for minimal to
moderate hypertension. Prazosin’s actions account for
either minimal or at best a moderate decrease (approximately 10-12 mm Hg) in blood pressure.13-15
TOXICITY OF NOREPINEPHRINE AND
EPINEPHRINE (AND OTHER
VASOCONSTRICTORS)
Local anesthetic formulations utilizing NE as the
vasoconstrictor resulted in numerous adverse patient
consequences within the context of standard dental
treatment.16-18 Furthermore, NE vasoconstriction may
result in rebound bradycardia secondary to the initial
hypertension.10,13,16 Therefore, NE was removed as a
vasoconstrictors from most formulations. Furthermore,
Niwa et al19 concluded that epinephrine activates left
ventricular diastolic function compared to NE, which
impairs left ventricular diastolic function. However,
concerns regarding problematic catecholamine (NE)induced hypertension have persisted. Levonordefrin is
similar to NE in action but with somewhat less alpha
1 potency and slightly more beta 2 potency.10,20 In order
to simplify this issue, Table I is provided.
Table I shows that epinephrine is approximately
4 times more potent with respect to alpha (peripheral
vasoconstrictor) action compared to NE and considerably more potent compared to levonordefrin and phenylephrine. Vasoconstrictor concentrations are titrated
to approximately the same alpha-adrenergic activity
for many commercial formulations with regard to
epinephrine 1:100,000, NE 1:30,000, and levonordefrin
1:20,000. Also, epinephrine has considerably greater
beta 2 activity compared to other vasoconstrictors.
INSIGNIFICANT CHANGES IN MEAN ARTERIAL
BLOOD PRESSURE (MAP)
Multiple studies with regard to local anesthesia and
epinephrine combinations have confirmed that even
though blood pressure and heart rate may have
changed significantly, the hemodynamic response as
defined by the mean arterial blood pressure (MAP) is
unchanged.22-25 The MAP is defined as the average
pressure throughout the pressure-pulse cycle and often
calculated as the addition of the systolic and diastolic
divided by 2. In evaluating the relationship between
systemic resistance, blood flow, and pressure, it is the
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MAP that is important and not the diastolic or systolic
blood pressure values.
Repeated studies have failed to determine deleterious
effects of local anesthetic formulations with epinephrine
included in dental patients with hypertension or cardiovascular disease.10,19,22-29 The dose limit of exogenous
epinephrine on patients with cardiovascular disease was
previously set at 200 lg.30 This allows for 11 cartridges
of 1.8 mL lidocaine with 1:100,000 epinephrine, which
is relatively close to the maximum allowable dose in a
70-kg (160-lb) adult of 13.9 cartridges of 2% lidocaine
with 1:100,000 epinephrine.31 Local anesthetics have
a relatively narrow therapeutic window and therefore
overdoses of these drugs have been reported, although
usually in children and with local anesthetic formulations in greater than the 2% concentrations utilized for
lidocaine (and without epinephrine).31,32
In a study of normotensive (n = 39) and hypertensive
(n = 36) groups undergoing injection and extraction
procedures, comparing 2% lidocaine with and without
1:100,000 epinephrine, Meyer27 reported that in both
groups the changes of blood pressure and heart rate were
similar. On the other hand, the vasoactive concentration
of NE (between 1:20,000 and 1:30,000) produced a
significant rise in blood pressure and decrease in heart
rate and Meyer27 concluded that NE as a vasoconstrictor
is contraindicated in hypertensive dental patients.
Epinephrine usually increases heart rate, stroke volume,
systolic blood pressure, myocardial oxygen consumption,
and cardiac automaticity but reduces diastolic blood
pressure.11 Therefore, the mean arterial pressure is
relatively unchanged.

RECEPTOR DYNAMICS
There is a tendency of receptor-based systems,
including the adrenergic system, for a negative feedback
loop. The basics of this type of system is that when
receptors are exposed to large amounts of an agonist
(ligand), the receptors will down-regulate. This phenomenon produces the effect of accommodation and
it will take greater and greater amounts of the ligand/
agonist to produce the same biologic effect (eg, opioid
addiction). Conversely, when the receptor is not exposed
to the ligand/agonist for a significant period of time,
the receptor system will up-regulate and lesser amounts
of the ligand/agonist will cause a greater biologic
effect.33,34
For instance, patients with the medical condition of
pheochromocytoma produce excess amounts of catecholamines. Therefore, individuals with this condition
have down-regulated adrenergic receptors and small
amounts (\200 lg epinephrine) of catecholamines will
have very little effect on these individuals.35,36
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Table I. Vasoconstrictor selectivity and potency
Vasoconstrictor

Beta 1
selectivity, %

Beta 2
selectivity, %

Relative alpha
potency, %

Epinephrine
Norepinephrine
Levonordefrin
Phenylephrine

50
85
75
95

50
15
25
5

100
25
15
5

Modified from Henslee et al, 1987.21

DRUG-DRUG INTERACTIONS
In reviewing the literature regarding drug-drug interactions related to epinephrine and local anesthesia, the
case report literature is exceedingly sparse. Those few
documented cases may well be idosyncratic.37-39 In the
last several years, at least 2 articles have addressed the
specific drug-drug interactions related to epinephrine
in local anesthetic formulations.40,41
A possible drug-drug interaction related to local
anesthetic formulations and tricyclic antidepressants
(TCAs) was presented.40,41 Both articles quoted essentially the same references42-45 to support their particular
viewpoints with regard to this interaction between the
vasoconstrictor epinephrine local anesthesia formulation and TCAs. The support for this point of view
appears to be questionable, which a review of the same
literature demonstrates.46-48 Boakes et al42 in 1972
reported several adverse reactions to 2% lidocaine
combined with 1:25,000 NE (11 patients) and combined
1% procaine and 2% butanilicaine with 1:25,000 NE
(1 patient). These adverse reactions appeared to be
hypertensive crises secondary to the NE vasoconstrictor.
Of these 12 patients, 1 of them was concomitantly
taking a TCA, 1 may have been, and 1 was taking a TCA
along with chlordiazepoxide, amantadine, and cyclopenthiazide. The patient who was taking the TCA had
a severe headache after the injection and vomited.
Her blood pressure increased to 140/90 and returned to
her normal pressure values of 120/75 the next day. Her
symptoms were tame when compared to some of the
other adverse events after injections with local anesthetic and NE-containing formulations reported by
patients not concomitantly using a TCA.16-18
Three studies43-45 regarding the potential interaction
of TCAs and hypertension were noted. None of the
3 was blinded or randomized or utilized appropriate
statistical analysis. Two of the studies43,44 used only
4 healthy male volunteers and the other45 utilized only
4 dogs in the evaluation of a TCA and epinephrine
interaction. Interestingly, with regard to a study by
Yagiela et al,45 there were no significant changes noted
in the MAP for the dogs retested with lidocaine combined with epinephrine in the pretreated desipramine
dogs (although significant differences were noted with
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the vasoconstrictors NE and levonordefrin). Nevertheless, they noted that the interaction between vasoconstrictors and TCAs (without distinguishing between
NE and epinephrine) deserves special comment because
it has ‘‘firm experimental verification,’’ to quote Boakes
et al43 and Svedmyr.44
Furthermore, studies of the biochemical mechanism
of action of antidepressant drugs show that virtually all
of these drugs (monoamine oxidase (MAO) inhibitors,
selective serotonin reuptake inhibitors, and TCAs)
along with electroconvulsive shock therapy, regardless
of acute biochemical effects, result in the downregulation of CNS beta-adrenergic receptors in a time
course that parallels the onset of the antidepressant
action. This drug-induced down-regulation takes
between 2 and 3 weeks from TCA administration.49-53
Therefore, a beta-receptor agonist (epinephrine, NE)
should have more effect when given to a patient (or
animal) who had taken a TCA for less than 3 weeks
compared to subjects taking a TCA more than 3 weeks.
There is a presumption that adrenergic down-regulation
also occurs in the periphery, but cardiac effects are
centrally mediated. The reader may note that in all the
above studies by Boakes et al,43 Svedmyr,44 and Yagiela
et al,45 the TCAs were given for only 5 days, 4 days, or
acutely, respectively. Therefore, such down-regulation
would not have had time to occur and any such downregulation could result in the disappearance of any
potential interaction related to beta-adrenergic activity.
The 3 studies demonstrated a possible drug-drug action
in TCA-naive subjects rather than in adrenergic receptor
down-regulated clinical subjects. Yagiela54 argued that
because beta blockers do not influence depression
the concept of the down-regulation of beta-adrenergic
receptors as a factor within the drug-drug interaction
between TCAs and epinephrine was undermined. But
that point is irrelevant because the drug consequence of
beta-adrenergic down-regulation remains whether or
not the down-regulation is essential to the drug action
of antidepression. With regard to epinephrine local
anesthesia formulations and any potential drug-drug
interaction with TCAs, a rational objective view does
not support such a drug-drug interaction.
Furthermore, the possibility of an interaction between
MAO inhibitors and local anesthetics with or without
epinephrine was disputed by Yagiela40 for the purported
rationale that exogenously administered vasoconstrictors are preferentially inactivated by the enzyme COMT
and that the literature does not support such a drug
interaction.45,55 However, this same rationale should
also apply to any drug-drug interaction between exogenous epinephrine and TCAs.
Further supporting evidence for the lack of an
interaction between epinephrine and TCAs is the total
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absence of case reports within the English-language
scientific literature.46-48,56 This lack of case reports is
striking in populations which have used both epinephrine and local anesthesia formulations and TCAs in
millions of patients over 30 years.
Other drug-drug interactions with epinephrine local
anesthetic formulation also are debatable. For instance,
within the literature, there were very few reported
cases57,58,59 of an interaction between a nonselective
beta blocker and a local anesthetic combined with a
vasoconstrictor. Mito and Yagiela57 reported 1 dental
case with propranolol and levonordefrin (a vasoconstrictor similar to NE—see Table I). Within the medical
literature, a reported hypertensive crisis case report
involving propranolol and epinephrine occurred in an
emergency room environment with higher doses of
epinephrine (1:1,000 concentration) than normally
utilized within a dental clinic environment.58 Furthermore, Foster and Aston59 in regard to plastic surgery
reported 6 cases. However, all of these cases demonstrated other possible polypharmacy interactions. All
the reported Foster and Aston59 cases were noted for
antihistamines including 4 cases with hydroxyzine,
1 with lorazepam, and 1 with combined hydroxyzine
and lorazepam. Therefore, the potential beta blocker
and local anesthetic with vasoconstrictor interaction
may be possible but extremely unlikely and perhaps
related to a vasoconstrictor other than epinephrine.
Several studies with regard to nonselective beta blockers
and local anesthetic vasoconstrictor formulations have
demonstrated such an interaction which results in
increased duration of action of local anesthesia.60-62
There is also a theoretical increased risk of local
anesthetic toxicity because beta blockers (and also
cimetidine) can retard the hepatic oxidation of the local
anesthetic by inhibiting hepatic enzyme activity61,63 (by
approximately 40%). But, this noted drug-drug interaction involves only the local anesthetic and not epinephrine. There is a striking paucity of such case reports
regarding these 2 widely utilized pharmaceuticals.
Yagiela40 also proposed an interaction between
epinephrine local anesthetic formulations and both
cocaine and general anesthetics. Cocaine and antidepressants block reuptake of NE into nerve terminals,
which increases NE activity. However, the inclusion of
the vasoconstrictor epinephrine into such drug interactions is problematic. Cocaine is a local anesthetic with a
known cardiovascular toxicity. All other local anesthetics possess a similar toxicity profile. The addition of
any 2 drugs with similar toxicity profiles (typically drugs
within the same drug category) is known as additive
toxicity and can contribute to drug-drug interactions.
With or without epinephrine, adding a known local
anesthetic to the circulation of a patient abusing cocaine
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may result in additive toxicity. It is true that cocaine may
block reuptake of NE and that epinephrine could add to
sympathetic drive,40 but this is a relatively minor issue
compared to additive toxicity. Of course, the vasoconstrictor properties of cocaine and epinephrine are a
good reason to avoid a combination of the 2 along with
regard to additive toxicity. Interestingly, blood pressure
values actually descend in cocaine-abusing patients (not
acutely using cocaine) during extraction procedures
using epinephrine and lidocaine and with regard to local
anesthetic and epinephrine epidurals and childbirth.63,64
Furthermore, additive toxicity between anesthetics,
such as local and general anesthetics, is also an expected
additive drug-drug interaction. Ganzberg65 noted that
both epinephrine and levonodefrin (vasoconstrictors
with local anesthetic formulations) should be administered carefully and in small quantities to patients under
halothane general anesthesia to avoid unwanted dysrhythmias. By the same rationale, there is potential
concern with the administration of more than 1 lg/kg of
epinephrine (70 lg or a little less than 4 anesthetic
cartridges of 1:100,000 epinephrine in a 160-lb patient)
to patients undergoing halothane, enflurane, or isoflurane general anesthesia.65,66
As previously noted, the principle drug action of a
vasoconstrictor, alpha 1ereceptor agonism, results in
vasoconstriction at the local anesthesia injection site and
may actually aid in decreasing the rate of systemic
absorption of the local anesthetic and therefore limit
local anesthesia toxicity and drug-drug interactions.3,4
VASOCONSTRICTOR ISSUES WITH REGARD
TO THE DENTAL TREATMENT OF PATIENTS
WITH SEVERE CARDIAC DISEASE
As noted by Little et al,10 the critical question is, how
does a patient with hypertension or other cardiovascular
disease react to these dose challenges of epinephrine (or
other vasoconstrictors)? This question was addressed
empirically in 1955 by the New York Heart Association,30 which recommended that a maximum of 0.2 mg
of epinephrine (\11 cartridges of 1:100,000 epinephrine) be used at 1 session in dental patients with heart
disease. In 1964, a Working Conference of the American
Dental Association and the American Heart Association67 concluded, ‘‘Concentrations of vasoconstrictors
normally used in dental local anesthetic solutions are
not contraindicated in patients with cardiovascular
disease when administered carefully and with preliminary aspiration.’’ Contrary to these recommendations,
Abraham-Inpijn et al,68 found that patients with hypertension undergoing dental extractions had a greater
increase in blood pressure than did patients thought to be
normotensive after injection of 2% lidocaine with
1:80,000 epinephrine. In addition, 7.5% of the patients
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with hypertension developed significant arrhythmias.
However, in a similar study, Meyer30 compared the
response of patients who were normotensive and hypertensive to lidocaine plain, with 1:100,000 epinephrine,
and with 1:20,000 NE during extractions, and no
significant differences were noted in heart rate or blood
pressure between plain lidocaine and lidocaine with
epinephrine. However, lidocaine with NE produced a
significant increase in blood pressure and a decreased
heart rate when compared to plain lidocaine. Another
study of dental patients undergoing surgery found no
difference in the blood pressure of patients with
hypertension who received 2% lidocaine with 1:80,000
epinephrine.69 A study evaluating epinephrine infusion
as a stress test for 39 patients suspected of having
coronary artery disease involved a series of increasing
levels of epinephrine from 2.1 to 21 lg per minute
injected intravenously over 30 minutes70 (21 lg is
slightly greater than the 18 lg in 1 cartridge of 1:100,000
epinephrine). Of the 24 patients subsequently found not
to have coronary artery disease, none developed electrocardiographic changes, and none had symptoms over
the course of 30 minutes. Of the 15 patients diagnosed
with coronary artery disease, however, 7 developed significant arrhythmias, 7 had chest pain, and 4 had
shortness of breath or other symptoms. In spite of the
symptoms and hemodynamic changes, no test had to be
terminated and all symptoms subsided after the test
without sequelae. A recent article noted increased heart
rate in heart transplant dental patients (but no increase
in blood pressure) with the use of epinephrine as a
vasoconstrictor.71 Furthermore, Niwa et al,23 demonstrated that infiltration anesthesia with 3.6 mL 1:80,000
epinephrine (45 lg epinephrine) and lidocaine can be
carried out safely on patients with an exercise capacity
of more than 4 metabolic equivalents (the approximate
equivalent to the workload of walking 4.8 km/h, doing
light yard work, or painting). In another study utilizing
10 healthy human subjects and pulsed Doppler echocardiography of mitral valve inflow, Niwa et al19
compared the effects of infiltration injection of 3.6 mL
2% lidocaine with either 1:80,000 (45 lg) epinephrine
or 1:25 NE (144 lg) and concluded that epinephrine
activates left ventricular diastolic function and in contrast NE impairs it. In yet another study, Niwa et al72
evaluated 27 patients with cardiovascular disease with
imipedance cardiology to determine hemodynamic
responses to an injection of 1.8 mL 2% lidocaine with
1:80,000 epinephrine. The conclusion was that lidocaine-epinephrine was safe and had few, if any, hemodynamic consequences in patients with cardiovascular
disease.
From the preceding studies, 2 to 3 cartridges of 2%
lidocaine with 1:100,000 epinephrine (36 to 54 lg of
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epinephrine) appears to be tolerated in most patients
with hypertension or other cardiovascular disease, and
the benefits of the vasoconstrictor appear to outweigh
potential disadvantages or risks.73,74
DISCUSSION
The focus of this article is to discuss the relative
safety of epinephrine and local anesthetic formulations
with respect to hypertension. Many of the quoted studies
supporting the safety and efficacy of epinephrine and
local anesthetic formulations are not perfect. However,
several of these studies regarding local anesthesia
and epinephrine combinations are documented with
prospective, blinded, randomized, human, clinical
trials.3,5,7,22-24,27 Furthermore, several other clinical human
studies support the safety of epinephrine as a local
anesthetic vasoconstrictor.8,19,25,26,28,29,61-63,69,71,72
A recent review on this subject by Bader et al1
reported that adverse outcomes among hypertensive
dental patients are infrequent and that risk indicators
reflect only minimal change, and replicating existing
studies is not an efficient method of furthering our
knowledge of the risks for adverse cardiovascular
outcomes associated with dental treatment and local
anesthesia. Bader et al1 proposed a prospective longterm protocol documenting pre-existing cardiovascular
diagnoses and medications and evaluating the outcomes
of dental treatment. Certainly, there is no argument
regarding the advantages of a prospective study. However, to be truly helpful in determining the advantages of
various local anesthetic formulations in defined cardiovascular patient populations, it will be necessary to
complete prospective, randomized, blinded, controlled
studies utilizing comparison between differing local
anesthetic formulations in specific patient populations.
Furthermore, it would be extremely helpful to determine the dose-response curves regarding the toxicity
profiles of these medications on hypertensive patient
populations. Such studies would be exceedingly valuable but expensive, potentially dangerous, and labor
intensive.
In conclusion, the issues relating to local anesthesia
and epinephrine vasoconstrictor safety are relatively
simple. Firstly, there is a relative absence of case reports
noting adverse consequences related to the administration of formulations of epinephrine and local anesthesia
when used appropriately on dental patient populations.
Secondly, clinical studies have repeatedly demonstrated
the effectiveness and safety of these formulations on
dental patient populations. Thirdly, we must continue to
scientifically evaluate the efficacy and safety of these
drugs and to objectively define our treatment protocols
based upon scientific evidence.

REFERENCES
1. Bader JD, Bonito AJ, Shugars DA. A systemic review of
cardiovascular effects of epinephrine on hypertensive dental
patients. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2002;93:647-53.
2. Franklin SS, Jacobs MJ, Wong ND, L’Italien GJ, Lapuerta P.
Predominance of isolated systolic hypertension among middleaged and elderly US hypertensives: analysis based on National
Health and Nutrition Examination Survey (NHANES III).
Hypertension 2001;37:869-74.
3. Knoll-Kohler E, Fortsch G. Pulpal anesthesia dependent on
epinephrine dose in 2% lidocaine. A randomized controlled
double-blind crossover study. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 1992;73:537-40.
4. Brown RS. Local anesthetics. Dent Clin N Am 1994;38:619-32.
5. Knoll-Kohler E, Knoller M, Brandt K, Becker J, et al.
Cardiohemodynamic and serum catecholamine response to
surgical removal of impacted third molars under local anesthesia:
a randomized double-blind parallel group and crossover study.
J Oral Maxillofac Surg 1991;49:957-62.
6. Brand HS, Gortzak RA, Palmer-Bouva CC, Abraham RE,
Abraham-Inpign L. Cardiovascular and neuroendocrine responses during acute stress induced by different types of dental
treatment. Int Dent J 1995;45:45-8.
7. Nakamura Y, Matsumura K, Miura K, Kurokawa H, Abe I,
Takata Y. Cardiovascular and sympathetic responses to dental
surgery with local anesthesia. Hypertens Res 2001;24:209-14.
8. Goldstein DS, Dionne R, Sweet J, Gracely R, Brewer HB Jr,
Gregg R, et al. Circulatory, plasma catecholamine cortisol, lip,
and psychological responses to real-life stress (third molar
extractions); effects of diazepam sedation and inclusion of
epinephrine with the local anesthetic. Psychosomat Med 1982;
44:259-72.
9. Holroyd SV, Watts DT, Welsh JT. The use of epinephrine in
local anesthetics for dental patients with cardiovascular disease:
a review of the literature. J Oral Surg 1960;18:492-503.
10. Little JW, Falace DA, Miller CS, Rhodus NL. Dental management of the medically compromised patient. 6th ed. St Louis: CV
Mosby; 2002. p. 73-6.
11. Pallasch T. Vasoconstrictors and the heart. J Calif Dent Assoc
1998;26:668-73, 676.
12. Elenkov IJ, Wilder RL, Chrousos GP, Vizi ES. The sympathetic
nerve—an integrative interface between two super systems:
the brain and the immune system. Pharmacol Rev 2000;52:
595-638.
13. Hardman JG, Limbird LE, Gilman AG, editors. Goodman and
Gilman’s the pharmacological basis of therapeutics. 10th ed.
New York: McGraw-Hill; 2001. p. 115-290, 367-84, 447-84,
621-42, 871-900.
14. Larochelle P, du Souich P, Hamet P, Loraocque P, Armstrong J.
Prazosin plasma concentration and blood pressure reduction.
Hypertension 1982;4:93-101.
15. Mancia G, Ferrari A, Gregorini L, Ferrai MC, Bianchini C,
Terzoli L, et al. Effects of prazosin on autonomic control of
circulation in essential hypertension. Hypertension 1980;2:
700-7.
16. van der Bijl P, Victor AM. Adverse reactions associated with
norepinephrine in dental local anesthesia. Anesth Prog 1992;39:
87-9.
17. Okada Y, Suzuki H, Ishiqama I. Fatal subarachnoid haemorrhage
associated with dental local anaesthesia. Aust Dent J 1989;34:
323-5.
18. Verrill PJ. Adverse reactions to local anesthetics and vasoconstrictor drugs. Practitioner 1975;14:380-7.
19. Niwa H, Hirota Y, Sibutani T, Idohji Y, Hori T, Sugiyama K,
et al. The effects of epinephrine and norepinephrine administered during local anesthesia on left ventricular diastolic
function. Anesth Prog 1991;38:221-6.
20. Robertson VJ, Taylor SE, Gage TW. Quantitative analysis of the
pressor effects of levonordefrin. J Cardiovasc Pharmacol 1984;6:
929-35.

OOOOE
Volume 100, Number 4
21. Henslee TM, Hodson SB, Lamy CJ, Palladino SJ. Vasoconstrictive agents commonly used in combination with local anesthetics: a literature review. J Foot Surg 1987;26:504-10.
22. Chernow B, Balestrieri F, Ferguson CD, Terezhalmy GT,
Fletcher JR, Lake CR. Local dental anesthesia with epinephrine.
Arch Intern Med 1983;143:2141-3.
23. 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 Patholol
Oral Radiol Endod 2000;90:171-81.
24. Meyer F-U. Haemodynamic changes under emotional stress
following a minor surgical procedure under local anaesthesia. Int
J Oral Maxillofac Surg 1987;16:688-94.
25. Cioffi GA, Chernow B, Glahn RP, Terezhalmy GT, Lake CR,
et al. The hemodynamic and plasma catecholamine responses
to routine restorative dental care. J Amer Dent Assoc 1985;
111:67-70.
26. Cheraskin E, Prasertsuntarasai T. Use of epinephrine with local
anesthesia in hypertensive patients IV. Effect of tooth extraction
on blood pressure and pulse rate. J Am Dent Assoc 1959;58:61-8.
27. Meyer F-U. Hemodynamic changes of local dental anesthesia in
normotensive and hypertensive subjects. Int J Clin Pharm Thera
Tox 1986;24:477-81.
28. Davenport RE, Porcelli RJ, Iacono VJ, Bonura CF, Mallis GI,
Baer PN, et al. Effects of anesthetics containing epinephrine on
catecholamine levels during periodontal surgery. J Periodontol
1990;61:553-8.
29. Lipp M, Dick W, Daublander M, Fuder H, Stanton-Hicks M,
et al. Exogenous and endogenous plasma levels of epinephrine
during dental treatment under local anesthesia. Regional
Anesthesia 1993;18:6-12.
30. New York Heart Association. Use of epinephrine in connection
with procaine in dental procedures. J Am Dent Assoc 1955;50:108.
31. Moore PA. Preventing local anesthesia toxicity. J Am Dent Assoc
1992;123:60-4.
32. Malamed SF. Handbook of local anesthesia. 5th ed. St. Louis:
Mosby; 2004. p. 27-54.
33. Axelrod J. The metabolism of catecholamines in vivo and in
vitro. Pharmacol Rev 1959;11:402-8.
34. Cooper JR, Bloom FE, Roth RH. The biochemical basis of
neuropharmacology. 5th ed. New York: Oxford University Press;
1986. p. 106-23.
35. Tan SG, Koay CK, Chan ST. The use of vasopressin to treat
catecholamine-resistant hypotension after phaeochromocytoma
removal. Anaesth Intensive Care 2002;30:477-80.
36. Raber W, Raffesberg W, Bischof M, Scheuba C, Niederle B,
Gasic S, et al. Diagnostic efficacy of unconjugated plasma
metanephrines for the detection of pheochromocytoma. Arch
Intern Med 2000;160:2957-63.
37. Fitzgibbon M, FitzGerald RJ, Tormey WP, O’Meara A, Kenny D.
Reference values for urinary HMMA, HVA, noradrenaline,
adrenaline, and dopamine excretion in children using random
urine samples and HPLC with electrochemical detection. Ann
Clin Biochem 1992;29(Pt.4):400-4.
38. Kocher T, Sawaf H, Fanghanel J, Timm R, Meisel P. Association
between bone loss in periodontal disease and polymorphism of
N-acetyltransferase (NAT2). J Clin Periodontol 2002;29:21-7.
39. Shiskirua K, Hohjoy H, Tokunaga K. Novel allele containing
a 190C [ T nonsynonymous substitution in the N-acetyly transferase (NAT2) gene. Hum Mutat 2000;15:581.
40. Yagiela JA. Adverse drug interactions in dental practice:
interactions associated with vasoconstrictors. J Am Dent Assoc
1999;130:701-9.
41. Goulet J-P, Perusse R, Turcotte J-Y. Contraindications of
vasoconstrictors in dentistry: part III. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1992;74:692-7.
42. Boakes AJ, Laurence DR, Lovel KW, O’Neil R, Verrill PI.
Adverse reactions to local anaesthetic/vasoconstrictor preparations: a study of the cardiovascular responses to xylestesin and
hostacain-with-noradrenaline. Br Dent J 1972;133:137-40.

Brown and Rhodus 407
43. Boakes AJ, Laurence DR, Teoh PC, Barar FSK, Benedikter LT,
Prichard NC. Interactions between sympathomimetic amines and
antidepressant agents in man. Br Med J 1973;1:311-5.
44. Svedmyr N. The influence of a tricyclic antidepressant agent
(protryptyline) on some of the circulatory effects of noradrenaline and adrenaline in man. Life Sci 1968;7:77-84.
45. Yagiela JA, Duffin SR, Hunt LM. Drug interactions and
vasoconstrictors used in local anesthetic solutions. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 1985;59:565-71.
46. Brown RS. More on drug interactions. J Am Dent Assoc 1999;
130:1272.
47. Brown RS, Lewis VA. More on contraindications to vasoconstrictors in dentistry. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1993;76:2-3.
48. Scully C, Clawson RA. Cardiovascular disease. In: Clawson RA,
Scully C, editors. Medical problems in dentistry. London: Wright
PSG; 1982.
49. Gurguis GN, Blakely JE, Antai-Otong D, Vo SP, Orsulak PJ,
Petty F, Rush AJ. Adrenergic receptor function in panic disorder.
II. Neutrophil beta 2 receptors: Gs protein coupling, effects of
imipramine treatment and relationship to treatment outcome.
J Psychiatr Res 1999;33:309-22.
50. Stahl SM. Neuroendocrine markers of serotonin responsivity in
depression. Prog Neuropsychopharmacol Biol Psychiatry 1992;
15:655-9.
51. Stockmeier CA, Kellar KJ. Electroconvulsive shock decreases
beta-adrenoreceptors despite serotonin lesions. Eur J Pharmacol
1988;153:135-9.
52. Kellar KJ, Stockmeier CA. Effects of electroconvulsive shock
and serotonin axon lesions on beta-adrenergic and serotonin-2
receptors in rat brain. Ann N Y Acad Sci 1986;462:76-90.
53. Charney DS, Heninger GR, Sternberg DE. Serotonin function
and mechanism of action of antidepressant treatment. Arch Gen
Psychiatry 1984;41:359-65.
54. Yagiela JA. More on Drug Interactions: reply. JADA 1999;130:
1272-3.
55. Thompson DS, Sweet RA, Marzula K, Peredes JC. Lack of
interaction of monoamine oxidase inhibitors and epinephrine in
an older patient. J Clin Psychopharmacol 1997;17:322-3.
56. Cawson RA, Curson I, Whittington DR. The hazards of dental
local anaesthetics. Br Dent J 1983;154(80):253-8.
57. Mito RS, Yagiela JA. Hypertensive response to levonordefrin in a
patient receiving propranolol: report of case. J Am Dent Assoc
1988;116:55-7.
58. Gandy W. Severe epinephrine-propranolol interaction. Ann
Emerg Med 1989;18:198-9.
59. Foster CA, Aston SJ. Propranolol-epinephrine interaction: a
potential disaster. Plast Reconstr Surg 1983;72:74-8.
60. Zhang C, Banting DW, Gelb AW, Hamilton JT. Effect of betaadrenereceptor blockade with nadolol on the duration of local
anesthesia. J Am Dent Assoc 1999;130:1773-80.
61. Niwa H, Shibutani T, Hori T, Kim Y, Akita M, Matsuura H. The
interaction between pindolol and epinephrine contained in local
anesthetic solution to the left ventricular diastolic filling velocity
in normal subjects. Anesth Prog 1996;43:78-84.
62. Sugimura M, Hirota Y, Shibutani T, Niwa H, Kim Y, Matsuura
H. An echocardiographic study of interactions between pindolol
and epinephrine contained in local anesthetic solutions. Anesth
Prog 1995;42:29-35.
63. Johnson CD, Lewis VA, Faught KS, Brown RS. The relationship
between chronic cocaine or alcohol use and blood pressure in
black men during uncomplicated tooth extraction. J Oral
Maxillofac Surg 1998;56:323-9.
64. Birnbach D, Grunebaum A, Collins E, Cohen A. The effect of
cocaine on epidural anesthesia [abstract]. Am J Obstet Gynecol
1991;164:400.
65. Ganzberg S. Local anesthetics and vasoconstrictors. Oral
Maxillofac Surg Clin N Amer 2001;13:65-74.
66. Bax ND, Turner GT, Lennard MS, Woods HF. The impairment of
lignocaine clearance by propranolol—major contribution from
enzyme inhibition. Br J Clin Pharmacol 1985;19:597-603.

OOOOE
October 2005

408 Brown and Rhodus
67. Working Conference of American Dental Association and
American Heart Association on Management of Dental Problems
in Patients with Cardiovascular Disease. J Am Dent Assoc 1964;
68:333-42.
68. Abraham-Inpijn L, Borgneijer-Hoelen A, Gortzak RAT. Changes
in blood pressure, heart rate and electrocardiogram during dental
treatment with use of local anesthesia. J Am Dent Assoc 1988;
116:531-6.
69. Meechan JG. Plasma potassium changes in hypertensive patients
undergoing oral surgery with local anesthetics containing
epinephrine. Anesth Prog 1997;44:106-9.
70. Schechter E, Wilson MF, Kong Y-S. Physiologic responses to
epinephrine infusion: the basis for a new stress test for coronary
artery disease. Am Heart J 1983;105:554-60.
71. Meechan JG, Parry G, Rattray DT, Thomason JM. Effects of
dental local anaesthetics in cardiac transplant recipients. Br Dent
J 2002;192:161-3.

72. Niwa H, Sugimura M, Satoh Y, Tanimoto A. Cardiovascular
response to epinephrine-containing local anesthesia in patients
with cardiovascular disease. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2001;92:610-6.
73. Rhodus NL, Little JW. Dental management of the patient with
cardiac arrhythmias. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2003;96:659-68.
74. Finder RL, Moore PA. Adverse drug reactions to local anesthesia. Dent Clin North Am 2002;46:747-57.
Reprint requests:
Dr R. S. Brown
Howard University College of Dentistry
600 W Street NW
Washington, DC 20059
rbrown@howard.edu

