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Cardiac arrhythmias are present in a significant percentage of the population seeking dental treatment.1,2 Cardiac arrhythmias may be disturbances of rhythm, rate,
or conduction of the heart. They may be found in
healthy individuals and in those with various forms of
cardiovascular disease.1,3-7 Some of these arrhythmias
are of little concern to the patient or dentist; however,
some can produce symptoms, and some can be lifethreatening, including arrhythmias that occur secondary
to anxiety (eg, those associated with dental care).8
Therefore, patients with significant arrhythmias must
be identified before undergoing dental treatment.
Cardiac arrhythmias may be found in healthy individuals, in patients taking various medications, and in patients with certain cardiovascular conditions or with other
systemic diseases.3,9-11 The most common causes are (1)
primary cardiovascular disorders, (2) pulmonary disorders
(eg, embolism or hypoxia), (3) autonomic disorders, (4)
systemic disorders (eg, thyroid disease), (5) drug-related
side effects, and (6) electrolyte imbalances.
The purpose of this article was to review the types of
cardiac arrhythmias and their treatment, the importance
and identification of the more significant arrhythmias in
the dental patient, and the dental management considerations for patients with a cardiac arrhythmia.
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TYPES AND SIGNIFICANCE OF ARRHYTHMIAS
Arrhythmias are classified on the basis of causing
ectopic beats, slowing of the heart rate, speeding of the
heart rate, and arresting the heart rate. They encompass
a broad spectrum, ranging from incidental arrhythmias
such as premature atrial beats to lethal ones including
ventricular fibrillation. Some of the more common arrhythmias include premature atrial or ventricular beats,
sinus bradycardia, and sinus tachycardia.3,11,12
Isolated ectopic beats
Premature atrial beats. Premature impulses arising from ectopic foci anywhere in the atrium may result
in premature atrial beats. They are common in conditions associated with dysfunction of the atria such as
congestive heart failure.
Premature AV beats. Premature atrioventricular
(AV) beats are less common than premature atrial or
premature ventricular ectopic beats. Impulses can
spread toward either the atria or the ventricles. When
they are present, digitalis toxicity should be suspected.
Premature ventricular beats. Premature ventricular beats are the most common form of arrhythmia,
regardless of whether heart disease exists. They also are
common with digitalis toxicity and hypokalemia. Late
premature ventricular beats can lead to ventricular
tachycardia or fibrillation in the presence of ischemia.
More than 6 late premature ventricular beats per minute
may be an indication of cardiac instability.
Bradycardias
Sinus bradycardia. A sinus rate of less than 60
beats per minute is defined as bradycardia.2 Bradycardia
is a normal finding in young, healthy adults and in wellconditioned athletes and also can occur secondary to medication use. Medications with parasympathetic effects
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such as digoxin and phenothiazines may slow the heart
rate. A sinus bradycardia that persists in the presence of
congestive heart failure, pain, or exercise and after atropine administration is considered abnormal. Sinus bradycardia is a common finding early in myocardial infarction.
It also may occur in infectious diseases, myxedema, obstructive jaundice, and hypothermia.
SA heart block. Sinoatrial (SA) heart block is relatively uncommon. Most cases are caused by rheumatic
heart disease, myocardial infarction, acute infection, or
drug toxicity (eg, digitalis, atropine, salicylates, and
quinidine). The block may occur in stages or degrees:
in first-degree block, an impulse takes undue time to
enter the atrium; in second-degree block 1 or more
impulses fail to emerge from the SA node; and in
complete block, no impulses emerge from the SA node.
AV heart block. Rheumatic fever, ischemic heart
disease, myocardial infarction, hyperthyroidism, and
certain drugs (eg, digitalis, propranolol, potassium,
quinidine) may cause AV heart block. AV block also
occurs in degrees: the first-degree block features slow
impulses with increased conduction time; in seconddegree block, some impulses fail to reach the ventricles; and no impulses reach the ventricles in thirddegree, or complete, heart block. Sarcoidosis,
Hodgkin’s disease, myeloma, and open-heart surgery
(aortic valve, ventricular septal defects) also may result
in complete heart block.
Tachycardias
Sinus tachycardia. A sinus rate greater than 100
beats per minute is defined as sinus tachycardia. The
condition occurs most often as a physiologic response
to exercise, anxiety, stress, or emotions. The pharmacologic causes of sinus tachycardia include atropine,
epinephrine, nicotine, and caffeine. Pathologic causes
include fever, hypoxia, infection, anemia, and
hyperthyroidism.
Atrial tachycardia. In atrial tachycardia, ectopic
impulses may result in atrial rates of 150 to 200 beats
per minute.2 Atrial tachycardia also is seen in some
cases of chronic obstructive lung disease, advanced
pathosis of the atria, acute myocardial infarction, pneumonia, or drug intoxications (eg, alcohol or catechols).
AV block with ectopic atrial tachycardia can occur and
usually indicates digitalis toxicity or hypokalemia.
Atrial flutter. A rapid, regular atrial rate of 220 to
360 beats per minute is defined as atrial flutter, which
is rare in healthy individuals and most often associated
with ischemic heart disease in people over 40 years of
age.2 Atrial flutter also is seen as a complication in
patients with mitral stenosis or cor pulmonale and after
open heart surgery. It may result when patients with
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atrial fibrillation have been treated with quinidine or
procainamide.
Atrial fibrillation. Atrial fibrillation is a common
arrhythmia characterized by an extremely rapid atrial
rate of 400 to 650 beats per minute with no discrete P
waves on the electrocardiogram (ECG) tracing.1,2 The
ventricular response is irregular, because only a portion
of the impulses pass through the AV node. Atrial fibrillation may be found in healthy individuals, but the
condition usually is associated with rheumatic heart
disease, hypertension, ischemic heart disease, or thyrotoxicosis. Patients with atrial fibrillation are susceptible
to thrombus formation.
Ventricular tachycardia. Three or more ectopic
ventricular beats within a minute when the heart rate is
100 or more per minute is defined as ventricular tachycardia. This arrhythmia almost always occurs in diseased
hearts. Certain drugs such as digitalis, sympathetic amines
(epinephrine), potassium, quinidine, and procainamide
may induce ventricular tachycardia. On rare occasions, it
may be found in young, healthy adults. Ventricular tachycardia may be unsustained or sustained or may degenerate
into ventricular fibrillation..
Wolff-Parkinson-White syndrome
Three events are involved in Wolff-Parkinson-White
syndrome. First, an accessory AV pathway allows the
normal conduction systems to be bypassed. Second,
this accessory pathway allows rapid conduction and
short refractoriness, with impulses being passed rapidly
from atrium to ventricle. Third, the parallel-conduction
system provides a route for reentrant tachyarrhythmias.
This pattern constitutes a syndrome when patients display symptoms from paroxysmal supraventricular
tachycardia. Such symptoms may include fatigue, dizziness, syncope, and angina. Paroxysmal atrial fibrillation and flutter also may occur, leading to ventricular
fibrillation and death.2
Cardiac arrest
Ventricular fibrillation, ventricular asystole, and agonal rhythm are the 3 types of arrhythmias associated
with cardiac arrest. All are lethal. Patients with these
conditions require immediate treatment for survival.
Ventricular fibrillation. Ventricular fibrillation is
represented as chaotic activity on the electrocardiogram, with the ventricles contracting rapidly but ineffectively. This usually is lethal unless therapy is administered rapidly. Coronary atherosclerosis is the most
common form of heart disease predisposing to ventricular fibrillation. Other causes of this arrhythmia include
rheumatic heart disease, anaphylaxis, blunt cardiac
trauma, mitral valve prolapse, cardiac surgery, digitalis
intoxication, and cardiac catheterization.
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Ventricular asystole. In ventricular asystole, cardiac standstill occurs when no impulses are conducted
to the ventricles (ie, with the ECG registering a flat
line) and no muscular activity takes place. The conditions causing ventricular fibrillation also can lead to
ventricular asystole.
In a survey, Bialy et al13 reported that 10.6% of all
hospital admissions included patients who were diagnosed with cardiac arrhythmia. The prevalence of atrial
fibrillation in the United States is approximately 2.2
million people.14 Little et al1,12 found the prevalence of
cardiac arrhythmias in a large population (⬎10,000) of
general dental patients to be 17.2%, with greater than
4% of those serious, life-threatening cardiac arrhythmias. Cardiac arrhythmias may be associated with various systemic diseases. Pathologic sinus bradycardia
may be found in patients with febrile illnesses, myxedema, obstructive jaundice, increased intracranial
pressure, and myocardial infarction. Pathologic sinus
tachycardia may be found in patients with fever, infection, hyperthyroidism, and anemia. Atrial extrasystoles
may occur in patients with congestive heart failure,
coronary insufficiency, and myocardial infarction. Supraventricular tachycardias have been reported8 in approximately 6% of individuals with mitral valve prolapse and may be found in patients with pneumonia or
acute myocardial infarction. Atrial flutter may be found
in patients with ischemic heart disease and complicates
2% to 5% of myocardial infarction cases.14 Atrial fibrillation may be associated with rheumatic mitral disease, hypertension, ischemic heart disease, or thyrotoxicosis.11 Ventricular extrasystoles are the most common
form of rhythm disturbance found in patients with
ischemic heart disease and congestive heart failure.
They also occur in approximately 45% of individuals
with mitral valve prolapse.11 Ventricular tachycardia
almost always is associated with a diseased heart and
has been reported in 6% of patients with mitral valve
prolapse, in addition to 28% to 46% of monitored
patients with myocardial infarction.14 Ventricular fibrillation is a terminal arrhythmia unless rapid and
effective therapy is given. It may be precipitated by
coronary atherosclerotic heart disease, cardiomyopathy
of any origin, rheumatic heart disease, blunt cardiac
trauma, mitral valve prolapse, cardiac surgery, and cardiac catheterization.3,11,15
A major problem in patients with arterial hypertension is the presence of arrhythmias, especially if they
have left ventricular hypertrophy.16 A recent PubMed
search found that arterial hypertension is a major cause
of nonrheumatic atrial fibrillation and other supraventricular arrhythmias.16 In addition, the prevalence of
ventricular arrhythmias is increased in hypertensive
patients without left ventricular hypertrophy. If left
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ventricular hypertrophy is present, the risk for ventricular tachycardias is increased 4-fold.16
COMPLICATIONS
Arrhythmias may be asymptomatic and cause no hemodynamic changes. However, some can affect cardiac
output by (1) producing insufficient forward flow because
of a slow cardiac rate; (2) reducing forward flow because
of insufficient diastolic filling time, with a rapid cardiac
rate; or (3) decreasing flow because of poor sequence in
AV activation, with direct effects on ventricular function.3,17 The effect of an arrhythmia often is dependent on
the physical condition of the patient. For example, a
young, healthy person with paroxysmal atrial tachycardia
may have minimal symptoms, whereas an elderly patient
with heart disease with the same arrhythmia may develop
shock, congestive heart failure, or myocardial ischemia.3,11,17-19 The presence of heart failure can have a
dramatic impact on the risk for cardiac arrest. The presence of New York Heart Association class III or IV heart
failure and a low ejection fraction is a predictor of arrhythmic death/cardiac arrest. For every 5% reduction in left
ventricular ejection fraction, the risk of cardiac arrest/
arrhythmic death increases by 15%.20 There is evidence
that patients with certain types of cardiac arrhythmias (eg,
atrial fibrillation) are more susceptible to ischemic events
in the dental office when overly stressed or given excessive amounts of a local anesthetic containing a vasoconstrictor.21
CLINICAL FINDINGS
Cardiac arrhythmias may be detected as a change in the
rate or rhythm, or both, of the pulse. A slow pulse may
indicate a type of bradycardia, and a fast pulse may
indicate a tachyarrhythmia. Electrocardiographic monitoring is needed to identify the true nature of many cardiac
arrhythmias.3,11,22 The impact of an arrhythmia on the
circulation is more important than the arrhythmia itself.
Symptoms that may be attributable to an arrhythmia include fatigue, dizziness, syncope, and angina. The patient
may report heart palpitations occurring on a regular or
irregular basis.3,11 Stress testing with monitoring commonly is used to assess an individual’s cardiac status.3,11
MEDICAL MANAGEMENT
The medical management of cardiac arrhythmias includes medications, pacemakers, surgery, or cardioversion.23-25 Asymptomatic arrhythmias usually require no
therapy. Symptomatic arrhythmias usually are treated
first with medications. The molecular targets for optimal action of the drugs involve channels in the cellular
membranes through which ions (Na⫹, Ca⫹⫹, and K⫹)
are diffused rapidly. Various types of arrhythmias and
the degrees of severity will be affected differently with
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Table I. Classification of antiarrhythmic drugs on the basis of their differential effects on channels, receptors, and
transmembrane pumps26
Drug

Channels

Receptor

Pump

Adverse reactions

Lidocaine
(Xylocaine)
Mexiletine
(Mexitil)
Procainamide
(Procan SR)
Disopyramide
(Norpace)

Na

Seizures, drowsiness, and coma

Na

Na and K

M2

Tremor, visual blurring, dizziness,
and nausea
Arrhythmia aggravation, lupuslike
syndrome, and agranulocytosis
Congestive heart failure, urinary
retention, constipation, dry
mouth, and esophageal reflux

Quinidine

Na and K

␣ and M2

Syncope, hypotension, diarrhea,
vomiting, tinnitus, and
thrombocytopenia

Propafenone
(Rythmol)

Na

␤

Abnormal taste, nausea and
vomiting, dizziness

Flecainide
(Tambocor)

Na and K

Bretylium
(Bretylol)

K

␣ and ␤

Amiodarone
(Cordarone)

Na, K, and Ca

␣, ␤ and M2

Na and K

Digoxin

Na/K ATPase

Induced proarrhythmic events,
decreased left ventricular
function and increased pacing
thresholds
Nausea and vomiting, increased
blood pressure, hypotension,
and ventricular arrhythmias
Hypotension, interstitial
pneumonitis, and
photosensitivity
Cardiac arrhythmias, conduction
disturbances, GI disturbances,
and visual disturbances

Drug interactions
Cimetidine: increases plasma
lidocaine concentration
Dilantin, phenobarbital, rifampicin:
reduce half-life of mexiletine
Cimetidine: renal clearance of
procainamide reduced
Phenytoin, rifampin, and
phenobarbital increase hepatic
metabolism; avoid ␤-blockers
and calcium channel blockers
Cimetidine: inhibits metabolism;
increased by phenytonin,
phenobarbital, and rifampin;
causes digoxin toxicity
Metoprolol inhibition; increases
plasma level of warfarin; and
cimetidine increases plasma
levels
Cimetidine: increases half-life,
amiodarone elevates plasma
level of flecainide (reduce
dosage)
Avoid tricyclic antidepressants

Increases plasma level of warfarin
and other antiarrhythmic drugs
Avoid potassium-depleting
diuretics and avoid or use with
care with other antiarrhythmic
drugs

GI, Gastrointestinal; ATPase, adenosine triphosphatase.

different medications.26,27 Those who do not respond to
medications may then be treated with an implanted
pacemaker or cardioversion.17,28 If both medications
and pacing fail to control the arrhythmia, surgical intervention may be attempted. Cardioversion is indicated for any tachyarrhythmias that compromise hemodynamics or life, or both. Cardiac arrest also is treated
by cardioversion.3,7,28
Antiarrhythmic drugs
With many antiarrhythmic drugs, the toxic/therapeutic ratio is very narrow; therefore, the dosage for a
given patient must be individualized. Measurement of
the plasma level of the medication is often an important
part of therapy. Antiarrhythmic drugs were originally
classified in terms of their electrophysiologic effects.26
Class I (“local anesthetic” or “membrane-stabilizing”
activity) drugs included quinidine, procainamide, disopyramide, lidocaine, mexiletine, tocainide, flecainide,

and propafenone. Class II (␤-adrenergic antagonism)
drugs included propranolol, timolol, and metoprolol.
Class III (prolong the duration of cardiac action potential and refractoriness) drugs included amiodarone, sotalol, bretylium, and ibutilide. Class IV action (calcium
channel antagonism) drugs included veramil, bepridil,
diltiazem, and nifedipine. A newer classification referred to as “The Sicilian Gambit” is based on the
differential effects of antiarrhythmic drugs on channels,
receptors, and transmembrane pumps.26 Table I lists
selective antiarrhythmic drugs and their side effects and
drug interactions as used in the Sicilian Gambit classification system. Patients with arrhythmias medicated
with digitalis are susceptible to digitalis toxicity, especially if they are elderly or have hypothyroidism, renal
dysfunction, dehydration, hypokalemia, hypomagnesemia, or hypocalcemia.29 Patients with atrial fibrillation often are prescribed warfarin sodium (Coumadin)
to prevent atrial thrombosis.11
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Table II. Devices that may interfere with the function of a pacemaker33,47*†‡
Device
location
Home

Dental

Medical

Others

Little or no risk

Potential risk

Risk

CB radios, electric drills, electric blankets, electric
shavers, heating pads, microwave ovens, TV
transmitters, and remote-control TV changers
Diagnostic radiation, dental drill, motor for chair,
amalgamators, electric pulp testers, curing
lights, and electric toothbrushes
Diagnostic radiation, and electroconvulsive
therapy

Patients with older pacemakers may be
at risk with microwave ovens and
high-powered TV sets.
Patients with older pacemakers may be
at risk with pulp testers and dental
motors.
Extracorporeal shock-wave lithotripsy

–

–

Cellular telephones, antitheft systems,
and metal detectors

Electrosurgery units, ultrasonic
cleaners, and ultrasonic scaling
devices
Magnetic resonance imaging,
therapeutic radiation,
radiofrequency ablation, and
transcutaneous electrical nerve
stimulation
Arc welders and radar transmitters

*All patients with a pacemaker should have identification that shows others that they have a pacemaker.
†
The patient should always inform their physician or dentist before any testing or treatment with medical or electrical devices.
‡
The dentist should consult with the patient’s physician to determine which, if any, electrical devices may interfere with the function of the patient’s pacemaker.
CB, Citizens band; TV, television.

Pacemakers
More than 1 million persons in the United States
have permanent pacemakers.17,30 In this country, approximately 115,000 pacemakers are inserted each
year.30 Pacemakers are useful in the management of
several conduction system abnormalities including
symptomatic sinus bradycardia, symptomatic AV
block, and tachyarrhythmias refractory to drug therapy.
The most common pacing system in use today is the
demand ventricular pacemaker with a lithium-powered
generator and transvenous leads.17,32-35 The newer
units contain pacing circuits that allow for programming, memory, and telemetry.17,31,36 Some side effects
can result from pacemakers. Infection at the generator
site and thrombosis of the leads or electrodes are uncommon, but they can occur. Infective endocarditis
may also occur but is rare. The American Heart Association (AHA) does not recommend antibiotic prophylaxis for patients with a cardiac pacemaker.37
Skeletal muscle may be stimulated if insulation is lost
around the lead or if the generator rotates. In rare cases,
myocardial burning can occur. Some patients become
depressed, and suicide attempts have been reported.17,32
Electromagnetic interference from noncardiac electrical signals may temporarily interfere with the function of a pacemaker33 (Table II). This occurs by a
mimicking of the frequency of spontaneous heartbeats,
which causes inappropriate pacemaker inhibition. Examples would be transmission from radar transmitters
or arc welders. Other forms of electrical signals can
potentially cause revision of the pacemaker mode to a
fixed rate of transmission. These would include microwave ovens, diathermy and electrocautery units, and

direct-contact pulse generators in boat or automobile
motors. The newer pacemakers are better shielded to
protect against electromagnetic interferences.17
Implantable cardioverter-defibrillator
Certain patients with ventricular fibrillation or unstable ventricular tachycardias are candidates for an automatic implantable cardioverter-defibrillator (AICD).
The AICD is a self-contained diagnostic-therapeutic
system that monitors the heart, and, when it detects
fibrillation or tachycardia of the ventricle, it sends a
correcting electric shock to restore normal rhythm.34-36
By 1996, more than 100,000 patients worldwide had
had an AICD surgically implanted. The AICD is 99%
reliable in detecting ventricular fibrillation and 98%
reliable in detecting ventricular tachycardias. Its conversion effectiveness is excellent. Usually one 25-J
discharge converts the arrhythmia.18 The AHA does not
recommend antibiotic prophylaxis for patients with either a cardiac pacemaker or an AICD.37
Cardioversion/defribrillation
Direct-current cardioversion to convert atrial and
ventricular arrhythmias was first described in 1962.2
Cardioversion can be effective for the treatment of
reentrant arrhythmias such as atrial flutter, atrial fibrillation, ventricular tachycardia, and ventricular fibrillation. Tachyarrhythmias that result in hemodynamic collapse, prolonged angina pectoris, or pulmonary edema
should be treated promptly with direct-current cardioversion. The countershock simultaneously depolarizes
the entire myocardium, allowing synchronous repolarization and the resumption of sinus rhythm.15,21
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A defibrillator is an electrical device that sends a
pulse of current through the heart to arrest several types
of arrhythmias. The pulse is applied to electrodes
placed on the thorax. One electrode is placed on the left
chest over the region of the apex and the other on the
right side of the chest just to the right of the sternum
and below the clavicle. Usually, a damped sine wave
defibrillator is used that can store 400 J of energy and
deliver approximately 350 J into a 50-⍀ resistor. Either
multiple low-energy shocks (2 J/kg) or a single highenergy first shock (4 J/kg) is used. A dose concept
should be developed so that the strength of the shock
required is related to the size of the subject’s heart. The
practice of turning the output control to maximum and
delivering a full jolt to all adults can be dangerous.
Defibrillation usually is instantaneous, and cardiac
pumping resumes within a few seconds. It may have to
be repeated if defibrillation is unsuccessful (ie, regular
heartbeat does not occur). Cardiopulmonary resuscitation must be used until defibrillation has been successful. When defibrillation is attempted, all rescue personnel— except the individual holding the electrodes—
must stand clear of the patient.15,22
Automated external defribrillator
Currently, there are several types of automated external
defribrillator (AED) devices that can be purchased for use
in the dental office. Some of these AED devices include
the Heartstream FR-2 AED, the Laerdal AED, the
Medtronic Physio-control AED, and the Survivalink
AED. The use of AEDs is now being taught in cardiopulmonary resuscitation courses and is encouraged for public
use by the AHA. AEDs may be used in the emergency
management of sudden cardiac arrest, in addition to with
arrhythmias such as atrial flutter, atrial fibrillation, ventricular tachycardia, and ventricular fibrillation. These devices are simple, easy to use, and inexpensive and may be
very helpful in the management of serious cardiac arrhythmias in the dental office.38
DENTAL MANAGEMENT
Medical considerations
Stress associated with dental treatment or excessive
amounts of injected epinephrine may produce lifethreatening cardiac arrhythmias in susceptible dental
patients.21 Patients may have their arrhythmia under
control through the use of drugs or a pacemaker but
may require special consideration when receiving dental treatment because of the potential increased risks for
myocardial infarction, heart failure, and death.39 Table
III lists some clinical predictors of increased perioperative cardiovascular risk factors for myocardial infarction, heart failure, or death. Note that certain arrhythmias are included as major risk factors. Patients with
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Table III. Clinical predictors of increased perioperative
cardiovascular risk (eg, MI, heart failure, and death)*
Major
Unstable coronary syndromes
Acute or recent MI with evidence of important ischemic risk by
clinical symptoms or noninvasive study
Unstable or severe angina
Decompensated heart failure
Significant arrhythmias
High-grade atrioventricular block
Symptomatic (ventricular) arrhythmias in the presence of
underlying heart disease
Supraventricular arrhythmias with uncontrolled ventricular rate
Severe valvular disease
Intermediate
Mild angina pectoris
Previous MI by history or pathologic Q waves
Compensated or prior heart failure
Diabetes mellitus (particularly type 1)
Renal insufficiency
Minor
Advanced age
Abnormal ECG (eg, with left ventricular hypertrophy, left bundlebranch block, or ST-T abnormalities)
Rhythm other than sinus (eg, atrial fibrillation)
Low functional capacity (eg, inability to climb 1 flight of stairs
with a bag of groceries)
History of stroke
Uncontrolled systemic hypertension
*From Circulation 2002;105:10 (with permission of the American Heart
Association).
MI, Myocardial infarction; ECG, electrocardiogram.

these high-risk arrhythmias may not be candidates for
elective dental care. The keys to the dental management
of patients susceptible to developing a cardiac arrhythmia and those with an existing arrhythmia are in identification and prevention.
Prevention of medical complications
The identification of patients with an existing arrhythmia and those susceptible to developing an arrhythmia is
most important. Specific arrhythmias may dictate specific management, but the general principles that the
dentist should follow are outlined here. The dentist must
obtain and evaluate a patient’s medical history and
obtain their vital signs. The presence of signs and/or
symptoms of a cardiac arrhythmia may mandate further
evaluation by a physician before dental treatment is
performed. Patients who have an irregular cardiac
rhythm with or without symptoms should be referred for
a medical evaluation. Elderly patients with a regular
heart rate that varies in intensity with respiration should
be referred for an evaluation of possible sinus arrhythmias and sinus node disease.11,17 Patients with a history
of significant heart disease, thyroid disease, or chronic
pulmonary disease must be identified and their medical
status determined. If their status is uncertain, a medical
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Table IV. Estimated energy requirements for various
activities*†
1 to 4 MET level
Can you take care of yourself?
Eat, dress, or use the toilet?
Walk indoors around the house?
Walk a block or 2 on level ground at 2 to 3 mph
Do light work around the house such as dusting or washing
dishes?
4 to 10 MET level
Climb a flight of stairs or walk up a hill?
Walk on level ground at 4 mph?
Run a short distance?
Do heavy work around the house, such as scrubbing floors or
lifting or moving furniture?
Participate in moderate recreational activities such as
Golf, bowling, dancing, doubles tennis?
Throwing a baseball or football?
Greater than 10 MET level
Participate in strenuous sports like swimming, singles tennis,
football, basketball, or skiing?
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Table V. Cardiac risk (combined incidence of cardiac
death and nonfatal myocardial infarction) stratification
for noncardiac surgical procedures*†
High (ie, reported cardiac risk often greater than 5%)
Emergent major operations, particularly in the elderly
Aortic and other major vascular surgery
Peripheral vascular surgery
Anticipated prolonged surgical procedures associated with large
fluid shifts or blood loss, or both
Intermediate (ie, reported cardiac risk generally less than 5%)
Carotid endarterectomy
Head and neck surgery
Intraperitoneal and intrathoracic surgery
Orthopedic surgery
Prostate surgery
Low (ie, reported cardiac risk generally less than 1%)
Endoscopic procedures
Superficial procedures
Cataract surgery
Breast surgery

*Perioperative cardiac and long-term risks are increased in patients unable to
meet a 4 MET level demand during most normal daily activities.
†
From Circulation 2002;105:10 (with permission of the AHA American
Heart Association).

*Surgery-specific cardiac risk of noncardiac surgery is related to 2 important
factors: the type of surgery itself and the degree of hemodynamic stress
associated with the procedure.
†
From Circulation 2002;105:10 (with permission of the American Heart
Association).

consultation should be obtained to accurately determine
their current status and risk for developing a cardiac
arrhythmia. In addition, patients taking antiarrhythmic
medications and those with a pacemaker must be identified through their medical history and, again, their
current status confirmed.
The severity of a given arrhythmia may depend on the
health of the patient; the patient’s age; and the presence of
conditions such as severe hypertension, recent myocardial
infarction, unstable angina, untreated hyperthyroidism, or
congestive heart failure.12 Several studies1,2,40 have documented the benefit of the use of a 3-lead ECG unit to
screen dental patients for arrhythmias.
In 2002, the American College of Cardiology and the
AHA published new guidelines for perioperative cardiovascular evaluation for patients undergoing noncardiac
surgery.39 These guidelines are intended for physicians
who are involved in the preoperative, operative, and postoperative care of patients undergoing noncardiac surgery.
Nonetheless, the guidelines can be useful to the dentist in
the evaluation of the risk of cardiac arrhythmia, myocardial infarction, heart failure, and death occurring in patients being evaluated for dental procedures. Tables III,
IV, and V can be used by the dentist to help determine the
risks of patients with various types of cardiovascular disease developing serious complications during or after dental treatment. Table III stratifies medical conditions on the
basis of risk. It should be noted that major risk conditions
include certain arrhythmias such as symptomatic ventricular arrhythmias in patients with underlying heart disease,

high-grade atrioventricular block, and supraventricular arrhythmias with an uncontrolled ventricular rate.
A patient’s ability to perform various physical activities also can be used to evaluate the risk for noncardiac
surgery.39 Table IV lists activities under the heading of
metabolic equivalent (MET) levels. Patients with an
MET level of 1 to 4 are at greatest risk; those with an
MET level of 4 to 10 are at less risk; and those with an
MET level of greater than 10 are at the least risk. The
risk includes development of arrhythmias, myocardial
infarction, congestive heart failure, and death. From the
dentist’s viewpoint, a patient who can’t climb a flight of
stairs or walk up a hill (a less than 4 MET level) may
be at increased risk of adverse cardiovascular events
during certain dental procedures and a medical consultation should be performed before starting any dental
treatment. The cardiac risks for various noncardiac
surgical procedures39 are listed in Table V under the
headings of high risk (ie, risk of arrhythmia, myocardial
infarction, heart failure or death greater than 5%), intermediate risk (ie, cardiac risk generally less than 5%),
and low risk (ie, cardiac risk less than 1%). Most dental
treatment (not shown) would be included in the lowrisk group with a cardiac risk less than 1%, but some
oral surgery or periodontal surgery may fall into the
intermediate-risk category. The dentist can use the appropriate information from Tables III, IV, and V to
serve as the basis for medical consultation and to help
establish risk assessment for patients with arrhythmias.
The dentist can prevent many cardiac arrhythmia–
related medical emergencies by being aware of who are
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Table VI. Dental management of the patient at risk for
a cardiac arrhythmia
Medical consultation
1. Refer for diagnosis any patient with signs and symptoms
suggestive of arrhythmia
2. Establish the type and severity of the arrhythmia
3. Establish current status for patient with arrhythmia
4. For patients with pacemakers, determine
Type of pacemaker being used
Type of arrhythmia being managed
Degree of shielding provided for the generator
Types of electrical equipment that should be avoided
5. For patients with atrial fibrillation, determine whether they are
being treated with Coumadin and
Determine whether Coumadin is used to prevent atrial
thrombosis
Determine INR if surgery is planned*
Determine whether dosage of Coumadin needs to be adjusted
before surgery
6. Establish presence and current status of any condition that may
cause arrhythmia
Patient management
1. Reduce anxiety as much as possible
Prescribe premedication—a benzodiazepine
Open and honest communication with the patient
Short morning or early afternoon appointments
Nitrous oxide–oxygen inhalation if needed
IV sedation if needed—a benzodiazepine
2. Avoid excessive amounts of epinephrine
Use 1:100,000 epinephrine in the local anesthetic
Use anesthetic without epinephrine in patients with severe
arrhythmias, if treatment is necessary
High-grade atrioventricular block
Symptomatic (ventricular) arrhythmias in presence of
underlying heart disease
Supraventricular arrhythmias with uncontrolled ventricular
rate
In general, use no more than 3 cartridges of anesthetic
Aspirate before injecting the local anesthetic
Do not use epinephrine in gingival packing
Do not use epinephrine to control local bleeding
3. Manage underlying condition such as rheumatic heart disease
(antibiotic prophylaxis to prevent BE)
4. Avoid use of general anesthesia in most dental practices
5. In general, avoid the use of the following devices:
Electrosurgery units
Ultrasonic bath cleaners
Ultrasonic scalers
6. Be prepared to deal with life-threatening arrhythmia by
Stopping the procedure
Evaluating vital signs—blood pressure, pulse rate and rhythm,
and mental alertness
Calling for medial assistance if indicated
Administering oxygen
Placing patient in Trendelenburg’s position to reduce effects
of hypotension
Performing vagal maneuver (carotid massage) if hypotension
and tachycardia are present
If indicated, initiating cardiopulmonary resuscitation
Using an automated external defribrillator if no pulse can be
established
*Most dental surgeries can be performed if INR is 3.5 or less.
INR, International normalized ratio; IV, intravenous; BE, bacterial
endocarditis.
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the high-risk patients and by taking appropriate precautions during dental treatment. These precautions include the following (Table VI):
1. Management considerations of coexisting conditions:
Patients with underlying cardiac disease must be managed as indicated by the nature of the underlying
cardiac problem (eg, those susceptible to endocarditis,
ischemic heart disease, congestive heart failure, hypertrophic cardiomyopathy, and so on).41-45
2. Reduce patient anxiety: Any increase in sympathetic
tone can precipitate an arrhythmia.39 Premedication
with a short-acting benzodiazepine (ie, triazolam
[0.25-0.5 mg] or oxazepam [Serax] 5 mg) the night
before the appointment or 1 hour before the appointment, or both, may be helpful to reduce anxiety.
Nitrous oxide– oxygen inhalation sedation can also
be used during dental treatment. An open, honest
approach with the patient (ie, explaining what will
happen) is most important.
3. Minimize stressful situations: Patients with significant arrhythmias, coronary atherosclerotic heart disease, ischemic heart disease, or congestive heart
failure should be managed with short morning appointments; furthermore, the session should be terminated if the patient becomes tired, to prevent or
minimize acute exacerbation of conditions that
might trigger significant arrhythmias.44,45 Complex
dental procedures can be performed at several appointments to reduce the stress to the patient.
4. Avoid excessive amounts of vasoconstrictive agent
and local anesthetic considerations: Excessive
amounts of epinephrine can trigger arrhythmia or
another adverse cardiovascular event.12,44,45 At the
same time, however, vasoconstrictors in appropriate
concentration in the local anesthetic are beneficial.
The need to achieve profound local anesthia and
hemostasis far outweighs the very slight risk of the
use of these agents in small amounts (eg, 1:100,000
epinephrine). However, the use of more than 3 cartridges (5.4 mL) of anesthetic (which contains 0.06
mg of epinephrine) is not advised for any given
appointment attributable to increasing risks.21,41
In patients with severe arrhythmias (such as premature ventricular contractions or ventricular tachycardia)
and in some patients with atrial fibrillation, recent myocardial infarction, unstable angina, or untreated hyperthyroidism, a local anesthetic without a vasoconstrictor
should be used to prevent the vasoconstrictor from
precipitating serious complications or cardiac arrest.21,41 Vasoconstrictors should not be used in gingival packing material for crown impressions or to control local bleeding. In addition, caution should be
exercised when local anesthetics containing vasocon-
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strictors are used in patients taking digitalis because of
an increased risk of precipitating an arrhythmia.46
5. Avoid general anesthesia: Patients at risk for developing significant cardiac arrhythmias and those with
significant arrhythmias should not be given general
anesthesia in the dental office because of the increased risk of myocardial infarction, congestive
heart failure, or death.12,44,45
6. Use caution around electrical equipment: During the
medical consultation for patients with a pacemaker,
the risk for electromagnetic interference from electrical equipment used in the dental office should be
discussed. The type of pacemaker should be identified and its susceptibility to electromagnetic interference determined. Miller et al47 discovered that
the only devices causing significant electromagnetic
interference with pacemakers in the dental office
were electrosurgery units, ultrasonic bath cleaners,
and ultrasonic scaling devices (Table II). Amalgamators, electric pulp testers, curing lights, handpieces,
electric toothbrushes, microwave ovens, x-ray units,
and sonic scalers did not cause any significant electromagnetic interference with pacemakers in the
dental office. Internal shielding has been increased
on the newer generators to minimize the adverse
effects of electromagnetic interference.
Patients with new, well-shielded generators are at
low risk for electromagnetic interference. However,
patients with older pacemakers with poor shielding may
be at higher risk for complications in pacing because of
electromagnetic interference. Studies have identified
certain types of equipment that may be safe, but pulp
testers, motorized dental chairs, and belt-driven handpieces all may be capable of causing pacemaker malfunction in a patient with poor shielding in the pacemaker generator. Electrosurgery units, ultrasonic bath
cleaners, and ultrasonic scaling devices can be of risk to
all patients with pacemakers, and their use in or near
these patients is contraindicated.12
7. Recognize anticoagulant therapy: Patients with certain arrhythmias (eg, atrial fibrillation) may be receiving anticoagulant therapy, and therefore the International Normalized Ratio (INR) level must be
determined before performing surgical procedures.
If the INR is 3.5 or less, most dental treatments
(including minor oral surgery) can be safely performed.9 The dentist should consult with the patient’s physician to determine the level of anticoagulation and the need to reduce the warfarin dosage
before dental treatment. If the INR is greater than
3.5, the physician should consider reducing the warfarin dosage. If the warfarin dosage is reduced, it
will take 3 to 4 days for the INR reduction to occur.
On the day of surgery, the level of anticoagulation

must be determined. If it is within the desired range,
then the surgery can be performed. If excessive
bleeding should occur, it can usually be controlled
by using local measures such as pressure packs,
Gelfoam/thrombin (Pharmacia, New York, NY),
Oxycel (Parke-Davis, New York, NY), Surgicel
(Johnson and Johnson, New Brunswick, NJ), microfibrillar collagen, or tranexamic acid.9
8. Digitalis intoxication: Medical consultation to determine the digitalis dosage prescribed by the physician,
as well as the potential for toxicity or adverse drug
reactions, is recommended. Therapeutic doses of digitalis range from 0.5 to 2.0 ng/mL. Levels greater than
2.5 ng/mL may result in digitalis toxicity. Patients with
arrhythmias medicated with digitalis may be susceptible to digitalis toxicity if they are elderly or have
hypothyroidism, renal dysfunction, dehydration, hypokalemia, hypomagnesemia, or hypocalcemia. Patients
with electrolyte imbalances are more susceptible to
digitalis toxicity because of the heightened sensitivity
of the heart to these changes accompanying certain
arrhythmias. The dentist should avoid using erythromycin because it can increase the absorption of digitalis by altering the intestinal flora and it can lead to
toxicity.46
Patients should be assessed in light of the signs and
symptoms of digitalis toxicity, which are found in 3
systems: gastrointestinal (eg, anorexia, excessive salivation, nausea, vomiting, and diarrhea), neurologic (eg,
headache, visual disturbances, fatigue, and drowsiness), and cardiovascular (eg, AV block, excessive
slowing of the heart, ventricular extrasystoles, and
other arrhythmias).29,46
9. Endocarditis prevention: A few cases of endocarditis involving the cardiac leads of pacemakers and
defibrillators have been reported. However, the risk
of such infection resulting from dental bacteremias
is remote. The AHA does not recommend antibiotic
prophylaxis to prevent endocarditis for patients with
implanted pacemakers or defibrillators, or both,
when invasive dental procedures are performed.37
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