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A thorough assessment of a patient’s medical status is standard practice when
dental care is provided. Although this is true for procedures performed under lo-
cal anesthesia alone, the information gathered may be viewed somewhat differ-
ently if the dentist is planning to use sedation or general anesthesia as an adjunct
to dental treatment. This article is the first of a 2-part sequence and will address
general principles and cardiovascular considerations. A second article will ad-
dress pulmonary, metabolic, and miscellaneous disorders.
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The late Robert Dripps advanced the notion that a
satisfactory outcome of anesthesia is largely de-

termined by the quality of preanesthetic and postanes-
thetic care.1 If we accept this tenet, preoperative as-
sessment of the dental patient must assume para-
mount importance. Meticulous documentation of the
patient’s medical history and flawless baseline vital
sign assessment are essential if the dentist is to rea-
sonably estimate the patient’s fitness for the anesthetic
and treatment planned.

A system for classifying preoperative physical status
was developed by the American Society of Anesthesi-
ologists (ASA) in 1941 and was revised to its current
form in 1984 (Table 1).2 Despite its universal accep-
tance as a standard in preoperative assessment, this
system has been shown to lack scientific precision2

and might better be appreciated as a guideline rather
than a standard. In addition to the inherent inconsis-
tency of any subjective rating, this particular system
does not precisely define variables such as age, obesi-
ty, or the duration and nature of the surgery to be per-
formed. For example, a 70-year-old ASA 3 patient un-
dergoing a lengthy neurosurgical procedure would
likely be a greater anesthetic risk than a 35-year-old
ASA 3 patient about to have 3 teeth removed.

Despite these shortcomings, the ASA classifications
provide a useful basis for decisions regarding the risks
for sedation and anesthesia in the office. Class 1 and 2
patients are generally acceptable candidates for in-of-
fice sedation and anesthetic care, but Class 4 patients
should generally be managed on an inpatient basis.
Most class 3 patients who are well controlled by their
medication can be safely managed in the office, but
those who have questionable stability are better man-
aged in a hospital, especially if a general anesthetic is
required.

RECORDING THE MEDICAL HISTORY

Anesthetic History

The patient should be questioned carefully regarding
past experiences with local and general anesthetics.
Most patients vividly recall any unpleasant experienc-
es, regardless of their true significance. For those who
have had little or no experience with any form of anes-
thesia, questions regarding other family members may
be helpful, because the patient may be genetically or
psychosocially predisposed to an adverse anesthetic
outcome. This is especially true for general anesthet-
ics. Finally, information regarding past hospitaliza-
tions will enlighten the examiner regarding the pa-
tient’s status.
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Current Medications

Information regarding a patient’s medications not only
provides insight regarding his or her medical status,
but may alert the dentist to possible drug interactions.
Careful attention should be paid to any prescribed
medications the patient is taking currently or has taken
within the past month. In the case of corticosteroids,
extended use (ie, greater than 2 weeks) within the pre-
vious month or 2 presents a risk for adrenal atrophy
that may indicate a need for glucocorticoid prophylax-
is. This is especially true if extensive treatment is
planned, or a stormy postoperative course is anticipat-
ed. Finally, questioning should be directed to include
any medications prescribed but not taken by the pa-
tient.

With only a few exceptions, there is little reason to
discontinue any medication prescribed for cardiovas-
cular disease. Diuretics can be withheld until after the
appointment to minimize need for micturition. Their
long-term use may be associated with hypokalemia
and risk for cardiac arrhythmias; any irregularity in
the patient’s baseline pulse should be viewed with sus-
picion. It may be wise to order a serum potassium level
if a general anesthetic is planned. Antihypertensive
drugs can potentiate the hypotensive influences of
sedatives and anesthetics, but there is even greater risk
for acute rebound hypertensive episodes if long-term
medications other than diuretics are withheld. With
the possible exception of angiotensin-converting en-
zyme (ACE) inhibitors and angiotensin-receptor block-
ers (ARBs), it is better to continue these medications
and give particular attention to intraoperative monitor-
ing and cautious ambulation following postural
change. A thorough review of considerations regard-
ing cardiovascular medications was presented in previ-
ous continuing education articles in this journal.3,4

All chronically prescribed psychoactive agents
should be continued. In most cases, their therapeutic

influence requires a steady state serum concentration
that has taken several weeks to establish. Furthermore,
interrupting sedative/anxiolytics such as benzodiaze-
pines may result in bothersome signs and symptoms
of withdrawal. No major interactions with psychoac-
tive drugs are known in anesthetic practice, other than
monoamine oxidase inhibitors. The use of meperidine
is contraindicated for patients taking this category of
antidepressant because the interaction can precipitate
seizure and a hypertensive crisis. Putative interactions
regarding vasopressors and antidepressants have been
overstated. Although indirect-acting sympathomimet-
ics should be avoided, the judicious use of epineph-
rine or levonordefrin is not contraindicated for pa-
tients medicated with this or any of the remaining cat-
egories of antidepressants, including tricyclic
antidepressants and selective serotonin reuptake in-
hibitors. A thorough review of considerations regard-
ing psychotropic medications was presented in a pre-
vious continuing education article in this journal.5

Often we forget to question patients regarding use of
nonprescription drugs, recreational drugs, and ho-
meopathic supplements. Cough, cold, and allergy
medications may have a direct impact on vital sign as-
sessment, and they introduce risk for cardiac arrhyth-
mias and drug interactions. The same can be said for
appetite suppressants, decongestants, and cocaine,
because all are sympathomimetic amines. Recommen-
dations have been provided for managing asymptom-
atic cocaine abusers,6 and they are reasonable sugges-
tions if there is evidence of excessive use of any sym-
pathomimetic agent. The dentist may wish to avoid
outpatient general anesthesia, opting instead for seda-
tion and local anesthesia and, along with monitoring
for blood pressure and pulse, electrocardiographic
(ECG) monitoring of such patients is encouraged.

Patients who smoke are prone toward hyperactive
airways and bothersome episodes of coughing, in ad-
dition to well-established compromise of cardiovascu-
lar and respiratory function. Heavy smokers have a re-
duction in oxygen binding sites on hemoglobin due
the presence of carbon monoxide, which also impairs
unloading of oxygen from the hemoglobin. This shifts
the hemoglobin dissociation curve to the left and ne-
gates the accuracy of pulse oximetry to accurately re-
flect the patient’s actual partial pressure of oxygen in
arterial blood (PaO2). Whereas a hemoglobin satura-
tion of 95 by pulse oximetry normally reflects a PaO2

of ,80 mm Hg, oxygen tension will be lower in a pa-
tient with elevated carbon monoxide levels. It is wise
to oxygenate heavy smokers and to maintain pulse ox-
imeter readings .95. It may also be useful to adminis-
ter a bronchodilator such as albuterol preoperatively,
especially when a general anesthetic is planned.7

Table1. ASA Risk Classificationa

Class Description

1 Healthy patient.
2 Mild systemic diseaseBno functional limitation
3 Severe systemic diseaseBdefinite functional limitation
4 Severe systemic disease that is a constant threat to life
5 A moribund patient who is not expected to survive for

24 hours with or without operation
6 Brain-dead patient whose organs are being removed for

donor purposes
a American Society of Anesthesiologists’ Physical Status

Classification. (Addition of an ‘‘E’’ after each class indicates
emergency surgery. Such a designation doubles the surgical
risk.)2
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The long-term use of opioids or other CNS depres-
sants, either prescribed or abused, should alert the cli-
nician to possible dependence. In such cases, it is ad-
visable to maintain the patient’s current level of use.
For those suspected of opioid dependence, it is wise
to avoid the use of nalbuphine, pentazocine, or butor-
phanol, because these particular opioids have mixed
agonist-antagonist action that may precipitate a with-
drawal syndrome.

History of Allergies

Even when a patient reports an allergic reaction, this
does not necessarily preclude use of the particular
drug or drug class in question. It is not uncommon for
patients to label any adverse drug experience as an ‘‘al-
lergic reaction.’’ This is true not only for reactions to
local anesthetics, which more often are attributable to
syncope or symptoms related to use of vasopressors,
but also for reactions to antibiotics, opioids, and non-
steroidal anti-inflammatory drugs (NSAIDs), which fre-
quently produce nausea and dyspepsia. Any report of
allergy should be further questioned to clarify that
signs and symptoms were consistent with hypersensi-
tivity reactions (eg, rash, pruritus, urticaria, severe hy-
potension, airway compromise). Immediate allergic re-
actions are immunoglobulin ( Ig)E mediated and can
be confirmed only by testing serum for the presence
of reactive antibody. However, other so-called ‘‘pseu-
doallergic’’ mechanisms can produce identical signs
and symptoms of equal consequence. For this reason,
any reaction resembling allergy should be presumed to
be at least pseudoallergic in mechanism, pending con-
firmation by an allergist.

No convincing data have confirmed IgE-mediated
reactions to local anesthetics. Nevertheless, patients
have occasionally experienced reactions to local anes-
thetics that are, at the very least, pseudoallergic in na-
ture.8 In the event that an anesthetic is required before
medical consultation can be obtained, the wisest
choice would be mepivacaine or prilocaine without
vasopressors. Conventional wisdom holds that if local
anesthetics do indeed produce allergies, esters of ben-
zoic acids would be capable of cross-reacting, but this
would not be likely among amide local anesthetics.9,10

Furthermore, by avoiding those solutions containing
vasopressors, one avoids bisulfites that are included
as antioxidants. Sensitivity to bisulfites is well estab-
lished, especially among atopic patients.11 An algo-
rithm for managing patients with putative allergy to lo-
cal anesthetics is provided in Figure 1.

The most common adverse reaction to codeine and
its derivatives is nausea. However, IgE antibodies have

been detected that react with several opioids, includ-
ing codeine,12 and nearly all opioids are capable of
triggering degranulation of mast cells leading to the di-
rect release of histamine.13,14 Until issues regarding
cross-reactivity among opioids are resolved, a prudent
approach would be to select alternatives that are mo-
lecularly dissimilar. For example, when clinical signs
reported for a codeine reaction are allergic in nature,
one should select an agent that is dissimilar in struc-
ture (eg, meperidine, fentanyl, pentazocine).

Reputed allergic reactions to aspirin or other
NSAIDS most likely are related to pseudoallergic
mechanisms. Although their molecular structures may
be strikingly dissimilar, all NSAIDs inhibit cyclooxy-
genases from converting arachidonic acid to prosta-
glandins. This shifts the arachidonic acid pathway to-
ward another group of enzymes, lipoxygenases, which
are not inhibited by the NSAIDs. These enzymes con-
vert arachidonic acid into leukotrienes, and even sub-
tle increases in these autacoids may lead to adverse
reactions in atopic patients.15,16 It is wise to substitute
acetaminophen for patients who claim allergy to any
of the NSAIDs.

Penicillins have been confirmed as producing both
IgE- and non^ IgE-mediated reactions.17 Patients rare-
ly have serologic confirmation that their previous reac-
tion was IgE mediated, leaving the clinician little re-
course but to avoid all penicillins when allergy is sus-
pected. Erythromycin and clindamycin are the most
conventional alternatives, but if necessary, cephalo-
sporins can be prescribed, provided the reaction to
penicillin was only pruritic or maculopapular in na-
ture. A history of urticaria (hives) or anaphylactoid
symptoms is more convincing evidence that the pa-
tient’s reaction to penicillin was truly IgE mediated,
and in this case, one should refrain from prescribing

Figure1. Algorithm for managing patients who claim aller-
gy to local anesthetics. If allergist referral is elected, items in-
cluded in the arrowed box are reasonable requests for testing.
(Adapted from deShazo RD, Kemp SF. JAMA. 1997;278:
1903.)
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any beta lactam derivative, including cephalospo-
rins.18,19

Recent emphasis on infection control has contribut-
ed to an increased number of reports regarding latex
allergy. Latex is a milky-white sap obtained from rub-
ber trees (Hevea brasiliensis ) and is used in more than
40,000 medical products.20 IgE-mediated reactions to
latex have been confirmed, and a surprising number of
allergic incidents have been reported, including ana-
phylaxis and death.21^23 All standard medical history
forms should be revised to include an inquiry regard-
ing adverse reactions to rubber products.

PHYSICAL ASSESSMENT

Along with a complete medical history, baseline infor-
mation regarding vital signs is an essential component
of the medical record. It not only aids in assessing the
patient’s medical status, but also provides essential ref-
erence data during intraoperative monitoring. Ideally,
the information is gathered during an interview ap-
pointment, when the patient is less likely to be appre-
hensive concerning eminent treatment. Along with the
patient’s age, weight, and height, essential vital signs
should include blood pressure, pulse rate, and hemo-
globin saturation by pulse oximetry.

The airway should be examined and the Mallampati
classification noted. Airway management is the most
important aspect of patient care during sedation or
general anesthesia, and examination of the patient’s
airway is an essential component of the preoperative
assessment. Documentation of a Mallampati airway
classification has become a standard of care when
any level of sedation is provided (Figure 2). Patients
who have Class III and IV airways are more difficult to
intubate, more likely to obstruct, and more difficult to
artificially ventilate, should this become necessary.
Unless one has training and significant experience in
advanced airway management, deeper levels of seda-
tion should be avoided in these patients. Patients with
additional factors that warn of difficulty in attaining a
good mask seal for positive-pressure ventilation in-
clude those who are fully bearded or edentulous, or
who have a short thyromental distance, and those with
a large neck circumference.

Patients should be questioned regarding their phys-
ical stamina, including exertional or postural dyspnea
and any history of light-headedness or syncopal
events. The dentist should note any visual impressions
of cardiovascular, respiratory, or neurologic compro-
mise. These might include evidence of distended jugu-
lar veins, edema of extremities, or elevated nail beds.
For elderly patients, a notation regarding any evidence

of dementia will be useful in evaluating any concerns
regarding residual influences of sedative or anesthetic
agents during the subsequent day or two. A system for
assessing functional capacity was introduced by Hlat-
ky et al.24 and was modified as a useful adjunct when
patients with questionable ASA status are assessed25

(Table 2).

ASSESSMENTOF PREEXISTING
MEDICAL CONDITIONS

The proper assessment of preexisting medical condi-
tions requires a basic understanding of the pathophys-
iologic features of the condition. This will enable the
provider to comprehend the patient’s status and to
properly design a plan for appropriate management
while providing dental care. Cardiovascular diseases
represent the most widespread preexisting medical
conditions among patients presenting for dental treat-

Figure 2. Mallampati airway classification. An increase in
Mallampati class correlates with increased risk for difficulty
in airway management. Class I : complete visualization of
uvula, tonsillar pillars, and soft palate. Class II: only partial
visualization of the uvula. Class III : only soft palate visible.
Class IV: only hard palate visible. (Redrawn from Frerk CM:
Anaesthesia. 1991;46:1005^1008.)
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ment. By convention, the most common disorders will
be addressed separately, but patients frequently suffer
from combinations of these conditions.

Ischemic Heart Disease

Ischemic heart disease is a condition whereby the
myocardium is inadequately supplied with oxygenated
blood. The pathogenesis reflects an imbalance be-
tween coronary artery supply and myocardial oxygen
demand. Atherosclerosis is generally the primary cor-
onary lesion and compromises perfusion through ves-
sel stenosis. However, as this condition progresses,
plaque rupture, thrombosis, and/or vasospasm may
all be superimposed. If a vessel becomes totally oc-
cluded, the normally perfused myocardial cells under-
go necrosis ( ie, myocardial infarction). Myocardial ox-
ygen demand is determined primarily by heart rate
and systolic wall tension (afterload).

Chest pain (angina) is generally the first symptom of
coronary artery disease. However, a patient may toler-
ate varying degrees of coronary stenosis without angi-
nal pain provided heart rate and blood pressure do not
impose excessive demand. In fact, some patients re-
main completely asymptomatic, and their disease is
discovered during treadmill or other screening exami-
nations. In this case, the condition is labeled silent is-
chemia. For example, severe diabetes can result in pe-
ripheral sensory neuropathy, and these patients may
not experience anginal pain during periods of myocar-
dial ischemia or infarction.

The nature and frequency of anginal episodes are
indicative of the coronary lesions. When chest pain oc-
curs only during exercise or emotional stress, the con-
dition is called stable or classic angina. Because the
pain is triggered by an increase in cardiac strain or
myocardial oxygen demand, it is presumed that the
coronary lesion is relatively stable and reflects uncom-
plicated atherosclerosis. It is believed that pain occurs
because the sudden increase in demand outstrips the
ability of the stenosed vessel to provide adequate oxy-
genated blood to the heart muscle. In rare cases, chest
pain occurs only at rest. In this case, brief periods of
coronary spasm are suspected and may be due to
heightened excitability of coronary smooth muscle
cells. Presumably, the underlying atherosclerosis con-
tributes to this irritability, and the condition is de-
scribed as Prinzmetal’s or vasospastic angina. When
chest pain becomes more frequent and occurs during
exercise or rest, it is assumed that atherosclerotic le-
sions are becoming unstable and are exhibiting plaque
rupture and thrombotic events. This is called unstable
or preinfarction angina.

Myocardial infarction is the death of cardiac muscle
cells attributed to complete occlusion of a primary cor-
onary artery or one of its branches. This occlusion is
the result of thrombosis following rupture of an ath-
erosclerotic plaque. Although atherosclerosis produc-
es stenosis of coronary arteries, the actual degree of
stenosis does not always predict imminent myocardial
infarction. Indeed, some patients who have 80 to 90%
stenosis merely present episodes of stable angina and
never experience myocardial infarction. This occurs
because total occlusion requires thrombosis. The vul-
nerability of atherosclerotic plaques to rupture is not
predicated on the degree of stenosis, but on the por-
tion that comprises cholesterol-rich lipids. At times,
this fragile appearance is noticeable on angiographic
studies, but otherwise it is presumed on the basis of
an unstable pattern of anginal episodes. These epi-
sodes are believed to follow embolization of plaque
fragments or small thrombi that lodge in small, distal
branches and dissolve. They do not occlude coronary
perfusion long enough to cause necrosis and, in this
regard, resemble the process observed in transient is-
chemic attacks (TIAs) of the cerebral circulation.

Nevertheless, the risk for myocardial infarction cer-
tainly increases as atherosclerosis evolves to produce
greater degrees of stenosis. The sequelae that follow
infarction depend on the size and location of the ne-
crotic zone. Occlusion of a terminal branch to a small
area in the right ventricular wall may result in chest
pain only and may heal uneventfully. Necrosis of an
isolated papillary muscle may lead to prolapse of the
related valve. However, if a large vessel supplying the

Table 2. Evaluating Functional Capacitya

Activity Points

Walk around in house 1.75
Light work: dusting, washing dishes 2.7
Personal care (dress, eat, bath, toilet ) 2.75
Walk1 to 2 blocks ( level ground) 2.75
Moderate work: vacuuming, sweeping 3.5
Yard work: raking, weeding, mowing 4.5
Sexual relations 5.25
Climb a flight of stairs 5.5
Golf, bowling, dancing, doubles tennis 6
Swim, singles tennis, basketball, ski 7.5
Run short distance 8
Total Points

Excellent capacity .7
Moderate capacity 4^7
Poor capacity ,4
a The overall functional capacity of a patient is estimated on

the basis of a point scale derived using metabolic equivalents
(MET) calculated as 1 MET 5 3.5 mL/kg/min oxygen utiliza-
tion.

Adapted from Hollenberg.25
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left ventricle is occluded, necrosis may be so extensive
that the ventricle fails to eject adequately or ruptures.
In either of these cases, the patient may experience a
cardiac arrest, which is the absence of a palpable
pulse. Most often, however, cardiac arrest is attributed
to an arrhythmia such as ventricular fibrillation that is
precipitated by the anoxic insult to neural conduction
pathways within the heart.

The nature and frequency of anginal episodes, pre-
scribed medications, and the effectiveness of these
medications are key items of information when one is
assessing severity and stability of the patient’s ische-
mic disease. Medications generally include antiplatelet
agents, beta blockers, and vasodilators. A system for
classification of angina, which was introduced by the
Canadian Cardiovascular Society, is useful for patient
assessment26 (Table 3). Class 1 or 2 angina reflects a
stable pattern and present little cardiovascular risk
during dental procedures, provided standard stress re-
duction protocols are followed. Class 3 or 4 angina re-
flects severe or unstable patterns, respectively, and
presents significant risk for an acute episode of angina
or plaque rupture leading to myocardial infarction. For
these patients, consultation with the patient’s physi-
cian should precede dental treatment. It has been ac-
cepted as standard care to postpone elective dental
procedures for any patient who has suffered myocardi-
al infarction during the previous 6 months. It has also
been reasonable to expand this convention to include
those who have undergone any invasive cardiac proce-
dure (eg, angioplasty, stent insertion, coronary artery
bypass grafting [CABG]), even if infarction did not oc-
cur. However, a recent joint report of the American
College of Cardiology and the American Heart Associ-
ation suggests that after 30 days, in the absence of un-
stable angina, noncardiac surgery may proceed with-
out further evaluation or testing in the following cases:
(1) recent myocardial infarction, (2) balloon angioplas-
ty, and (3) bare-metal stent placement. Continued risk
for rethrombosis following drug-eluting stent place-
ment is believed to persist for at least 1 year, and con-
sultation with the cardiologist is wise. Consultation is
also encouraged when there is any evidence of decom-
pensated congestive heart failure or significant cardiac
dysrhythmias such as advanced heart block or symp-
tomatic tachycardic or bradycardic dysrhythmias.27 If
a patient can manage to do 4 METS of physical activ-
ity, routine dental care and even more invasive proce-
dures are likely to be tolerated. (See Table 2 for exam-
ples.)

Obviously, the dentist cannot influence the severity
of coronary lesions, but it is generally agreed that
stress reduction and proper use of sedation can have
very beneficial effects by reducing myocardial oxygen

demand. Conversely, inadequate anesthesia or the in-
discriminate use of vasopressors in local anesthetics
will increase heart rate, blood pressure, and subse-
quent myocardial oxygen demand.28

Heart Failure

Heart failure is the inability of the heart to deliver a
supply of oxygenated blood sufficient to meet the met-
abolic needs of peripheral tissues. Frequently, it is due
to a defect in myocardial contractility that can be attrib-
uted to a variety of causes, including ischemia from coro-
nary artery disease, primary cardiomyopathies,excessive
programmed cell death (apoptosis), and excessive hemo-
dynamic burden imposed by chronic hypertension. In
some cases of heart failure, contractility is not impaired
and ejection fractions are normal.The defect is related to
diminished complianceof theventricular wall,which pre-
vents it from stretching to accept an adequate filling vol-
ume during diastole.This form of heart failure is described
as‘‘diastolic failure’’ to distinguish it from‘‘systolic failure,’’
attributed to a diminished contractile strength. (More re-
cently, these terms have been revised to heart failure with
or without normal ejection fractions.)

Regardless of the fundamental defect, diminished
contractility, and/or compliance, heart failure results
in 2 groups of consequences that can be categorized
as forward and backward failure. Forward failure is
due to diminished cardiac output leading to inade-
quate perfusion of vital organs. Early clinical manifes-
tations of forward failure include weakness, fatigue, re-
duced exercise tolerance, and other symptoms of hy-
poperfusion. Eventually, kidneys begin to fail, vision
becomes impaired, and other consequences of end-or-
gan damage begin to appear.

Backward failure relates to consequences of venous
backup and congestion due to the inability of the heart
to accommodate adequate filling volumes. Clinicians
find it useful to describe backward consequences of
heart failure as left-sided failure, right-sided failure, or

Table 3. Canadian Cardiovascular Society Classification
of Angina

Class Description

Class1 Angina caused only by severe or prolonged
exertion

Class 2 Angina on moderate effort such as walking uphill
Class 3 Angina with mild exertion resulting in marked

limitation of ordinary activity; inability to walk 2
blocks or climb1flight of stairs

Class 4 Angina with almost any activity or that may occur
at rest
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biventricular failure. Elevation of the left atrial pres-
sure results in symptoms and signs of pulmonary con-
gestion, including dyspnea and orthopnea. Patients
with orthopnea must elevate their heads on several
pillows at night and frequently awaken short of breath
or coughing (the so-called nocturnal cough) if their
heads slip off the pillows. The patient’s sense of
breathlessness is often relieved if he or she sits upright
because this position reduces venous return. In ad-
vanced cases, orthopnea may become so severe that
patients cannot lie down at all and must spend the en-
tire night in a sitting position. Consequences of right-
sided failure include symptoms and signs of systemic
venous congestion. Pitting edema of the ankles, con-
gestive hepatomegaly, and ascites are prominent. Late
in the course of their disease, patients generally pre-
sent signs and symptoms of biventricular failure, and
attempts at characterizing them as right or left sided
become artificial.

Drugs used to manage these patients include digox-
in, which provides a positive inotropic influence; di-
uretics, which counter edema; and vasodilators which
reduce preload and afterload on the compromised
myocardium. Currently, angiotensin-converting en-
zyme (ACE) inhibitors (eg, captopril [Capoten], lisino-
pril [Zestril], enalapril [Vasotec]) are regarded as vaso-
dilators of choice. The routine use of digoxin and di-
uretics has lost favor.29 In recent years, beta blockers
have been found useful for managing heart failure.
This is a dramatic shift in paradigm, because blocking
beta receptors would appear detrimental in that they
decrease myocardial contractility. However, the patho-
genesis of heart failure has been found to include ex-
cessive sympathetic stimulation of the heart leading to
hypertrophy, weakening, and loss of compliance. Al-
though initiating beta blockade in these patients is ini-
tially met with a mild decline in ejection fraction, over
time cardiac function actually improves. In addition,
some of the newer beta blockers have mild alpha-
blocking action, which produces vasodilation and sub-
sequent reduction of afterload on the failing heart.

The patient with heart failure should be assessed for
signs of peripheral edema and symptoms of pulmo-
nary congestion, especially when reclined to a supine
position. Careful attention should be given to monitor-
ing blood pressure because sudden elevations can lead
to venous backup and pulmonary congestion.

Hypertension

Hypertension is the most common cardiovascular dis-
order in developed countries. A myriad of conditions
confound an understanding of this disorder, and at-

tempts at classification based on etiology are artificial
(eg, primary [essential] vs secondary hypertension). Al-
though exceptions have been reported, most untreated
adults with hypertension will develop additional in-
creases in arterial pressure over time. Furthermore, it
has been demonstrated that untreated hypertension is
associated with shortening of life by 10 to 20 years.
Morbidity and mortality associated with hypertension
are attributed to its deleterious influences on vital or-
gan systems. These influences may be secondary to ac-
celeration in atherosclerosis and subsequent ischemia,
or to direct damage caused by sustained pressure on
organs. Coronary artery disease, heart failure, renal
failure, retinopathy, and stroke are the typical end-or-
gan consequences of chronic hypertension. Of these,
cardiovascular consequences are the leading cause of
death.

Medical management of hypertensive patients in-
cludes the use of diuretics, beta blockers, and vasodi-
lators. The most recent guidelines for diagnosis of hy-
pertension are summarized in Table 4.29,30 Formerly,
the severity of hypertension was based on diastolic
pressure, but current guidelines use whichever reading
is highestBsystolic or diastolic. The use of ‘‘stages’’ has
replaced dated adjectives such as mild, moderate, and
severe. There are no absolute guidelines regarding ac-
ceptable limits for elective dental treatment. However,
Fleisher31 assessed the association of preoperative
stages of hypertension with adverse outcomes during
elective noncardiac surgery and found no increase in
risk with preoperative blood pressure readings up to
180 systolic blood pressure (SBP) or 110 diastolic
blood pressure (DBP). An increase in adverse events
was associated with values of 181 to 210 SBP and/or
111 to 120 DBP if patients were also afflicted with cor-
onary artery disease, heart failure, or significant diabe-
tes. SBP .210 and DBP .120 were associated with
increased risk, regardless of comorbidities. Based on
experience and the results of this study, it would ap-
pear reasonable to avoid elective procedures in pa-
tients having SBP readings .180 or DBP readings
.110. This suggestion does not obviate the require-
ment for additional judgment, however. Whereas a
general anesthetic may aggravate any degree of hyper-
tension, especially during induction and emergence,

Table 4. Classification of Hypertensiona

Category SBP DBP

Normal ,120 and ,80
Prehypertension 120^139 or 80^89
Stage1 140^159 or 90^99
Stage 2 $160 or $100

a Categorized according to the higher value: SBP or DBP.
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sedation may actually prove beneficial. Keeping in
mind that baseline readings in the dental office are
most likely elevated due to stress, it would be reason-
able to administer an anxiolytic dose of a sedative and
reassess blood pressure before postponing treatment.

Valvular Heart Disease

Valvular heart disease can produce turbulence in
blood flow through the heart that is audible on auscul-
tation. This sound is described as a ‘‘murmur.’’At times,
turbulence can be heard under normal conditions, and
the murmur is described as ‘‘functional’’ or ‘‘benign,’’ to
distinguish it from those attributed to structural or ‘‘or-
ganic’’ damage. It is important to understand that a
murmur is merely a sign, not a disease.

Three primary conditions affect the heart valves: re-
gurgitation, stenosis, and prolapse. A regurgitant valve
allows reflux into the proximal chamber when it clos-
es; stenosis or narrowing of a valve opening impedes
flow into the distal chamber. In either case, a murmur
can be heard during auscultation. Valve prolapse oc-
curs when leaflets bulge into the proximal chamber
upon closing. It does not alter blood flow that results
in a murmur, but it may produce a ‘‘clicking’’ sound on
closure. Regurgitation may occur alone, or it may ac-
company valves that are stenotic or prolapsed (eg, mi-
tral prolapse with regurgitation).

There are many causes of valve disease. Lesions
may follow injury to supporting structures such as
chordae tendineae or papillary muscle, or to the valve
leaflets themselves. Most often, valve disease is attrib-
uted to congenital defects, excessive strain from chron-
ic hypertension, myocardial infarction, or inflammato-
ry damage following rheumatic fever. Stenosis and re-
gurgitation result in hemodynamic changes that lead
to impaired circulation through the heart and strain
on muscular chambers. The aortic and mitral valves
are most commonly affected and will be examined
more closely.

Mitral valve prolapse is a common condition in
which the mitral valve leaflets are displaced into the
left atrium during ventricular systole. It is more com-
mon in women than in men, and, in most cases, mitral
valve prolapse represents a benign abnormality unless
regurgitation develops.

During acute mitral regurgitation (such as can occur
with endocarditis or chordal rupture following ische-
mia), left atrial and pulmonary venous pressures in-
crease quickly, giving rise to dyspnea and pulmonary
edema. In more chronic forms of mitral regurgitation,
an increase in left atrial pressure is offset by a con-
comitant increase in atrial compliance, and symptoms

appear late in the course of the disease. Left atrial en-
largement predisposes the patient to atrial fibrillation
and atrial thromboembolism. In long-standing mitral
regurgitation, pulmonary hypertension can develop,
which, in turn, leads to tricuspid regurgitation and
right-sided heart failure.

Aortic stenosis causes concentric left ventricular hyper-
trophy as a compensatory mechanism that maintains car-
diac output despite the increased pressure gradient across
the valve. Eventually, this compensatory mechanism is
overcome, causing the left ventricle to dilate and cardiac
output to decline. Aortic regurgitation causes a volume
overloadof the left ventricle. In chronic aortic regurgitation,
the volume overload is well tolerated for years.The left ven-
tricle dilates to accommodate the increased volume load
and thereby maintains a normal resting cardiac output.
Compared with that observed with mitral regurgitation,en-
largementof the left ventricle is farmore severe. Eventually,
compensatory mechanisms fail, and dyspnea follows ele-
vated left atrial and pulmonary venous pressures.

Unless it is injured, endothelium is resistant to
thrombus formation and to infection by most bacteria.
However, endothelium of the heart can be injured by
high-velocity jets produced by stenotic or regurgitant
valves. These areas, as well as fibrotic valve leaflets, al-
low direct infection by virulent organisms or the devel-
opment of an uninfected platelet-fibrin thrombus
called nonbacterial thrombotic endocarditis (NBTE).
This vegetation provides a site for bacterial attachment
during transient bacteremia and may result in infective
endocarditis.

Patients at greatest risk for infective endocarditis are
those who have previously experienced endocarditis,
which leaves vegetations after healing, and those who
have had valve replacements, which may allow vegeta-
tions at suture sites. For these patients, antibiotics are
administered in conjunction with selected procedures
considered to entail a risk for bacteremia and subse-
quent endocarditis. The benefits of antibiotic prophy-
laxis have not been proven and in fact may be modest
if one considers that most cases of endocarditis do not
occur after a procedure. Dental treatments, the proce-
dures most widely accepted as predisposing to endo-
carditis, are no more frequent during the 3 months
preceding this diagnosis than in uninfected matched
controls.32 Nevertheless, an expert committee of the
American Heart Association has identified procedures
that may precipitate bacteremia and suggests antibiot-
ic prophylaxis for those patients at greatest risk for de-
veloping endocarditis.33

Valvular heart disease does not have a great impact on
sedation and anesthesia, except in the most severe cases.
Stenosis compromises filling of the distal chamber, and
thismay be further diminished with shortened filling time.
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For this reason, tachycardias should be avoided if patients
have significant aortic stenosis, because blood pressure
could drop precipitously. Conversely, regurgitant flow is
accentuated by slow heart rates and high pressure within
the distal chamber.These fundamental pathophysiologic
principles spawn 2 pragmatic caveats: (1) Rapid heart
rates should be avoided if patients have aortic or mitral ste-
nosis, and (2) slow rates and hypertension should be
avoided if patients have prolapsed or regurgitant valves.34

Acardiology consult should beobtainedwhen there is any
evidence of symptomatic aortic or mitral stenosis.27

Cardiac Arrhythmias

The minute output of the heart (cardiac output) is the
paramount cardiovascular event required to sustain
blood flow throughout the body. The heart must sus-
tain a regular cycle of relaxation and contraction if it
is to fulfill this objective. Any abnormality in rate or
rhythm is labeled an arrhythmia. A complete analysis
of the many supraventricular and ventricular arrhyth-
mias is not within the scope of this article and is not
always essential for adequate preoperative assess-
ment. The primary consideration is whether the
rhythm is stable enough to allow a cardiac output suf-
ficient to sustain arterial pressure. A history of synco-
pe or dizziness and light-headedness are signs that the
rhythm is unstable and a medical consultation is indi-
cated. For procedures using moderate to deep seda-
tion or general anesthesia, monitoring should include
continuous ECG tracing and blood pressure assess-
ment every 5 to 10 minutes. Hypotensive episodes
may follow both bradycardias and tachycardias. Slow
rates may not produce enough cycles to sustain mi-
nute output, and tachycardias may reduce time for
ventricular filling, which reduces stroke volumes.

For patients with concurrent coronary disease,
tachyarrhythmias may precipitate episodes of angina
even when blood pressure remains stable. This is due
not only to an increase in myocardial oxygen demand,
but also to a reduction in coronary perfusion. Coro-
nary perfusion is greatest during diastole, when the
myocardium is relaxed and is not compressing the in-
tramyocardial vessels. Tachycardias shorten diastolic
periods and compromise time required for adequate
flow through the coronary vessels.

Although most arrhythmias are managed with med-
ication, pacemakers are required in refractory cases.
Cardiac pacemakers are implanted in more than a mil-
lion people in the United States each year. They are
used most often in patients suffering symptomatic
supraventricular arrhythmias and heart blocks unre-
sponsive to drug therapy. Pacemakers have 2 essential

components: (1) a pulse generator powered by a lithi-
um-iodine battery, and (2) pacing leads. These leads
are stainless steel wires that most often are introduced
via the subclavian or external jugular veins and guided
to the cardiac chamber(s ), where they are attached to
an electrode anchored in the right atrium and/or ven-
tricle. Asynchronous pacemakers generate impulses at
a predetermined fixed rate. Synchronous or ‘‘on-de-
mand’’ pacemakers are most common and are activat-
ed when the patient’s natural rate falls above or below
a preset level. Pacemakers are classified using a 3-let-
ter code that indicates the chamber paced, the cham-
ber sensed, and the response delivered. This is sum-
marized in Table 5. (Two additional letters may be in-
cluded in the code but are not germane for our
purposes.) The most versatile and widely used pace-
maker uses a DDD code.34,35 Examination of this ta-
ble will reveal that this particular device paces and
senses both atria and ventricles and may trigger or in-
hibit activity, depending on what is sensed.

Preanesthetic evaluation of patients with pacemak-
ers should include the indication for pacing and a
comment regarding its quality of performance. The
type, date, and location of the pacemaker implanted
should also be recorded. Any history of vertigo or syn-
cope indicates dubious pacemaker function, and the
patient should be referred to his or her physician.
Monitoring during sedation or anesthesia should re-
flect the function and integrity of the pacemaker. Ide-
ally, this is provided by continuous electrocardiogra-
phy and continuous monitoring of pulse by plethys-
mography using a pulse oximeter.34,35 It is reasonable
to consult with the cardiologist regarding any need to
temporarily alter the pacing mode.

Modern pacemakers have been improved to resist elec-
tromagnetic interference, but the dental office environ-
mentmay still present some hazard.Ultrasonic scalers,ul-
trasonic bath cleaners, and electrosurgery units are docu-
mented sources of electromagnetic interference.36

Influence from electrocautery units can be minimized by
placing the grounding plate as far away from the implant-
ed generator as possible and making sure that the genera-
tor is never located between the grounding plate and the
electrode tip of the cautery unit. Also, keep the current as

Table 5. Pacemaker Function Codes

Chamber Paced Chamber Sensed Response

V (ventricle) V (ventricle) T (triggered or
stimulated)

A (atrium) A (atrium) I ( inhibited)
D (double or both) D (double or both) D (double or both)

O (none) R (reverse)
O (none)
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low as possible, and limit the pulse duration (1 s) and fre-
quency (1pulse/10 s).35

Pharmacologic considerations and indications for
sedation and anesthesia should not be changed solely
because of the presence of a pacemaker. Agents to
counter bradyarrhythmias (eg, atropine, epinephrine)
should be readily available for use, should pacemaker
failure occur. In the unlikely event that defibrillation or
cardioversion should become necessary, paddles
should not be placed near the implanted generator.

Considerations regarding pacemakers are identical for
patients who have implantable cardioverter-defibrilla-
tors. Consultation with the cardiologist is encouraged,
and a decision can be made to program off of any tachyar-
rhythmia treatment algorithms during treatment to pre-
vent unwanted shocks due to spurious signals.27,35
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CONTINUING EDUCATIONQUESTIONS

1. During inspection of your patient’s airway, the soft pal-
ate is visible, but no portion of the uvula is in view.The
Mallampati airway classification for this patient is:

A. I
B. II
C. III
D. IV
E. V

2. It is generally safe to use 3% mepivacaine formula-
tions in patients who describe a previous minor al-
lergic reaction to lidocaine.The primary reason this
is true is that these formulations do not contain:

A. lidocaine
B. levonordefrin
C. epinephrine
D. bisulfites
E. parabens

3. Your patient with a history of ischemic heart disease
describes occasional episodes of chest pain every
month or 2 while jogging.The frequency has not in-

creased during the previous 2 years. Correct as-
sumptions include which of the following?

A. The patient’s atherosclerotic lesion is rela-
tively stable.

B. The Canadian Anginal Classification for
this patient is 2.

C. Chest pain in this patient is likely due to rup-
ture of atherosclerotic plaques.

D. A and B
E. A, B, and C

4. Although valvular heart disease does not present
major considerations unless severe, it is wise to
avoid rapid heart rates for patients presenting with
which of the following lesions?

A. Aortic stenosis
B. Tricuspid regurgitation
C. Mitral prolapse
D. A and B
E. A, B, and C
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