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In the first 30 years of this century, the number of
Americans greater than 65 years of age will double,
resulting in over 70 million older individuals (Fig. 1).
Other industrialized nations are experiencing a similar
graying, and individuals over the age of 60 years have
twice the incidence of symptomatic cardiac disease
compared with younger patients.1 In addition, the
number of adults with congenital heart disease has
increased dramatically in the past few decades due to
advances in surgical treatment and medical manage-
ment.2 Currently, they number over a million. Thus,
anesthesiologists will care for an increasing number of
patients with heart disease, including patients having
procedures in locations formerly restricted to exclu-
sively healthy individuals, such as ambulatory sur-
gery centers, radiology, and endoscopy suites.

This lecture will describe a physiologic approach to
planning anesthetic management for patients with heart
disease. It is not a cookbook approach. Indeed, the
underlying assumption of this approach is that the
choice of anesthetic technique or dose is quite secondary
provided appropriate hemodynamic goals and surgical
requirements are attained. During my lecture, I will
illustrate the use of this approach with a few case
examples.

OVERVIEW
In patients with heart disease, I recommend a

four-step approach to planning anesthetic manage-
ment: definition of cardiovascular pathology, predic-
tion of the physiological compensation, determination
of hemodynamic goals, and anticipation of hemody-
namic emergencies and their treatment (Table 1). In
these lecture notes, I will outline these steps and
provide three case examples for your consideration. In
my lecture, I will review the four steps and use them
to determine anesthetic management plans for the
case examples. If possible in advance of my lecture,
please review the cases and outline how you would
manage these patients in your own practice. They are
real case examples.

DEFINITION OF CARDIOVASCULAR PATHOLOGY
Hemodynamically significant abnormalities of

blood flow through the heart and great vessels must
be understood in order to begin a rational approach to

planning anesthetic management. Most cardiovascu-
lar pathology falls into three general categories: ob-
struction to blood flow, regurgitation of blood flow,
and shunting of blood flow. For instance, obstructions
include coronary artery or valvular stenosis. Most
obstructions are fixed (e.g., aortic stenosis), but some
can vary (e.g., right ventricular obstruction in tetralogy
of Fallot and left ventricular obstruction in hypertrophic
cardiomyopathy). The severity of the obstructions
should be defined, if possible. Fortunately, a history of
good exercise tolerance (greater than 6 metabolic equiva-
lents) usually rules out the possibility of severe obstruc-
tions to flow. I usually ask whether a patient can climb a
flight of stairs carrying groceries (about 5–6 metabolic
equivalents). If at all possible, try to corroborate this
history with family members or others who know the
patient well. In my experience, some patients, especially
men, tend to over estimate their exercise ability. In the
absence of a convincing history of moderate to good
exercise tolerance, additional testing should be consid-
ered if you anticipate that the results of the testing will
affect the care of the patient. In 2007, the American Heart
Association and the American College of Cardiology
updated their guidelines on perioperative cardiovascu-
lar evaluation and care.3 They recommend proceeding
with surgery without further testing if the patient has
good exercise tolerance (! 4 metabolic equivalents)
unless the patients has any of the following: unstable
angina, recent myocardial infarction, decompensated
heart failure, significant arrhymthmias, or severe valvu-
lar heart disease.

Regurgitation of flow is a valvular problem usu-
ally identified by auscultation. Again, the degree of
exercise tolerance gives a guide to severity, but the
chest radiograph will often be of additional help.
For instance, severe aortic and mitral regurgitation
lead to marked pulmonary vascular changes and
cardiomegaly.

Shunting of flow can occur at four anatomic levels:
atrial, ventricular, great vessel, or peripheral. Shunting
abnormalities include atrial septal defects, ventricular
septal defects, patent ductus arteriosus, and arterio-
venous malformations. The size of most shunts is fixed
(e.g., atrial septal defects), but some may be variable
(e.g., the ductus arteriosus in newborns). Usually, the
patient or his past medical record will reveal the results
of prior cardiac evaluation with definition of shunt level
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and size. The most feared complication of shunts is
severe pulmonary hypertension. This complication is
always accompanied by markedly reduced exercise tol-
erance and usually frank cyanosis.

PREDICTION OF PHYSIOLOGICAL COMPENSATIONS
Cardiovascular pathology produces changes in

cardiac filling, ejection, and cardiopulmonary per-
fusion. The second step in our systematic approach
is to predict the physiological compensations result-
ing from the abnormalities defined by the history,
physical examination, and other evaluations. For
instance, concentric ventricular hypertrophy is the
normal compensatory response when ventricular
ejection occurs against increased impedance (e.g.,
systemic hypertension, aortic stenosis, or tetralogy
of Fallot). As a result of hypertrophy, adequate
ventricular filling requires higher atrial pressure
and is more dependent on atrial contraction than in
the absence of hypertrophy. These abnormalities of
ventricular filling are called “diastolic dysfunction,”
and they are very common in the elderly. Bradycar-
dia is tolerated poorly in patients with diastolic
dysfunction, because the ventricle does not dilate
adequately to accommodate all the venous return
causing a decrease in cardiac output.

Abnormalities in cardiac ejection are also predict-
able. The most common example is reduced ejection
due to ischemia or infarction. However, other predic-
tions require more thought. For instance, in severe
aortic stenosis, left ventricular ejection is reduced but
requires increased work and myocardial oxygen sup-
ply. When systemic vascular resistance falls, the work
of this ventricle is maintained (because of the stenotic
aortic valve), but its oxygen supply is decreased (due
to lower aortic diastolic pressure). In contrast, in

tetralogy of Fallot and idiopathic hypertrophic sub-
aortic stenosis, the degree of ventricular outflow ob-
struction depends on the degree of ventricular filling
and the vigor of contraction. Low preload and high
contractility pronounce obstruction, while the con-
verse relieve it.

Similarly, shunt physiology is predictable: the de-
gree of shunting at the ventricular or great vessel level
will depend on the size of the shunt and the relative
resistances to flow in the pulmonary and systemic
vasculature. For instance, an infant with hypoplastic
left heart syndrome (large shunt at the great vessel
level) will become hypotensive and acidotic if given
too much supplemental oxygen (the oxygen lowers
pulmonary vascular resistance and results in a “steal”
of blood from the systemic circulation). In contrast,
when an infant with a large ventricular septal defect
(e.g., tetralogy of Fallot) becomes cyanotic, increasing
systemic vascular resistance relieves the cyanosis by
decreasing the right-to-left intraventricular shunting.
Thus, when large shunts are present at the ventricular
or great vessel level, the balance of pulmonary and
systematic flows can be adjusted by changing the
vascular resistances.

DETERMINATION OF HEMODYNAMIC GOALS
This is the third and most crucial step in our

systematic process. In this step, we determine goals
for the major hemodynamic variables affected by
anesthesia: preload, heart rate, systemic vascular re-
sistance, pulmonary vascular resistance, contractility,
and rhythm. The goals for these variables depend on
the cardiovascular pathology of the patient and are the
direct consequences of the physiological compensa-
tions we predicted in the prior steps of this process.
For instance, when ventricular filling is impaired
because of hypertrophy, our goal is to maintain
preload (high filling pressures), generous volume
administration, and avoidance of factors that decrease
venous return. Please note that the hemodynamic
goals during anesthesia may be quite different than

*www.census.gov/ipc/www/usinterimproj/natprojtab02a.pdf.

Figure 1. The number of individuals living in
the United States who are over 65 years of age
in the year 2000 and projected numbers for the
years 2010–30. Data were taken from the
United States Census Bureau tables.*

Table 1. Management Steps in Patients with Heart Disease

1. Define the cardiovascular pathology
2. Predict the physiological compensations
3. Determine the hemodynamic goals
4. Anticipate the cardiac emergencies and their treatment
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the goals during chronic care of the patient. In the
same patient with ventricular hypertrophy, a pri-
mary care physician may have spent months reduc-
ing preload (“pruning”) to relieve symptoms of
pulmonary congestion. However, this state of rela-
tive dehydration may be disastrous in some patients
during induction of anesthesia.

Similarly, heart rate must be maintained at low
normal levels in patients with dynamic ventricular
outflow obstructions (tetralogy of Fallot and hypertrophic
obstructive cardiomyopathy) to allow for adequate
ventricular filling and ejection. Systemic vascular re-
sistance should be reduced in patients with mitral
regurgitation to promote forward ejection of blood,
and maintained, or even augmented, in patients with
aortic stenosis to provide adequate coronary artery
blood flow. Pulmonary vascular resistance is difficult
to lower in most patients without producing systemic
hypotension. However, in patients with reactive pul-
monary vasculature, it is not difficult to raise it.
Hypercarbia, metabolic acidosis, hypoxia, and light
anesthesia can result in dramatic increases in pulmo-
nary vascular resistance. In the rare infant with too
much pulmonary blood flow, one or more of these
“therapies” may reverse hypotension and improve the
systemic circulation.

In anesthesia dogma, too much emphasis has been
placed on maintaining cardiac contractility. Indeed, the
most successful cardiac drugs of our time have been
myocardial depressants. Most patients tolerate modest
decreases in contractility and some benefit: patients with
coronary artery disease, hypertrophic obstructive cardio-
myopathies, and tetralogy of Fallot. In contrast, no
patient is improved by the loss of sinus rhythm, and
some tolerate it quite poorly: patients with diastolic
dysfunction who need their atrial “kick” to maintain an
adequate stroke volume (i.e., aortic stenosis).

In each patient, some goals are more important than
others, and this fact allows the clinician to prioritize
management and interventions. For instance, a rela-
tively slow heart rate (!80 bpm) and high systemic
vascular resistance (greater than 1500 dynes/sec/
cm"5) are most important in patients with severe
mitral stenosis. If such a patient is tachycardic, hypo-
tensive, and overtly in congestive heart failure, the
correct interventions may include a " blocker and a
vasoconstrictor. Clearly, these interventions would be
grossly inappropriate in many patients with conges-
tive heart failure, but they will be effective in this
patient, because they will restore the appropriate
hemodynamic goals.

ANTICIPATING EMERGENCY TREATMENTS
This last step is really an extension of the prior

one, but I list it separately to emphasize its impor-
tance. A few life-threatening hemodynamic changes
recur often enough in patients with cardiovascular
disease that they should be anticipated, and the

treatment ready to execute. Examples would in-
clude severe hypotension following induction of
anesthesia in patients with aortic stenosis, and
severe cyanosis in patients with tetralogy of Fallot.
Indeed, phenylephrine may be the drug of choice in
both these emergencies, because the goal is the
same—increased systemic vascular resistance. In a
true crisis, the difference between effective manage-
ment and chaos is anticipation and planning.

CASE EXAMPLES
Please consider the following case scenarios. In my

lecture, I will outline my hemodynamic goals and anesthetic
plan for these patients.

1. A 75-year-old male is scheduled for emergency lapa-
ratomy to relieve a small bowel obstruction. He has
known of his heart murmur for more than 10 years
and recently has noted dizziness during bowel move-
ments. He is not physically active due to arthritis. He
takes 5–10 aspirin a day. Examination reveals a 60 kg
male in abdominal discomfort with BP 110/90, HR 90,
and RR 20. He has severely reduced neck extension,
diminished carotid pulsations, small mouth, systolic
ejection murmur radiating to the neck, and a moder-
ately distended abdomen. What are your hemody-
namic goals and anesthetic plan?

2. A 3-year-old female is scheduled for emergency
esophagoscopy to remove a penny from her upper
esophagus. She has tetralogy of Fallot palliated with a
right Blalock-Taussig shunt (subclavian to pulmonary
artery). She becomes cyanotic when she cries and is
scheduled to undergo complete correction of her car-
diac defect in 3 months. She ate a full meal 1 hour
prior to admission (including the penny). Examination
reveals a 15-kg frightened female with BP 100/60, HR
100, RR 30, and sat 92%. She has a systolic ejection
murmur heard throughout the precordium, and her
fingers are mildly cyanotic and clubbed. What are
your hemodynamic goals and anesthetic plan?

3. A 20-year-old female is scheduled for elective laparo-
scopic cholecystectomy. She has tricuspid atresia palli-
ated by a series of operations culminating in a Fontan
procedure at age 10. Her physical activity is limited to
shopping and housework. Her medications include
digoxin, diuretic, and ACE inhibitor. Examination re-
veals a 50-kg female in no distress with BP 90/70, HR 95,
RR 20, and oxygen saturation of 92%. What are your
hemodynamic goals and anesthetic plan?
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