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PREFACE

The number of older individuals, and the proportion that they repre-
sent of the total population, are rapidly increasing. Even more striking
is the high proportion the elderly represent of the patient population with
cardiovascular disease (CVD). This is due in part to demographic trends,
but also to more successful identification, prevention, and management
strategies employed in the middle-aged population. As the number of
older individuals and the multitude of new treatments for them continue
to grow, health care providers are increasingly called on to make
decisions as to whether or not to recommend these therapies. It is
unclear, however, whether or not diagnostic and therapeutic interven-
tions employed in the younger age groups can be extrapolated to the
elderly because of differences in physiology, expected life span, compli-
cation rates, and increased co-morbidities.

Cardiovascular Disease in the Elderly is intended for physicians and
other health care providers who care for older patients with or at risk for
CVD. It reviews physiological changes associated with the normal aging
process that increase the likelihood for the development of disease and
for adverse consequences once disease develops, and which alter the
benefit–risk equation for medical and other interventions designed
to diagnose, assess, and treat CVD. This text discusses primary and
secondary prevention strategies as well as the treatment of acute and
chronic ischemic disease and complications. It focuses on presentations
that are particularly common in the elderly as well, including cardiac
failure with normal ejection fraction, isolated systolic hypertension, and
atrial fibrillation, and has endeavored to take an evidenced-based
approach to recommendations that rely heavily on prospective clinical
trials.  This text emphasizes new risk factors associated with age, includ-
ing insulin resistance, and the value of lifestyle changes in the aging
population. The chapters are written by leading experts in their fields
who have studied extensively, and in many cases conducted, the studies
on which current recommendations are based.

Gary Gerstenblith, MD



CONTENTS

vii

Preface .................................................................................................. v

Contributors ........................................................................................ ix

1 Aging of the Heart and Arteries: Relevance
to Cardiovascular Disease .....................................1

Samer S. Najjar and Edward G. Lakatta

2 Frailty: Keystone in the Bridge Between Geriatrics
and Cardiology .....................................................51

William Russell Hazzard

3 Cardiovascular Risk Factors in the Elderly:
Evaluation and Intervention .................................79

Susan J. Zieman and Beth R. Malasky

4 Stable Coronary Artery Disease in the Elderly ...........103
Beth R. Malasky and Joseph S. Alpert

5 Age and Mortality and Morbidity in ST-Segment
Elevation Myocardial Infarction ........................121

Steven P. Schulman and Gary Gerstenblith

6 Unstable Angina/Non-ST-Elevation Myocardial
Infarction in the Elderly .....................................141

Stephen D. Wiviott and Christopher P. Cannon

7 Percutaneous Coronary Intervention in the Elderly ....159
Michael J. McWilliams and Eric J. Topol

8 Cardiac Surgery in the Elderly .....................................179
David D. Yuh and William A. Baumgartner

9 Heart Failure in the Elderly ..........................................203
Michael W. Rich

10 Valvular Heart Disease in the Elderly .........................231
Milind Y. Desai and Gary Gerstenblith

11 Arrhythmia Management in the Elderly ......................261
Jonathan P. Piccini and Hugh Calkins



viii Contents

12 Peripheral Arterial Disease in the Elderly ...................301
Emile R. Mohler III and William R. Hiatt

13 Cardiac Rehabilitation in Older Cardiac Patients ........319
Philip A. Ades

14 Clinical Pharmacology .................................................335
Janice B. Schwartz

15 Medical Treatment of the Cardiac Patient
Approaching the End of Life ..............................363

Lofty L. Basta, W. Daniel Doty,
and Michael D. D. Geldart

Index .................................................................................................401



ix

CONTRIBUTORS

PHILIP A. ADES, MD, Division of Cardiology, University of Vermont
College of Medicine, Burlington VT

JOSEPH S. ALPERT, MD, Department of Medicine, University of Arizona
College of Medicine, Tucson, AZ

LOFTY L. BASTA, MD, FRCP, FACC, Project GRACE, Clearwater, FL;
Department of Medicine, University of South Florida College
of Medicine, Tampa, FL

WILLIAM A. BAUMGARTNER, MD, Division of Cardiac Surgery, Johns
Hopkins University School of Medicine, Baltimore, MD

HUGH CALKINS, MD, Division of Cardiology, Johns Hopkins University
School of Medicine, Baltimore, MD

CHRISTOPHER P. CANNON, MD, Cardiovascular Division, Brigham
and Women’s Hospital and Harvard Medical School, Boston, MA

MILIND Y. DESAI, MD, Division of Cardiology, Johns Hopkins
University School of Medicine, Baltimore, MD

W. DANIEL DOTY, MD, FACC, FAHA, Project GRACE, Clearwater, FL;
Sacred Heart Regional Heart and Vascular Institute, Pensacola, FL

MICHAEL D. D. GELDART, ESQ, Project GRACE, Clearwater, FL
GARY GERSTENBLITH, MD, Division of Cardiology, Johns Hopkins

University School of Medicine, Baltimore, MD
WILLIAM RUSSELL HAZZARD, MD, Division of Gerontology and Geriatric

Medicine, University of Washington School of Medicine, VA Puget
Sound Health Care System, Seattle, WA

WILLIAM R. HIATT, MD, Section of Vascular Medicine, University
of Colorado Health Sciences Center and the Colorado Prevention
Center, Divisions of Geriatrics and Cardiology, Denver, CO

EDWARD G. LAKATTA, MD, Gerontology Research Center, Intramural
Research Program, National Institute on Aging, National Institutes
of Health, Baltimore, MD

BETH R. MALASKY, MD, The Native American Cardiology Program,
Sarver Heart Center, University of Arizona College of Medicine,
Tucson, AZ

MICHAEL J. MCWILLIAMS, MD, Department of Cardiovascular Medicine,
The Cleveland Clinic Foundation, Cleveland, OH



x Contributors

EMILE R. MOHLER III, MD, Cardiovascular Division, Department
of Medicine, University of Pennsylvania School of Medicine,
Philadelphia, PA

SAMER S. NAJJAR, MD, Gerontology Research Center, Intramural
Research Program, National Institute on Aging, National Institutes
of Health, Baltimore, MD

JONATHAN P. PICCINI, MD, Division of Cardiology, Johns Hopkins
University School of Medicine, Baltimore, MD

MICHAEL W. RICH, MD, Cardiovascular Division, Washington University
School of Medicine, St. Louis, MO

STEVEN P. SCHULMAN, MD, Division of Cardiology, Johns Hopkins
University School of Medicine, Baltimore, MD

JANICE B. SCHWARTZ, MD, Department of Research, Jewish Home,
San Francisco; Departments of Medicine, Cardiology, and
Clinical Pharmacology, University of California, San Francisco
School of Medicine, San Francisco, CA

ERIC J. TOPOL, MD, Department of Cardiovascular Medicine, The
Cleveland Clinic Foundation, Cleveland, OH

STEPHEN D. WIVIOTT, MD, Cardiovascular Division, Brigham
and Women’s Hospital and Harvard Medical School, Boston, MA

DAVID D. YUH, MD, Division of Cardiac Surgery, Johns Hopkins
University School of Medicine, Baltimore, MD

SUSAN J. ZIEMAN, MD, Division of Cardiology, Johns Hopkins University
School of Medicine, Baltimore, MD



Chapter 1 / Aging of the Heart and Arteries 1

1

From: Contemporary Cardiology: Cardiovascular Disease in the Elderly

Edited by: G. Gerstenblith © Humana Press Inc., Totowa, NJ

1 Aging of the Heart and Arteries
Relevance to Cardiovascular Disease

Samer S. Najjar, MD

and Edward G. Lakatta, MD
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INTRODUCTION

The world population in both industrialized and developing countries

is aging. For example, in the United States, 35 million people are over the

age of 65 years, and the number of older Americans is expected to double

by the year 2030. The clinical and economic implications of this demo-

graphic shift are staggering because age is the most powerful risk factor

for cardiovascular diseases (CVDs). The incidence and prevalence of

hypertension, coronary artery disease (CAD), congestive heart failure, and
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stroke, the quintessential diseases of Western society, increase exponen-

tially with age. Although epidemiological studies have discovered that

some aspects of lifestyle and genetics are risk factors for these diseases,

age, per se, confers the major risk. Thus, it is reasonable to hypothesize

that specific pathophysiological mechanisms that underlie these dis-

eases become superimposed on cardiac and vascular substrates that have

been modified by an “aging process,” and that the latter modulates dis-

ease occurrence and severity. In other words, age-associated changes in

cardiovascular structure and function become “partners” with patho-

physiological disease mechanisms, lifestyle, and genetics in determin-

ing the threshold, severity, and prognosis of CVD occurrence in older

persons (Fig. 1).

The nature of age–disease interactions is complex and involves mech-

anisms of aging, multiple defined disease risk factors, and as yet undefined

risk factors (e.g., those that may have a genetic basis). The role of speci-

fic age-associated changes in cardiovascular structure and function in

such age–disease interactions has formerly been, and largely continues

to be, unrecognized by those who shape medical policy. Thus, specific

aspects of cardiovascular aging have remained largely outside the baili-

wick of clinical cardiology, and until recently, have not been considered

in most epidemiological studies of CVD.

Fig. 1. The interaction of age, disease, lifestyle and genetics determines cardiovascu-

lar structure and function. The Baltimore Longitudinal Study of Aging continues to

make a sustained effort to study these components and their interactions.
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Quantitative information on age-associated alterations in cardiovas-

cular structure and function in health is essential to unravel age–disease

interactions and to target the specific characteristics of cardiovascular

aging that render it such a major risk factor for CVDs. Such information

is also of practical value because it is required to differentiate between

the limitations of an older person that relate to disease, and those that might

be expected, within limits, to accompany advancing age or a sedentary

lifestyle.

SUCCESSFUL VS UNSUCCESSFUL
CARDIOVASCULAR AGING

To define why age (or an aging process � exposure-time interaction) is

so risky, the specific components of the risk associated with age must be

identified. Two complimentary approaches have evolved. On the one

hand, epidemiologists are searching for novel measures of “subclinical

disease” (in addition to the more established risk factors that have already

been well characterized) in large, unselected study cohorts composed

of persons both with and without CVD. In contrast, gerontologists are

attempting to develop quantitative information on cardiovascular struc-

ture and function in apparently healthy individuals to define and target

the specific characteristics of aging that render it such a major risk factor

for CVD, even in the absence of clinically apparent co-morbidity. The

latter approach consists of identifying and selecting community-dwell-

ing individuals who have not yet experienced clinical disease and who

do not have occult disease that can be detected by noninvasive methods.

These individuals are then grouped by age and stratified according to the

level of a given variable, which may include some of the novel measures

of subclinical disease identified by the epidemiologists. If the variable is

perceived as beneficial or deleterious with respect to cardiovascular struc-

ture or function, those with extreme measures are considered to be aging

“successfully” or “unsuccessfully,” respectively. “Unsuccessful” aging

in this context is not synonymous with having clinical disease, as individ-

uals with defined overt or occult clinical disease have been excluded from

consideration a priori. Instead, unsuccessful aging, that is, falling within

the poorest category with respect to the measure viewed as deleterious,

may be viewed as a risk factor for future clinical CVD. In this regard,

unsuccessful aging is a manifestation of the interaction of the cardiovas-

cular aging process and specific aspects of vascular disease pathophysi-

ology. Thus, gerontologists and epidemiologists have become part of a

joint effort in the quest to define why aging confers such an enormous

risk for CVD.
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AGE-ASSOCIATED CHANGES
IN HEART STRUCTURE AND FUNCTION

IN APPARENT HEALTH AT REST AND IN RESPONSE
TO INCREASED DEMAND FOR BLOOD FLOW

During the past two decades, a sustained effort has been ongoing to

characterize the effects of aging on multiple aspects of cardiovascular

structure and function in a single study population in the Baltimore Lon-

gitudinal Study of Aging (BLSA) (1). These community-dwelling volun-

teers are rigorously screened to detect both clinical and occult CVD and

are characterized with respect to lifestyle (e.g., diet and exercise habits)

in an attempt to identify and clarify the interactions among these factors

and those changes that result from aging (1).

The most notable impact of aging on the cardiovascular system is on

cardiovascular reserve utilized in response to demands that go beyond

those of the resting state, i.e., in response to acute physical stress, or in

response to the chronic stress of pathophysiological mechanisms that

underlie CVDs.

In the basal state, only a fraction of the maximum cardiovascular func-

tion is utilized. During stress (e.g., dynamic exercise), cardiovascular

reserve functions become engaged: a substantial volume of blood is shifted

from the venous system, where most blood resides at rest, to the arterial

system, increasing the rate of blood flow returning to the heart; and the

rate at which blood is pumped by the heart acutely increases owing to

both faster and stronger beating, mediated, in a large measure, by signal-

ing via the autonomic nervous system. Released neurotransmitters, nor-

epinephrine (NE) and epinephrine, bind to �-adrenergic receptors (�-AR)

on pacemaker cells comprising the sinoatrial node, and to �-ARs on myo-

cytes to modulate cellular mechanisms that govern the frequency and am-

plitude, respectively, of the duty cycles of these cells. The net result is an

increase in heart rate (HR), stroke volume (SV), and ejection fraction (EF).

The acute reserve capacity of specific cardiac functions that determine

overall cardiac performance can be conveniently illustrated by depicting

these over a wide range of demand for blood flow and pressure regula-

tion, e.g., assumption of the sitting posture and during submaximal and

exhaustive (maximal) upright exercise (Fig. 2).

Fig. 2. Least-squares linear regression on age of left ventricular volumes, heart

rate (HR), and cardiac index (CI), at rest and during graded cycle exercise in 149

healthy males from the Baltimore Longitudinal Study of Aging (BLSA), who (a)

had a resting brachial blood pressure of less than160/90 mmHg; (b) had no evi-

dence of silent ischemia by electrocardiogram or thallium scan during a prior max-

imal stress test; and (c) exercised to at least a 100-W workload. The asterisk (*)
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Fig. 2. (Continued) indicates that regression on age is statistically significant. The

overall magnitude of the acute, dynamic range of reserve of a given function in

younger compared with older subjects can quickly be gleaned from the length of

the brackets depicted at the extremes of the regression lines (1). (A) The maximum

acute dynamic reserve range of HR is reduced by about one-third between 20 and

85 years of age. (B) The stroke volume index (SVI)is preserved in older persons

over a wide range of performance. (C) The loss of acute cardiac output reserve from

seated rest to exhaustive, seated cycle exercise averages about 30% in healthy,

community-dwelling BLSA volunteer men. This reduction is entirely due to a

reduction in HR reserve, as SVI at maximum exercise is preserved. (D) There is

a remarkable age-associated reduction in the range of reserve in the end-systolic

volume index (ESVI). (E) For end-diastolic volume index (EDVI), the average,

acute, dynamic EDV reserve range during the postural change and during graded

upright exercise is moderately greater at 85 than at 20 years. (F) Stroke work index

(SVI � brachial blood pressure) as a function of EDVI at rest and throughout graded

exercise.
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Heart Rate, Cardiac Volumes, and Cardiac Index

at Rest and During Graded Exercise to Exhaustion

In the supine position at rest, the HR in healthy BLSA men is not age-

related (Fig. 2A). In other populations, a reduction in the spontaneous

and respiratory variations in resting HR is observed and reflects altered

autonomic modulation with aging (see section on impaired responses to

�-adrenergic receptor stimulation). With assumption of the seated rest-

ing position, HR increases slightly less in older than in younger men.

The magnitude of this age-associated reduction increases progressively

during exercise. The net result is that maximum acute dynamic reserve

range of HR is reduced by about one-third between 20 and 85 years of age.

The maximum SV indexed (SVI) to body surface area does not decline

with age in carefully screened individuals (Fig 2B). It is the reduction in

the HR response to exercise, then, that underlies the maximum acute

cardiac output reserve in healthy BLSA volunteers, which decreases, on

average, by about 30% between ages 20 and 85 years (Fig 2C). Thus,

healthy individuals at the older end of the age range can augment their

cardiac index (CI) about 2.5-fold over that at seated rest, whereas those

at the younger end of the age spectrum can increase their CI about 3.5-fold.

As the age-associated decline in peak oxygen consumption during these

studies averages about 50%, deficits in O
2
 extraction from the blood asso-

ciated with aging occur in this population, and average about 20% (1).

If our queries of age-associated changes in heart reserve function were

to have ended here, a most remarkable pattern of adaptation utilized to

maintain the SV in older persons during stress would have gone undetec-

ted. Actually, the older heart fails to empty as well as the younger heart.

Figure 2D illustrates a remarkable age-associated reduction in the range

of reserve of the end-systolic volume index (ESVI): in younger men, the

ESVI becomes progressively reduced with increasing demands for car-

diovascular perfusion from supine rest to maximum upright exercise, but

the range of acute ESVI reserve at age 85 is only about one-fifth of that

at age 20.

In addition to impaired ejection, the left ventricle (LV) also exhibits

filling impairments with aging. The early diastolic filling rate progres-

sively slows after the age of 20 years, so that, by 80 years, the rate is

reduced up to 50% (Fig. 3A). This reduction in filling rate is likely attrib-

utable either to structural (fibrous) changes within the LV myocardium

or to residual myofilament Ca
2+

 activation from the preceding systole.

More filling occurs in late diastole, owing, in part, to a more vigorous

atrial contraction. Hence, the ratio of early to late LV filling decreases

with age (Fig. 3B). The augmented atrial contraction is accompanied by
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Fig. 3. (A) Maximum left ventricular (LV) filling rate at rest and during vigorous

cycle exercise, assessed via equilibrium gated blood-pool scans in healthy volun-

teers from the Baltimore Longitudinal Study of Aging (BLSA) prescreened for

study as in Fig. 2. EDV, end-diastolic volume. (B) The ratio of early LV diastolic

filling rate (E) to the atrial filling component (A) declines with aging in healthy

BLSA volunteers prescreened for study as in Fig. 2. (A and B from ref. 160.)

atrial enlargement and can be manifested on auscultation as a fourth

heart sound (atrial gallop).

Despite the altered LV filling pattern, in the supine position end-dia-

stolic volume index (EDVI) is greater in older vs younger men (Fig. 2E).
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Assumption of the sitting from the supine position reduces EDVI to a

greater extent in younger, than in older individuals (Fig. 2E). During

submaximal cycle-seated exercise EDVI increases equivalently at all ages,

owing to the acute increase in venous return to the heart (Fig. 2E,F). But

during increasingly vigorous exercise, EDVI progressively drops to the

seated rest level in young men but remains elevated in older men (Fig. 2E,

F). Thus, for EDVI, the average, acute, EDV utilization range from supine

to the sitting state through graded upright exercise is moderately greater

at 85 than at 20 years. Regardless of age, the normal response to an acute

increase in venous return to the heart during submaximal exercise is an

increase in LV EDV, but in younger persons as the exercise time or work-

load intensify, the HR increase and ESV reduction permit the EDVI to

return to about the resting level (Fig. 2E,F). The persistent increase in LV

EDVI in older vs younger persons during vigorous exercise is due both

to a failure of the LV to empty as completely, and to an increase in the fill-

ing time that accompanies a slower HR. In other words, persistent LV

dilation at end diastole during vigorous exertion in older persons is linked

to mechanisms that underlie the deficits in the regulation of both maxi-

mum HR, LV contractility, and afterload (see section on LV afterload).

The net result of the age-associated changes in EDVI and ESVI regu-

lation depicted in Fig. 2, preserves the SVI (Fig. 2B) and stroke work

(Fig. 2F) in older persons at that level achieved by younger persons over

a wide range of performance. In fact, the Frank-Starling mechanism is

utilized in older men in an upright, seated posture at rest (Fig. 2E) to pro-

duce a modest age-associated increase in SVI (Fig. 2B). During progres-

sive exhaustive exercise, however, the failure of older men to reduce

ESVI (Fig. 2D) prevents their SVI and stroke work index (Fig. 2F) from

remaining higher than younger men, as would be anticipated on the basis

of their augmented EDVI. In other words, although healthy older persons

utilize the Frank-Starling mechanism throughout upright, graded exer-

cise, this mechanism is impaired during vigorous exercise because of

factors that impair LV ejection.

AGE–GENDER INTERACTIONS

The patterns of hemodynamic reserve function measured across the

range of demands as illustrated in Fig. 2 for males are nearly identical in

females (1). Exceptions are that, at seated rest, females do not exhibit a

modest age-associated increase in EDVI because, unlike males, assump-

tion of the upright posture does not produce a greater reduction in EDVI

in younger than in older women. Owing to the absence of an age-asso-

ciated increase in EDVI in women in the seated position, the SVI does

not increase with age at seated rest, and, in contrast to males, the calculated
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CI at seated rest decreases modestly with age in women. At maximum

exercise, the age-associated increase of EDVI is of borderline statistical

significance in women. However, the change in EDVI from rest to exer-

cise varies with the intensity of exercise, and within given individuals

significantly increases with age, in both men and women (1). The age-

associated changes in diastolic function do not exhibit prominent gender

differences (Fig 3).

In summary, Fig. 2 illustrates that when basal and reserve cardiovascu-

lar function in adult volunteer community-dwelling subjects ranging in

age from 20 to 85 years are compared, impaired cardio-acceleration and

LV ejection reserve capacity are the most dramatic changes in cardiac

function with aging in health. Impaired ejection reserve during graded

upright exercise, indicated by the failure of older persons to regulate ESV

(Fig. 2D) as effectively as younger ones do, is accompanied by LV dilation

at end diastole (Fig. 2E,F) and an altered diastolic filling pattern (Fig. 3A).

AGE–DISEASE INTERACTIONS FURTHER IMPAIR

LV EJECTION RESERVE CAPACITY IN OLDER PERSONS

In older BLSA persons with asymptomatic coronary disease, but with

both electrocardiographic and thallium scintigraphic evidence of ische-

mia during vigorous exercise (2), the LV EDVI increase at maximum

exercise is greater than that in healthy age-matched subjects, as is the

increase in LV ESVI (3) (Fig. 4). The SVI during vigorous exercise in

these persons with asymptomatic coronary disease is preserved at the

expense of EF (cf. Fig. 9). Note that these differences among the age

groups or between these older persons with silent coronary disease and

those without disease are not evident at rest.

Cardiac Function During Prolonged Submaximal Exercise

Traditional laboratory assessment of cardiovascular exercise perfor-

mance as depicted in Figs. 2, 3A, and 4 involves maximal graded exercise

protocols of 8 to 12 minutes in total duration. Although such protocols

provide useful insight into the maximum capacity of an individual to

augment cardiac function and the mechanisms involved in this process,

their relevance is not directly applicable to the usual aerobic activities of

everyday living, which are typically submaximal, but sustained for longer

time periods. Classical exercise recommended cardiovascular condition-

ing regimens, for example, consist of no less than 20 minutes of exercise

at a work level between 50% and 70% of maximal oxygen consumption

(VO
2
max).

Prolonged submaximal cycle exercise at 70% of peak-cycle exercise

VO
2
 for up to 2 hours in a thermoneutral environment elicits a progres-
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sive increase in cardiac performance throughout exercise (4). Older,

healthy BLSA volunteers demonstrate a lesser augmentation of HR and

systolic LV ejection between 10 minutes and exercise termination than

younger ones (Fig. 5), analogous to findings during the traditional graded

maximal exercise protocol in Fig. 2.

Heterogeneity of Cardiac Performance

Measures Among Older Persons

Although the format of characterizing average age-associated changes

in various facets of cardiac function across a graded range of demands as

in Figs. 2, 3A, 4, and 5 is instructive, it does not portray variations among

individuals. For many functions, the variation about the mean increases

Fig. 4. Left ventricular (LV) volumes as function of relative workload in young

and older, healthy subjects prescreened for study as in Fig. 2 and in older subjects

with silent ischemia. Values are mean � SE. Both end-diastolic volume index

(EDVI) and end-systolic volume index (ESVI) were similar at rest among groups

and diverged progressively with exercise, indicating differing rates of volume change

with increasing relative work loads (3).
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with aging. Increased heterogeneity among older persons in the ability

of the heart to beat faster and stronger during vigorous exercise is illus-

trated in Fig. 6. Note that some older individuals have a maximum HR

and ESV at maximum exhaustive exercise that are equivalent to their

younger counterparts, whereas other older individuals exhibit marked

Fig. 5. Prolonged submaximal (at 60% of peak VO
2
) in younger and older Balti-

more Longitudinal Study of Aging subjects. (A) End-systolic volume index (ESVI)

declines between 10 and 40 minutes in both groups, though to a greater extent in

younger subjects (3). (B) An increase in heart rate occurs with time in each age

group but this increase is less in older vs younger subjects.
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compromises. The former individuals might be described as having

aged “successfully” with respect to these functions, whereas the latter

might be described as having aged “unsuccessfully.” Those who age

“unsuccessfully” with respect to cardiac structure and reserve function

Fig. 6. Scatter plots of (A) heart rate and (B) end-systolic volume index in healthy

sedentary men from the Baltimore Longitudinal Study of Aging (BLSA) depicted

in Fig. 2 and for 113 BLSA women who exercised to a 75-W workload, prescreened

for study as in Fig. 2. Note the increased heterogeneity among individuals at older

age (1).
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and vascular structure and function are at increased risk for clinical mani-

festations of the occurrence of CVD and for the severity and adverse prog-

nosis of these diseases (see section on age-associated changes in vascular

structure and function).

Impaired Responses to ����� -Adrenergic Receptor Stimulation

The essence of sympathetic modulation of the cardiovascular system

is to ensure that the heart beats faster; to ensure that it retains a small size,

by reducing the diastolic filling period, reducing LV afterload, and aug-

menting myocardial contractility and relaxation; and to redistribute

blood to working muscles, and to skin so as to dissipate heat. Each of the

deficient components of cardiovascular regulation with aging, i.e., HR

(and thus filling time), afterload (both cardiac and vascular), myocardial

contractility, and redistribution of blood flow exhibits a deficient sym-

pathetic modulation.

Multiple lines of evidence support the idea that the efficiency of post-

synaptic �-adrenergic signaling declines with aging (see ref. 5 for review).

One line of evidence stems from the observations that cardiovascular

responses at rest to �-adrenergic agonist infusions decrease with age
 
(see

ref. 5 for review). A second type of evidence for a diminished efficacy

of synaptic �-AR signaling is that acute �-AR blockade changes the exer-

cise hemodynamic profile of younger persons to resemble that of older

individuals. Significant �-blockade-induced LV dilatation occurs only

in younger subjects (Fig. 7A); the HR reduction during exercise in the

presence of acute �-adrenergic blockade is greater in younger vs older

subjects (Fig. 7B) as are the age-associated deficits in LV early diastolic

filling rate, both at rest and during exercise (Fig. 7C). It has also been

observed in older dogs, that the age-associated increase in impedance

during exercise is also abolished by acute �-adrenergic blockade (6).

Apparent deficits in sympathetic modulation of cardiac and arterial

functions with aging occur in the presence of exaggerated neurotransmit-

ter levels. Plasma levels of norepinephrine (NE) and epinephrine, during

any perturbation from the supine basal state, increase to a greater extent

in older compared with younger healthy humans (see ref. 7 for review).

The age-associated increase in plasma levels of NE results from an in-

creased spillover into the circulation and, to a lesser extent, to reduced

plasma clearance. The degree of NE spillover into the circulation differs

among body organs; increased spillover occurs within the heart (8). Defi-

cient NE re-uptake at nerve endings is a primary mechanism for increased

spillover during acute graded exercise as in Fig. 2. During prolonged exer-

cise, as in Fig. 5, however, diminished neurotransmitter re-uptake might

also be associated with depletion and reduced release and spillover (9).
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Fig. 7. (A) Stroke volume index (SVI) as a function of end-diastolic volume index

(EDVI) at rest (R) and during graded cycle workloads in the upright seated posi-

tion in healthy Baltimore Longitudinal Study of Aging (BLSA) men in the presence

and absence (dashed lines) of �-adrenergic blockade. R, seated rest; 1–4 or 5,

graded submaximal workloads on cycle ergometer; max, maximum effort. Stroke

volume vs end-diastolic functions with symbols are those measured in the presence

of propranolol; dashed line functions without symbols are the stroke volume vs

end-diastolic functions measured in the absence of propranolol. Note that in the

absence of propranolol the SVI vs EDVI relation in older persons (dashed lines) is

shifted rightward from that in younger ones (dashed lines with points). This indi-

cates that the left ventricle (LV) of older persons in the sitting position compared

to that of younger ones operates from a greater preload both at rest and  during sub-

maximal and max exercise. Propranolol markedly shifts the SV–EDV relationship

in younger persons (� without points) rightward, but does not markedly offset the

curve in older persons (�). Thus, with respect to this assessment of ventricular

function curve, �-adrenergic blockade with propranolol makes younger men appear

like older ones. The abolition of the age associated differences in the LV function

curve after propranolol are accompanied by a reduction or abolition of the age-

associated reduction in heart rate, which, at max, is shown in B. Note, however, that
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The well-documented age-associated reduction in the postsynaptic

response of myocardial cells to �-AR stimulation appears to be the result

of multiple changes in the molecular and biochemical steps that couple

the receptor to postreceptor effectors. However, the major limiting modi-

fication of this signaling pathway with advancing age in rodents appears

to be at the coupling of the �-AR to adenylyl cyclase via the G
s
 protein,

and to changes in adenylyl cyclase protein, leading to a reduction in the

ability to sufficiently augment cell cyclic adenosine monophosphate and

to activate protein kinase A to drive the phosphorlyation of key proteins

that are required to augment cardiac contractility. In contrast, the apparent

desensitization of �-AR signaling with aging does not appear to be medi-

ated via increased �-adrenergic receptor kinase (�-ARK) or increased G
i

activity.

Left-Ventricular Afterload, Arterial-Ventricular

Load Matching, and Ejection Fraction

AFTERLOAD

Cardiac afterload results from factors that inhibit myocardial displace-

ment and the ejection of blood during systole and has two major compo-

nents, one generated by the heart itself, and the other by the vasculature.

The cardiac component of afterload during exercise can be expected to

increase slightly with age because heart size increases in older persons

throughout the cardiac cycle (1) (Fig. 2). The vascular load on the heart has

four components: conduit artery compliance characteristics, reflected

pulse waves, inertance, and resistance (Fig. 8). Studies in large popula-

tions of broad age range demonstrate that arterial pressure, a major factor

of vascular loading, is a major determinant of LV mass. Thus, the rela-

tive impact of age on LV wall thickness varies with the manner in which

study subjects are screened with respect to hypertension (10). There is

Fig. 7. (Continued) �-adrenergic blockade in younger individuals in (A) causes

SVI to increase to a greater extent than during �-blockade in older ones, suggest-

ing that mechanisms other than deficient �-adrenergic regulation compromises

LV ejection. One potential mechanism is an age-associated decrease in maximum

intrinsic myocardial contractility. Another likely mechanism is enhanced vascular

afterload, owing to the structural changes in compliance arteries noted above, and

possibly also to impaired vasorelaxation during exercise. (From ref. 161.) (B) Peak

exercise heart rate in the same subjects as in A in the presence and absence of acute

�-adrenergic blockade by propranolol. (C) The age associated reduction in peak

LV diastolic filling rate at max exercise in healthy BLSA subjects is abolished dur-

ing exercise in the presence of �-adrenergic blockade with propranolol. Y, <40

years; O, >60 years (14). (From ref. 160.)
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considerable evidence to indicate that during aging the vascular load on

the LV increases with age, and that this is a likely cause of an increase in

LV wall thickness that occurs with aging in both men and women (Fig. 9).

The increase in LV wall thickness with aging likely reduces the expected

increase in cardiac afterload owing to increased LV volume in older per-

sons during exercise stress (1).

ARTERIAL-VENTRICULAR LOAD MATCHING

Optimal and efficient ejection of blood from the heart occurs when

ventricular and vascular energies or loads are matched. Effective arterial

elastance (EaI) is a steady-state arterial measure that characterizes the

functional properties of the arterial system on the basis of SVI and cen-

tral end-systolic pressure. Characterization of the functional properties

of LV elastance (E
LV

I) incorporates the end-systolic pressure and EDVI.

EaI and E
LV

I share common units, and their ratio (EaI/E
LV

I), an index of

atrioventricular (A-V) coupling (11), is mathematically related to EF (12):

Ea/E
LV 

= (1/EF-1). Thus, although EF is often considered an important

clinical index of LV systolic function, it is not exclusively governed by

LV properties. Rather, EF is determined by the coupling of arterial and

ventricular loads (11,13,14).

At rest, the noninvasively determined resting ventricular–vascular

coupling index, EaI/E
LV

I averages 0.5 to 0.6 and does not vary with age

Fig. 8. Components of arterial afterload on the left ventricle.
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in young and old men and women of the BLSA, in whom basal brachial

blood pressure (BP) is less than 140/90 mmHg (Fig. 10A), and is similar

to that measured invasively in other studies. This value of Ea/E
LV

 is that

at which the work efficiency of the heart is maximal (5,15) and its simi-

larity in older and younger persons suggests that LV work efficiency at

rest does not vary appreciably with aging. As expected, the normal EF

at rest averages about 65%, and does not differ with age (Fig. 10B). Thus,

a resting EF of 50% in patients with heart failure, particularly “diastolic

heart failure” should not be accepted as normal regardless of age.

Important age differences in EaI/E
LV

I are observed during graded

cycle exercise (Fig. 10A). In both men and women, younger subjects had

greater declines in EaI/E
LV

I, i.e., had better coupling, from rest to max-

imal workload compared to older subjects (69% and 62% vs 38% and

35% for young men and women, respectively). Thus, although in the rest-

ing state, A-V coupling is maintained in a range that maximizes the effi-

ciency of the heart, during stress energetic efficiency is sacrificed in favor

of cardiac efficacy, manifest by a decrease in the coupling index (i.e., a

greater relative increase in ventricular contractility than arterial load); and

aging is associated with the inability to attain maximal efficacy, mani-

fest by a lesser reduction in the coupling index. As expected from the

Fig. 9. Left ventricular (LV) posterior wall thickness, measured by M-mode

echocardiography, increases with age in healthy Baltimore Longitudinal Study

of Aging (BLSA) men and women and who had a brachial blood pressure of

<160/90 mmHg. Note that the marked age-associated increase in LV wall thick-

ness in these healthy BLSA participants is within what is considered to be the clin-

ically “normal” range (16).
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age-associated reduction in EaI/E
LV

I during exercise, the increase in EF

during exercise is reduced in older persons (1,5) (Fig. 10B).

Interestingly, men and women display mechanistic differences in their

predisposition for the age associated suboptimal A-V coupling efficiency

during exercise. Indeed, in the healthy BLSA cohort, exercise E
LV

I is

higher in younger compared to older men, but in women this age differ-

ence is less impressive. In contrast, exercise EaI is higher in older com-

pared to younger women, but no age differences are observed in men. In

other words, gender differences in younger persons in E
LV

I and EaI

during exercise become blunted with aging.

Because the LVEF encompasses a dynamic range, characterization of

EF in the context of heart failure should employ stress to determine the

EF reserve, and thus, the A-V coupling reserve, with respect to diagnosis

and treatment. Moreover, because EF is not solely determined by the

heart, but by both Ea and E
LV,

 both of these parameters need to be assessed

in order to interpret the meaning of an EF value, particularly in a nondil-

ated heart, with respect to the presence or severity of heart failure. In other

words, an apparently normal EF could result from normal, enhanced or

reduced ventricular elastance, coupled to normal, increased or reduced

arterial elastance. Figure 10C shows that the age-associated EF impair-

ment during exercise, and therefore the impairment in A-V coupling re-

serve, is more pronounced in older persons with silent ischemia.

AGE-ASSOCIATED CHANGES
IN VASCULAR STRUCTURE AND FUNCTION

As noted earlier, advancing age is the most powerful predictor of cardio-

vascular morbidity, mortality, and disability. Age has traditionally been

ignored as a risk factor for CVD because it is considered a nonmodifiable

risk. However, close examination of the age-associated changes in vas-

cular structure and function may help explain why aging is such a strong

predictor of adverse events. Findings from recent clinical studies have

Fig. 10. (Opposite page) Rest and exercise of EaI/E
LV

I (A) and ejection fraction

(EF) (B) in men ( ) and women ( ) <40 years of age, and in men (O) and women

(�) >60 years of age who had a resting brachial blood pressure <140/90 mmHg.

EF increases with exercise in both age groups and genders. In both men and women,

there is a greater increase in EF at maximal exercise in younger compared to older

subjects. EaI/E
LV

I decreases with exercise in both age groups and genders. In both

men and women, there is a greater decrease in EaI/E
LV

I at maximal exercise in

younger men and women compared to older ones. (From ref. 162.) (C) EF is sim-

ilar among younger and older healthy subjects and older subjects with silent ische-

mia at rest but diverges progressively with increasing effort (3).
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show that the age-associated changes in vascular structure and function,

previously not defined as clinical or subclinical diseases, are themselves

risk factors for CVDs. These novel risk factors, including intimal-medial

thickness (IMT), vascular stiffness, and endothelial dysfunction, alter

the substrate on which the CVDs are superimposed; therefore, they

affect the development, manifestation, severity, and prognosis of these

diseases.

Many age-associated changes are seen in the large arteries of humans

(Table 1). Cross-sectional studies show that central elastic arteries dilate

with age, leading to an increase in lumen size (16), which results in an

increased inertance (Fig. 8). In addition, postmortem studies have indi-

cated an age-associated increase in arterial wall thickening, which is caused

mainly by an increase in intimal thickening (17). In cross-sectional stud-

ies, carotid IMT increases nearly threefold between the ages of 20 and

90 years (18) (Fig. 11A). The range of values for IMT in Fig. 11A is much

greater in older individuals than in younger ones. The increase in arterial

wall thickening is accompanied by an increase in vascular stiffening

Table 1
Age-Associated Changes

in Human Arterial Structure and Function

Increases with age

Lumen size

Intimal-medial thickness

Collagen content and cross-linking

Vessel wall stiffness

Systolic blood pressure

Pulse pressure

Elastin fragmentation

Decreases with age

Elastin content

Endothelial function

Fig. 11. (Opposite page) Age-associated changes in vascular structure and function

in humans. (A) The common carotid intimal-medial thickness (IMT) in healthy

Baltimore Longitudinal Study of Aging (BLSA) volunteer subjects, as a function

of age and gender. Note that the values for IMT are much greater in older individ-

uals than in younger ones. (B) Aortic pulse wave velocity (PWV) in healthy BLSA

volunteer subjects, as a function of age and gender. PWV is an index of arterial stiff-

ness. (C) Endothelial flow-mediated and nonendothelial (glyceryl trinitrate)-in-

duced arterial dilatation in apparently healthy individuals. Note that the marked

age-associated accelerated decline in endothelial-mediated dilatation occurs about

a decade later in women than in men. (Reprinted with permission from ref. 21.)
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(reduction in vascular compliance) (19) (Fig. 11B), which is the result of

several structural changes in the arterial wall (5). These changes include

an increase in collagen content, cross-linking of adjacent collagen mole-

cules to form advanced glycosylation end products (20), fraying of elastin,

and a decrease in the amount of elastin. In addition to structural changes,

functional alterations include an age-associated decline in vascular endo-

thelial vasoreactivity (21,22) (Fig. 11C).

Blood Pressure

Both systolic and pulse pressures increase with age in all adults, whereas

diastolic blood pressure (DBP) increases until the fifth decade and then

levels off before decreasing after 60 years of age (23,24) (Fig. 12A–C).

These age-dependent changes in systolic, diastolic, and pulse pressures

are consistent with the idea that in younger people, BP is determined

largely by peripheral vascular resistance, whereas in older people BP is

determined mainly by the stiffness of central conduit vessels (23).

HYPERTENSION

As clinical studies have shown the deleterious effects of hypertension,

recommendations for the treatment of elevated BPs have been adjusted

accordingly. The emphasis was initially on treating increases in DBP.

However, the finding that systolic hypertension is a predictor of adverse

events prompted the use of increased systolic blood pressure (SBP) as

an indication for treatment. Although the initial cut-off value for normal

SBP was 160 mmHg, the value was adjusted downward when studies

showed that pressures between 140 and 160 mmHg conferred added risk.

The systolic value was recently further lowered to 130 mmHg for patients

with diabetes mellitus (DM) (25).

In older individuals, isolated systolic hypertension (ISH) is the most

common form of hypertension. ISH is defined as a SBP greater than 140

mmHg and a DBP less than 90 mmHg (i.e., a widened pulse pressure), and

it could be described as a disease related, in part, to arterial stiffening (26).

Even mild ISH (stage 1) is associated with an appreciable increase in CVD

risk (27,28).

Intimal-Medial Thickness

Studies of morphological, cellular, enzymatic, and biochemical changes

in animal models have increased our understanding of age-associated

arterial remodeling in humans. For example, the age-associated intimal-

Fig. 12. (Opposite page) (A–C) Average systolic (A), diastolic (B), and pulse (C)

pressures and age, in Baltimore Longitudinal Study of Aging participants stratified

by gender. Values are mean ± SEM.
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medial thickening seen in humans is often ascribed to “subclinical” ather-

osclerosis (29–32). This idea has become so well accepted that IMT is

used as a surrogate measure of atherosclerosis (33,34). However, IMT,

which is usually measured in areas devoid of atherosclerotic plaque, is

only weakly associated with the extent and severity of CAD (35). Fur-

thermore, findings in rodent (36) and nonhuman primate (37) models of

aging clearly indicate that IMT is an age-related process that is separate

from atherosclerosis because atherosclerosis is absent in both of these

animal models. Thus, excessive IMT is not necessarily synonymous with

early or subclinical atherosclerosis (38).

Nonetheless, an association between IMT and carotid (39–41), aortic

(42), and coronary (34) atherosclerosis is documented in humans. In indi-

viduals rigorously screened for the absence of CVD, excessive IMT at

a given age predicts silent CAD (18) (Fig. 13A), which, in turn, pro-

gresses to clinical ischemic heart disease. In the Atherosclerosis Risk In

Communities (ARIC) study, which comprised middle-aged adults, IMT

was associated with a greater prevalence of CVDs (43) and was an inde-

pendent predictor of stroke (44). In the Cardiovascular Health Study

(CHS), which comprised individuals over the age of 65, IMT was an inde-

pendent predictor of future myocardial infarction and stroke (45) (Fig.

13B). In the CHS study, subjects were grouped according to quintiles of

IMT, and the results indicated a nonlinear gradation in risk, with higher

quintiles conferring a greater risk for CVDs (31) (Fig. 13B). Compared

to the lowest quintile, the fifth quintile had a 3.15 relative risk for cardio-

vascular events, even after adjusting for traditional risk factors. In fact, the

strength of IMT as a risk factor for CVDs equals or exceeds that of most

other traditional risk factors (Fig. 13C).

Thus, IMT is not a manifestation of atherosclerosis but is associated

with it. IMT is an aging-related process that is separate from the patho-

physiological process of atherosclerosis, yet IMT is a risk factor for ather-

osclerosis. IMT has been previously classified in the same disease cate-

gory as atherosclerosis, but should be correctly reclassified as a marker of

arterial aging. When the extent of thickening exceeds the value in age and

Fig. 13. (Opposite page) Carotid intimal-medial thickness (IMT) and cardiovascu-

lar diseases. (A) Common carotid intimal-medial thickness (CCA IMT) as a func-

tion of age, stratified by coronary artery disease (CAD) classification, in Baltimore

Longitudinal Study of Aging subjects. CAD-1 denotes a subset with positive exer-

cise electrocardiogram (ECG) but negative thallium scans; CAD-2 represents a

subset with concordant positive exercise ECG and thallium scans. (B) CCA IMT

as a predictor of future cardiovascular events in the Cardiovascular Health Study

(CHS). Note the nonlinear increase in the risk for cardiovascular event rates with
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Fig. 13 (Continued) increasing quintiles. (From ref. 45, with permission.) (C)

Comparisons of the associations of age- and gender-adjusted cardiovascular risk

factors with the combined events of stroke or myocardial infarction in the CHS

study, using Cox proportional hazards models. Note that IMT is a potent risk

factor for future cardiovascular events. (Adapted with permission from ref. 45.)
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gender-matched controls, it is a risk factor associated with adverse car-

diovascular outcomes. The threshold or cut-off values above which the

risk from IMT becomes clinically significant have not been defined, but

some investigators are beginning to address these issues (46).

Studying the relationship between primary age-associated vascular wall

remodeling and CVDs has led researchers to search for new phenotypic

manifestations of arterial remodeling to explore their clinical and prog-

nostic significance. For example, the various carotid geometric patterns

that are derived by combining the measurements of vascular mass with

wall-to-lumen ratio were recently associated with unique functional and

hemodynamic profiles that are largely independent of age and hyperten-

sion (47). These patterns were recently found to have differing prognos-

tic implications (48).

Vascular Stiffness

In addition to IMT, increased vascular stiffness has been observed with

advancing age in humans (19,23,49,50) and in animal models of aging

(51,52). Studies in animals have shown several structural changes in the

vascular wall, including increased collagen content, reduced elastin con-

tent, and calcification and fragmentation of elastin, as well as alterations

in smooth muscle tone and endothelial function, which underlie the

observed phenotypic compliance changes (5). Strictly speaking, stiffness

and its inverse, distensibility, depend on intrinsic structural properties of

the blood vessel wall that relate a change in pressure with a correspond-

ing change in volume. However, in this chapter, the terms stiffness and

compliance are used in a broader sense, to denote the overall lumped

stiffness and compliance, which include the additional effects of vascu-

lar tone, BP, and other modulating factors, all of which impact LV after-

load (Fig. 8).

PULSE WAVE VELOCITY

With each systolic contraction of the ventricle, a propagation wave is

generated in the arterial wall and travels centrifugally down the arterial

tree. This propagation wave accompanies (and slightly precedes) the

luminal flow wave generated during systole. The velocity of propagation

of this wave is directly proportional to the stiffness of the arterial wall.

This situation is analogous to the flow of a wave on a string; as the string

is stretched, it becomes less compliant, and the velocity of the flow wave

increases. The velocity of the pulse wave in vivo is determined not only

by the intrinsic stress–strain relationship (stiffness) of the vascular wall,

but also by smooth muscle tone, which is reflected by the mean arterial

pressure (MAP) (53).
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The availability of noninvasive measures of the velocity of this pulse

wave allows for large-scale epidemiological studies. Pulse wave velocity

(PWV) was assessed in BLSA participants who were rigorously screened

for the absence of overt or silent CVD (19) and in other populations with

varying degrees of prevalence of CVD (23,49,54–57). In all these studies,

a significant age-associated increase in PWV was observed in both men

and women.

Elegant experiments in canines have shown several detrimental hemo-

dynamic effects when the heart is switched from ejecting into a compliant

vessel to ejecting into a stiff conduit, especially in the setting of myocar-

dial ischemia (58). In support of these animal studies, several clinical

studies demonstrate the adverse cardiovascular effects of accelerated vas-

cular stiffening. In the ARIC study, several vascular compliance indices

were predictors of hypertension (59) (Fig. 14A). In hypertensive patients,

PWV was a marker of cardiovascular risk (60) and coronary events (61)

(Fig. 14B) and an independent predictor of mortality (62). In addition,

pulse wave velocity was an independent predictor of mortality in sub-

jects over 70 years of age (63) and in patients with end-stage renal disease

(ESRD) (64). Other noninvasive indices of vascular compliance, includ-

ing SV divided by pulse pressure (65) (Fig. 14C) and the incremental

modulus of elasticity (66), were independent predictors of adverse out-

comes. Thus, vascular stiffening, like IMT, should be viewed as another

marker of aging, which, when accelerated, also becomes a risk factor for

CVDs.

The interaction between vascular wall stiffening and CVDs may set

in motion a vicious cycle. PWV is determined, in part, by smooth muscle

cell (SMC) tone, which, in turn, is partially regulated by endothelial cells.

Moreover, endothelial dysfunction is seen early in several cardiovascular

disorders including atherosclerosis (67), diabetes (68), and hypertension

(69). Thus, in this cycle, alterations in the mechanical properties of the

vessel wall contribute to endothelial cell dysfunction and, ultimately,

vascular stiffening.

REFLECTED WAVES

In addition to the forward pulse wave, each cardiac cycle generates a

reflected wave, which travels back up the arterial tree toward the central

aorta. This reflected wave, which probably originates in the smaller arter-

ies and arterioles, alters the arterial pressure waveform (70) and is modu-

lated, in part, by nitric oxide (NO) (71). The velocity of the reflected flow

wave is directly proportional to the stiffness of the arterial wall (53). Thus,

in young individuals whose vascular wall is compliant, the reflected wave

does not reach the large elastic arteries until diastole. With advancing age
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Fig. 14. Vascular stiffness and cardiovascular outcomes. (A) Reduced arterial elasti-

city and incidence of hypertension in the Atherosclerosis Research In Communities

(ARIC) study. Values 1–4 denote the highest to lowest quartiles. Note that for all
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and increasing vascular stiffening, the velocity of the reflected wave

increases, and the wave reaches the central circulation earlier in the car-

diac cycle, during the systolic phase. This reflected wave can be nonin-

vasively assessed from recordings of the carotid (72,73) or radial (72,

74,75) arterial pulse waveforms by arterial applanation tonometry and

high-fidelity micromanometer probes. Inspection of the recorded arterial

pulse wave contour shows an inflection point, which heralds the arrival

of the reflected wave (76) (Fig. 15A). The amplitude distance from the

inflection point to the peak of the arterial waveform is the pressure pulse

augmentation that results from the early arrival of the reflected wave.

Dividing this augmentation by the distance from the peak to the trough of

the arterial waveform (corresponding to the pulse pressure) yields the aug-

mentation index (76). The augmentation index, like the PWV, increases

with age (19,70,72,75,77) (Fig. 15B).

Because reflected waves originate in small arteries and arterioles, the

age-associated changes in this index are probably determined, in part, by

the age-associated changes in the structure and function of distal vessels,

as well as by age-associated alterations in the structure and function of

large elastic arteries. Although attention has focused on the transmission

velocity of reflected waves as an index of arterial stiffness, evaluation

of the pulse wave contour may provide valuable insight into the charac-

teristics and the pathology of more distal vessels, where reflected waves

originate (78).

The pressure pulse augmentation provided by the early return of the

reflected wave is an added load against which the ventricle must contract

(79). Furthermore, the loss of the diastolic augmentation seen in compli-

ant vessels, owing to the early return of the reflected waves, decreases

DBP and thus has the potential to reduce coronary blood flow because

most coronary flow occurs during diastole (79). These considerations sug-

gest that excessively early return of the reflected waves, which can be

assessed with the augmentation index, may be detrimental to the cardio-

Fig. 14. (Continued) indices, decreased elasticity is associated with an increased

incidence of hypertension (p < 0.01). CI, confidence interval; AADC, adjusted

arterial diameter change; EP, Peterson’s elastic modulus; YEM, Young’s elastic

modulus; BETA, �-stiffness index. (Reprinted with permission from ref. 58.) (B)

Relative risk for coronary heart disease (CHD) events, adjusted for age, gender,

blood pressure, heart rate, diabetes mellitus, smoking, and previous antihyperten-

sive treatment, by tertiles of pulse wave velocity (PWV). CI, confidence interval.

(Adapted with permission from ref. 60.) (C) Cumulative event-free survival, ad-

justed for age and left ventricular mass, relative to total arterial compliance indexed

as stroke volume (SV)/pulse pressure (PP). Note that reduced arterial compliance

is a predictor of cardiovascular events. (Reprinted with permission from ref. 64.)
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vascular system. In fact, the augmentation index is a predictor of adverse

events in ESRD patients (80) (Fig. 15C). Thus, this index is another marker

of vascular aging that is a risk factor for CVDs.

PULSE PRESSURE

As blood vessels stiffen, their diameter increases, which decreases wall

strain. Moreover, the combination of arterial wall stiffening and early

return of the reflected waves (see below) widens the pulse pressure (81).

Indeed, a high SBP generates a similar distention of hardened capacitance

vessels, wheras a lower DBP results, in part, from the loss of diastolic aug-

mentation. Thus, pulse pressure is a useful hemodynamic marker of the

vascular stiffness of conduit arteries. Clinical and epidemiological stud-

ies in several different populations with varying prevalences of CVDs

have confirmed the prognostic importance of pulse pressure (82–96).

Furthermore, in several studies, pulse pressure was a stronger predictor of

outcome than SBP or DBP. This suggests the need for studies to evaluate

whether pulse pressure should be added to SBP or DBP as a screening

criterion or as a therapeutic endpoint in the treatment of hypertension.

VASCULAR STIFFNESS AND HYPERTENSION

Recent studies showing that increased vascular stiffness may precede

the development of hypertension underscore the relationship between

hypertension and arterial wall stiffening (59). This concept has been over-

shadowed by the notion that an increase in MAP (or peripheral resistance)

is the predominant cause of increased stiffness of large arteries. The

increase in mean BP that occurs with hypertension can lead to a second-

ary increase in large-artery stiffness; however, the primary age-associated

increase in large-artery stiffness can lead to an increase in arterial pres-

sures. Thus, hypertension can be defined as a disease that is, in part, deter-

mined or modulated by properties of the arterial wall. An even broader

view recognizes hypertension as a syndrome (97), with BP increases rep-

resenting only one (albeit late) manifestation.

Recognizing the independence of arterial wall stiffening from hyperten-

sion has important clinical implications. In a study of patients with ESRD

who required dialysis, Guerin et al. (98) reported that treatment of hyper-

Fig. 15. (Opposite page) (A) Graphic representation of the augmentation index,

which is defined as the ratio of the distance from the inflection point to the peak

of the arterial waveform ( P), over the pulse pressure (PP). (B) The augmentation

index in healthy Baltimore Longitudinal Study of Aging volunteer subjects, as a

function of age and gender. (C) Probability of overall survival in patients with end-

stage renal failure, stratified by quartiles of augmentation index (AIX). (Reprinted

with permission from ref. 79.)
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tension had differing effects on PWV, despite having similar BP-low-

ering effects (98) (Fig. 16). Mortality was higher in the group in whom

PWV increased in spite of therapy, and progression of vascular stiffen-

ing was an independent predictor of mortality. These observations suggest

that treating BP is necessary but not sufficient therapy for the syndrome

of hypertension.

VASCULAR STIFFNESS AND METABOLIC DISEASES

The incidence and prevalence of DM and the metabolic syndrome

increase with advancing age. Several studies document a robust associa-

tion between DM and increased vascular stiffening (99–102). Increased

levels of hemoglobin A1c (54) and fasting glucose (99) are associated

Fig. 16. Changes in mean blood pressure (solid circles) and aortic pulse wave veloc-

ity (open circles) in survivor and nonsurvivor patients with end-stage renal failure.

Follow-up occurred at a mean of 51 ± 38 months. Values are means ± standard

error. (Reprinted with permission from ref. 98.)
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with greater arterial stiffness, even in non-diabetic subjects. This asso-

ciation may be due to the increased glycosylation of long-lived matrix

proteins (such as collagen) in the vascular wall during hyperglycemia,

and the subsequent irreversible covalent cross-linking of these proteins

to form advanced glycation end products (20).

The metabolic syndrome, which includes insulin resistance, obesity

(particularly abdominal adiposity), hypertension, and dyslipidemia (in-

creased triglycerides and low high-density lipoprotein), is associated

with a markedly increased incidence of CVDs. Greater waist circumfer-

ence (54) and levels of insulin (54,56,99), triglycerides (54,99), and vis-

ceral adiposity (56) are all associated with arterial stiffening. A recent

analysis showed that even after taking into account each individual com-

ponent of the metabolic syndrome, the clustering of at least three of these

components is independently associated with increased IMT and stiffness

(103). This suggests that the components of the metabolic syndrome inter-

act to synergistically impact vascular thickness and stiffness, and that the

deleterious effects of the metabolic syndrome may be mediated, in part,

via acceleration of vascular stiffening and thickening.

Endothelial Function

Endothelial cells are extremely important and powerful regulators of

the vasculature. Several cardiovascular conditions and risk factors are

associated with endothelial dysfunction, including hypercholesterole-

mia, insulin resistance, cigarette smoking, and heart failure (104). Endo-

thelial cell dysfunction contributes to the pathogenesis of hypertension

(69) and atherosclerosis (67,105). In addition, endothelial cells play a

pivotal role in regulating vascular tone, vascular permeability, and the

response to inflammation (105–107). Several features of these arterial

properties undergo age-associated alterations in function.

VASOREACTIVITY

With advancing age, NO-dependent mechanical and agonist-mediated

endothelial vasodilatation is reduced in humans (21,22,108,109) (Fig.

11C) and animals (37,110). This vasoreactivity depends on NO generated

by endothelial nitric oxide synthase (eNOS). In aging rats (111) and rab-

bits (112), activity of the eNOS isoform is markedly reduced. In addition,

the bioavailability of NO may be reduced to age-associated increases in

the amounts of superoxide and nitrated tyrosine residues of proteins (113).

INFLAMMATION

Aging is associated with increased expression of adhesion molecules

in rats (36) and increased adherence of monocytes to the endothelial sur-
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face in rabbits (112). Adhesion molecules on the luminal surface of endo-

thelial cells mediate leukocyte binding to endothelial cells and subendo-

thelial migration (114). This process is probably facilitated by the actions

of matrix metalloproteinases (MMPs) (115–117). Serum levels of adhe-

sion molecules show age-associated alterations in humans (118,119). In

patients with hypercholesterolemia and ischemic heart disease, serum

levels of soluble vascular cell adhesion molecule-1, but not soluble inter-

cellular adhesion molecule (ICAM)-1, are positively associated with

aging (119).

PERMEABILITY

In rat aortae, aging is associated with increased permeability to albumin

(120). Moreover, glycosaminoglycans (112), which help regulate several

arterial properties including vascular permeability (121), accumulate in

greater number in the intima of older rabbits. Within hours of an acute

arterial balloon injury to the rabbit carotid artery, the pericellular distri-

bution of glycosaminoglycans is significantly reduced in the arterial wall,

and this loss is associated with a significant expansion of the extracellu-

lar space. The glycosaminoglycans were rapidly replaced in the media but

not in the developing neointima by SMCs (122).

VASCULAR-WALL SHEAR STRESS

Vascular-wall shear stress is important in modulating endothelial mor-

phology and function (105,107,123). The identities of the mechanore-

ceptors that transduce the frictional forces of blood, the various effector

systems and component molecules that are activated, and the disparate

second-messenger signaling systems involved are not well defined. None-

theless, changes in vascular-wall shear stress result in acute and chronic

alterations in the synthetic and metabolic activities of endothelial cells

(107,123). Arterial regions with low shear stress are particularly vulner-

able to the development of atherosclerosis (123).

ENDOTHELIAL DYSFUNCTION AND CELLULAR SENESCENCE

Telomeres, which are DNA–protein complexes that form the ends of

chromosomes, and telomerase, a unique enzyme that regulates telomere

length, may be important in cellular senescence (124). Because telomeres

shorten with each replicative cell division (125), they may be good indi-

cators of biological aging. Telomere length is a marker of cellular turn-

over in human vascular tissue (126), where it is inversely associated with

age (127) and with atherosclerotic grade (128). In a study of Danish twins,

telomere length of chromosomes in white blood cells was negatively asso-

ciated with pulse pressure (129). In a normotensive French cohort, telom-
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ere length of chromosomes in white blood cells was longer in women than

in men but contributed significantly to variations in pulse pressure and

PWV only in men (130). Loss of telomere function induces endothelial

dysfunction in vascular endothelial cells, whereas inhibition of telomere

shortening suppresses age-associated dysfunction in these cells (131).

ENDOTHELIAL DYSFUNCTION AND ANGIOGENESIS

Endothelial cells play a pivotal role in angiogenesis in which new ves-

sels grow from the existing microvasculature. Studies in animal models

of aging indicate that angiogenesis is impaired with advancing age (132),

which could be, in part, related to an age-associated decrease in endothe-

lial progenitor cells from the bone marrow (133). Angiogenesis requires

the migration and proliferation of endothelial cells in response to cyto-

kines. Migration of endothelial cells, in turn, requires an optimal level

of adhesion to matrix proteins, which is regulated by matrix-degrading

metalloproteases such as MMP-1. In microvascular endothelial cells

from aged mice, expression of MMP-1 is decreased, whereas expression

of its inhibitor tissue inhibitor of metalloproteinase (TIMP)1 is increased

(134). Furthermore, in these aged animals, expression of the growth fac-

tor transforming growth factor (TGF)-�1 and the matrix protein type-1

collagen is decreased (135). Recent evidence suggests that the expres-

sion of growth factors is modulated by advanced glycosylation end prod-

ucts (136). Thus, the age-associated impairment in angiogenesis is, in

part, owing to changes in the levels of extracellular enzymes, matrix pro-

teins, and growth factors, which affect endothelial cell migration.

An Integrated View of Vascular Aging

An integrated and comprehensive conceptualization of arterial aging

requires improved methods for studying endothelial function and an

understanding of as yet unrecognized genetic and polymorphic compo-

nents of arterial structure and function. Furthermore, interactions among

traditional vascular variables need to be defined. These vascular varia-

bles have been studied separately, and the emphasis has been placed on

their relationship to CVDs, not on their relationship with each other. In

addition to being intimately involved with CVDs, these traditional vascu-

lar factors are interrelated to and interdependent on each other. For exam-

ple, in a longitudinal study of a large population of relatively aged subjects,

increased baseline levels of pulse pressure were associated with progres-

sion of IMT, and baseline IMT, in turn, was associated with greater widen-

ing of the pulse pressure (137). After all the components of arterial aging

are identified, a comprehensive vascular aging profile may be developed
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for each individual that represents the integrated sum of all the vascular

processes.

CARDIOVASCULAR AGING
AND CLINICAL MEDICINE

Despite the interest in the physiology of the age-associated changes in

cardiovascular structure and function, cardiovascular aging has remained,

for the most part, outside of mainstream clinical medicine. This is because

their pathophysiological implications are largely underappreciated and

are not well disseminated in the medical community. In fact, age has tra-

ditionally been considered a nonmodifiable risk factor. However, as noted

in the preceding sections, many of the age-associated alterations in cardio-

vascular structure and function, at both the cellular and molecular levels,

ought not to be simply considered as part of a “normal or physiological

aging” process, but rather, should be construed as specific risk factors

for CV diseases. This highlights the urgency to incorporate cardiovas-

cular aging into clinical medicine, which as a requisite, will require that

the following steps be implemented.

First, clinicians should be educated regarding those aspects of cardio-

vascular aging that are “risky.” This educational process should be geared

toward all physicians taking care of middle-aged or older individuals,

not just geriatricians, because many of the “risky” components—often

referred to as “subclinical disease”—begin to appear in middle age, which

is when they start exacting their toll, and which is when preventive strat-

egies (once they are developed, see below) should be implemented in

order to obtain the most benefit. Beyond presenting the epidemiological

data implicating the markers of cardiovascular aging as risk factors for

disease, the educational curriculum should also include several impor-

tant concepts discussed in this chapter, which would enable a fuller appre-

ciation of the impact of these risk factors, including the differentiation

among successful, usual, and unsuccessful cardiovascular aging, which

are in many ways the products of age–disease interactions.

This educational process needs to be complemented by aggressive

efforts to set up normative values for each risk marker within a specific

population, and adjusted for age groups and gender. This, in turn, is depen-

dent on standardizing the methodologies, techniques, and protocols uti-

lized for acquiring and interpreting these measurements. Findings from

the epidemiological studies can then be incorporated to determine the spe-

cific thresholds, or cut-off values, that would distinguish successful (or

desired) values, from normal values, from preclinical values, and from

disease values.
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Concomitantly, aggressive efforts should be undertaken to develop

effective therapies to prevent, delay, or attenuate the cardiovascular changes

that accompany aging. This is a critical step because if such interventions

are not developed in a timely manner, then the recognition of cardiovas-

cular aging as a risk marker for disease would remain an epidemiological

finding of historical interest only. Thus, investigating these preventive

measures should be a top research priority, and future efforts will require

the close collaboration of a consortium of researchers, including molecu-

lar cardiologists, cardiovascular physiologists, and translational clinical

trialists. In the next section, we discuss a number of lifestyle and pharma-

cological interventions to retard the rate of progression of subclinical dis-

ease, which have already been explored.

LIFESTYLE INTERVENTIONS
Physical Activity

With respect to lifestyle, the risk factor of lack of vigorous exercise

increases dramatically with age in otherwise healthy persons (138), includ-

ing the community-dwelling BLSA volunteer participants (Fig. 17A).

Thus, a reduction in physical conditioning status might be implicated as

a factor in the reduced cardiovascular reserve of older, healthy sedentary

individuals, as discussed. But, the issue arises as to whether physical con-

ditioning via aerobic training of sedentary older persons can affect defi-

cits in cardiovascular reserve capacity owing to an aging process, per se.

It has been amply documented that physical conditioning of older per-

sons can substantially increase their maximum aerobic work capacity and

peak oxygen consumption. The extent to which this conditioning effect

results from enhanced central cardiac performance or from augmented

peripheral circulatory and O
2
 utilization mechanisms, including changes

in skeletal muscle mass, varies with the characteristics of the population

studied, genetic factors, the type and degree of conditioning achieved,

gender, and body position during study (see ref. 5 for review). A longi-

tudinal study of older males in the upright position indicates that an

enhanced physical conditioning status increases O
2
 consumption and

work capacity, in part by increases in the maximum cardiac output, by

increasing the maximum SV, and in part by increasing the estimated total

body oxygen utilization (139). The augmentation of maximum SVI is

the result of an augmented reduction of LV ESV (Fig. 17B), thus, a conco-

mitant increase in LV EF occurs. The vascular exercise afterload is also

reduced by physical conditioning. Thus, the exercise EF is also enhanced

(139). Pulse pressure, PWV, and carotid augmentation index are lower

(Fig. 17C) (19,140) and baroreceptor reflex function is improved (141)
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in older persons who are physically conditioned than in sedentary per-

sons. Exercise conditioning also improves endothelial function in older

persons (142).

In contrast to the improved LV ejection, the maximal HR of older per-

sons does not vary with physical conditioning status (Fig. 17A). There

is no strong evidence at hand that physical conditioning of older persons

can offset the deficiency in sympathetic modulation.

Diet

There is some evidence to indicate that diets low in sodium are asso-

ciated with reduced arterial stiffening with aging in humans (143). In

rodents, consumption of diets high in �-3 polyunsaturated fatty acids

(PUFAs) lead to increases in �-3 PUFAs in mitochrondrial membranes,

increased efficacy of adenosine triphosphate production and reduction

of Ca
2+

 and arrhythmias following ischemic–reperfusion stress. Diets

high in coenzyme Q (COQ) reduce post-ischemic systolic and diastolic

dysfunction and Ca
2+

 overload. Treatment of isolated ventricular myo-

cytes with COQ increases the threshold required for reactive oxygen spe-

cies (ROS) to induce the mitochondrial permeability transition.

Pharmacotherapy

Therapies that improve the coupling of ventricular and vascular elas-

tances are likely to improve exercise tolerance and cardiac function, not

only in patients with heart failure, but even in healthy subjects. This con-

cept is supported by two studies. In healthy, older BLSA subjects treated

with the direct vasodilator, sodium nitroprusside showed marked reduc-

tions in reflected pulse waves at rest indexed by carotid tonometery (Fig.

18A), as well as reductions in arterial pressure, EDVs and ESVs and im-

proved cardiac function (Fig. 18B), including a higher EF at rest and dur-

ing maximal exercise as compared to placebo therapy (Fig. 18C). This

Fig. 17. (Opposite page) (A) High-intensity physical activity becomes reduced with

aging. (B) Heart rate and end-systolic volume during peak seated, upright exercise

on a cycle ergometer across a broad range of aerobic capacity in healthy males who

have been exercise conditioned or deconditioned. S, sedentary; ET, exercise trained;

Scon, sedentary men after conditioning; ET Decon, men who had been exercise

trained but stopped their training for the study to become detrained or decondi-

tioned (DeCon). The figure shows that the extent to which the left ventricle empties,

as manifest by the end-systolic volume, varies with the level of aerobic capacity

(VO
2
 max), which was varied among the four groups by either conditioning or

deconditioning protocols. In contrast, the peak heart rate achieved does not vary

with aerobic capacity. (C) Carotid augmentation index in older athletes is reduced

compared to their sedentary counterparts (139).
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result emphasizes the role of reflected pulse waves in LV function. In

another study, an acute intravenous Ca
2+

 channel blocker administered to

healthy older subjects reduced noninvasive indices of arterial stiffness

and ventricular systolic stiffness and improved exercise tolerance and

oxygen consumption before reaching anaerobic threshold (144). A novel

breaker of nonenzymatic crosslinks owing to advanced glycation end

products reduces EaI in older nonhuman primates and improves the EaI/

E
LV

I ratio and EF (145). This agent also reduced pulse pressure in a human

clinical trial in older hypertensive patients (146).

An emerging concept in the treatment of hypertension recognizes that

progressive vascular damage can continue to occur even when arterial

pressure is controlled. It is conceivable that drugs that retard or reverse

age-associated vascular wall remodeling and increased stiffness will be

preferable to those that lower pressure without affecting vascular wall

properties. The chronic administration of angiotensin-converting enzyme

inhibitors to rodents attenuate mitochondrial dysfunction, reduce ROS,

enhance NO bioavailability, reduce fibrosis, retard vascular and cardiac

aging and prolong life (51,147–154). Retardation or reduction in IMT

and arterial stiffness in humans has been achieved by drug–diet inter-

vention (23,64,91,95,155–159). It is thus far not known whether if such

treatment can “prevent” unsuccessful aging of the vasculature in individ-

uals of younger-middle age who exhibit excessive subclinical evidence

of unsuccessful aging.

In summary, accelerated heart and vascular aging in apparently healthy

younger and middle-aged adults, that is those who exhibit measurements

of heart or vascular aging that usually occur later in life, may indicate the

need for interventions designed to decrease the occurrence and/or mani-

festations of CVD at later ages. Similarly, exaggerated heart or vascular

aging in older persons, that is, those with age-associated vascular mea-

surements in the upper tercile, may merit similar consideration. Specifi-

cally, prime targets for intervention are those persons presently perceived

as “normal” individuals without a textbook CVD diagnosis whose arteries

Fig. 18. (Opposite page) Intravenous sodium nitroprusside reduces reflected pulse

wave and improves left ventricular function. (A) Carotid augmentation index.

(B) Ventricular function, depicted as stroke work index vs end-diastolic volume

index (EDVI) relationship at upright, at seated rest, and during exercise in the

presence and absence of sodium nitroprusside (SNP). The relationship is shifted

leftward and downward with SNP, indicating a smaller EDVI and lower stroke

work index at any exercise load. (C) Ejection fraction at seated, at upright rest,

at intermediate common submaximal workloads, and at maximum effort in

healthy volunteers aged 71 ± 7 prior to and during SNP infusion. At any level of

effort, ejection fraction is substantially increased by SNP. (From ref. 163.)
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and hearts are “unsuccessfully” placing them at increased risk for the

occurrence of CVD. Such a strategy would thus advocate treating “unsuc-

cessful” aging. Although these preventive lifestyle and pharmacological

strategies can be undertaken even now, future genetic characterization of

individuals will likely allow person-specific stratification with respect to

the risk, efficacy, and cost-effectiveness of measures to retard cardiovas-

cular aging in order to reduce cardiovascular functional disability and

disease at older ages. Additional studies of the effectiveness of pharma-

cological treatment regimens to delay or prevent each change are required

for this strategy to be put into practice. Recommendations regarding the

impact of lifestyle on cardiovascular aging should be repetitively sounded,

loud and clear, so they can be put into practice early in life!
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The 20th century witnessed an historical change in the landscape of

human evolution as the limits of human longevity pressed ever upward in

advanced cultures. At the outset of the 20th century, average longevity in

America barely exceeded 48 years and only 3% of the population was over

the age of 65. This reflected the underdeveloped status of our nation at that

time, when public health measures were minimal, nutrition, hygiene,
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housing, and sanitation precarious, antibiotics unknown, childhood deaths

from infectious diseases were frequent, and death from chronic diseases

in old age uncommon. However, by the end of 20th century the picture

had changed dramatically. Average American longevity exceeded 75

years, childhood deaths had declined precipitously, and survival to middle

and even old age had become the norm. Now early in the 21st century,

American society and the American health care system in particular is at

a crossroads between opportunity and crisis: on the one hand, the pros-

pect of extending average human longevity to its maximum draws near

(85 ± 7 years has been suggested as our “barrier to immortality” [1]); on

the other hand, the physician’s image of their typical patient 85 or older

raises the specter of an impending epidemic of sick, vulnerable, and dis-

abled old people, frail patients who will require extraordinary levels of

health and social care. This looms as a defining feature of the 21st century

as members of the current wave of Americans born in the post-World War

II era approach old age over the next half century: will American society

become overwhelmed by the needs of aged, frail, and dependent “baby-

boomers” in gradual decline, or will effective preventative public health

and medical interventions succeed in prolonging their robust health and

independence into advanced old age, ideally compressing their illnesses

and dependency into a brief period before death?

Nowhere is the urgency to resolve this approaching dilemma more

pressing than in the field of cardiovascular disease (CVD). CVD as the

primary cause of death accounts for nearly half (approximately 46%) of

deaths throughout middle and old age, cardiac deaths rising logarithmi-

cally with age in parallel with all-cause mortality. The prospect of facing

a tsunami of aging baby-boomers who develop CVD and disability in

their 70s, 80s, and 90s has spawned a new subfield, geriatric cardiology

(the central subject of this entire volume). Here, as in all subspecialties of

adult medicine, the special nuances of geriatrics have emerged as a focus

for cardiology as it struggles to prepare for the impending surge of elderly

patients in their domain.

A phenomenon of special interest to geriatricians and cardiologists

(and geriatric cardiologists in particular) is the syndrome of frailty. This

condition is highly prevalent among the elderly, especially the “oldest

old” (those above 85). Yet it remains but vaguely defined and is often

mistakenly applied interchangeably with co-morbidity and disability.

This chapter is designed to persuade the critical reader that careful con-

sideration of this syndrome as increasingly better characterized and inves-

tigated perhaps best captures the essence of the field of geriatrics and

notably geriatric cardiology. Thus, systematic, serious, and critical re-

search on the definition, diagnosis, pathophysiology, prevention, presen-
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tation, and management of this syndrome should advance the character-

ization of frailty well beyond its long-time status as, “You know when

you see it,” and the fatalistic, even nihilistic attitude that such dismissive

assignment invites.

FRAILTY:
THE DEFINITION EMERGING FROM EPIDEMIOLOGY

The fields of geriatrics and chronic disease management have long

struggled for a meaningful definition of “frailty” and the related condi-

tion “failure to thrive.” This phenomenon is the subject of an elegant

chapter by Linda Fried and Jeremy Walston in the recent, fifth edition of

the Principles of Geriatric Medicine and Gerontology (2). These authors

suggest that frailty and failure to thrive “represent a continuum of a

clinical syndrome, with Failure to Thrive being the most extreme manifes-

tation that is associated with a low rate of recovery and presages death.”

In their treatise, they detail the definition and the pathophysiology of

frailty, carefully dissecting its component parts before reintegrating them

into a construct that comprises a complex web of the pathogenesis and

clinical manifestation of this syndrome (Fig. 1).

The scientific underpinning for their definition of this syndrome has

been strengthened by a series of publications from the Cardiovascular

Health Study (CHS) from which the definition of frailty is largely derived

(3). This was a prospective, observational, community-based epidemio-

logical study of men and women 65 years of age or older in four US com-

munities: Sacramento County, California; Washington County, Maryland;

Forsyth County, North Carolina; Allegheny County, Pennsylvania (N =

5201). This was initiated in 1989–1990, with an additional cohort of 687

African-American men and women recruited in 1992–1993 from three of

these sites. Participants were recruited from age- and gender-stratified

samples from the Health Care Financing Administration Medicare eligi-

bility lists in those counties. Both cohorts received identical baseline eval-

uations (except for the absence of spirometry and echocardiogram at

baseline in the latter cohort) and follow-up with annual in-person exami-

nations and semi-annual telephone calls for surveillance of outcomes,

including disease, hospitalization, falls, disability, and mortality.

Baseline evaluations included standardized interviews that ascertained

demographics, self-assessed health, health habits, weight loss, medica-

tions used, and self-reported physician-diagnosed CVD, emphysema,

asthma, diabetes, arthritis, renal disease, cancer, and hearing and visual

impairment. Leisure-time activities were determined by administration of

a version of the Minnesota Leisure Time Activities Questionnaire cover-
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ing the 2 weeks prior to study involvement. Physical function was assessed

by asking about difficulty with 15 tasks of daily life, including mobility,

upper extremity function, instrumental activities of daily living (IADL)

and activities of daily living (ADL). Frequency of falls during the prior

6 months was assessed by self-report. The modified 10-item Center for

Epidemiological Study–Depression scale (CES–D) was used to ascer-

tain depressive symptoms.

The presence of significant co-morbidities was also determined. These

included cardiovascular diseases (myocardial infarction [MI], conges-

tive heart failure [CHF], angina, peripheral vascular disease, and stroke).

The presence of co-morbidities was validated by medications used and

through standardized examinations, including echocardiogram, and the

posterior tibial/brachial artery systolic (ankle-arm) blood pressure (BP)

ratio. Medical records were reviewed by clinicians for consensus-based

adjudication based on standardized algorithms. Other examinations mea-

sured weight, BP, maximal stenosis of internal and common carotid arte-

ries by carotid ultrasound, and fasting blood analyses for glucose, albumin,

creatinine, and fibrinogen, plus lipid analyses, with low-density lipopro-

tein (LDL) cholesterol estimated by calculation from total and high-den-

sity lipoprotein (HDL) cholesterol and triglyceride levels. Additional serum

samples were stored for future analyses, which have notably included C-

reactive protein (CRP). Cognitive function was assessed with Mini-Men-

tal State Examination (MMSE) and the digit symbol substitution test.

Standardized performance-based measures of physical function included

time (in seconds) to walk 15 feet at usual pace and maximal grip strength

(in kilograms) in the dominant hand using a hand-held dynamometer.

For this study, the investigators defined frailty as “a biologic syndrome

of decreased reserve and resistance to stressors resulting from a cumula-

tive decline across multiple physiologic systems, and causing vulnera-

bility to adverse outcomes.” They operationalized this definition of a

frailty phenotype in the CHS according to the following criteria:

1. Shrinking: unintentional weight loss, of 10 pounds or more in the past

year or, at follow-up, of at least 5% of body weight in the prior year (by

direct measurement).

2. Weakness: grip strength in the lowest 20% (quintile) at baseline, adjusted

for gender and body mass index.

3. Poor endurance and energy: as indicated by self-report of exhaustion,

identified by two questions from the CES-D scale and associated staged

exercise testing as indicator of VO
2
 max.

4. Slowness: the slowest quintile of the study population, based on time to

walk 15 feet, adjusting for gender and standing height.
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5. Low physical activity: a weighted score of kilocalories expended per week,

based on each participant’s self-report, in the lowest quintile of physical

activities specific to gender.

In this study, frailty was defined by the presence of three or more of

these criteria. “Pre-frailty” was assigned to those participants with one

or two of these attributes.

Because of possible confounding, subjects were excluded from the data

analysis if they were significantly demented (with an MMSE of 18 or

less) or were taking sinemet, donazepil, or antidepressants.

The 5317 people evaluated ranged from 65 to 100 years of age; 58%

were female; 15% were African-American. At baseline, 7% of the cohort

qualified for assignment of the frailty phenotype, 47% were pre-frail,

and 46% met none of the five criteria. The prevalence of frailty increased

with each advancing 5-year age group and was up to twofold higher for

women than men, especially below age 80. African-Americans, espe-

cially women, had twice the prevalence of frailty as their non-African-

American counterparts.

Analyses by Cox proportional hazard model models assessed the inde-

pendent contribution of baseline status to major outcomes occurring over

3 and 7 years (for the two cohorts), specifically including incident frailty

(including conversion from pre-frailty), falls, worsening mobility, ADL

function, hospitalization, and death. Covariates were selected based on

analysis of the first cohort. External validation using the second cohort

showed agreement with results from the first.

In the first cohort, the 3-year incidence of frailty was 7%, with an addi-

tional 7% for the following 4 years. The second cohort (of African-Amer-

ican) had a 4-year frailty incidence rate of 11%. Other covariates of frailty

included lower education, lower income, poorer health, and higher rates

of co-morbid chronic diseases and disability. Specifically, those who

became frail had significantly higher rates of CVD and pulmonary dis-

ease, arthritis, and diabetes, whereas there was no significant difference

in cancer between those who became frail and those who did not. Both

lower cognition and greater depressive symptomatology were associated

with frailty (even after exclusion of those with MMSE <18 or who were

on antidepressants at baseline).

At baseline, there was also a strong association between the frailty

phenotype and self-reported disability, which was present in 76%: 72%

reported difficulty in mobility tasks; 60% had difficulty with IADLs,

whereas only 27% of those had difficulty in ADLs. Increasing disability

paralleled increasing frailty in stepwise fashion. Viewed from a differ-

ent perspective, however, among those with difficulty with ADLs, only
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28% were in the frail group. Thus, (Fig. 2) whereas there was substantial

overlap among the three related states—disability, frailty, and co-mor-

bidity—those domains were by no means congruent, and 26.6% of those

with the phenotype of frailty reported neither disability nor co-morbid-

ity (whereas 21.5% manifested all three concurrently).

Frailty has been widely considered clinically to predict adverse out-

comes. This prediction was borne out in the CHS. Among those who met

the criteria for frailty at baseline, mortality was increased by sixfold for

the first 3 years and more than threefold for 7-year survival (compared

with those who met none of the five criteria) (Fig. 3). After 7 years, 43%

of those who were frail at baseline had died, compared to 23% of those

in the intermediate category and but 12% of those in the non-frail group.

Additional increases associated with baseline frailty included risk of first

hospitalization (96%), first fall (41%), worsening ADL disability (63%),

and worsening mobility disability (71%). In each category those who

were frail experienced significantly (p < 0.0001) greater risk of devel-

oping the condition, with those in the intermediate category at interme-

diate risk. Finally, those in the intermediate group at baseline had a 4.51-

fold (95% confidence interval [CI] 3.39-6.00) risk of converting to the

Fig. 2. Venn diagram of the relationships among frailty, disability (in activities

of daily living [ADL]), and comorbidity (two or more diseases; myocardial infarc-

tion, angina, congestive heart failure, claudication, arthritis, cancer, diabetes, hyper-

tension, chronic obstructive pulmonary disorder) in 2762 subjects in the Cardiovas-

cular Health Study (CHS). (From ref. 3. Copyright © The Gerontological Society

of America. Reproduced by permission of the publisher.)
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frailty phenotype over the ensuing 3 years (reduced to 2.63 [1.94, 3.56]

when adjusted for the co-variates of age, gender, minority status, income,

smoking, brachial and tibial BP, fasting glucose, albumin, creatinine,

carotid stenosis, history of CHF, cognitive function, major electrocardio-

gram [EKG] abnormality, use of diuretics, problems with IADLs, self-

report health measures, and CES-D), relative to those in the non-frail

category.

The gender-specific plight of aging women was highlighted by this

study. However, whether the substantially increased risk of frailty in older

women related to their lower lean body mass compared with their male

counterparts or the possibility of inadequate nutrition related to living

alone (or other especially prevalent female gender risks) remains a sub-

ject of speculation.

This landmark epidemiological study provides important new insights

into the etiology and pathogenesis of the frailty syndrome. First, in this

study frailty was strongly associated with several major chronic diseases,

notably CVD, pulmonary disease, and diabetes, suggesting a possible

Fig. 3. Survival curve estimates (unadjusted) over 72 months of follow-up from

both cohorts of the Cardiovascular Health Study by frailty status at baseline: frail

(three or more criteria met); intermediate (one or two criteria met); not frail (no

criteria met). (From ref. 3. Copyright © The Gerontological Society of America.

Reproduced by permission of the publisher.)
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common pathophysiological link between frailty and these disorders.

However, these associations appeared to be additive: there was a greater

likelihood of frailty when two or more such diseases were present than

with any single one. On the other hand, the observation that a substantial

subset of those who were frail reported none of those co-morbid diseases

suggests perhaps two major, alternative pathways to frailty: one reflect-

ing physiological changes of aging not related to the pathogenesis or

below the threshold for diagnosis of specific diseases (e.g., aging-related

sarcopenia) and the other a final common pathway of specific co-morbid

diseases as more conventionally defined.

All in all this landmark study provides strong consideration of frailty

as perhaps the defining syndrome of the discipline of geriatrics. The prin-

cipal limitations of this study lay perhaps in the restriction of its partic-

ipants to those without limitations that would preclude their living in the

community as well as those with major cognitive, affective or parkinson-

ian disorders, a substantial proportion of those in the patient panels of

geriatricians, who might well consider them frail (4).

Nevertheless, this paper from the CHS by Fried et al. (2) especially

challenges investigators to unravel the relative contributions of aging

per se vs the development of age-associated diseases in the pathogenesis

of the frailty syndrome. Moreover, it highlights the importance of devel-

oping effective strategies wherever possible to retard or reverse the down-

hill course leading to frailty and, at its extreme, failure to thrive. Thus,

this study significantly advances definition of the clinical syndrome of

frailty—including its diagnosis in a medical sense—and its associated

symptoms, signs, and associated risks of adverse outcomes.

CARDIOVASCULAR DISEASE
IN THE CARDIOVASCULAR HEALTH STUDY

Given the prominent role of CVD in the aggregate burden of morbid-

ity and mortality in the elderly, it was not surprising that CVD, both clin-

ical and subclinical, was strongly correlated with frailty as defined in the

CHS. Here the report from the CHS by Newman et al. (5) offers special

insight. They hypothesized that the severity of frailty among subjects in

this study would be related to the higher prevalence among the frail of

self-reported CVD as well a greater extent of CVD as determined by stan-

dard clinical and subclinical noninvasive testing. This prediction was

borne out by their analysis of the data, especially the risk of CHF in those

with frailty (odds ratio [OR] 7.51, 95% CI 4.66-12.12). Furthermore,

among those without a history of clinical CVD, frailty was positively asso-
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ciated with several noninvasive indices of CVD: carotid stenosis greater

than 75% (OR = 3.41), ankle-arm BP index less than 0.8 (OR = 3.17),

major EKG abnormalities (OR = 1.58), increased left ventricular mass

by echocardiography (1.16), and a higher prevalence of infarct-like

lesions in the brain (OR = 1.71). Univariate analysis established signifi-

cant associations between frailty and MI, angina, and claudication as well

as with any CVD; on the other hand associations with transient ischemic

attack, bypass surgery, and angioplasty did not reach criteria for statis-

tical significance. Thus, whereas overt CVD was clearly associated with

a higher prevalence of frailty, so was evidence of subclinical CVD in this

aging cohort. This reinforces not only the centrality of CVD in its asso-

ciation with frailty but also perhaps shared pathophysiology in the gen-

esis of CVD and frailty in this aging cohort.

PATHOGENESIS OF FRAILTY

Despite the prominence of CVD as well as the many other acute and

chronic diseases that are so prevalent among the elderly in those defined

as frail in this construct, by themselves these diseases constitute only a

portion of the complex scheme depicted by Fried and Walston (2) as a

summary of the pathogenesis of frailty (Fig. 1). In this scheme, these

authors focus on three principal elements of age-related physiological

changes that are central to the pathogenesis of frailty: sarcopenia (low

muscle mass), neuroendocrine dysregulation, and immune dysfunction

(Fig. 4).

Fig. 4. Age-related physiological changes central to the syndrome of frailty.

These comprise much of the basis of the poor response to stressors and vulner-

ability of frail persons. GH, growth hormone. (Reproduced from ref. 2 with per-

mission of The McGraw-Hill Companies.)
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Lean body mass—bone, muscle, other connective tissue, and major

non-adipose organs—declines incrementally with advancing age, begin-

ning on average at approximately age 35 and progressing with the pas-

sage of time to the point where, especially in those with frailty, up to 50%

of lean body mass is lost (principally skeletal muscle), replaced wholly

or in part by fibrotic and/or adipose tissue. Prior to old age, this decline

is typically largely masked by the progressive accretion of adipose tis-

sue as total body weight increases throughout middle age and into early

old age, adiposity thought in large part to mediate the increased incidence

of dyslipidemia, hypertension, and ultimately diabetes with advancing

age, all consequences of the increased resistance to insulin conferred by

obesity and in turn central to the pathogenesis of the metabolic syndrome

and its CVD consequences that are so common in the older population.

Generally in late middle age, the loss of lean body mass becomes balanced

by the accretion of adipose tissue and total body mass stabilizes (typically

beyond age 50 in men and age 60 in women). Ultimately, especially in old

age (>75 or 80) net weight loss occurs with the incipient development,

advent, and progression of frailty and the loss of both lean and fat mass

as a cardinal feature of the syndrome. This catabolic spiral may be medi-

ated by the loss of anabolic hormones, notably growth hormone (GH) and

insulin-like growth factor (IGF)-1, as well as estrogen and androgen, that

accompany both the aging process and the diseases of old age that per-

petuate and accelerate this decline.

Ultimately, the major loss of muscle mass, defined as sarcopenia, pro-

foundly limits functional capacity, especially in those in the oldest age

group. This leads to decreased exercise (and energy expenditure), weak-

ness and fatigue, and diminished ability to perform many ADLs, all fea-

tures or strong correlates of the frailty syndrome. Other vulnerabilities

also proceed from declining muscle mass; notably poor balance, slow

gait, and increased risk of falls. Accompanying this decline in lean body

mass is a progressive decrease in VO
2
 max, which reflects both the decline

in physical activity that is normative with advancing age in our society

and, at a more basic level, the loss of lean body mass and its higher per

kilogram basal energy metabolism that accompanies the aging process.

This decresed energy expenditure is met with decreasing appetite (aggra-

vated by the anorexia of aging and especially inflammation when present),

which renders the elderly person vulnerable to both macro- and micro-

nutrient deficiency, progressive weight loss and sarcopenia in a vicious

spiral of decline. All of these changes contribute to the sharp decrease in

exercise tolerance among older persons, particularly those who are pre-

frail or frankly frail. The loss of lean body mass also contributes to the
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decreased tolerance to fluctuations in environmental temperatures of

both heat and cold experienced by older, thinner individuals.

A second limb of this frailty scheme relates to the immune dysfunction

that accompanies the aging process. This includes increased vulnerabil-

ity to infections as reflected in the aging organism’s diminished ability to

generate T-cell proliferation in response to antigenic stimulation and the

reduced ability of such T-cells to secrete interleukin (IL)-2, essential to

developing appropriate hypersensitivity responses, generating cytotoxic

cells, stimulating B-cell proliferation and, in turn, mounting adequate

humoral immunity. As noted, this immune deficiency is also aggravated

by nutritional deficiency in which inflammation often plays a central role.

Thus, an essential contribution of immune dysregulation in the gene-

sis of frailty is suggested. This dysregulation extends to impaired mainte-

nance of the optimal balance between pro- and anti-inflammatory forces.

This has in turn generated a leading hypothesis of the pathogenesis of

frailty that strongly connects CVD with frailty. This reflects the promi-

nence of inflammation in many of the major CVDs that are so common

in the elderly as well as in a general tilt of the balance toward pro-inflam-

mation with aging, generating an increased basal degree of immune acti-

vation detectable in those destined to become frail long before they qualify

for the diagnosis of frailty.

The third arm of the major triad operative in the pathophysiology of

frailty emphasized by Fried and Walston focuses on the neuroendocrine

dysregulation associated with aging. This includes progressive dysfunc-

tion at multiple key points of neuroendocrine regulation, including a

decline with aging in the extent of the very complexity that characterizes

optimal physiological control. This notably includes changes in the car-

diovascular system, in which the normal and perhaps optimal variation

in such parameters as the cardiac cycle declines with advancing age, for

example, with loss of “sinus arrhythmia, part of the pattern of “homeoste-

nosis” or reduced homeostatic response to environmental or internal per-

turbations that characterizes aging. This in turn leads to increased vulner-

ability of aging persons to functional impairment, a reflection of their

diminished ability to response to normal stimuli and a sluggish negative

feedback system.

Related to this diminished physiological complexity is increased vul-

nerability to stressors of a neuroendocrine nature. These include responses

to physical danger, psychological distress, and pain. Diminished sensi-

tivity to �-adrenergic receptor stimulation is a point of commonality in

mediating dysfunction of this system. Moreover, the relationship between

the adrenergic, cholinergic, and glucocorticoid-mediated systems appears
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to be altered in advanced stages of the aging process. Baseline activities

of these stress-response systems appear to be elevated with advancing

age, with higher baseline sympathetic nervous system activity and tone

and elevated basal cortisol levels. However, tonic basal activation appears

to give way to maladaptive regulation in response to stressors, both chro-

nic and acute. In turn, chronic overproduction of cortisol may suppress

immune function, as well as produce the increased insulin resistance,

increased adiposity, and loss of lean body mass that parallel advancing

age. Increased baseline levels of norepinephrine and epinephrine with

advancing age suggest decreased tissue sensitivity to these hormones as

well as a diminished secretary response to acute stimuli. In addition, in

the locus ceruleus brain center, which is primarily responsible for regu-

lation of sympathetic nervous system activity, increased concentration

of corticotropin-releasing factor may in turn contribute to increasing cor-

tisol secretion, yet another example of the vicious cycle of interactions

that may accelerate the processes leading to frailty and, when irreversible,

failure to thrive.

Other hormones also affected by the aging process may contribute to

frailty. GH and IGF-1 are often diminished with aging, and both are clearly

reduced with the chronic diseases and diminishing vitality of the frailty

syndrome. Both hormones are critical to the maintenance of lean body

mass, IGF-1 being secreted in response to GH and serving as an anabolic

“second messenger” in regulating lean body mass. These hormones are

normally secreted in pulsatile fashion; however, consistent with the gen-

eral loss of complexity in biological systems with advancing age, this

pulsatile secretion is progressively dampened during the aging process.

In turn, through diminished IGF-1 levels, this decrease serves to reduce

lean body mass of both muscle and bone. Encouragingly, supplementa-

tion of GH in older men with lower IGF-1 levels appears to produce a

(small) increase in lean body mass. However, this has not been demon-

strated to result in increased strength or endurance during 6-month trials,

and hence GH therapy is by no means a panacea for the weakness of old

age or the frailty syndrome.

Sex hormone secretion is also diminished with advancing age. This

occurs most dramatically with ovarian failure across menopause in women,

a sharp decrease followed by both a rapid decline in bone mineral density

and also a more subtle yet clear decrease in other components of lean body

mass and their replacement by adipose tissue. Males also experience

diminished sex steroid secretion with aging. Although this decline is much

more subtle than that in perimenopausal women, the gradual decrease in

testosterone levels and increasing hypothalamic sensitivity to the nega-
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tive feedback of testosterone conspire to diminish the anabolic effects

of male hormone (especially free testosterone, which declines more than

the total, attributable in large measure to increased secretion of sex hor-

mone-binding globulin with advancing age). This contributes to the de-

crease in both bone and, especially, muscle mass in aging men.

Declining regulation of adrenocortical secretions also contributes to

reduced endocrine efficiency with advancing age. Perhaps the most dra-

matic change in this regard is the decline in secretion of dehydroepiandro-

sterone. Levels of this steroid hormone peak at adolescence and decrease

progressively thereafter across the remainder of the life span. The clini-

cal significance of this decline remains controversial, however, although

it has been suggested to contribute to the diminished suppression of the

catabolic or inflammatory cytokines (notably IL-6, IL-1�) and increased

induction of immune stimulatory cytokines such as IL-2 that accompany

aging.

Other metabolic pathways whose efficiency declines with advancing

age and contribute to the decrease in fine neuroendocrine regulation with

advancing age include those serving other critical homeostatic functions,

including regulation of body weight, appetite, thirst, and temperature.

The interaction of the three elements of this triad—lean body mass (and

sarcopenia and osteopenia), immune dysfunction, and neuroendocrine

dysregulation—is also critical in the complex pathogenesis of frailty.

Thus, a vortex of mutually reinforcing dysregulation of these critical home-

ostatic systems may develop in an ever-accelerating cycle, ultimately

placing the individual at grave risk for an irreversible terminal cascade.

Whereas in many instances this may progress in a gradual and seemingly

seamless fashion, a more dramatic cascade is perhaps more familiar to the

geriatric clinician, a tragic decline initiated by a “trigger event.” For con-

venience, such inciting stimuli have been grouped under the mnemonic

of infections, infarctions, and infractions (the last including falls and

fractures, other trauma including surgery, metabolic or other consequences

of homeostatic collapse, and pharmacological and other iatrogenic mis-

adventures). Alternatively, this pathogenetic scheme may be ultimately

classified as attributable to “primary causes” or “secondary causes.” Pri-

mary causes, currently under increasing basic investigation, focus on fun-

damental, time-related changes in response to the patterns of DNA that

define each individual, oxidative or other changes to that DNA, and the

shortening of telomeres that accompanies cellular replication to a criti-

cal point beyond which renewal through subdivision is no longer possi-

ble. Alternatively, secondary causes of frailty, more apparent clinically,

include the association of frailty with the myriad of problems and dis-

eases that are common in old age, notably including CVD and its throm-
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boembolic or arrhythmic complications but also extending to malignancy,

chronic infections, and even depression as well as vulnerability to the trig-

ger events that are so common in the elderly and especially among those

who are frail.

INFLAMMATION:
NEXUS OF THE PATHOGENESIS OF FRAILTY

As introduced previously, an altered balance between pro- and anti-

inflammatory cytokine genes and levels of cytokine production during

the aging process may result in a state of chronic, often subclinical inflam-

mation in the elderly, especially those on the brink of frailty. This has been

suggested explicitly in reports such as those by Hamerman (6), Cohen

(7), and Ershler (8). This central hypothesis includes the possibility that

this level of smoldering inflammation results from activation of the im-

mune system through chronic, indolent infectious processes, such as perio-

dontal disease, chronic pulmonary disease, diverticulitis or cholecystitis,

chronic renal disease, and urinary tract infection, all conditions associated

with inflammation that are chronic in nature and increase in prevalence

with advancing in age. Alternatively, against this perhaps more tradi-

tional, infection-driven pathogenesis of enhanced inflammation with age

is the suggestion that part and parcel of the aging process is loss in fine

regulation of the immune system such that the carefully modulated bal-

ance between pro- and anti-inflammatory processes maintained through-

out healthy, effectively symptom-free adulthood tips toward the “pro

side,” resulting in subclinical chronic inflammation even in the process of

“normal” aging. The markers of inflammation most studied in this respect

have been the cytokine IL-6 and other cytokines even earlier in the cas-

cade such as IL-1 and tumor necrosis factor-�. Perhaps yet more studied

have been the acute phase reaction proteins, serum amyloid A (SAA),

fibrinogen and, especially, CRP (Fig. 5). Indeed a number of studies have

directly tied changes with aging in primary indices of physiological effi-

ciency and vulnerability and even functional status with aging to changes

in these proteins, which are essential to optimal immune regulation. More-

over, increased levels of CRP and other acute inflammatory markers are

commonly seen in the other chronic diseases associated with the frailty

syndrome outside of the domain of CVD, notably chronic disease of the

systems noted above in the CHS, including such pervasive conditions in

frail patients as depression (e.g., in the CHS, depression was associated

with an increased CRP level [9]).

Perhaps of greatest fascination to cardiologists, however, are observa-

tions relating inflammation to the pathogenesis of the CVDs that are so
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common in the elderly and especially prevalent among the frail. Ridker

(10) has especially championed the central role of CRP as a marker as well

as, far more controversial (11), perhaps even a mediator of CVD at all

ages and especially among the elderly, given the exponential rise in CVD

with advancing age.

CRP:
A KEY LINK BETWEEN CVD AND FRAILTY

The acute-phase response encompasses a broad array of biochemical

changes mounted by endothermic organisms following various causes

Fig. 5. Pictorial summary of the major elements of the inflammatory cascade that

is hypothesized to contribute to atherothrombotic cardiovascular disease and,

more generally, the pathogenesis of frailty. ICAM-1, intercellular adhesion mole-

cule-1; VCAM-1, vascular cell adhesion molecule-1; CRP, C-reactive protein;

SAA, serum amyloid A. (Reproduced with permission from ref. 8a.)
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of tissue damage, including trauma, infections, and malignancy, all pro-

cesses that generate an inflammatory response (12). Cytokines present

at the site of the damage upregulate the (mostly hepatic) synthesis of

multiple proteins, including complement, coagulation factors, protein-

ase inhibitors, and transport proteins (and downregulate others, notably

the apolipoproteins of LDL and HDL). The first of those proteins to be

described (in 1929) and that which responds most dramatically, how-

ever, is the CRP (SAA is close to CRP in this regard).

CRP in plasma originates exclusively from the liver (although tissue

CRP may arise locally), where it is under the transcriptional control prin-

cipally of IL-6. The median concentration of CRP measured by the highly

sensitive (hsCRP) assay in healthy young blood donors is 0.8 mg/L, with

a 90th percentile at 3 mg/L and 99th percentile at 10 mg/dL. A handy rule

of thumb has evolved: below 1 mg/dL is normal, between 1 and 2 border-

line, and above 3 is increased. CRP levels appear remarkably constant

in a given individual in a stable state of good health (comparable to the

stability of cholesterol concentrations and similarly under strong but

complex genetic control). Coupled with its stability during storage, this

has made CRP the focus of multiple “instant” prospective studies when

measured in stored samples from longitudinal epidemiological and clini-

cal studies. This stability is all the more extraordinary given the rapidity

and degree of CRP elevations following a single acute stimulus: serum

levels exceed 5 mg/L within 6 hours and peak at concentrations as high

as 10,000 mg/L at 48 hours. With an unvarying half-life of about 19 hours,

the CRP synthesis rate alone effectively determines the plasma concen-

tration. However, not all stimuli to CRP are acute and transient; perhaps

more common and subtle are subacute or chronic inflammatory stimuli

(especially relevant to gerontology and geriatrics). Therefore, investiga-

tors pursuing CRP as an index of tissue damage and inflammation follow-

ing an acute insult (e.g., MI) advise waiting at least 6 weeks after such an

event to judge whether CRP levels have returned to baseline and the acute

inflammatory stimulus has completely abated.

The relationship between CVD and inflammation has enjoyed a cre-

scendo of investigative and clinical interest in recent years. Historically,

atherogenesis was conceptualized as a chronic, insidiously progressive

process. However, the failure of standard indices of CVD risk—classi-

cally smoking, BP and cholesterol (even when fractionated into HDL,

LDL, and very low-density lipoprotein)—to account for more than 50%

of the risk of heart disease in a given individual has long suggested that

additional pathogenic factors were at work. Atherosclerosis began to be

appreciated as a more dynamic process, one under more complex regula-

tion, in the latter third of the 20th century in the research of Ross (13) and
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others. These researchers investigated the pathogenesis of atheroscle-

rosis according to the “reaction-to-injury” hypothesis originally proposed

over a century earlier. The stimulus to examine CVD as a more dynamic

process in such studies received major clinical impetus from demonstra-

tion of the rapid development of new lesions on coronary angiography

repeated at relatively close intervals in patients with recurrent and pro-

gressive CVD. At a more basic level, the dynamic nature of the disease

was confirmed in studies of atherosclerosis in experimental models. Those

especially focused on the role of the arterial endothelium in modulating

both chronic atherogenesis and also the acute response to arterial ische-

mia and occlusive thrombosis—itself an intense stimulus to inflamma-

tion. Indeed, atherosclerosis has come to be considered an intrinsically

inflammatory disease process (13).

This hypothesis received major support in the past decade in a burst

of observational epidemiological studies, both cross-sectional and longi-

tudinal, and even in clinical trials of anti-inflammatory agents in CVD

prevention, progress dramatically propelled by development of the hsCRP

assay. These studies included the landmark Physicians Health Study,

which disclosed an increased (2.9-fold) risk of MI and (1.9-fold) of stroke

in healthy middle-aged male doctors in the highest vs. the lowest quartile

of CRP levels (14). A similar relationship was reported in participants

in the Women’s Health Study (15), in which baseline CRP levels were

linearly correlated with incident CVD (2.3-fold higher in the top vs

bottom quartile). Especially germane to this chapter on frailty, a nested

case–control study within the CHS also suggested that baseline CRP

levels predicted incident CVD, including angina, MI and death (16). Here,

however, the association of higher CRP levels with CVD events was

especially pronounced for risk of MI in those with subclinical disease

(OR 2.67 [CI = 1.04–6.81]) and notably more in women (4.50 [CI = 0.97–

20.8]) than men (1.75 [CI = 0.51–5.98]), and case–control differences

were greatest when the interval between baseline and the CVD event was

shortest (implying a more active inflammatory state at baseline).

Indeed atherogenesis has emerged as a complex, smoldering, stutter-

ing, dynamic process in which inflammation is both a cause and a result

of tissue damage. Atherogenesis may be accelerated by the release of pro-

inflammatory stimuli such as IL-6, IL-1-�, and TNF� from extravascu-

lar sites such as adipose tissue (contributing to insulin resistance) and tis-

sue macrophages (17,18) as well as from vascular sites in the arterial wall

and the heart itself. These in turn trigger the hepatic synthesis and release

of acute phase proteins (notably CRP, fibrinogen, and SAA) that not only

signal but may also participate in the pathogenic spiral. As reported by
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Lindahl et al. (19), the magnitude of tissue necrosis from atherothrombo-

tic events such as frank acute MI or even more subtle damage in patients

with unstable coronary artery disease as reflected in serum troponin levels

during the first 24 hours after presentation continue to predict future car-

diac death for months and years. However, just as predictive are the paral-

lel rises in CRP and fibrinogen in such patients. In a nested case–control

study, these markers of inflammation also predicted future coronary events

in hypercholesterolemic men in the West of Scotland Coronary (primary)

Prevention Study (20). A third marker, lipoprotein-associated phospho-

lipase A
2
 (platelet-activating factor acetylhydrolase) was also indepen-

dently related to future risk in the same study. This enzyme, which circulates

bound to both LDL and HDL, is regulated by mediators of inflammation

and has been suggested to generate inflammation-promoting lysoleci-

thin from LDL, thus inducing a direct inflammatory effect of circulating

LDL (21). Other factors generated by inflammatory stimuli, such as infec-

tious diseases resulting in release of lipopolysaccharide that oxidizes LDL

and increases pathogenic oxygen radicals in the vessel wall, have also

been implicated in a process that not only promotes atherogenesis but also

destabilizes the atherosclerotic plaque, leading to its rupture and occlu-

sive thrombosis of the overlying lumen (21,22).

Thus, a vicious cycle can be set in motion by forces that produce tissue

damage, inflammation, atherogenic changes in lipoproteins and the arte-

rial vessel wall, subclinical atherosclerosis, and atherothrombotic com-

plications, which produce tissue damage, and so on. The major feature

of this pathophysiological scheme appear now to have reached scientific

consensus (24), with contemporary controversy centering on whether

the markers of inflammation, notably CRP, serve as mediators as well

as markers of the process (25).

INHIBITORS OF INFLAMMATION
IN CVD PREVENTION: THE PROMISE OF HMG-CoA

REDUCTASE INHIBITORS

The therapeutic implications of a central role for inflammation in

atherogenesis and atherothrombotic disease have also drawn intense

interest. It has been suggested that statins, hydroxymethylglutaryl-co-

enzyme A (HMG-CoA) reductase inhibitors, may have a dual role in

CVD prevention, both by lowering LDL cholesterol through inhibition

of cholesterol synthesis and also by reducing inflammation. This may

directly retard the atherogenic process if indeed CRP is a mediator as

well as a marker of the disease (25). In support of its direct role, for
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example, CRP has been reported to bind to modified LDL in atheroscle-

rotic plaques, in turn activating complement, which contributes to athero-

sclerotic lesion progression. CRP has also been reported to impair endo-

thelial function by decreasing endothelial nitric oxide synthase (eNOS)

in cultured cells, a process mediated by Rho. Here the pleiothropic poten-

tial of the HMG-CoA reductases offers special promise (26–28) (Fig. 6).

Inhibition of HMG-CoA reductase decreases the synthesis not only of

cholesterol but also the isoprenoid geranylgeranyl-pyrophosphate, which

Fig. 6. Biochemical scheme of the generation of cholesterol and isoprenoids from

acetyl-coenzyme A (CoA) and acetoacetyl-CoA and the changes in this complex

process by inhibition of HMG-CoA reductase by statins, consequent decreases

in cholesterol derivatives and signaling molecules such as Ras, Rho, and Rac, and

changes in turn in the systems they modulate. (Reproduced with permission from

ref. 26.)
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facilitates membrane lipid attachment of Rho and the membrane translo-

cation of Rho/Rho kinase. Thus, both directly and also possibly indirectly

(by decreasing inflammation and CRP synthesis) statins appear to increase

eNOS expression and activity, modulating endothelial cell function in an

anti-atherogenic direction. Reduction in Rho by statins also appears to

enhance endothelial function by decreasing endothelin-1 and expression

of the AT
1
 receptor as well as decreasing thrombosis by increasing expres-

sion of tissue-type plasminogen activator and diminishing plasminogen

activator inhibitor 1 (27).

Statins have also been suggested to exert primary reduction of in-

flammation by inhibiting production of the pro-inflammatory cytokines

IL-6, IL-8, as well as the monocyte chemoattractant protein measured in

peripheral blood mononuclear cells and human umbilical vein endothe-

lial cells (29).

Additional potential for a bimodal role for statins in CVD prevention

has been suggested from a growing number of studies demonstrating

that hsCRP and LDL cholesterol levels contribute independently and

sometimes synergistically to CVD risk (24). For example, in the AFCAPS/

TexCAPS primary prevention trial, lovastatin reduced CRP levels by

15% in women, a decrease not related to their induced changes in the

lipid profile. In this study, lovastatin decreased events not only in sub-

jects at increased CVD risk by virtue of a total cholesterol/HDL choles-

terol above the median (regardless of CRP level) but also in those with

above median CRP (but below median total/HDL cholesterol ratios),

while not reducing CVD among those with below median values for both.

This led the authors to suggest that measurement of CRP in addition to

lipids might permit targeting statin therapy to those most likely to bene-

fit on either or both axes of risk (30).

However, as attractive as the simplicity, relative safety, and pleiotropic

efficacy of statins in CVD prevention appears, it is important to empha-

size other ways to reduce CRP that are not confined to anti-inflammatory

pharmacological interventions above. Indeed simply withdrawing drugs

that raise CRP levels may reduce risk: oral contraceptives and postmeno-

pausal estrogen/progestin hormone replacement therapy (HRT) raise

CRP levels (31), and HRT has been specifically associated with increased

CVD risk in both secondary (Heart and Estrogen/progestin Replacement

Study [32]) and primary (Women’s Health Initiative [WHI; 33]) preven-

tion trials. Hence, the plummeting use of HRT following release of the

unexpected adverse results of the WHI may serve to reduce CVD risk in

postmenopausal women. Interestingly, transdermal estrogen replacement

therapy does not appear to increase CRP, suggesting a specific role of
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first-pass hepatic exposure to the estrogen–progestin combination in

raising CRP levels (34) (and potentially CVD risk). Lifestyle interven-

tions also appear to hold promise for CVD prevention via lowered inflam-

matory burden and reduced CRP levels: the combined effect of dietary

changes and increased exercise reduces both weight and indices of inflam-

mation, including CRP, offering promise of reduced CVD (35).

Thus interventions to reduce inflammation within the cardiovascular

system offer special promise of reducing atherothrombotic disease in

the elderly. However, such interventions may hold additional opportu-

nities to reduce CVD in the elderly beyond the atherothrombotic realm.

This appears especially to be the case for CHF, the most common cause

for hospitalization among Medicare beneficiaries and the bane of the

professional lives of so many cardiologists, geriatricians, and geriatric

cardiologists. Here once again the CHS lends special insight (36). Over

the average of 5.5 years of follow-up in subjects 65 to 100 (mean age

73 ± 5) the incidence of CHF was 19.3/1000 person-years, a rate that

increased progressively with age and was greater in men than women.

Beyond age and sex, the leading factors in the population—attributable

risk of CHF in this study included a high level of CRP (9.7%) as well as

prevalent CHD (13.1%) and systolic hypertension (>140).

This finding received support in a study of the incidence of CHF in

more than 732 Framingham Study subjects (mean age 78, 67% women)

free of prior CHF or MI (37). CHF developed in 56 subjects after a mean

of 5.2 years. Three indices of inflammatory activation were measured:

serum IL-6 and CRP levels and TNF-� production by peripheral blood

monocytes. On multivariable analysis higher levels of each of the three

predicted increased risk of CHF. CRP of at least 5 mg/dL was associated

with a 2.8-fold elevation, which when combined with IL-6 and TNF-�

above the respective medians was raised to 4.07 (95% CI 1.34–12.37).

Hence increased baseline indices of inflammation over and above

those attributable to either clinical or subclinical atherosclerosis appear

to increase risk of CHF, suggesting that this often lethal complication

may reflect a more general inflection toward a pro-inflammatory status.

CVD, DISABILITY, AND FRAILTY:
CLOSING THE CAUSATIVE TRIANGLE IN THE ELDERLY

Thus a prominent role of inflammation in mediating the CVD that

escalates exponentially with time and aging appears increasingly clear.

However, it also seems likely that inflammation plays a broader and

more central role in mediating the progressive vulnerability and dimin-
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ished resiliency that accompanies the aging process and leads to frailty

and ultimately failure to thrive.

One index of this inflammatory burden is the gradual rise in population

CRP levels (and other indices of inflammatory activation such as IL-6)

seen with advancing age. Whereas this has often been attributed simply

to the gradual accumulation of age-related diseases and their inflamma-

tory pathogenesis, it appears that generally aggregate increased pro-

inflammatory activation from both disease and aging per se may mediate

the decline more directly at multiple points in the complex cascade of

frailty illustrated in Fig. 1 and the Venn diagram that quantifies the triad

of frailty, co-morbidity, and disability in the CHS depicted in Fig. 2. A

growing number of epidemiological studies support this hypothesis. For

example, the report by Ferrucci et al. (38) from the Iowa site of the Epi-

demiologic Studies of the Elderly (EPESE) (subjects > 71 years) sug-

gested that participants who were in the highest (vs lowest) tertile of IL-6

levels were 1.76 times (95% CI, 1.17–2.64) more likely to develop

mobility-disability and 1.62 times (1.02–2.60) more likely to develop

mobility-plus-ADL disability, with a progressive rise in risk with increas-

ing IL-6 concentrations. A decline in physical performance in subjects

with higher levels of CRP and IL-6 was also seen in the MacArthur studies

of Successful Aging, a subset of the EPESE populations (39) that included

880 high-functioning men and women. Higher levels of CRP and IL-6

were seen in less active persons, and on multivariable analysis, low levels

were seen in participants with higher walking speed and greater group

strength. Similar findings were reported at a more mechanistic level by

Barbieri et al. (40), who suggested that high circulating IL-6 levels and

low IGF-1 are synergistic for poor muscle strength (IL-6 directly impair-

ing muscle IGF-1 gene and protein expression), leading in functional

terms to disability and increased mortality risk in older women (41).

Roubenoff et al. (42) came to similar conclusions from analysis of cyto-

kines and IGF-1 and their relationship to sarcopenia and mortality in very

old Framingham Study participants.

Returning to the Iowa EPESE population, the association of higher

IL-6 levels with increased disability in this population also extended to

an increased risk of mortality (43): IL-6 in the top quartile was associated

with a twofold greater risk of death compared with the lowest quartile;

higher CRP levels also predicted 1.6-fold higher mortality, while eleva-

tions of both increased risk of death 2.6 times, with equivalent increases

for death from cardiovascular and non-cardiovascular causes. Similar

findings were reported from the Duke population within that group of

studies (44): the 5-year relative risk for death with IL-6 in the top quartile
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was 1.28 (0.98–1.69). Moreover, perhaps of special interest to cardiolo-

gists, increased coagulation diathesis as one of the cluster of factors

triggered by inflammation also appeared to contribute to risk of func-

tional decline and mortality in this population. D-dimer levels predicted

a 1.53 fold higher risk of death, whereas individuals in the top quartile

of both IL-6 and D-dimers had a twofold risk. Of note, the 4-year follow-

up of the functional status of subjects in this population also disclosed

a doubling of risk of decline in Katz ADLs and IADLs for those in the

top quartiles of both indices.

A similar pattern was observed in the longitudinal data from the

MacArthur Research Network on Successful Aging Community Study

derivative of the EPESE study (45). This added two additional markers

of inflammation to the list of such indices of frailty often noted by clin-

icians beside upper tertiles of IL-6 (>3.8 pg/dL) and CRP (>2.65 mg/L):

a low serum albumin (<3.8 g/dL) and a low serum cholesterol (<170 mg/

dL, bottom decile). In subjects with three or four (vs none) of these

markers of inflammation adjusted odds ratios for 3- and 7-year mortality

were 3.2 and 6.6, respectively.

Finally, to close the triangle with specific reference to the CHS in which

the frailty syndrome was defined, frail (vs non-frail) subjects had increased

mean levels of CRP (5.5 ± 9.8 vs 2.7 ± 4 mg/L) as well as higher levels of

coagulation factors VIII and D-dimer (46), differences that remained after

exclusion of diabetes and subjects with CVD and adjustment for age, sex,

and race. Thus inflammation and markers of coagulation are increased

in frailty even in the absence of prevalent CVD.

INFLAMMATION IN THE TRANSITION
FROM FRAILTY TO FAILURE TO THRIVE

Thus, inflammation appears to play a central role in the downward

spiral from robust health to frailty to failure to thrive through its contri-

butions to sarcopenia, neuroendocrine dysregulation, and immune dys-

function as well as CVD and the other co-morbidities and disabilities

that are so prevalent among the failing elderly. For cardiologists, this is

perhaps most apparent in the atherothrombotic disease so common among

their clientele. But especially for those (especially geriatric) cardiolo-

gists whose patients have typically survived previous MIs, angioplasties,

and coronary bypasses and now manifest heart failure and the pernicious

multisystem effects of chronic inflammation and the weight loss, weak-

ness, exhaustion, slowness, and low activity that constitute the classical

pentad of frailty, understanding the pathophysiology of this syndrome

is central to their practice. Such understanding also underscores the need
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to investigate frailty with special focus on potential intervention strat-

egies. Here the evaluation of anti-inflammatory agents (47), including

statins, represents an attractive approach.

Finally, cardiologists, especially geriatric cardiologists, must learn to

recognize when the downward spiral has gone beyond the point of no

return and failure to thrive supervenes—and a transition to a palliative

approach to care of the patient is most appropriate and humane.
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INTRODUCTION

One of the most important reasons for the decline in age-adjusted

cardiovascular mortality is the identification and treatment of reversible

cardiac risk factors. However, until recently, most clinical studies evalu-

ating the efficacy of these interventions excluded elderly individuals.

Although the pathological process that results in coronary atherosclero-

sis begins with the development of fatty streaks in the arteries of children

and teenagers, recent studies indicate that treatment of risk factors sig-

nificantly reduces cardiovascular events, improves quality of life, and

increases survival in the elderly. This chapter reviews the importance of

risk-factor identification, their evaluation, and the efficacy of known

interventions in the elderly. It also discusses novel, proposed risk factors

because their identification allows greater insight into the pathophysi-

ology of the disease process and can suggest the potential benefit of new

risk-reduction strategies.
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CLASSICAL RISK FACTORS

Hypertension

The prevalence of hypertension increases with age and more than

60% of those 65 years or older have high blood pressure (BP) defined as

a systolic blood pressure (SBP) of 140 mmHg or more, a diastolic blood

pressure (DBP) of 90 mmHg or more or are currently receiving antihy-

pertensive treatment (1). In some populations (e.g., those with diabetes

and known target organ damage), pharmacological treatment should be

initiated at even lower levels of pressure and lifestyle measures at BPs

of 120/80 or higher (2). The age-associated increase in BP is owing to

a decrease in total peripheral compliance resulting from increases in cen-

tral vascular stiffness and peripheral resistance (see Chapter 1). SBP shows

a continuous increase with age, whereas DBP rises early in life, plateaus,

and then decreases after age 50. Data from the Framingham Heart Study

suggests that an individual who is normotensive at age 55 has a 90% life-

time risk of developing hypertension (3).

Although systolic hypertension in the elderly was traditionally consid-

ered a benign phenomenon, it is now recognized as one of the most potent

reversible risk factors for the development of both cardiovascular and

cerebrovascular events in the elderly. Thirty-year follow-up data in men

and women participants in the Framingham Heart Study show a clear and

almost linear association between the incidence of cardiovascular disease

(CVD) and SBP, with no lower limit down to at least a systolic pressure

of 120 mmHg. Event rates of angina, myocardial infarction (MI), and

sudden death were associated with SBP, with higher event rates for men

than women (3) (Fig. 1). A recent meta-analysis of more than 1 million

individuals also demonstrated a logarithmic increase in vascular events,

including stroke, with increases in SBP in the older, as well as younger,

populations (4).

Although the association between isolated systolic hypertension (ISH)

and CVDs in the elderly is impressive, treatment decisions depend on

the demonstration that interventions that decrease SBP prevent CVDs.

The first major trial to demonstrate the benefits of pharmacological treat-

ment for this condition was the Systolic Hypertension in the Elderly Pro-

gram (SHEP), which demonstrated that first-line diuretic therapy in older

individuals with an SBP of more than 160 mmHg and a DBP of less than

90 mmHg resulted in a 27% reduction in MI and coronary heart disease

(CHD) mortality over a 5-year period, as compared with placebo (5). The

Systolic Hypertension in Europe trial in patients aged 60 or older using

a long-acting dihydropyridine calcium antagonist, confirmed the find-
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ings of SHEP; cardiac endpoints were decreased by 26%, strokes were

decreased by 44%, and all cardiovascular endpoints were decreased by

32% (6).The intervention in this study was also associated with a 50%

reduction in both Alzheimer’s and non-Alzheimer’s type dementia (7).

A meta-analysis of more than 10 large clinical trials in more than 15,000

older individuals with DBP elevations demonstrated a 30% reduction in

stroke, a 23% reduction in coronary crtery disease (CAD) events, a 26%

decline in all CVD events, and an 18% decrease in cardiovascular mortal-

ity (8). In a meta-analysis of those participants older than 80 years of age,

a 34% decrease in stroke, 22% decrease in CHD events, and 39% decrease

in heart failure were present in the treatment, as compared with the control

groups (9).

Despite overwhelming data indicating the importance of treating hyper-

tension in the elderly, this group comprises the population with the low-

est rates of BP control (10). The Third National Health and Nutrition

Examination Survey data indicate that those over 65 constituted 44 of

the hypertensive population who were unaware that they had hyperten-

sion, 33% of those who were aware they had hypertension but were not on

Fig. 1. Incidence of coronary heart disease (CHD) according to hypetension status

over 30 years of follow-up of the Framingham Heart Study. Positive associations

exist between levels of elevated blood pressure and cumulative incidence of CHD.

N, normotensive (<140/90 mmHg); M, mildly hypertensive (140–159/94 mmHg);

D, definitely hypertensive (�160/95 mmHg). (Data from the National Technical

Information Service; Reproduced with permission from ref. 3.)
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any therapy, and 58% of those who were on therapy, but the therapy was

not controlling the BP. The vast majority of these had ISH.

The evaluation of hypertension in the elderly should include an assess-

ment for reversible, contributing factors including obstructive sleep apnea

(OSA), salt-retaining medications, and renovascular disease as well as

the presence of frequent concomitant risk factors, such as dyslipidemia

(2). The exam should include an assessment of the presence of carotid

bruits as well, because the presence of significant cerebral flow obstruc-

tion might dictate the need for a relatively higher pressure and/or further

therapeutic intervention. Pseudohypertension, owing to stiffness and cal-

cification of the arteries of elderly patients, may result in falsely elevated

cuff readings that do not correlate with intra-arterial measures of BP. Eval-

uation should also include an assessment for the presence of target organ

damage because its presence increases the risk associated with hyperten-

sion and therefore the need for effective therapeutic intervention. Left

ventricular hypertrophy (LVH), for example, is associated with hyperten-

sion but is also an independent risk factor for cardiovascular outcomes

in the elderly. One reason may be decreased left ventricular compliance

with resultant diastolic dysfunction and often, congestive heart failure

(CHF). The Framingham study noted echocardiographic evidence of

LVH in 33% of men older than 70 years (11). In one study of older people

with hypertension, 15% of whites and 20% of African-Americans had

electrocardiographic (EKG) evidence of LVH and 56% of whites and

71% of African-Americans had echocardiographic evidence of LVH

(12). At 42-month follow-up, the odds ratio for new coronary events was

1.11 for EKG LVH and 3.12 for echocardiographic LVH. Echocardio-

graphic evidence of LVH in that study was the most powerful independent

predictor of new coronary events among older persons with hypertension.

Although numerous antihypertensive therapies have been shown to result

in LVH regression (13,14), it is not known whether regression decreases

the likelihood of these events.

Lifestyle interventions should also be stressed, as weight reduction

in those overweight and a decreased sodium diet are associated with BP

lowering the elderly, as well as younger, populations.

Age-associated changes in drug absorption, distribution, and metab-

olism (see Chapter 14) indicate that initiation and titration of antihyper-

tensive therapies should be performed cautiously in the elderly. Increased

vascular stiffness increases the change in pressure for any given volume

change, and decreased sympathetic responsiveness may limit the cardio-

vascular response to hypotensive agents. Therefore, one important caveat

is to determine the standing BP before deciding to initiate or increment
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the antihypertensive regimen. Additional considerations in the older pop-

ulation include the importance of long-acting agents so that the medica-

tion may be taken once daily and to decrease the likelihood of diurnal fluc-

tuations in pressure. In older patients who may have symptoms related to

transient hypotension, ambulatory monitoring may be particularly use-

ful during the titration period.

The choice of an initial antihypertensive agent is dependent on several

factors. As noted previously, a diuretic in one study and a long-acting

dihydropyridine calcium antagonist in another showed superior out-

comes, when compared to placebo, in the treatment of ISH in the elderly.

Although it is not possible to compare newer agents with placebo, the

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack

Trial demonstrated no difference in the primary endpoint among a gen-

eral hypertensive population older than 55 years of age randomized to a

diuretic, an angiotensin-converting enzyme (ACE) inhibitor, or a long-

acting calcium antagonist (15). Joint National Committee on Prevention,

Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7)

recommendations do note, however, that there are compelling indications

for certain drugs in the presence of certain co-existing diseases including

�-blockers in patients with concomitant active ischemic disease or fol-

lowing an MI, a diuretic in the presence of heart failure, an ACE inhibitor

in patients with diabetes or systolic dysfunction, and a selective aldoster-

one antagonist in patients with left ventricular dysfunction following an

MI. The choice of which agent to use, however, is not as important as

reaching BP goal and it is important to note that most studies indicate that

more than one agent is frequently required. JNC-7 guidelines suggest that

therapy be initiated with two agents, in fact, when the SBP is more than

20 mmHg above goal and/or the DBP is higher than 10 mmHg above goal.

Dyslipidemia

Dyslipidemia is also a potent risk factor for the development of CVD.

Although studies have found total cholesterol levels to be a risk for car-

diac events in older individuals (16,17), the data are confounded, in part,

by some studies demonstrating an inverse relationship between choles-

terol and mortality, particularly cancer death, in the very elderly. This is

likely related to serum cholesterol as a marker of frailty, nutritional status,

and overall health in this age group (18–21). Another impediment was

the exclusion of elderly from many of the early studies. The Dubbo Study

of elderly Australians found total cholesterol (TC), low-density lipopro-

tein (LDL), apolipoprotein B and the TC/high-density lipoprotein (HDL)
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ratio to be significant and equivalent predictors of MI. The study also

reported that low HDL was an independent and strong predictor of CVD

in this elderly group as well (22). Data from the Cardiovascular Health

Study (CHS) and the Framingham Study report that although the associ-

ation of TC and CHD risk diminishes with increasing age, low HDL levels

continue to predict CHD events in those over 80 years old, particularly

in women (23,24).

Hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhibi-

tor therapy improves clinical outcomes in older age patient subsets of

large, multicenter trials and in studies confined to an older population.

Primary prevention studies in patients with elevated cholesterol include

the West of Scotland Coronary Prevention Study, which demonstrated

a 20% decrease in primary CHD events and 20% in total mortality in those

over 60 years of age treated with a statin (25). In the Air Force/Texas Coro-

nary Atherosclerosis Prevention Study, in patients with only modestly

elevated TC, the reduction of MI, 40%, was similar in older and younger

patients (26,27), although no patients over 75 years of age were enrolled.

The Anglo-Scandinavian Cardiac Outcome Trails (ASCOT) in patients

with hypertension and other risk factors but without known coronary

disease, and “normal” TC and LDL cholesterol levels reported that statin

therapy over 3.5 years of follow-up reduced cardiovascular events and

stroke in the subset over 60 years of age, 20–30%, to the same extent that

it did in the entire study group (28).

The results are also striking when statin therapy is used for secondary

prevention. In the Scandinavian 4S study, a secondary prevention trial

in patients with elevated cholesterol levels, the reduction in risk of major

coronary events in those 65 years and older, 43%, was similar to that in

the younger group, 42% (29). As the absolute risk increases with age and

as statins are effective therapies, the absolute risk reduction for all-cause

and CHD mortality is greater in older patients. Subgroup analysis of older

(�65 years) participants in the Cholesterol and Recurrent Events sec-

ondary prevention trial involving patients with what was considered a

normal cholesterol level of �240 mg/dL reported that older participants

randomized to a statin as compared with those randomized to placebo had

a greater reduction in major coronary events, 32% vs 19%; and in coro-

nary mortality, 45% vs 11% (30,31). The Heart Protection Study in those

with and without known vascular disease reported a similar 32% decrease

in the primary outcome in those enrolled at 75–80 years of age, and fol-

lowed over the subsequent 5-year period, as the decrease in the rest of the

enrolled population. Of note, the statin benefit was present regardless of

the initial LDL cholesterol (32).
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 The PROspective Study of Pravastatin in the Elderly at Risk evaluated

statin treatment in men and women age 70 to 82 years with either known

vascular disease or at increased risk owing to smoking, hypertension, or

diabetes mellitus (DM) (33). Overall, there was a significant 15% rela-

tive risk reduction in the primary composite end point of coronary death,

nonfatal MI, and fatal or nonfatal stroke in the treatment arm. The bene-

fit was primarily the result of a decrease in the event rate for those with

known vascular disease.

Fibrate interventions designed to raise HDL and lower triglyceride

also benefit the older population. The Benzafibrate Infarction Preven-

tion (BIP) study of patients aged 45 to 74 reported a 16% reduction in

cardiac mortality for a 10mg/dL increase in HDL (34,35). The Veterans

Affairs HDL Intervention Trial (VA-HIT) for secondary prevention

achieved a 22% reduction in cardiac event rates with fibrate therapy

(36). These findings would suggest that the current National Cholesterol

Education Guidelines that focus not only on TC and LDL but also HDL

and non-LDL particles apply to the elderly as well (37).

National Cholesterol Education Program- Adult Treatment Panel III

(NCEP ATP-III) guidelines recommend statin therapy for patients with

known vascular disease, diabetes, and those with a 10-year Framinghan

risk score of more than 20% (38). The Heart Protection Study and the

ASCOT study noted earlier, reported after the release of these guide-

lines, indicate that statin therapy decreases events in important patient

subsets regardless of the initial LDL level. In addition, recent studies

indicate less progression of coronary atherosclerosis in patients with

documented disease, and decreased coronary events in those with acute

coronary syndromes, in patients randomized to intensive (i.e., LDL of

60–70 mg/dL), as compared with moderate (i.e., LDL cholesterol of 90–

100 mg/dL) lipid-lowering therapies (39,40).

Unfortunately, despite the very convincing data that elderly patients

benefit from lipid-lowering therapy, they are markedly undertreated (41,

42). The Clinical Quality Improvement Network evaluated 3304 hospi-

talized patients at high risk for future cardiovascular events owing to the

presence of cardiac ischemia, previous MI, previous revascularization,

or DM (43). Only 28% had a lipid measure either in the hospital or in the

5 years prior to admission and only 8% of the patients were on lipid-lower-

ing drug therapy. Age 70 years or older was statistically associated with

a reduced likelihood of lipid determination or lipid therapy. Recent data

also indicate low persistence of statin therapy in older patients. In one

study of patients aged 66 years or older who were prescribed statin ther-

apy, 2-year adherence rates were only 40.1% for those with acute coro-
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nary syndrome, 36.1% for those with chronic coronary disease, and 25.4%

when statin was prescribed for primary prevention (44). In another report

of 345,000 patients over 65 years of age enrolled in a New Jersey assis-

tance program, only 25% maintained greater than 80% persistence at 5

years with the greatest drop occurring within the first 6 months (45). In

this study, the greatest decline appeared to occur within the first 6 months.

Implementation and persistent use of statin therapies known to signifi-

cantly decrease cardiovascular events, including stroke and MI, in older

individuals is, therefore, another significant challenge and opportunity

for health care providers.

Diabetes

The incidence and prevalence of type II DM and insulin resistance

increases with age; an estimated 13.2% of people 75 years and older carry

the diagnosis of diabetes and another 5.7% and 14.1% of this age group

have undiagnosed diabetes or impaired fasting glucose (46,47). Preva-

lence rates vary significantly among different racial and socioeconomic

groups. In Japanese-American men aged 71–93 years, the prevalence of

diabetes rises to 17% with an additional 19% with undiagnosed diabetes

and 32% with impaired glucose tolerance; even higher rates are esti-

mated in non-Hispanic African-Americans and perhaps the highest rates

exist in Native Americans (1).

Diseases of the heart and/or blood vessels account for at least 75% of

the mortality of diabetics; the risk of CHD death is two to four times higher

in diabetics vs non-diabetics, this relationship is more marked in women

than in men (1,48–51) and diabetes is a potent predictor of coronary events

among older, as well as younger, people. Data from Finland demonstrate

that the risk of MI is similar between patients with prior infarctions and

those with diabetes but no prior infarction. Thus, diabetes is considered

to impart a risk of a future coronary event similar to the risk of those with

known coronary disease (52). Framingham data indicate that diabetes

increases the relative risk of CHD by 1.7 for men and 3.3 for women (53).

Strong Heart Study data assessing diabetes among Native Americans

reported that the relative risk of CHD was increased by 1.8 for men and

4.6 for women (54). Insulin resistance in the absence of hyperglycemia

is also associated with increased cardiovascular risk, as middle aged men

in the United States with the metabolic syndrome incur an added three-

to fourfold risk of CHD mortality (55). Diabetes is also associated with

an increased likelihood for adverse outcomes following the diagnosis of

coronary disease. Data from the Cooperative Cardiovascular Project eval-

uating Medicare patients over the age of 65 admitted with acute MI found
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that 30-day and 1-year mortality were significantly higher among patients

with diabetes (56).

Diabetes and glucose intolerance accelerate other CHD risk factors

including arterial stiffening, progression of atherosclerotic lesions, and

chronic kidney disease in older patients (57–60). Although there are cur-

rently no data regarding the beneficial effects of tight glycemic control

in elderly patients, the American Heart Association/Amercan College of

Cardiology Guidelines for Preventing Heart Attack and Death in Patients

with Atherosclerotic Cardiovascular Disease recommend a hemoglobin

A1c level below 7% (61). Efforts to control other cardiovascular risk fac-

tors in older patients with diabetes should be emphasized as treatment

guidelines (NCEP-ATP3, JNC-7) suggest lower goals for BP, less than

130/80, and LDL cholesterol, less than 100 mg/dL in patients with co-

existing diabetes (2,38). More recent reports indicate that the routine use

of statins in patients with diabetes regardless of initial LDL cholesterol

decreases cardiovascular events (32,62), as does the use of ACE inhibi-

tors (63). Finally, lifestyle modification should be particularly emphasized

in older Americans. Exercise in older adults reduces hyperinsulinemia

and improves insulin action and, when combined with dietary control,

reduces the incidence of type II diabetes by 70% in those with impaired

glucose tolerance (64,65).

Obesity

Observational data from the Framingham cohort indicate that, on aver-

age, body mass index increases with age up to approximately age 65 years,

at which point it starts to decline (66). Decreases in metabolism, physical

inactivity owing to sedentary lifestyle and co-morbidities such as arthritis,

depression, and heart failure contribute to decreased activity levels and

lean body mass.

 Whether obesity, defined as a body mass index greater than 30 kg/m
2
,

is a risk factor for CHD in the elderly, per se, continues to be debated

(67–69). However, the importance of obesity in older adults is under-

scored by its association with other CHD risks such as hypertension and

hyperlipidemia (70,71). More concerning than the risk of generalized

obesity in the elderly is the risk of abdominal obesity, often measured as

the waist–hip ratio (WHR), and its correlation to insulin resistance (72,

73). Lean body mass declines and abdominal adiposity increases in the

elderly (67,74,75). WHR is a CHD risk factor in the elderly, especially in

women, although it is less strongly associated with CHD than in younger

adults (75,76). The metabolic syndrome, defined by having at least three

of the following characteristics: abdominal obesity, hypertriglyceridemia,
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hypertension, low HDL and elevated fasting blood glucose, is a cluster

of CHD risk factors of growing concern in older adults (38,73). The prev-

alence of the metabolic syndrome increases with age; more than 40% of

those over 60 years of age meet criteria for this CHD risk.

Exercise and weight-loss programs improve BP, cholesterol profiles,

and insulin metabolism (64,65,68,77,78). In the Diabetes Prevention

Program, lifestyle modification including weight reduction and regular

physical activity in subjects 60 years and older with elevated fasting glu-

cose, reduced the incidence of diabetes by 71%, which was a greater

reduction than in all other age groups (68). In another study, physical

activity in older men with established CAD was also significantly related

to all cause mortality with an adjusted relative risk of 0.42 for light and

0.47 for moderate activity, as compared to inactive or only occasionally

active individuals over a 5-year follow-up period (see Fig. 2; 79).

Smoking

The prevalence of smoking decreases with increasing age, yet in 1998,

10.4% of men and 11.2% of people over age 65 years were current smok-

ers (67). This percentage declined to less than 5% in people over 85 years

Fig. 2. Physical activity at Q92 an age-adjusted mortality rates per 1000 person-

years in 772 men with diagnosed coronary heart disease (CVD in figure) excluding

men reporting “poor health.” Numbers indicate deaths. CVD, cardiovascular

disease; vig, vigorous. (Reproduced with permission from ref. 79.)
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old. The increase in risk for death or MI continues to be elevated in older

current smokers in comparison to age-matched former smokers (80). In

the Coronary Artery Surgery Study, this elevated mortality risk was high-

est for those over 75 years, with a relative risk of death of 3.3 for current

compared with former smokers in contrast to a relative risk of 1.5 in those

aged 55–59 years. In a cohort of 7178 people over 65 years old (the Estab-

lished Populations for the Epidemiologic Studies of the Elderly), the

relative risks of death and cardiovascular death were 2.1 and 2.0, respec-

tively, for current smokers compared with those who never smoked (81).

In elderly patients in a long-term health care facility, cigarette smoking

was assosciated with an increased relative risk of new coronary events by

a factor of 2.2 in men and 2.0 in women.

Smoking is the second most important established risk factor, after

hypertension, for stroke and it is estimated that smoking cessation could

prevent approximately 60,000 strokes per year. Twenty percent of smok-

ers over age 65 have peripheral vascular disease and continued smoking

increases the risks of gangrene and limb amputation. Smoking also in-

creases the risks of chronic obstructive pulmonary disease and lung can-

cer in the older population (82).

Interestingly, only 73% of smokers aged 65–75 years and 56% of smok-

ers over age 85 years are advised to quit despite the evidence of contin-

ued, if not elevated, risk in this segment of the population (83). Smoking

cessation decreases morbidity and mortality in those over age 70 who have

undergone bypass surgery. In those patients with previous MI, smoking

cessation reduces mortality by 25% to 50% (84–86). Reduction in relative

risk of MI or death from smoking cessation was the same for those over

age 70 as for those who were younger (87). Given the chronicity of the

problem, cessation efforts require repeated, multiple interventions. Data

on patients with MI reveal significant improvement in quit-rates when

multiple providers counseled cessation while the patient was hospitalized.

Efforts at behavior modification along with provision of cessation aids,

such as low-dose nicotine patch or buproprion can markedly improve quit-

rates (82).

 Pre-Existing Atherosclerosis

The risk factor most correlated with new coronary events is known

coronary disease or previous cardiac events. History of previous MI in-

creased the risk of cardiac mortality by a factor of 2.1 in the BIP study and

a prior cardiac event carried a relative risk of 2.1 for an acute MI in the

Dubbo study of the elderly (22). As in the younger population, concur-

rent atherosclerosis evidenced by peripheral or cerebrovascular disease,
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increases CVD risk. In BIP, cardiac mortality was increased by a factor

of 2.1 for patients with a history of a cerebrovascular accident and by 1.8

for patients with peripheral vascular disease (34). Data from the Hono-

lulu Heart Program indicated that a low ankle-brachial index was an

independent risk for CHD among individuals over 70 years of age (88).

Particularly unique to the elderly are the high rates of silent MI, discov-

ered by routine EKG (89–91). Thirty percent of the MIs diagnosed among

the Framingham cohort were discovered on routine surveillance; half of

these were truly silent and half could be accounted for by very atypical

symptoms (12). Ten-year follow-up of the Honolulu Heart Study revealed

a 33% incidence of unrecognized MI (92). Aronow reported that 68% of

Q-wave MIs diagnosed by EKG on nursing home admission were clin-

ically unrecognized, yet carried the same risk for recurrent events as

symptomatic MIs (93). The Honolulu Heart Study 10-year mortality rates

were 45% for unrecognized MI and 36% for symptomatic MI (92).

Left Ventricular Hypertrophy

Probably because of an association with increased left ventricular

load in older adults, the prevalence of EKG-defined LVH increases with

age (94). In the Framingham cohort, the prevalence of LVH on EKG was

4.2% and 4.9% for men and women, repectively, aged 75–84 years and

rose rapidly to 5.9 and 9.4% for men and women, respectively, aged 85–

94 years (11). EKG LVH is a significant risk factor for both primary and

secondary CHD events in older adults. Compared to those 65–94 year

old without LVH, those with LVH in the same age cohort have an adjusted

relative risk for CHD of 2.7 for men and 3.0 for women (95,96). Regres-

sion of EKG LVH in the elderly can be achieved by pharmacological

therapy such as ACE or blockade of angiotensin or �-adrenergic recep-

tors; reduction with ACE inhibitor therapy is associated with reduction

in the risk of death, MI, stroke and CHF (97,98).

PROPOSED RISK FACTORS

Classical risk factors can be identified as those that are not only inde-

pendently associated with increased risk but also those for which treat-

ment decreases cardiovascular risk. There are also new, proposed risk

factors that are associated with increased risk, but for which treatment

directed at reversing the risk factor has not yet been studied, or which has

not yet been proven to reverse risk. Their identification may, neverthe-

less, be useful because they provide prognostic information and there-

fore may guide the intensity of interventions for established risk factors
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and insight into the pathophysiology of manifestations of coronary dis-

ease, and help to direct future research.

Depression and Social Isolation

Depression, social isolation, and exhaustion are significantly associ-

ated with cardiovascular events in older individuals. Depression itself is

a significant risk factor for overall mortality and for primary and second-

ary CHD events in the elderly (99–101). The relative risks reported for

those with minor and major depressive symptoms compared to nonde-

pressed individuals for cardiac death were 1.6 and 3.0, respectively, in

a cohort of 2847 men and women between the ages of 55 and 85 years

old (100). Loneliness and social isolation among the elderly are also asso-

ciated with increased cardiovascular mortality (102).

Depression is also prevalent, occurring in at least 30% of people after

an MI and although often not diagnosed, clearly has a negative impact

on survival (103,104). Negative affectivity, overt anger, medical co-mor-

bidities, and poor social support are risk factors for post-MI depression

(105,106) and lack of social support increases an individual’s risk of

subsequent cardiac mortality almost threefold following an MI, as com-

pared to those with adequate support systems (107).

There are several potential explanations for the relationship between

depression and cardiovascular outcomes. In the CHS, depression was sig-

nificantly related to pro-inflammatory and and pro-thrombotic markers

including high sensitivity C-reactive protein (CRP), white blood cell count,

platelet count, factors VII and VIII, and to fibrinogen levels. Other possibil-

ities include altered sympathetic/parasympathetic balance and steroid

levels. In addition, depression may be related to an increased likelihood of

poor health behaviors, including smoking, lack of exercise, and overeating.

 The Enhancing Recovery in Coronary Heart Disease Patients trial

reported the beneficial effects of a formal cognitive-behavioral inter-

vention on reducing depression and social isolation in patients after a heart

attack with these syndromes (108). This study randomized 2481 post-

MI patients with depression and/or low perceived social support to either

cognitive-behavioral therapy with counseling and antidepressant use when

indicated, or to usual care. Although formal cognitive therapy did not sig-

nificantly reduce the risk of death or nonfatal MI during the 29-month

follow-up period, significant improvements in depression and perceived

social isolation scores were seen in the intervention, as compared with the

usual care, arm as early as 6 months (108). Participation in phase II cardiac

rehabilitation programs also significantly reduces depressive scores in

those over age 75 years (77).
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Newer Risk Factors

HIGH SENSITIVITY C-REACTIVE PROTEIN

High sensitivity C-reactive protein (hsCRP) is an inflammatory bio-

marker that is emerging as an important CHD risk factor, especially in eld-

erly women (109). As an acute-phase reactant, hsCRP induces com-

plement, regulates endothelial nitric oxide production and upregulates

cellular adhesion molecule expression, all important steps in the athero-

sclerotic process. Levels of hsCRP increase with smoking, obesity, hor-

mone replacement therapy use, hypertension, diabetes and with a low

HDL level and decrease with non-steroidal anti-inflammatory and with

statin therapies (39,110). In case control studies, hsCRP is an indepen-

dent predictor of CAD and the level reflects disease burden (111,112).

In comparing baseline hsCRP levels between 122 women who had a CHD

event and 244 age-smoking matched controls from the Women’s Health

Study who did not, the relative risk of any vascular event was fivefold

and for stroke or myocardial infarction was sevenfold for those women

with high, as compared with a low, baseline hsCRP (113). In prospective

cohort studies, elevated hsCRP is associated with increased cardiovas-

cular mortality and peripheral arterial disease CHD events, particularly

in women, but the relationship between hsCRP and cardiovascular mor-

tality may be less significant in those over 80 years of age (109,113–115).

In a prospective study of 27,939 participants of the Women’s Health Study

who were followed for a mean of 8 years, the age-adjusted relative risks

for a CHD event was 3.6 in the highest quintile of hsCRP and remained

2.3 when adjusted for other traditional CHD risk factors including LDL.

Thus, hsCRP levels in older women provides prognostic information which

is additive to that provided by traditional CHD risk factors. Studies are on-

going as to whether the risk associated with elevated hsCRP can be low-

ered with therapies that reduce inflammation such as HMG-CoA reductase

inhibitors (116).

Coronary Artery Calcium

Coronary artery calcium (CAC), detected noninvasively by electron

beam computed tomography (EBCT), is a marker of the presence and

extent of atherosclerotic plaque (117). With increasing age, CAC scores,

on average, increase at a rate which is faster in men than in women, and

which tends to be higher in Caucasians than in African-Americans, regard-

less of gender (118,119). However, EBCT performed on 614 CHS partic-

ipants of age range 67 to 99 years demonstrates that, although average

CAC score increases with age, there is a wide variability including scores
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of no calcium (120). Although those with high scores do have an increased

risk of experiencing cardiovascular events, the increased calcification

associated with age may decrease the discriminant value of the score itself

in predicting events in the elderly. A prospective study indicates that the

individual’s score ranked as a percentile against published age- and gen-

der-adjusted values is a more effective screening tool than the absolute

score itself (121). This may be particularly relevant in the older popula-

tion, although the premise has not been separately examined in an older

population.

Homocysteine

Levels of plasma homocysteine rise with increasing age and are associ-

ated with elevated risks for ISH, CAD, peripheral vascular disease, stroke,

aortic atherosclerosis, MI, and both cardiovascular and overall mortality

in the elderly (122–126). Potential mechanisms include impaired endothe-

lial function, increased prothrombotic state, and altered vascular smooth

muscle and extracellular matrix function (127). In a short-term study,

0.5 mg per day of folic acid supplementation did not reduce CHD events

(128), and in a more recent publication (129), did not decrease re-stenosis

rates following coronary angioplasty. Thus, routine screening of plasma

homocysteine levels cannot be recommended in the elderly.

Carotid Intima-Media Thickness

Increased carotid intima-media thickness (IMT), as measured by high-

resolution B-mode ultrasound, is associated with an increased risk for

MI and stroke in older adults (22,130,131). Among 5858 participants in

the CHS over age 65 years, free of clinical CHD, and followed for 6.2

years, there was a progressive increase in the risk for MI and stroke as

carotid IMT increased. The relative risk, after adjusting for other risk

factors, for these outcomes was 3.15 for those whose baseline carotid

IMT was in the highest quintile (130). It is unclear whether the risk is

related to the presence of subclinical atherosclerosis or increased inti-

mal proliferation, a marker of vascular aging (see Chapter 1). No clin-

ical trials assessing whether clinical events are reduced by using carotid

IMT to guide pharmacological therapy have been performed. Thus, the

value of carotid IMT measures in terms of therapeutic implications to

decrease coronary events is not known.

Sleep Apnea

The prevalence of disordered breathing during sleep, or sleep apnea,

increases with age such that in those over age 65 years, an estimated 4%



94 Cardiovascular Disease in the Elderly

of women and 13% of men have the disorder, and up to 19% of women

and 33% of men in this age group snore (132,133). Sleep-disordered

breathing in older adults is associated with vascular abnormalities includ-

ing endothelial dysfunction and hypertension (134,135). Moreover, sleep

apnea is significantly correlated to abdominal fat distribution, glucose

impairment and serum leptin level suggesting an association with the

metabolic syndrome (136). Epidemiological data as well as prospective

trials confirm that sleep apnea is an independent risk factor for CHD

events, cardiovascular mortality and strokes in older adults (137–139).

The CHS cohort demonstrate that daytime sleepiness, even more so that

disrupted sleep, is associated with increased mortality and CHD events

in older women more than men (140). Treatment of OSA with continuous

positive airway pressure is associated with significant decreases in night-

time, and 24-hour BP in hypertensive subjects (141,142).

SUMMARY

The relative significance of various risk factors for CHD changes with

age and is likely influenced by survival bias. Whereas some risk factors

become more powerful, and treatment of these leads to a more significant

CHD risk reduction in those over 65 years than they do for younger indi-

viduals, other become less significant. Lifestyle modifications such as

diet, smoking, and exercise significantly impact the risk for the devel-

opment and manifestations of CHD and the development of diabetes.

Novel risk factors provide prognostic information, but it is not yet dem-

onstrated that therapies based on treating these improves outcomes.

Interventions should focus on initiating and maintaining treatments for

known risk factors such as hypertension and hyperlipidemia, in the older

population.
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EVALUATION

History and physical examination as well as an electrocardiogram

(EKG) should be obtained in all patients with suspected coronary artery

disease (CAD). American College of Cardiology/American Heart Asso-

ciation (ACC/AHA) guidelines also recommend checking hemoglobin,

fasting blood glucose, and a fasting lipid panel in new patients presenting

with angina (1). Co-morbid conditions that may precipitate functional

angina should be considered (i.e., anemia, hyperthyroidism, tachyarrhyth-

mias, heart failure, uncontrolled hypertension, etc.). One study in the

elderly revealed a significantly elevated risk of cardiovascular disease

(CVD) events in patients with subclinical hypothyroidism evidenced by

an elevated thyrotropin and normal thyroid function tests (2).

Given the high prevalence of CAD in this group, a classic anginal

story most likely represents coronary atherosclerosis. Assessment of the

patient’s functional status, mental acuity, and overall physical health are

all important in determining the extent of further evaluation (3). Geriatric

literature supports the accuracy of physician assessments (“the eyeball

test”) of functional status and predicted survival (4). Is the patient an active
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and hearty 80-year-old or frail and homebound? Because evaluation for

coronary ischemia is likely to disclose ischemia, is the patient a candidate

for invasive evaluation? Would referral for bypass surgery or angioplasty

be appropriate? Aggressive medical therapy and symptomatic improve-

ment may be the most appropriate goals in those elderly people with

limited life expectancy resulting from poor functional status or co-mor-

bidity. In those with good baseline status, invasive evaluation and inter-

vention may be most appropriate. If the patient has heart failure symptoms,

evaluation of left ventricular function with echocardiography, prior to

ischemia evaluation, can be helpful in directing the next test because

CAD is a common reversible etiology of left ventricular dysfunction. If

symptoms are not clear, as is often the case in the elderly, stress testing can

be helpful in assessing the presence of CAD, the likelihood of left main

or triple vessel disease (5), the extent to which it limits exercise, functional

status, risk of future events, and the efficacy of medical therapy. In an

elderly population with a high prevalence of disease, however, a diagnos-

tic test does not significantly increase the yield of undiagnosed disease

and is associated with a high false-negative rate. The ACC/AHA guide-

lines rely heavily on initial clinical assessment and data regarding disease

prevalence in different populations to guide further testing in individual

patients.

Exercise Stress Testing

Stress testing can be used to diagnose disease and gauge the severity

of CAD, measure functional capacity and the efficacy of medical thera-

pies, and assess the presence of significant stress-induced arrhythmias.

The diagnostic test of choice is usually an exercise stress test with EKG

monitoring. Treadmill testing is most often used and exercise capacity

can be uniformly assessed by the use of metabolic equivalents (MET)

(1 MET = 3.5 mL/kg per minute of oxygen uptake) to describe workload

performed on various protocols. A positive test is defined as 1 mm or more

of horizontal or downsloping ST depressions 60 ms to 80 ms after the J-

point of the QRS in three consecutive beats during exercise or in recovery.

It is important to remember that ST depression in stress testing does not

localize ischemic territory.

During stress testing, important information is obtained from monitor-

ing blood pressure (BP), exercise tolerance, ability to attain target heart

rate (HR) and the occurrence of any symptoms. Exercise tolerance is a

very important prognosticator, and, in a number of studies, mortality rate

is associated with exercise duration and the ability to achieve target HR

(6,7). In some studies, a low exercise workload, secondary to symptoms

or ischemia, was the most important variable associated with increased
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cardiac mortality in patients treated with medical therapy. Moreover,

good exercise tolerance is associated with better outcomes, regardless of

whether the test is positive or the patient has CAD; patients able to exer-

cise for 10 minutes of a Bruce protocol to a workload of 13 METS have

a very good prognosis for long-term survival. A markedly positive EKG

response (>2.0 mm of downsloping or horizontal depression), fall in sys-

tolic BP of 10 mmHg or more, a prolonged positive response (persistent

depressions for more than 8 minutes into recovery), exercise-induced

ST elevation (in leads without pathological Q waves), and/or exercise-

induced malignant ventricular arrhythmias are all signs of extensive CAD

and identify a high-risk patient.

In elderly patients, the treadmill test may be associated with technical

difficulties owing to unfamiliarity with or fear of how to properly use the

machine. Imbalance or physical disability may be prohibitive. The per-

centage of people able to successfully complete a treadmill test decreases

with age; only 26% of those over age 75, without other co-morbidities,

achieved maximal predicted effort (8). Assessment of functional status at

home is essential in deciding the appropriateness for the treadmill. Gen-

tler, more graded protocols that allow the patient to warm up and achieve

an appropriate cardiac workload before they stop from muscle fatigue are

helpful. Decreased �-adrenergic responsiveness, conduction disease,

other medications, and decreased vascular compliance may limit the abil-

ity of the patient to achieve target HR. Adequate staff must be available

to initiate the test and ensure that the patient is not injured during the

test. Unless the patient is an active cyclist, bicycle protocols are usually

difficult.

Sensitivity of the stress EKG increases with age from 56% for those

under age 40 to 84.4% in those older than 60; specificity, on the other hand,

declines, from 84 to 70% in the older patients (7). Improved sensitivity

is the result of the high prevalence of severe disease; the low specificity

among the elderly likely relates to the high rates of other conditions, e.g.

left ventricular hypertrophy that may result in false-positive readings, as

well as inadequacies of the test itself. Evaluation of the Duke Treadmill

Score revealed no significant predictive value for either cardiac mortal-

ity or events in those 75 years old and older (9). Exercise tolerance still

carries prognostic significance in this population, if technical aspects do

not prohibit appropriate evaluation (10). If there are baseline EKG abnor-

malities, an imaging study may be required.

Screening Asymptomatic Individuals

Given the increased likelihood of silent ischemia and infarction in the

elderly, should noninvasive screening be performed routinely in this high-



106 Cardiovascular Disease in the Elderly

risk population? Whereas the ACC/AHA guidelines do not recommend

screening all high-risk, asymptomatic populations (1), there are several

circumstances under which such screening might be appropriate. The

guidelines recommend stress testing, for example, for patients over the

age of 45 years who wish to engage in an exercise program. The preva-

lence of silent exercise-induced ischemia increases with age. Of partici-

pants in the Baltimore Longitudinal Study of Aging, 26% had asymp-

tomatic ST-segment changes on treadmill testing and a positive test was

associated with a threefold increased event rate at follow-up (11).

For the purpose of diagnosing the presence of significant coronary

disease, it is preferred that �-blocker therapy be discontinued for four to

five half-lives or 48 hours (1). �-Blocker therapy may attenuate the ische-

mic response on the EKG and limit the ability to achieve the target HR,

i.e., �-blockers decrease the sensitivity of the stress EKG for the purpose

of detecting the presence of significant disease. If the purpose of the

testing is to assess the ischemic threshold on medical therapy, then it is

appropriate to test patients on their usual drug regimen. Acute nitrate ther-

apy also alters the ischemic response and decreases the sensitivity of stress

testing for detection of CAD. It should be noted that a negative test at a sub-

maximal HR has a much lower ability to predict the absence of disease

(negative predictive value) than a negative test at the target HR ([220 – age]

� >1.85). In the absence of a medication effect, the inability to achieve

the target HR is a poor prognosticator and may result from decondition-

ing, dyspnea related to poor left ventricular compliance, chronic lung

disease, chronotropic incompetence, peripheral vascular disease, or other

co-morbidties.

Stress Imaging

Imaging modalities used for the diagnosis, localization, and quantifi-

cation of coronary ischemia include echocardiography and nuclear stud-

ies. The most common imaging technique is single-photon computed

tomography (SPECT) imaging in association with either treadmill or

pharmacological stress. SPECT imaging is performed primarily with thal-

lium-201 or technetium-99m (12). Thallium, which has a significantly

longer half-life, tends to give more physiological information because

it moves in and out of cells through potassium channels, giving it the

unique characteristic of redistribution. Technetium binds to mitochon-

dria and so does not wash-in and wash-out; it is a higher energy emitter,

however, and decreases the effects of attenuation from breast shadow,

diaphragm, or fat. Technetium studies can be gated to assess wall motion

during stress because of higher count rates than thallium. The sensitiv-
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ity for SPECT imaging with either agent is higher than stress EKG alone,

approaching 89%. Sensitivity also increases with extent of disease. Spe-

cificity is in the range of 76%. Technetium is often the agent of choice

in women because there is less breast attenuation artifact and, in conjunc-

tion with gating, has a specificity of 92% as compared with 67% for thal-

lium. SPECT imaging is most often used to assess ischemia, as evidenced

by a defect present at stress but not at rest. The durability of a normal

nuclear stress test in predicting low event rates is time-dependent and

limited in those with diabetes and known coronary disease (13). Thus in

an older patient who has a normal nuclear study, recurrence, or change

in symptoms should prompt another evaluation.

The sensitivity of pharmacological stress echocardiography is similar

to that of SPECT imaging, 85% and 82%, respectively. Stress echocardio-

graphy enables the physician to evaluate regional wall motion at baseline

and with stress; the finding of one or more stress-induced regional wall

motion abnormalities is consistent with CAD. Specificity for stress echo-

cardiography approximates 86%, which is better than SPECT imaging.

In both imaging modalities, sensitivity was increased for multivessel

disease. A serious flaw associated with SPECT imaging is evaluation of

“balanced three-vessel disease,” which may result in a false-negative

study owing to software manipulation required to make two sets of images

comparable. For stress echocardiography, imaging of the lateral wall is

relatively insensitive and may result in a false-negative exam. In all cir-

cumstances, the best imaging technique may be the technique with which

the physicians at a given institution have the most comfort, experience,

and skill.

Pharmacological Stress Testing

The most common pharmacological stress agents are dipyridamole, ade-

nosine, and dobutamine. Dipyridamole and adenosine are potent vasodila-

tors and are most commonly used in conjunction with nuclear imaging.

The ability of a diseased artery to dilate is limited and when a vasodilator

is administered, blood flow to areas supplied by normal or less obstructed

arteries will increase relative to areas supplied by diseased arteries result-

ing in a differential in counts from the nuclear perfusion agent. Both agents

are counteracted by caffeine and so the agents are ineffective if given after

caffeine consumption. Beverages containing caffeine should be avoided

for at least 18 hours prior to administration of either dipyridamole or

adenosine. Although there is some uncertainty regarding the response to

these agents, the original studies suggest that an appropriate hemody-

namic response is either a 10 beat per minute increase in HR or a 10 mmHg
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change in BP from baseline to peak infusion. A negative study in the

absence of these hemodynamic changes may be inadequate to rule out

the presence of disease. Adenosine protocols are usually significantly

quicker than dipyridamole protocols because the half-life of adenosine

is only about 30 seconds, allowing for rapid cessation of drug effect once

the infusion is terminated. Dipyridamole has a significantly longer half-

life and can be reversed with aminophylline, an agent that blocks adeno-

sine receptors in the coronary arteries. Both agents can result in signif-

icant bronchospasm and are contraindicated in patients with a current

history of reactive airway disease. Adenosine is associated with a higher

rate of heart block and should be used cautiously in patients with EKG

evidence of significant baseline conduction disease. Intense emotional

reactions have been described with both agents, but tend to occur more

frequently with adenosine.

Dobutamine is a �-agonist that increases HR and contractility and

although it is most often used in conjunction with echocardiographic

imaging, it can be used with nuclear imaging if traditional agents are con-

traindicated and echocardiographic imaging is not feasible. Traditional

dobutamine echocardiography protocols have the disadvantage of being

long and arduous. A baseline study is performed and then the dobutamine

dose is increased gradually, with repeat imaging at the end of each stage,

up to 40 �g/kg per minute. If the target HR or positive test is not achieved

at this point, atropine is administered to increase HR. Final imaging is then

performed after the HR has returned to baseline. The study is then pro-

cessed to provide gated images at each stage, side-by-side, enabling com-

parison that improves the ability to detect subtle wall motion abnormalities.

It is preferred that patients not take �-blockers prior to dobutamine echo-

cardiography because �-blockers counteract the dobutamine and increase

the need to administer atropine to achieve target HR. Dobutamine pro-

tocols, with administration of atropine if necessary, are quite successful

in achieving HR goals in the elderly. The oldest patients actually achieve

target HRs at a lower dobutamine dose and are less likely to require atro-

pine. In the elderly, it has been noted that dobutamine increases the amount

of ventricular ectopy and asymptomatic hypotension, but these side ef-

fects rarely required premature cessation of the test (14,15). Baseline use

of �-blockers is associated with an increased risk of ventricular arrhyth-

mias during dobutamine stress testing, both in younger and older patients

(15). Newer accelerated dobutamine protocols (16) have not been tested

in the elderly and given unique pharmacological effects of dobutamine

in the elderly, the accelerated regimen cannot be recommended without

safety data in this population. If the patient is very large or does not have

adequate acoustic windows, echocardiography is not a suitable imaging
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modality. The sensitivity of the test is also dependent on the skill of both

the sonographer and the echocardiographer.

Other Noninvasive Modalities

Less common modalities for evaluation of CAD include positron emis-

sion tomography (PET) scanning, transesophageal pacing stress echo-

cardiography, electron beam computed tomography (EBCT or Ultrafast

CT), and cardiac magnetic resonance imaging (MRI). PET scanning is

a very sensitive and specific modality for assessing coronary ischemia;

it is a nuclear imaging technique using nitrogen-13-ammonia or rubid-

ium-82 as high-energy emitters coupled with pharmacological stress,

usually either dipyridamole or adenosine. The image has much better

spatial resolution and higher count rates than SPECT imaging; attenua-

tion artifact is corrected and hence the scans provide a more accurate

picture of relative distribution of myocardial blood flow. However, PET

scanners are not commonly available, require an onsite generator or

cyclotron for production of the imaging agent, and are relatively expen-

sive, although some cost analyses suggest that this might be the most

cost-effective approach for the evaluation of coronary disease (17).

 EBCT enables the physician to detect and quantify coronary calcifi-

cation, which correlates with the amount of coronary artery calcium and

atherosclerosis. However, the study does not provide a functional evalu-

ation of ischemia (16). Significant differences in calcium scores exist

between men and women of the same age group, likely related to differ-

ences in prevalence of CAD but possibly related to differences in the

characteristics of the coronary atherosclerosis and sensitivity of the test

in different populations (12). Age-dependent calcium scores have been

proposed to help the specificity of the test in this population.

Cardiac MRI is still in development and its utility has yet to be deter-

mined. Special software packages that allow for reconstruction of images

of the coronary arteries and stress imaging are being evaluated (18). At

the present time, however, it is not readily available. Transesophageal

pacing stress echocardiography may be a promising option, although again

it is not readily available, requires an invasive procedure that may not be

well tolerated by the patient, and has not been fully compared with other

stress techniques (19).

Ambulatory holter monitoring for arrhythmias and ST-segment devi-

ation has been evaluated in older patients. One study reported the pre-

dictive value of ST-segment deviation, defined as depression or elevation

of at least 1 mm for more than 60 seconds using a two-lead monitoring sys-

tem in 277 patients with chest pain sent for angiography. Of the patients,

145 were older than 70 years. In both the younger and older groups, the
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specificity (91% and 90%, respectively) and positive predictive values

(86% and 95%) for coronary disease were high, but the diagnostic accu-

racy was low (34% and 32%) in both groups (20). Aronow and Epstein

reported that 21% of nursing home patients with underlying heart dis-

ease had silent ischemia on holter and, of these, 65% had cardiac events

in the 26-month follow-up (21). Among older Scandinavian men, ische-

mia on holter in those without CAD predicted a fourfold increased risk

of coronary events and in those with documented CAD, the relative risk

for coronary events increased to 16 (22). Holter-identified arrhythmias

also have prognostic significance in the elderly. In older patients with

known CAD, especially those unable to exercise on a treadmill, ambula-

tory holter with ST analysis may be helpful in risk stratification. Among

an elderly cohort in Finland, daytime sinoatrial pauses of longer than 1.5

seconds were associated with a fourfold excess cardiac mortality and

multifocal ventricular ectopic beats of more than 100 beats during the

night was associated with a cardiac mortality odds ratio of 2.7, indepen-

dent of age or clinical CVD (23), Thus, in older patients with known CAD,

particularly in those unable to exercise, ST-segment and arrhythmia anal-

ysis performed on ambulatory holter data obtained during daily activities

may be helpful in risk stratification.

Coronary Angiography

Coronary angiography remains the gold standard for the evaluation

of CAD. Use of coronary angiography in patients with suspected CAD

is indicated for those patients with abnormal noninvasive testing sug-

gesting a high-risk profile, abnormal but nondiagnostic noninvasive test

results, and patients with chest pain but who are unable to undergo any

of the available noninvasive testing modalities. Patients with known or

possible angina who have survived sudden death should also undergo

diagnostic angiography. Not clearly addressed in the ACC/AHA guide-

lines are patients with decreased left ventricular function and risk factors

for CAD because there is clear evidence that mortality is improved in

patients with decreased left ventricular function and triple-vessel, two-

vessel CAD involving the proximal left anterior descending artery, or

significant left main disease. Angiography would also be appropriate if

coronary artery bypass surgery is a consideration. Contraindications to

angiography include the presence of prohibitive co-morbidities.

Coronary angiography enables the physician to estimate coronary

stenoses, evaluate calcification, assess coronary anatomy including pres-

ence of coronary anomalies, and evaluate left ventricular pressures and

function. Angiography alone does not allow assessment of the functional

significance of lesions. A number of adjuncts have been developed to
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allow for functional assessment of coronary artery stenoses in the cathet-

erization laboratory—these include use of Doppler flow wires to assess

adenosine-induced coronary flow reserve across a stenosis and pressure

wires to assess pressure gradients across stenoses during adenosine infu-

sion. Intravascular ultrasound allows for quantification of stenoses and

identification of normal vessels, as well as characterization of plaque

structure (i.e., presence of thrombus, calcium, and dissection). Although

these techniques improve the accuracy of cardiac angiography, they are

not commonly necessary, not commonly available except at tertiary care

centers, and increase the costs and risks of an already expensive proce-

dure. In unusual cases where a stenosis is of borderline significance and

the patient’s symptoms are unclear, these adjuncts can be very helpful

in determining whether coronary revascularization is indicated.

THERAPEUTIC INTERVENTIONS

Pharmacological Agents

The goals of medical therapy are to improve survival, decrease cardiac

events and improve symptoms. The relative importance of these goals and

the risk–benefit evaluation for each approach may change with increas-

ing age. Aspirin is indicated in patients with known or probable coronary

atherosclerosis. In numerous studies, aspirin in doses ranging from 75

to 325 mg daily is associated with a reduction in adverse coronary events

and in some studies with a decreased risk of sudden death. The Swedish

Angina Pectoris Trial of older patients with stable angina, mean age 67,

reported a 34% reduction in first myocardial infarction (MI) or sudden

death and a 32% reduction in first MI, stroke, or vascular death (24), The

Physicians Health Study cohort of 333 men with chronic angina random-

ized to alternate-day aspirin at 325 mg or placebo showed a significant

decrease in risk of first MI at 5-year follow-up (25). The Benzafibrate In-

farction Prevention study revealed a 39% reduction in cardiovascular mor-

tality among women receiving aspirin, with the greatest benefit seen among

those who were older, diabetic, symptomatic, or with previous MI (26).

Given the increased risks of bleeding and cerebrovascular bleeds at higher

doses, without known added benefit, current recommendations are to treat

stable coronary syndromes with low-dose daily aspirin (75 to 81 mg). In

patients with a contraindication to aspirin, clopidogrel, which inhibits ade-

nosine diphosphate-mediated platelet aggregation, may be used.

Lipid-lowering agents also decrease the risk of adverse events in patients

with coronary disease. Data suggest that for every 1% reduction in total

cholesterol there is a 2% reduction in coronary events. There is clear evi-

dence that in patients with CAD, lowering low-density lipoprotein cho-
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lesterol to less than 100 mg/dL improves survival and reduces major coro-

nary events. (See Chapter 3 for a complete discussion of lipid-lowering

therapies.)

�-Blockers are an important component of anti-anginal therapy (27).

They decrease angina by decreasing myocardial oxygen demand by re-

ducing HR and contractility, and improve supply by prolonging diastole,

when most of coronary flow occurs. Doses can be titrated to a reduction

in HR, particularly the HR during activity. Medicare data on elderly dia-

betic patients who have suffered an MI, revealed a significant improve-

ment in survival with �-blocker therapy for insulin-treated diabetics,

non-insulin-treated diabetics, and non-diabetics, compared to those not

discharged on �-blockers (28). �-Blockers also decrease anginal episodes,

ventricular arrhythmias, sudden death, and silent ischemia and prolong

exercise duration in patients with coronary heart disease (29–31). Aronow

reported a 47% reduction in sudden cardiac death and a 37% reduction

in total cardiac death with propranolol compared to placebo in the treat-

ment of elderly patients with heart disease, complex ventricular arrhyth-

mias, and left ventricular ejection fractions of 40% or more (30,31).

Although �-blockers provide significant therapeutic benefits in the eld-

erly, they are often underutilized in this age group (32,33).

In the elderly, particular attention should be paid to the risk of brady-

cardia and conduction delay. Ophthalmologic �-blockers are partially

absorbed and are associated with bradycardia; care should be taken in

the co-administration of systemic and ophthalmic �-blockers. Orthosta-

tic hypotension and fatigue, along with confusion, depression, and incon-

tinence, may be other complications of �-blocker therapy in elderly.

Calcium channel blockers are also effective in relieving angina and

delaying onset of ischemia (34). They are also the drugs of choice for vaso-

spastic angina. Calcium antagonists cause vasodilation of the coronary

arteries and decrease myocardial oxygen demand by decreasing BP and

lowering coronary and systemic vascular resistances. Some agents also

decrease HR and contractility, thereby decreasing demand. The use of

short-acting dihydropyridine calcium antagonists in the absence of �-

blockade is associated with an increase in ischemic events and should be

avoided. Long-acting calcium antagonists are very effective anti-anginals

and can be added to �-blocker therapy if additional therapy is indicated,

or substituted if �-blockers are contraindicated or if the patient develops

unacceptable side effects. Concomitant nitrate and long-acting dihydro-

pyriding calcium channel blocker therapy can be more effective than sin-

gle agents alone (35).

Nitrates are coronary and peripheral vasodilators and through this mech-

anism improve myocardial oxygen supply and decrease demand. They
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also have antithrombotic and antiplatelet effects. Nitrates clearly improve

symptoms and exercise tolerance and raise the ischemic threshold. Their

efficacy is enhanced when they are combined with either �-blockers or

calcium antagonists. They also have particular efficacy in the treatment of

vasospasm. In patients who are continuing to experience anginal episodes

despite other therapies, intermittent or planned sublingual use of nitro-

glycerin may be necessary. If the patient’s anginal pattern is predictable

and associated with certain activities, prophylactic use of sublingual nitro-

glycerin prior to engaging in these activities may provide symptomatic

relief and improved functional status. As with all vasodilators, orthostatic

hypotension, syncope, and falls are risks with nitrate use, especially in

the elderly.

Patients with CAD should be educated extensively regarding the signs

of instability, such as increasing frequency of angina, angina occurring

at lower workloads, angina occurring at rest, and persistent pain that does

not resolve after a few minutes. These patients should be instructed on the

appropriate use of sublingual nitroglycerin in these circumstances, and

when to seek immediate medical attention.

Lifestyle Modifications

Lifestyle modification is an important component of angina therapy

(36). Patients should be counseled to stop smoking, adhere to dietary rec-

ommendations, engage in regular exercise, and lose weight if indicated.

Treadmill testing and clinical symptoms can guide exercise regimens.

Aging results in decreased muscle mass and strength and a relative

increase in body fat. CAD and angina are major predictors of disability

and activity limitations in older patients. Eighty percent of women and

55% of men with CAD and symptoms of angina or heart failure, over age

70, reported activity limitations (37,38). Aerobic training in older patients

results in improved cardiovascular fitness as measured by maximal oxy-

gen consumption, improved endurance, and a decrease in mobility limi-

tations and disability (39–41). Increased physical activity and walking

in women, aged 65 to 75, resulted in a 36% reduction in cardiovascular

mortality and a 48% reduction in all-cause mortality, compared to seden-

tary women; however, the association of exercise with improved out-

come decreased in those over 75 years of age (42). Among older men,

light or moderate physical activity was associated with a 36% decrease

in cardiovascular mortality and a 52% decrease in noncardiovascular

mortality (43). After major cardiac events, cardiac rehabilitation in the

elderly improves exercise capacity, quality of life, and risk profiles, and

decreases depression (44,45).
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The benefits of diet modification in the elderly are not well defined.

Some cardiovascular benefits may not be evident for several years and

it may be more appropriate to counsel dietary modification in a 65-year-

old than in an 80-year-old. Dietary restrictions should be avoided in the

approximately 12% of elderly who are undernourished and underweight

because this state is associated with increased mortality (46). Increased

intake of dietary fiber and omega-3 fatty acids and decreased intake of

saturated and trans-fatty acids are likely to be beneficial (47). Modest

alcohol intake is protective and not associated with increases in coronary

events or heart failure in the elderly (48,49). Modest restriction of salt

intake to less than 5 g of sodium has a BP-lowering effect equivalent to

hydrochlorthiazide in the elderly (50,51). Observational data indicate

that high dietary consumption of carotenoids and the lipid-soluble anti-

oxidants present in green and yellow fresh fruits and vegetables, are asso-

ciated with significantly lower cardiovascular mortality and event rates

(52). Weight loss should be encouraged in all obese older individuals to

improve mobility and BP control, and to decrease co-morbidities, such

as sleep apnea and diastolic dysfunction, which are associated with in-

creased cardiovascular risk.

Revascularization

Revascularization is another therapeutic option for elderly patients

with chronic stable angina. More than half of the coronary artery bypass

operations in this country are performed on patients 65 years and older.

Bypass mortality increases significantly in those over age 75 and 80 (53–

55). Although the elderly tend to be excluded from clinical trials, there

is a large body of data regarding outcomes from surgical and interven-

tional databases and institutional reports. Although the very elderly suf-

fer increased mortality and morbidity risks from both percutaneous and

surgical revascularization compared to younger populations, significant

symptomatic relief occurs following these procedures.

Decision making may be more driven by quality-of-life issues than by

survival statistics in this population. In general, functional status and co-

morbidities play an important role in assessing the patient’s physiological

reserve and ability to tolerate surgical revascularization (56). Percuta-

neous revascularization has the benefits of avoiding surgical morbidity

and recovery, but may results in incomplete revascularization in a pop-

ulation likely to have multivessel disease (57–60). Vascular and other

complications from percutaneous procedures also occur more frequently

in this high-risk population. Restenosis rates may be higher if vessel size

is small or disease is diffuse.
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The Trial of Invasive versus Medical therapy in Elderly patients (TIME)

compared invasive and medical strategies for the treatment of chronic

symptomatic CAD in patients aged 75 and older with persistent angina

despite standard pharmacological therapy (61). In the TIME study, 150

patients were randomized to receive a more aggressive medical therapy,

with anti-anginal, antiplatelet, and lipid-lowering agents and close mon-

itoring and 155 patients were randomized to an invasive strategy involv-

ing angiography, with revascularization by either percutaneous coronary

intervention or bypass surgery. Angina severity, quality-of-life mea-

sures, and major cardiac events were then monitored based on treatment

strategy. Notably, of the group who underwent angiography, 79% had

multivessel disease and only 7% had no significant stenoses. Of the inva-

sive group, 26% crossed over to medical therapy because they could not

be revascularized. At 6 months, improvements in angina severity and

health status were greater in the invasive group. Although there were no

significant differences in mortality or MI rates between the strategies,

there were significantly fewer readmissions for acute coronary syndromes

in the invasive strategy group. At 1 year of follow-up, 71.6% of those in

the medical therapy arm had been hospitalized with uncontrolled symp-

toms compared with 18.3% in the invasive arm (p < 0.001) (61). Of those

randomized to optimal medical therapy, 46% required revascularization

within the 1-year period compared with only 10% of those who had ini-

tially been randomized to an invasive strategy (p < 0.001). Major adverse

clinical events occurred significantly more often in the medical therapy

group as well. At 1 year, using an intention-to-treat model, there was no

statistically significant difference between the groups, with regard to

symptoms or quality of life. The conclusions from this trial seem sensible

—the elderly patient can be offered “early” revascularization if medical

therapy fails to control anginal episodes, with the benefits of good symp-

tom relief and a decreased likelihood of rehospitalization, at the price of

a small excess in mortality. They can, alternatively, have their medical ther-

apy advanced with the understanding that this approach will be ineffective

in the majority of patients and may ultimately require revascularization.

If medical therapies are not controlling symptoms and patients are not

candidates for revascularization, enhanced external counterpulsation may

be attempted (62,63), although results in the elderly are not reported.

CONCLUSIONS
The prevalence of CAD increases with age, as do the risk factors for

coronary events. The elderly shoulder the greatest burden of coronary

atherosclerosis and coronary events. Unfortunately, the likelihood of silent
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ischemia also increases in the elderly, making identification of those at

high risk for events more difficult. The utility of various noninvasive

techniques in assessing coronary risk decrease in the elderly owing to the

high prevalence of disease. Risk-factor modification, medical therapy,

and revascularization, if indicated, can improve outcomes and quality of

life. Attention must be paid to the unique socioeconomic, psychological,

and physical co-morbidities of the elderly. In the elderly, mortality bene-

fits of various interventions may be difficult to prove given co-morbidi-

ties and limited life expectancy. For those patients, therapeutic goals often

shift toward improved symptoms and enhanced quality of life.
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Advanced age is a powerful independent predictor of in-hospital and

subsequent mortality and morbidity in patients following an ST-eleva-

tion myocardial infarction (MI) (1–4). Randomized studies including

thousands of patients with ST-segment elevation MI indicate 10-fold

increases in death, clinical heart failure, and cardiogenic shock follow-

ing either thrombolytic or primary angioplasty as age increases from

younger than 60 to older than 85 years, with an exponential rise in both

in-hospital and 6-month post-discharge mortality (1–4). Public health

data indicate that nearly 85% of all deaths from coronary disease in the
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United States occur in individuals older than 65 years of age (5), and that

cardiac disease is the leading cause of death in older Americans, which

is the most rapidly growing segment of the US population.

The most likely cause for the age-associated increase in mortality and

morbidity in the setting of an MI is progressive left ventricular dysfunc-

tion. An analysis of the Gruppo Italiano per lo Studio della Sopravvivenza

nell’Infarto Miocardico-2 data, in patients with a first ST-segment ele-

vation MI all of whom were treated with thrombolytic therapy, indicates

that deaths in the older patients were primarily related to myocardial dys-

function resulting from the infarct, with a surprisingly high incidence

of rupture, clinical heart failure, and impaired left ventricular function;

despite no age-associated increase in the clinical markers of infarct size

itself and no increase in the extent of fixed coronary atherosclerotic dis-

ease (1). Although age differences in complications and mortality may

relate in part to delayed and atypical presentations and the increased like-

lihood of contraindications and complications from thrombolytic and �-

blocker therapies (2), the pre-existing age-associated changes in vascular

and ventricular properties alter the substrate upon which the infarction

occurs and likely play a critical role in the poor prognosis of the elderly

patient with acute ST-segment elevation MI.

CARDIOVASCULAR CHANGES
WITH PHYSIOLOGICAL AGING

As discussed in Chapter 1, there are several myocardial and vascular

changes associated with physiological aging that may be responsible for

the poor prognosis in older patients with acute ST-segment elevation

MI. These include decreased �-adrenergic sympathetic responsiveness

(6,7), slowed and delayed early diastolic filling (8,9), increased vascular

stiffness (10,11), and endothelial dysfunction (12,13).

Decreased inotropic �-adrenergic responsiveness may affect cardiovas-

cular function post-infarction by limiting contractile reserve in the region

remote from the infarct and thereby the ability of that myocardium to com-

pensate for the contractile performance lost as the result of the infarct

itself. Age-associated decreased early filling, on the order of 6%–7% per

decade (9), increases the dependence of end-diastolic volume on atrial

contraction and is thought to result in higher left atrial and pulmonary

pressures for any given stroke volume (14). Higher left ventricular pres-

sures in diastole may also impair coronary perfusion at that time, when

most of coronary flow occurs. Thus, age-associated changes in filling

properties may also contribute to adverse outcomes post-infarction in

older patients.
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The age-associated increased arterial stiffness results from several

factors, including fragmentation of the elastic membrane, intimal thick-

ening, increases in collagen content and linking, decreased baroreflex

sensitivity, and diminished endothelium-dependent vasorelaxation (6).

These changes increase the vascular load on the left ventricle and exert a

significant influence on cardiovascular performance in healthy subjects

(15–17). A relationship between arterial stiffness, as indexed by sphygmo-

manometry-determined pulse pressure and increased risk of future coro-

nary heart disease, congestive heart failure (CHF), and death has been

demonstrated in elderly populations previously free of symptomatic heart

disease (18–20). In addition, elevated pulse pressure is an independent

predictor of mortality in patients with chronic heart failure and left ven-

tricular dysfunction following an MI (21,22). The increased vascular load

likely contributes to the high risk of heart failure in the elderly following

acute MI.

Aging is also associated with endothelial dysfunction. Studies in sub-

jects free of coronary artery disease and the classic risk factors for athero-

sclerosis demonstrate a significant inverse linear relationship between

age and percent change in coronary and brachial arterial dimensions and

blood flow responses to the intra-arterial (IA) administration of the endo-

thelial-dependent vasodilator acetylcholine (12,13). There is no effect

of age on the vasodilator responses to IA papaverine and nitroprusside,

endothelial-independent vasodilators. Furthermore, inhibition of nitric

oxide (NO) synthase with NG-monomethyl L-arginine reduces forearm

blood flow significantly less in older compared to younger subjects (23).

These studies suggest that in healthy subjects, the basal release of NO from

vascular endothelium is reduced in the elderly, and the age-associated

reduction in the vascular responsiveness to endothelium-dependent vaso-

dilatation in both the coronary and forearm circulation suggests a gen-

eral diminution in NO-induced vasodilatation in all vascular beds (24).

Because endothelial dysfunction affects conduit as well as arteriolar ves-

sels, endothelial dysfunction of these vessels would be expected to signif-

icantly contribute to decreased arterial compliance and increased vascular

load (25). Thus, endothelial dysfunction in the elderly can contribute to

the age-associated increase in peripheral vascular resistance, arterial stiff-

ness, and vascular load.

 In addition to increased vascular load, age-associated endothelial dys-

function negatively impacts older patients with acute MI by contributing

to impaired collateral blood vessel growth (26). In a recent study, angio-

graphic collateral blood flow was assessed in 1934 patients with acute MI

and an occluded infarct vessel. The presence of collaterals decreased pro-

gressively with increasing age of the patient and on multivariate analysis,
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age was independently associated with a lower prevalence of angiographic

collaterals. In older patients, the lack of angiographic collaterals to the

infarct vessel was an independent predictor of mortality.

Although the primary stimulus for collateral growth is controversial,

angiogenesis requires the proliferation and migration of endothelial cells

(27,28). With increasing age in animal models, endothelial dysfunction

in collateral arterioles caused by a reduction in endothelial NO synthase

expression contributes to a decline in angiogenesis (28–30). In addition

to endothelial dysfunction, there is an age-related decrease in bone mar-

row-derived endothelial progenitor cells (31) that likely limits the abil-

ity to form new blood vessels in response to ischemia.

Another important link between age-associated endothelial dysfunc-

tion and impaired collateral vessel growth is decreased endothelial release

of growth factors critical for angiogenesis (29,32,33), including plate-

let-derived growth factor-B (PDGF-B). Release of this growth factor stim-

ulates the endothelial expression of several other growth factors, including

vascular endothelial-derived growth factor (VEGF) (32). Animal mod-

els show that the endothelial expression of PDGF-B is downregulated in

the senescent heart, which also reduces VEGF expression (32). In animal

models of ischemia, VEGF mRNA and protein are reduced in aged ani-

mals, and this may contribute to significantly lower perfusion pressure,

and decreased angiographic collateral vessel development and capillary

density as compared to young animals (29). Pretreating aged ischemic ani-

mals with VEGF protein, PDGF-AB, or bone marrow-derived endothe-

lial precursor cells from young animals results in an increase in angio-

graphically visible collaterals, improved perfusion pressure, improved

angiogenesis, and reduced MI size (29,32,33). These studies suggest

that age-associated endothelial dysfunction results in reduced elabora-

tion of endothelial-derived growth factors in response to ischemia and

impaired angiogenesis.

The excess morbidity and mortality in older patients with acute MI is

an increasing challenge as the population ages and suggest that estab-

lishment of normal coronary and myocardial blood flow in an expediti-

ous fashion is particularly important in the older patient with acute MI

as the infarct vessel is less likely to receive collateral flow compared to

younger patients. Furthermore, initiation of therapies that in large, ran-

domized, placebo-controlled trials reduce morbidity and mortality in the

elderly is critical to optimizing outcomes in this high-risk group of ST-

segment elevation MI patients.

All of these factors favor the potential benefits of an aggressive ap-

proach. Although randomized trials of thrombolytic vs placebo therapy
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clearly show a benefit in the general population, subset analyses of the

older enrolled patients demonstrate only nonsignificant trends. Thus,

although there was an absolute benefit in the Fibrinolytic Therapy Trialists’

Collaborative Group’s Trial metanalysis, which included 5800 patients

over age 75 (34), the difference did not reach statistical significance.

Subsequent personal communication data indicate a significant benefit

in more recent data from the Fibrinolytic Therapy Trialists’ Group that

included elderly patients with ST-segment elevation on the electrocar-

diogram (35). It should be noted, however, that outcomes of enrolled

patients in clinical trials may be better than those in the general population

because the former usually have less co-morbidities and more frequently

receive guideline-directed therapies. A retrospective analysis from the

Comparative Cardiovascular Project in 7864 Medicare beneficiaries aged

65–86 years with ST-elevation MI, demonstrated a significant interac-

tion between age and the effect of thrombolytic therapy on 30-day survi-

val (Fig. 1) (36). There was a significant survival advantage for those aged

65–75, years which was comparable to that reported in the randomized

studies of younger patients; but a survival disadvantage, with a 30-day

mortality hazard ratio of 1.38 for those over 75 years of age.

Limitations of thrombolytic therapy in the elderly include an increased

likelihood for relative or absolute contraindications, including hyperten-

sion and prior cerebrovascular accident; lower Thrombolysis in Myocar-

dial Infarction grade flow following therapy; and an increased likelihood

for intracranial hemorrhage. In the general population, flow is restored

in only about 85% of patients, and a significant number experience recur-

rent ischemia. In an attempt to overcome the latter limitations, investiga-

tors have examined the utility of combining low-dose thrombolytics with

more aggressive antiplatelet therapy in patients with ST-elevation MI.

This approach was supported by angiographic studies demonstrating earl-

ier and more complete reperfusion with the combination (37). The strat-

egy was evaluated in the Global Use of Strategies to Open Occluded

Coronary Arteries (GUSTO) V trial of 16,588 patients enrolled within the

first 6 hours of an ST-elevation infarction who were randomized to stan-

dard-dose reteplase, two 10 U boluses 30 minutes apart, or to the com-

bination of half-dose reteplase, two boluses of 5 U, 30 minutes apart,

plus a standard abciximab infusion of 0.25 mg/kg bolus and 0.125 μg/kg

per minute for 12 hours (38). All patients received aspirin and heparin was

administered, with a lower initial dose in the combined group, so as to

achieve an activated partial thromboplastin time of 50 to 70 seconds. In the

overall population, there was no significant difference in the primary end-

point of 30-day mortality. In the 2237 patients 75 years or older, mortal-
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ity was 18.3% in the combination group and 17.9% in the reteplase alone

group. Moreover, there was a significant interaction between age and the

effect of treatment of intracranial hemorrhage (39). Although the risk of

intracranial hemorrhage increased with age in both groups, it was lower

with the combination therapy than that with reteplase alone up to age 55

years and thereafter increased, reaching significantly higher values after

age 80 years (see Fig. 2).

The limitations of thrombolytic therapy are overcome to a significant

extent with primary angioplasty therapy. In a large review of 23 random-

ized trials, primary angioplasty significantly reduced short-term mortality

and the combined outcome of death, nonfatal MI, and stroke when com-

pared with thrombolytic therapy (40). The benefit appears to be particu-

larly significant in the elderly population. In a trial confined to patients

Fig. 1. The relationship between age and 30-day mortality hazard ratios in 7864

Medicare beneficiaries with ST-elevation myocardial infarction and no contrain-

dications to thrombolytic therapy from the Cooperative Cardiovascular Project.

The points are hazard ratios calculated from 3-year age subgroups. There is a

survival benefit for the younger age groups, but an increase in the hazard ratios

after age 75 years. (From ref. 36.)
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over age 75 years with ST-elevation infarction, the participants were ran-

domized to primary angioplasty or intravenous streptokinase (41). At 30

days, the composite of death, re-infarction, or stroke occurred in 9% of

patients in the angioplasty and 29% of patients in the thrombolysis group

(p = 0.01). At 1 year, the composite endpoint was reached in 13% of the

angioplasty and 44% of the thrombolytic group. Furthermore, in a retro-

spective analysis from the Medicare Cooperative Cardiovascular Project,

those who underwent angioplasty had lower 30-day and 1-year mortal-

ity. After adjusting for baseline characteristics, the 30-day hazard ratio

was 0.74 and the 1-year hazard ratio 0.88 for primary angioplasty (42).

Cardiogenic shock is the most frequent cause of in-hospital mortality

in patients with acute MI and as noted previously, older patients are more

likely to experience this complication. The SHOCK (SHould we emer-

gently revascularize Occluded Coronaries for cardiogenic shocK) trial

randomized 300 individuals with acute MI and who were within 12 hours

of the onset of cardiogenic shock to revascularization within 6 hours of

randomization or to late or no revascularization (43). Age, older or younger

than 75 years, was a prespecified subgroup. Among those older than 75

years, mortality at 1 month, the primary outcome variable, did not differ

Fig. 2. The relationship between age and the relative risk of intracranial hemorrhage

with reteplase alone and with reteplase plus abciximab in the GUSTO-5 trial. The

risk with thrombolytic therapy increases from 0.085% for those aged 30 years to

1.94 for those 90 years. It is significantly higher after age 70 in those who received

combination therapy. (From ref. 39.)
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in the two randomized groups, although it trended higher in the early re-

vascularization group. At 1 year as well, there was no significant benefit

of early revascularization in the older group (44). However, in the accom-

panying SHOCK Registry, covariate adjusted analysis showed that eld-

erly patients selected for early revascularization had a lower mortality

than those who were not (45). The older patients were more likely than

the younger patients to have a history of prior MI, heart failure, and renal

insufficiency and were more likely to have a lower mean diastolic pres-

sure and cardiac index as well as triple-vessel and left main coronary dis-

ease. The elderly group were also less likely to have Swan-Ganz catheters

and intra-aortic balloon pumps placed and to undergo coronary angiog-

raphy, percutaneous transluminal coronary angioplasty, and bypass sur-

gery. The differences between the trial and registry results likely reflect

selection bias but nevertheless indicate that not all elderly patients with

cardiogenic shock should be denied revascularization if they are viewed

as appropriate candidates. It should also be noted that routine stent and

glycoprotein-IIb/IIIa inhibitors were not in use at the time of the study.

Although early angioplasty improves outcomes in elderly patients,

there is still a marked age effect on mortality risk and the risk of other

post-infarction complications. In a pooled analysis of three primary angio-

plasty trials, Second Primary Angioplasty in Myocardial Infarction Trial

(PAMI-2), Stent PAMI, and PAMI No Surgery, consisting of 3032 patients,

452 of whom were 75 years or older, in hospital mortality significantly

increased with age from 0.6% for those under 60 years, to 11.5% for

those older than 79 years (Fig. 3) (4). Those 75 years and older also had

higher rates of other post-MI complications including renal failure requir-

ing dialysis (3.9% vs 0.9%), stroke or transient ischemia attack (2.9% vs

0.8%), mitral regurgitation (6.6% vs 2.6%), and CHF (21.9% vs 8.0%).

On multivariable analysis, the only in-hospital factors that predicted mor-

tality in the over-75 age group were arrhythmias requiring treatment (with

an odds ratio [OR] 5.0) and left ventricular ejection fraction (EF) less than

40% (OR 3.9).

An important limitation of angioplasty is that relatively few hospitals

have surgical backup. To some extent the requirement for emergency

surgery availability is lessened by the use of coronary artery stents, which

decrease the incidences of, and can be used to treat, abrupt closure and

dissection. A randomized trial of primary angioplasty vs thrombolytic

therapies in 451 patients performed in hospitals without surgical backup

demonstrated that short- and long-term outcomes were improved with

angioplasty, although results in the older patients were not reported sep-

arately (46). Perhaps a more attractive option is to transfer patients to

facilities where primary angioplasty is frequently performed. In a meta-
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analysis of six randomized trials evaluating the feasibility, safety, and

efficacy of transfer for angioplasty compared with thrombolysis in the

first admitting hospital, death, re-infarction or stroke were reduced by

42% in the transfer for angioplasty group (47). The Danish Multicenter

Randomized study separately reported the results in the subset of those

over 63 years, with a hazard ratio of 0.54, p = 0.002 for the composite of

death, re-infarction or disabling stroke at 30-day follow-up (48). How-

ever, data from one of the studies indicate equivalent outcomes, that is,

no difference between thrombolysis and transfer, if the patient presents

within 3 hours of symptom onset (49). The addition of abciximab at the

Fig. 3. A meta-analysis of the relationship between age and in-hospital mortality

in 3032 patients from three primary angioplasty trials. (From ref. 4.)
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time of angioplasty in patients with acute transmural infarction is associ-

ated with improved survival at 1 year (95% vs 88%), in the entire patient

population, although results were not separately reported for the older

subsets (50). The addition of lytic therapy to glycoprotein-IIb/IIIa treat-

ment, on the other hand, was not associated with decreased infarct size,

the primary outcome, and was associated with an increased risk of major

bleeding (51).

ASPIRIN

The large, randomized International Study of Infarct Survival-2 con-

ducted in more than 17,000 patients with suspected MI, the majority

presenting with ST-segment elevation, demonstrated that aspirin therapy

reduces mortality in these patients (52). Compared to placebo, aspirin

reduced 35-day mortality by approximately 23%, from 13% to 10%. This

study included 3411 patients with MI over 70 years of age. In this impor-

tant subgroup, aspirin therapy decreased mortality by 22.3% compared

to placebo. Chronic aspirin therapy also reduces recurrent MI, stroke, or

cardiovascular death in older subjects who have experienced an MI (53).

In the Cooperative Cardiovascular Project review of more than 10,000

MI patients 65 years of age and older, aspirin use reduced 30-day mortal-

ity by 22% (54). Despite these overwhelming data for the use of aspirin

therapy in acute MI, up to one-third of older patients with no contrain-

dication do not receive aspirin at the time of their infarct (55). All older

patients without contraindications should receive aspirin therapy on ad-

mission to the hospital with acute MI and chronically thereafter.

�����-BLOCKERS

�-Blocker use following acute MI is greatly underutilized in the eld-

erly, despite overwhelming data that show significant survival advan-

tage with this therapy. In the large, randomized trials, the majority of

long-term benefit of �-blockers was driven by the benefit in those patients

over 65 years of age (56). In the large Cooperative Cardiovascular Project

database of more than 200,000 patients with MIs 65 years of age and

older, only 37% of all patients and 50% of “ideal” �-blocker therapy

candidates were discharged from the hospital on a �-blocker (57). Of ideal

candidates among the older post-MI patient with no contraindication to

�-blocker therapy, only 50% leave the hospital on this life-saving ther-

apy. In this large observational database, discharge on �-blocker resulted

in a 40% relative, and nearly 10% absolute, reduction in 2-year mortality

(57). This large survival benefit extends to all subgroups analyzed in this

large database, including all age groups from under 70 to older than 80
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years, Q-wave and non-ST-segment elevation MI, EF from less than 20%

to more than 50%, and regardless of other treatments received, including

angioplasty, coronary artery bypass surgery, and thrombolytic therapy.

Paradoxically, older patients who are less likely to receive �-blocker

therapy post-MI are those at highest risk for morbidity and mortality and

thus, would benefit most from this therapy. �-Blocker use in the older

post-MI patient is also beneficial long-term, particularly for those with

left ventricular dysfunction. In an analysis of the Metoprolol CR/XL

Randomized Interventional Trial in Heart Failure, that included patients

with symptomatic heart failure and an EF of 40% or lower, 1926 patients

had a prior MI (58). The mean age of this cohort was over 65 years, with

nearly all subjects on an angiotensin-converting enzyme (ACE) inhibi-

tor or an angiotensin receptor blocker (ARB). The mean EF was 28%.

This older cohort of post-MI patients with heart failure and left ventricular

dysfunction tolerated randomization to a �-blocker very well with fewer

study drug discontinuations in the �-blocker, compared to the placebo,

group. Eighteen-month mortality was reduced by 40%, sudden death by

50%, and death from worsening heart failure by 49%. These data suggest

that chronic �-blocker administration results in a significant survival advan-

tage over and above that afforded by standard ACE-inhibitor therapy in

older patients with heart failure and ischemic left ventricular dysfunction.

Randomized, placebo-controlled �-blocker trials have also evaluated

the short-term benefits of acute intravenous �-blockade. The majority of

patients enrolled into these trials suffered acute, transmural MIs. An

important mechanism of death in older patients with ST-segment eleva-

tion MI is myocardial rupture (1) and age is an important predictor of myo-

cardial rupture following transmural MI. Because one of the benefits of

acute intravenous �-blockade is a reduction in left ventricular wall stress,

and thereby a decreased risk of rupture, older patients with acute ST-seg-

ment elevation MI would be expected to benefit from intravenous �-

blockade in the acute MI setting as well. Although less than 10% of older

patients with an ST-segment elevation MI receive acute intravenous �-

blockade, data from large, randomized placebo-controlled trials indi-

cate that this therapy significantly reduces short-term mortality in those

patients above the age of 65 years (59).

There are probably several reasons why providers are reluctant to pre-

scribe �-blockers despite their proven benefit in post-MI older patients.

These include perceived increased risk of side effects and lack of bene-

fit. Cardiologists are most likely to prescribe �-blockers to older post-

infarction patients, whereas family practitioners are least likely (57).

Efforts at educating health care providers and providing feedback at dis-

charge to practitioners can improve the use of proven therapies in this
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age group (60). In the thousands of older patients with MI who have been

evaluated in randomized trials, there does not appear to be any subgroup

that does not benefit from �-blocker treatment.

INHIBITION OF THE RENIN–ANGIOTENSIN–
ALDOSTERONE SYSTEM

Similar to �-blockers, ACE inhibitor therapy offers a significant ben-

efit to the older, post-infarction patient, particularly those with left ven-

tricular dysfunction or heart failure. A meta-analysis of the four ran-

domized, placebo-controlled trials evaluating the effects of ACE inhibitor

therapy on early post-infarction mortality (primarily ST-segment eleva-

tion MIs) in 100,000 patients randomized to an ACE inhibitor showed

a significant reduction in 30-day mortality (61). These trials did not

mandate left ventricular dysfunction or heart failure as entry criteria. Of

this population, 30% was aged 65–74 years and 15% of the cohort was

aged 75 years and older. In the former age group, 30-day mortality was

nearly 11% lower in the ACE inhibitor group compared to the placebo

group. In patients 75 years of age and older, 30-day mortality was similar

in both groups. Importantly, the lack of benefit in those over 75 years

of age was related to excess mortality in older patients who developed

hypotension with intravenous ACE inhibitor therapy (62), particularly

early in the hospital course. Therefore, ACE inhibitors must be initiated

at a low dose and titrated based on hemodynamic stability of the patient.

There is a large benefit associated with ACE inhibitor therapy in higher

risk patients with left ventricular dysfunction or clinical heart failure

while in the coronary care unit. A meta-analysis of three randomized,

placebo-controlled trials involving 5966 patients with left ventricular

dysfunction (EF < 40%) or heart failure was reported (63). The mean age

of the cohort was 63 years. After a mean follow-up of 31 months, patients

randomized to the ACE inhibitor experienced a 26% reduction in mortal-

ity, a 27% decrease in heart failure hospitalizations, and a 20% decrease

in recurrent MI (63). There was no statistical heterogeneity on the ACE

inhibitor effect by age less than 55 years, 55–75 years, or older than 75

years and in each of the individual studies of high-risk patients, patients

over the age of 65 years and randomized to the ACE inhibitor arm had

a larger survival advantage vs placebo compared to the younger subjects

(64–66). These data suggest that ACE inhibitor therapy is an important

therapy for older post-MI patients with left ventricular dysfunction or

heart failure. Despite these data, only 58% of Medicare recipients with-

out any contraindications to ACE inhibitors were prescribed this medi-
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cation at hospital discharge following an MI (67). Discharge programs

need to be initiated to ensure appropriate post-infarct therapies are admin-

istered to the elderly.

Although ACE inhibitor therapy saves lives in patients post-MI with

left ventricular dysfunction and heart failure, angiotensin II and aldoster-

one levels, initially inhibited by high-dose ACE inhibitor therapy, even-

tually rise to pretreatment levels despite continued therapy (68,69).

There are several potential mechanisms including incomplete inhibition

of the renin–angiotensin–aldosterone system (RAAS) at maximally toler-

ated doses of ACE inhibitors and enzymatic pathways other than ACE

that may contribute to angiotensin II and aldosterone production (70).

These findings have prompted more recent post-infarction studies evalu-

ating the use of additional agents to further inhibit the RAAS.

The Valsartan in Acute Myocardial Infarction (VALIANT) trial tested

the hypothesis that treatment with the ARB valsartan, alone or in com-

bination with the ACE inhibitor, captopril, would result in improved sur-

vival compared with an ACE inhibitor alone in post-infarction patients

with left ventricular dysfunction (EF � 35%), clinical heart failure, or

both (71). This large trial randomized 14,703 patients to high-dose cap-

topril, high-dose valsartan, or a combination of the two. The median dura-

tion of follow-up was almost 25 months. The majority of patients had

Q-wave infarcts and more than 70% of patients were on �-blocker ther-

apy. The primary outcome of mortality (19.3% to 19.9%) did not differ

among the three randomized groups. The secondary outcome of cardio-

vascular mortality, recurrent MI, or heart failure hospitalization was also

similar in the three groups. Patients randomized to the captopril plus val-

sartan group were more likely to experience hypotension and renal dys-

function compared to the ACE inhibitor or ARB-only groups. The mean

age of this large cohort was about 65 years. Group comparisons in patients

65 years of age and older also showed no difference in mortality or car-

diovascular mortality and morbidity among the randomized groups. The

VALIANT trial therefore demonstrates that an ACE inhibitor or ARB are

equally beneficial. The clinical experience with ACE inhibitor therapy

is more extensive, but ARBs may be used in those patients who cannot

tolerate ACE inhibitor therapy. The combination, however, should not

be part of routine therapy owing to an increased risk of side effects with-

out any additional benefit.

 Aldosterone production is stimulated in the setting of left ventricular

dysfunction and heart failure, and hepatic clearance of aldosterone is

impaired. This results in a 20-fold increase in aldosterone levels in heart

failure patients (72). Elevated aldosterone levels not only promote salt
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and water retention, but also stimulate inflammation and fibroblast growth

and synthesis of collagen (73). This results in myocardial fibrosis and

probably contributes to adverse left ventricular remodeling following

MI (73). Adding an aldosterone receptor antagonist to an ACE inhibitor

in animal models of acute MI improves left ventricular remodeling with

decreases in left ventricular volumes and pressures, catecholamine levels,

collagen gene expression and left ventricular collagen content (73). These

animal data were followed by the Eplerenone Post-Acute Myocardial

Infarction Heart Failure Efficacy and Survival Study (EPHESUS) trial,

which tested whether eplerenone, an aldosterone antagonist which selec-

tively blocks the mineralocorticoid receptor, when added to standard

post-infarction therapy reduces mortality among patients with acute MI

complicated by left ventricular dysfunction and heart failure (74). In this

study, 6642 post-infarction patients were enrolled with EF of 40% or

less and clinical heart failure or with a low EF and diabetes. The majority

of patients suffered a Q-wave MI. Eighty-seven percent of the patients

received an ACE inhibitor, whereas 75% were on �-blockers. Potassium

levels were carefully followed with dose adjustments or discontinuation

of the study drug if potassium levels became elevated. Mortality, the pri-

mary outcome, was reduced 15%, from 16.7% to 14.4%, over a mean

follow-up of 16 months. Cardiovascular mortality or cardiovascular hos-

pitalizations were also significantly reduced in the eplerenone arm. There

was also a significant reduction in sudden cardiac death and heart failure

admissions in the eplerenone group. There was no statistical heterogene-

ity of benefit between subjects less than 65 years or 65 years or older.

These data indicate that in older patients with left ventricular dysfunction

and heart failure following a large transmural MI, the addition of epleren-

one to standard post-infarction therapy should be considered if renal

function is not impaired and potassium levels are carefully monitored.

HMG-CoA REDUCTASE INHIBITORS

Hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhibi-

tors also reduce cardiovascular events in the older post-infarction patient,

and are also usually under prescribed. The Cholesterol and Recurrent

Events trial randomized patients with a recent MI (60% Q-wave), total

cholesterol levels less than 240 mg/dL and low-density lipoprotein cho-

lesterol levels between 115 and 174 mg/dL to a statin or placebo. Twelve

hundred and eighty three patients in this trial were between 65 and 75 years

of age. Five-year cardiovascular event rates in this older cohort were

reduced a relative 32% and absolute 9% (19.7% vs 28.1%) with active

therapy compared with placebo (75). Secondary outcomes of coronary
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death and stroke were also significantly reduced with statin therapy com-

pared to placebo in the elderly. The number of older post-infarct patients

needed to treat with statin therapy to prevent one major cardiovascular

event was 11, and the number needed to treat to prevent one coronary

death was 22.

 These impressive beneficial results of statin therapy in older post-

infarction patients are mirrored in other large trials of secondary preven-

tion. In the Heart Protection Study, 5806 subjects enrolled were 70 years

of age or older and a large number of these had a history of a prior MI (76).

Similar to the total study population, the older subjects, including those 75

to 80 years at the time of enrollment, experienced a significant reduction

in cardiovascular events over the 5-year study period. In a large observa-

tional study of more than 7000 patients with angiographic coronary dis-

ease (30% with an MI), statin therapy prescribed at discharge decreased

significantly as the age of the patient increased (77) with fewer than one

in five patients with coronary disease over 80 years of age discharged on

statin therapy. After 3.3 years of observational follow-up, patients dis-

charged on statin therapy had a significantly lower mortality irregardless

of age. Importantly, the small number of side effects from statin therapy

was not age-related. Nevertheless, only a minority of older post-infarct

patients leaves the hospital on statin therapy, and a large number discon-

tinue statin therapy soon after hospital discharge (78). Education of phys-

icians and older patients of the benefit of risk-factor modification after

an MI, including statin therapy, will improve outcomes in these high-risk

patients.

SUMMARY

Increased age is a powerful predictor of short- and long-term morbidity

and mortality following acute MI. This increase in mortality exists even

in older patients with a first ST-segment elevation MI. The increase prob-

ably results from important age-associated changes in the cardiovascular

system, including impaired early diastolic filling, decreased �-adrenegic

response, increased vascular stiffness, and impaired endothelial function.

The latter age-associated change may explain why older patients with

acute ST-segment elevation MI are less likely to have collateral blood

flow to the occluded infarct vessel.

These findings mandate an aggressive approach to the older patient with

an ST-segment elevation MI. Angioplasty of the infarct vessel decreases

morbidity and mortality. Furthermore, large, randomized, placebo-con-

trolled trials that included older subjects demonstrate that aspirin, �-

blockers, ACE inhibitors, and HMG-CoA reductase inhibitors should be
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standard post-MI therapy in the older post-infarct patient. Physician and

patient education are critical to implementing the findings from these clin-

ical trials into routine provider practice.
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INTRODUCTION

Ischemic heart disease is the leading cause of morbidity and mortality

for adults in the Western world. Approximately 1.4 million patients are

admitted to US hospitals for unstable angina and non-ST-elevation myo-

cardial infarction (UA/NSTEMI) (1). Of patients admitted to US hospitals

for MI, 37% are 75 years of age or older (2). When compared to younger

patients with acute coronary syndrome (ACS), elderly patients are more

likely to have medical and cardiac co-morbidities and atypical symptoms

complicating initial diagnosis. Elderly patients are more likely to have

adverse outcomes associated with ACS, with 60% of MI-related deaths

occurring in the population 75 years of age or older (2). Despite the
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burden of risk in elderly patients, evidence-based therapies are under-used

in this age group (3–5).

Significant improvements in the care of patients with UA/NSTEMI

have resulted from the introduction and evaluation of new pharmacolog-

ical and interventional therapies. However, elderly patients are severely

underrepresented in clinical trials for ACS (2). As a result of this under-

representation and physiological differences among age groups, recom-

mendations for treatment of elderly patients often rely on subgroup anal-

yses of major trials and extrapolation based on physiological differences.

DEFINITIONS AND PATHOGENESIS

UA/NSTEMI comprises a pathophysiological syndrome, characterized

by an imbalance between myocardial oxygen supply and demand (Fig. 1).

The most common cause is decreased myocardial perfusion resulting

from coronary narrowing caused by nonocclusive thrombus formation

following disruption of an atherosclerotic plaque. Resultant microem-

bolization of platelet aggregates causes small vessel occlusion. Elderly

patients are more likely than younger patients to have hypertension, myo-

cardial hypertrophy and diastolic dysfunction as contributing mecha-

nisms to ACS (6). Additional pathophysiological differences include

reduced hepatic and renal function resulting in impaired metabolism and

clearance of therapeutics. Elderly patients tend to have decreased arterial

compliance resulting in increased cardiac afterload and to have dimin-

ished �-sympathetic responses. These factors combined with more fre-

quent medical co-morbidities and polypharmacy in the elderly increase

the risk of drug–drug interactions and side effects. Risk factors for coro-

nary artery disease (CAD) differ among elderly and non-elderly patients.

In the Thrombolysis In Myocardial Infarction (TIMI)-III registry, elderly

patients were more likely than non-elderly to have systemic hyperten-

sion, and a prior history of MI, but less likely to have hypercholesterole-

mia, a family history of CAD and to smoke (5).

To help standardize the assessment and treatment of patients with UA/

NSTEMI the American Heart Association (AHA) and American College

of Cardiology (ACC) convened a task force to produce guidelines for the

management of UA/NSTEMI. The original document was published in

2000 (1), and as a result of significant advances in the field, an update was

published in 2002 (7). Elderly patients are discussed in this document as

a “special group,” recognizing physiological differences from younger

populations (7). This recognition of the importance of the care of elderly

patients with UA/NSTEMI, the underutilization of secondary preven-

tive measures and potential differences in response to therapies led to the
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publication of an AHA scientific statement on the secondary prevention

of coronary heart disease in the elderly in 2002 (8). When possible, strength

of recommendations (Table 1) will be referred to in the text of this chapter.

Fig. 1. Schematic of the causes of unstable angina/non-ST-evaluation myocardial

infarction (UA/NSTEMI). Each of the five bars represents an etiological mecha-

nism and the filled portion of the bar represents the extent to which this mechanism

is operative. This figure represents the most common form of UA/NSTEMI in

which an underlying plaque (mechanical obstruction) combined with acute throm-

bosis causes severe obstruction. (Modified from ref. 5a.)

Table 1
American College of Cardiology/American Heart Association

Classification of Evidence Used in Unstable Angina/Non-ST-Evaluation
Myocardial Infarction Guidelines

Class I: Conditions for which there is evidence and/or general agreement

that a given procedure is useful and effective

Class II: Conditions for which there is conflicting evidence and/or

a divergence of opinion about the usefulness/efficacy of

a procedure or treatment

Class IIa: Weight of evidence/opinion is in favor of usefulness/efficacy

Class IIb: Usefulness/efficacy is less well established by evidence/opinion

Class III: Conditions for which there is evidence and/or general agreement

that a given procedure is not useful/effective and in some cases

may be harmful

From ref. 7.



144 Cardiovascular Disease in the Elderly

DIAGNOSIS AND EARLY MANAGEMENT
OF UA/NSTEMI

Two important issues arise in the initial evaluation of any patient with

a suspected ACS; the likelihood that the clinical presentation represents

true ACS, and the risk of adverse outcomes. The initial clinical evalu-

ation to address both of these issues should include history, physical

examination, electrocardiogram (EKG), and cardiac biomarkers includ-

ing a cardiac-specific troponin and/or creatine kinase MB iso-enzyme.

Both of these initial goals are modified by the evaluation of elderly

patients. Elderly patients are more likely to present with atypical symp-

toms of UA/NSTEMI, including shortness of breath and congestive heart

failure (CHF). These symptoms are thought to result from exaggerated

increases in ventricular pressures resulting from the combination of ische-

mia and a noncompliant left ventricle (9). As a result of these atypical

features, a high index of suspicion is necessary in the evaluation of elderly

patients and a lower threshold for ordering diagnostic testing should be

maintained. In addition, advanced age alone places patients in a higher

clinical risk category prior to assessment of other factors.

The use of a risk prediction rule for early assessment of patients with

UA/NSTEMI can help clinical decisions regarding level of monitoring,

pharmacological therapies and use of an early catheterization strategy.

Multiple risk scores have been developed from large clinical trials to assess

risk of adverse outcomes in patients presenting with unstable angina and

NSTEMI (10–12). One example is the TIMI risk score for UA/NSTEMI

(10), a seven-point risk score (Fig. 2) integrating historical factors, tempo

of presentation, EKG findings, and cardiac biomarkers into an integer

score. Increasing scores are associated with an increased risk of develop-

ing adverse outcomes including death, (re)infarction, and recurrent ische-

mia requiring revascularization. The risk of developing these outcomes

ranged from 5% to 41% with increasing scores. Importantly, this risk

score may be used to help guide therapeutic decisions. Patients with higher

risk scores derive greater benefit from specific pharmacological ther-

apies (enoxaparin [10], or glycoprotein [GP] IIb/IIIa inhibitors [13])

and an early cardiac catheterization (early invasive) strategy (14). Elderly

patients tend to have higher risk score values than younger patients as a

result of age being one component of the score, and a greater likelihood

of co-morbidities and severity of CAD. Some controversy exists regarding

the applicability of these risk scores to elderly populations (15), although

the utility of using these scores as an intellectual framework to understand

contributors to adverse outcomes remains.
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HOSPITAL CARE

General Principles

Patients with UA/NSTEMI should be admitted to an in-patient unit and

undergo continuous monitoring for arrhythmia and monitoring for recur-

rent ischemia. Patients with high-risk indicators such as recurrent pain or

hemodynamic disturbance should be admitted to a unit, such as a coronary

care unit, capable of intensive monitoring. The main considerations for

treatment include anti-ischemic agents, antiplatelet agents, anti-throm-

botic agents and a strategy of care with consideration of an early invasive

strategy. Elderly patients are less likely to receive evidence-based thera-

pies for the management of UA/NSTEMI, despite being at higher risk for

adverse outcomes (5). General recommendations for the pharmacologi-

cal treatment of elderly patients with UA/NSTEMI is to follow accepted

treatment for younger patients with recognition and anticipation of in-

creased side-effect profiles of therapeutics in this population (7,16).

Anti-Ischemic Therapy

ACC/AHA class I anti-ischemic interventions for all patients include

supplemental oxygen, nitroglycerin sublingually or intravenously for relief

Fig. 2. Thrombolysis In Myocardial Infarction (TIMI) risk score for unstable angina/

non-ST-evaluation myocardial infarction (UA/NSTEMI). A single point is assigned

for each of the risk factors present at the time of presentation. The risk score is the

total number of risk factors present. D, death; MI, myocardial infarction; TRS,

TIMI Risk Score; CAD, coronary artery disease; ASA, acetyl salacytic acid (aspi-

rin). (Adapted from ref. 10.)
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of recurrent ischemia and associated symptoms, and �-blocker intra-

venously for ongoing chest pain followed by oral administration in the

absence of contraindications.

Nitroglycerin acts as a venous and arterial vasodilator and reduces

myocardial oxygen demand by decreasing both afterload and preload,

and increases oxygen supply by direct vasodilation of coronary arteries.

Nitrates given sublingually, orally, topically, or intravenously are indi-

cated for symptomatic relief of angina in patients with UA/NSTEMI.

There are no large-scale, randomized controlled trials of nitrates in UA/

NSTEMI, thus recommendations are based on extrapolation from physi-

ological principles. Elderly patients are more prone to exaggerated hypo-

tensive effects of nitroglycerin (17), thus cautious dose escalation and

careful monitoring should be employed with these agents.

�-Adrenergic receptor blockers, a cornerstone of treatment of patients

with UA/NSTEMI, act by competitively inhibiting catecholamine action

at �-1 adrenergic receptors on cell surfaces. They act by reducing heart

rate, contractility, and systemic blood pressure and decreasing myocardial

oxygen demand. �-blockers should be administered intravenously and

then by orally in high-risk patients or patients with ongoing anginal symp-

toms or orally in low to intermediate risk patients (7). These agents reduce

subsequent infarctions in patients with UA/NSTEMI (18), and reduce

mortality in acute MI (19,20), including the elderly (4). Elderly patients

have diminished responsiveness to �-adrenergic stimuli and decreased

atrioventricular (AV) nodal conduction, thus the response to these agents

may not be entirely predictable. Despite these concerns, the use of �-

adrenergic receptor blockers is recommended in all elderly patients with

special attention to pharmacological response and careful use of other

agents that also may affect AV nodal conduction.

Antiplatelet Therapy

Three classes of antiplatelet agents have important roles in the man-

agement of UA/NSTEMI: aspirin, thienopyridines, and GP IIb/IIIa inhib-

itors. Aspirin is a cornerstone of the management of ACS, and has been

shown to reduce recurrent ischemic events by 50%–70% (21), and in

patients older than 65 with acute MI, it is associated with a 22% lower mor-

tality (3). For these reasons, aspirin should be used in all patients with

suspected, likely, or definite ACS in the absence of known contraindi-

cation. For patients who cannot take aspirin because of intolerance, the

thienopyridine antiplatelet agent clopidogrel should be substituted.

Clopidogrel is a potent thienopyridine antiplatelet agent that acts by

irreversibly blocking the P2Y12 receptor on the platelet surface and
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thereby inhibiting platelet activation and aggregation. In the care of the

patient with UA/NSTEMI, clopidogrel in addition to aspirin is now con-

sidered a class I recommendation (7) by the ACC/AHA. Recent publica-

tion of major clinical trials studying this agent has increased indications

for its use. Clopidigrel in Unstable Angina to prevent Recurrent Ischemic

Events (CURE) (22) randomized more than 12,000 patients with UA/

NSTEMI to clopidogrel or placebo in addition to aspirin. Patients were

followed for 3 to 12 months. Those assigned to clopidogrel experienced

a 20% reduction in the composite of death, MI, and stroke. This improve-

ment was accompanied by a small, but significant increase in bleeding,

especially in patients who underwent coronary artery bypass grafting

(CABG) within 5 days of the discontinuation of clopidogrel. Among 6208

patients in the CURE study older than 65, there was a statistically signifi-

cant 14% reduction in the primary endpoint. In an analysis of patients in

this study undergoing percutaneous coronary intervention (PCI-CURE)

(23), patients were pretreated with clopidogrel or placebo for a median of

10 days. After PCI, patients received open-label clopidogrel for 4 weeks

followed by study drug for an average of 8 months. Patients treated with

clopidogrel had a 30% reduction in both early (30-day) and long-term

cardiovascular events. As a result of these studies, clopidogrel is recom-

mended in addition to aspirin for the treatment of UA/NSTEMI (7). Treat-

ment is recommended for at least 1 month and up to 9 months, as supported

by the Clopidogrel for the Reduction of Events During Observation

(CREDO) trial (24). For patients in whom elective CABG is planned,

the drug should be withheld for 5 to 7 days. There have been no specific

studies of clopidogrel limited to the elderly, although nearly half of the

patients enrolled in CURE were older than 65 years. Thus, for elderly

patients with ACS without contraindication, clopidogrel should be used

in addition to aspirin.

A third class of agents to be considered during hospitalization for UA/

NSTEMI is the intravenous GP IIb/IIIa inhibitors. GP IIb/IIIa inhibitors

bind to the GP IIb/IIIa receptor on the platelet surface and interfere with

platelet aggregation by interrupting the formation of fibrin crosslinks.

There are three agents currently available for clinical use, abciximab, a

monoclonal antibody, and the “small-molecule” GP IIb/IIIa inhibitors

eptifibatide (a peptide) and tirofiban (a synthetic non-peptide). Clinical

trials of the small-molecule GP IIb/IIIa inhibitors indicate that these agents

benefit selected patients with UA/NSTEMI (25). The Platelet Glycopro-

tein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin

Therapy (PURSUIT) trial compared eptifibatide vs placebo in combina-

tion with heparin and aspirin in 10,948 patients with UA/NSTEMI, and



148 Cardiovascular Disease in the Elderly

showed a 9.5% overall reduction in the composite endpoint of death and

nonfatal MI at 30 days (26). In subgroup analyses among patients 65

years and older, a nonsignificant benefit was observed, and there was no

age-treatment interaction, suggesting that benefit was similar regardless

of age (27). The Platelet Receptor Inhibition in Ischemic Syndrome Man-

agement in Patients Limited by Unstable Signs and Symptoms (PRISM-

PLUS) study evaluated the combination of tirofiban with heparin vs hep-

arin alone in patients with UA/NSTEMI (28). The group assigned the

combination of heparin and tirofiban experienced a 32% reduction in the

primary endpoint of death, MI, or refractory ischemia at 7 days. In the

subgroup of patients older than 65, a significant 24% reduction in the pri-

mary endpoint was seen. Among patients receiving GP IIb/IIIa inhibi-

tors for UA/NSTEMI, there appears to be a greater benefit for patients who

are undergoing a subsequent early invasive strategy (cardiac catheteri-

zation with planned PCI) (25,29), and for those with elevated cardiac tro-

ponins (30), or other high-risk indicators such as elevated TIMI risk score

(13). Global Use of Strategies to Open Occluded Arteries in Acute Coro-

nary Syndromes (GUSTO IV-ACS showed no benefit for abciximab as

compared to placebo (31) in patients for whom an early conservative (non-

interventional) strategy was chosen, including the over 65 subgroup. As

a result of these findings, GP IIb/IIIa inhibitors are recommended for

patients in whom catheterization and PCI are planned and the small-mole-

cule inhibitors are recommended for high-risk patients regardless of treat-

ment strategy. Among elderly patients, the results appear to be consistent

with the overall trial results and it is reasonable to follow similar recom-

mendations. Specific attention should be given to renal function as the

small-molecule GP IIb/IIIa inhibitors are cleared by the kidney and im-

paired renal function may result in higher drug levels and an increased

likelihood of bleeding complications.

Anti-Thrombin Therapy

Activation of thrombin plays an important role in the pathophysiology

of ACS, and blockade of this pathway is an important target in the thera-

peutic strategy. Two classes of agents, unfractionated heparin (UFH) and

low-molecular-weight heparins (LMWHs) should be considered. UFH

dosing is usually performed by weight-based algorithms, however owing

to decreased protein levels and renal function, these may overestimate

the dosing needed to achieve therapeutic levels in elderly patients (32).

Advanced age is also associated with higher heparin levels, higher par-

tial thromboplastin times, and an increased bleeding risk (33). LMWHs

are relatively more potent inhibitors of factor Xa, and have more predict-
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able pharmacology (34). A major advantage of these compounds is this

predictability, removing the need for laboratory monitoring of anticoag-

ulation status.

UFH and aspirin are superior to aspirin alone for the treatment of patients

with UA/NSTEMI (35), and therefore anticoagulation with a heparin has

a class I indication in the ACC/AHA guideline (7). Limited data are

available from randomized trials regarding the outcomes of this therapy

in elderly patients with UA/NSTEMI, however, data from studies of other

disease states suggest that the elderly are more likely to have bleeding

complications (36) and cautious dosing and monitoring should be followed.

Recent trial data have shown superiority of the LMWH enoxaparin

when compared to UFH for patients with UA/NSTEMI (37), resulting in

a class IIa recommendation for enoxaparin as a preferred anticoagulant

over UFH in patients with UA/NSTEMI (7).

Coronary Revascularization

In addition to the medical management of patients with UA/NSTEMI,

important decisions regarding a strategy of coronary angiography and

subsequent revascularization must be made. An early conservative strat-

egy refers to initial medical management of patients without intent to per-

form coronary angiography unless there is evidence of recurrent ische-

mia at rest (or with minimal activity) or a strongly positive noninvasive

test for ischemia. An early invasive strategy refers to the planned use of

coronary angiography and revascularization early in the hospital course

in patients without contraindications.

Several clinical trials have been performed to evaluate the question of

which strategy is superior in the treatment of patients with UA/NSTEMI.

Early trials including TIMI-III B (38) and VA Non-Q Wave Infarction

Strategies in-Hospital (VANQUISH) (39) showed similar clinical out-

comes overall regardless of treatment strategy. However, more recent

trials employing more modern medical and procedural techniques in-

cluding Fragmin during Instability in Coronary Artery Disease (FRISC)–

II (40) and Treat angina with Aggrastat and determine Cost of Therapy

with Invasive or Conservative Strategy (TACTICS)-TIMI 18 (41) have

shown a significant benefit for an early invasive strategy. The benefits

were strongest in patients with indicators of high-risk including ST-seg-

ment deviation and elevated cardiac troponins. In accord with these results,

the 2002 ACC/AHA guideline recommends an early invasive strategy in

patients with UA/NSTEMI and high-risk indicators including recurrent

angina/ischemia at rest or with low-level activities despite intensive anti-

ischemic therapy, elevated cardiac troponins, ST-segment depression, CHF,
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depressed left ventricular function (ejection fraction [EF] <40%), sustained

ventricular tachycardia, PCI within 6 months or prior coronary bypass

surgery.

As with medical therapy, characteristics of elderly patients including

a greater likelihood of severe CAD and medical co-morbidities affect

decisions regarding interventional strategy. Observational studies indi-

cate that elderly patients are much less likely than are younger patients

to undergo coronary angiography and revascularization (5,42). Several

studies examining the procedural success rates in elderly patients have

shown results similar to younger patients in carefully chosen subjects

(43). However, some studies show decreased procedural success rates and

increased complications in the oldest groups (44,45) including an increase

in peri-procedural MI (46). Predictors of adverse outcomes in PCI such

as CHF, renal impairment, and diabetes apply to both in younger and older

patients, but more likely to be present in elderly patients (47).

Most clinical trials have not specifically addressed the issue of invasive

vs conservative management of the elderly. One prospective randomized

trial of invasive vs conservative therapy in patients older than 75 years

with chronic CAD (at least Canadian Cardiovascular Society [CCS] II),

the Trial of Invasive Versus Medical Therapy in Elderly Patients With

Chronic Symptomatic Coronary-Artery Disease (TIME) trial has been

published (48). Patients undergoing revascularization had a lower rate

of major adverse cardiac events (26% vs 65%, p < 0.0001) at 6 months

and improved symptomatic status compared to patients assigned to an

initial conservative management strategy. In an analysis of the TACTICS-

TIMI 18 trial (49), an enhanced benefit was seen in elderly patients treated

with an invasive strategy for UA/NSTEMI. Among 962 patients 65 years

or older, an early invasive strategy was associated with a 4.1% absolute

and 44% relative reduction in the incidence of death or nonfatal MI at 30

days (5.7% vs 9.8%, p = 0.018), and a 4.8% absolute and 39% relative

reduction at 6 months. Among patients younger than 65 years old the ben-

efit was not significant at 30 days (6.1% vs 6.5%, p = 0.79) or 6 months.

This analysis showed that the number needed to treat to prevent one event

was 21 among the elderly, compared to 250 among patients younger than

65. The results in this trial were even more striking for the patients older

than 75 years, with an absolute benefit of 10.8% and a relative benefit of

56% at 6 months (10.8% vs 21.6%). These benefits in clinical endpoints

were somewhat offset by an increased rate of hemorrhage in patients older

than 75 years treated with the invasive strategy (16.5% vs 6.5% TIMI

major bleeding, p = 0.009). A similar pattern was present in the FRISC-

II trial, with the majority of the benefit of early invasive therapy occur-

ring in patients 65 years or older (40).
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The results of these trials suggest that similar to other high-risk patient

subsets, the elderly may derive particular benefit from an invasive strat-

egy, although the risk of adverse events may also be increased. Although

patients in clinical trials tend to have less severe co-morbidities than the

general population, these data suggest that well-chosen elderly patients

are likely to derive an important benefit from this strategy, and that in

the absence of significant medical co-morbidities, that advanced age

should be considered an indication for, rather than a contraindication to,

an invasive approach.

If an invasive strategy is pursued, indications for type of revascular-

ization in UA/NSTEMI are similar to those for patients with chronic stable

angina (50). The mode of revascularization (PCI vs CABG) is dependent

on the extent and location of atherosclerotic lesions, left ventricular func-

tion and co-morbidities. CABG is recommended for patients with left

main CAD. CABG is also recommended for patients with three-vessel

CAD or two-vessel CAD including proximal left-anterior descending

coronary involvement with either decreased left ventricular function or

diabetes mellitus. The rates of important adverse outcomes including

cerebrovascular events is significantly increased in elderly patients (51),

however, observational studies showed improved clinical outcomes among

octogenarians undergoing CABG compared to patients with similarly

severe CAD who do not undergo CABG (7). When examined over time,

outcomes seem to be improving (52), and when adjusted for risk factors

such as left ventricular dysfunction, repeat CABG, peripheral vascular

disease, and diabetes, age per se was not a significant predictor of outcome

(52). Because of the increased risk of adverse events, careful consider-

ation of operative risk and benefit must be considered in the decision for

surgical revascularization in the elderly. As noted previously, recent data

suggest that these procedures are of benefit in well-chosen patients, how-

ever, in patients with considerable medical comorbidities, PCI may be an

important option for patients who would otherwise have “surgical” CAD.

SECONDARY PREVENTION

Discharge Medications and Risk-Factor Modification

In addition to anti-ischemic medications in incompletely revascularized

patients, the ACC/AHA guidelines list five medications as class I recom-

mendations for long-term treatment of patients following UA/NSTEMI.

These agents include aspirin, clopidogrel in addition to aspirin for 9

months, a �-blocker, an angiotension-convering enzyme (ACE) inhibi-

tor for patients with CHF, EF less than 40%, hypertension, or diabetes,
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and a hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhib-

itor for patients with low-density lipoprotein (LDL) greater than130 or

greater than 100 after diet intervention. More recent guidelines suggest a

goal LDL of less than 70 mg/dL in patients with unstable angina (52a). The

benefits of aspirin, clopidogrel, and �-blockers as well as the risks asso-

ciated with their use in the elderly were discussed previously in this chap-

ter. In addition to considerable clinical trial data regarding the benefit of

ACE inhibitors in CHF, information from the Heart Outcomes Prevention

and Evaluation (53) has shown a benefit of long-term use of ACE inhib-

itors in patients with CAD (or patients at risk for development of CAD).

In the subgroup of patients at least 65 years old, there was a consistent and

significant benefit for ACE inhibitor use. The use of HMG-CoA reductase

inhibitors for secondary prevention of CAD is well established (54). In the

Cholesterol and Recurrent Events study, the subset of patients over age 60

derived a 27% relative reduction in death, MI, or need for subsequent re-

vascularization (54). The Pravastatin or Atorvastatin Evaluation and Infec-

tion Therapy-TIMI 22 trial compared early intensive treatment with 80

mg of atorvastatin with moderate intensity therapy with 40 mg of prava-

statin in 4162 patients stabilized following ACS (55). The intensive low-

ering arm achieved a median LDL cholesterol of 62 mg/dL, whereas the

moderate therapy group achieved a median LDL cholesterol of 95 mg/dL.

The overall trial demonstrated a 16% relative reduction in the composite

of death, MI, rehospitalization for ACS, and revascularization with a

mean follow-up period of 24 months. In the subgroup of patients 65 or

older (30%) there was a nonsignificant 5% reduction in the primary end-

point for intensive therapy, although there was no significant interaction

between age and treatment suggesting the main results can be applied to

the elderly (55). As a result of these studies, it can be recommended that

following ACS, patients without contraindications, including the elderly,

should be treated with an HMG-CoA reductase inhibitor, regardless of

their LDL level. Careful monitoring for side effects including myositis

and liver function abnormalities should be performed on a regular basis.

In addition to medical treatment for secondary prevention, control of

known risk factors for CAD is an important goal for post-ACS treatment

(8). These risk factors include smoking, hypertension, hypercholesterol-

emia, obesity, diabetes mellitus, and sedentary lifestyle. Extensive data

exist for the benefits of exercise training following hospitalization in the

elderly in terms of improvement of functional capacity (8). A greater

level of physical activity among patients with and without heart disease

is associated with improved outcomes (56,57), although causality has

not been established. Clinical studies of cardiac rehabilitation are lacking
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in the elderly population, but these interventions may be of particular

benefit to elderly patients who are more likely to become deconditioned

during hospital stays for UA/NSTEMI (58).

SUMMARY AND CONCLUSIONS

UA/NSTEMI represents a clinical syndrome that affects more than 1

million patients annually, with a significant proportion of these patients

being elderly. Important medical advances in the care of these patients

have improved outcomes. The elderly represent a subset of patients who

are at high risk for adverse events. Because of differences in physiology

and pathophysiology, co-morbidities and polypharmacy, the elderly also

are at increased risk for side effects from medications and complications

of interventions. However, despite these risks, available data suggests that

elderly patients tend to have similar or greater benefit from established

therapies. Unfortunately, the elderly are still less likely to receive proven

therapies. In conclusion, the care of elderly patients presents particular

difficulties in risk stratification and choice of therapies, but a remarkable

opportunity to improve both single-patient and population outcomes with

evidence-based therapies.
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INTRODUCTION

Cardiovascular disease (CVD) has been the number one cause of

death each year in America since 1900, except for 1918, the year of the

Spanish flu pandemic. As the population—particularly the baby-boomer

generation—ages, this statistic is unlikely to change. The segment of the

population that is older than age 80 is growing more rapidly and is living

longer than age-matched populations from the late 19th century and

from present-day Europe (1). Those over 80 years old represent 3% of

the current population and they are anticipated to increase threefold by

the year 2050 (2). This is expected to have a significant impact on public

health resources as symptomatic coronary artery disease (CAD) is present
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in an estimated 30% of octogenarians with 50% expected to have CAD

as their cause of death (3,4). Given that elderly patients have greater

risks associated with invasive therapies, questions persist regarding the

safest and most efficacious treatments to manage CAD and alleviate

anginal symptoms. Current indications for percutaneous coronary inter-

vention (PCI) include stable angina, acute coronary syndromes (ACS),

and myocardial infarctions (MIs). This chapter discusses issues pertain-

ing to elective PCI in the aged patient population. The issues of safety,

efficacy, and risk–benefit ratio are highlighted.

TREATMENT GOALS

CAD in elderly patients presents significant challenges not present

in younger patients. Physicians must seriously deliberate the risks and

benefits as well as patient expectations when treating this population.

Patient age, life expectancy, and overall health are factors that may help

guide physicians in their decision-making process. For example, a 65-

year-old healthy patient with no physical impairment is expected to live

an additional 13.6 years, whereas a healthy 85-year-old patient with no

physical impairment is expected to live an additional 4.2 years (5). The

younger patient stands to lose substantial quality-of-life years from pre-

mature cardiac death or sustained symptomatic CAD, and, therefore,

may appreciate a greater benefit from complete revascularization, with

either PCI or coronary artery bypass grafting (CABG). In elderly patients,

however, treatment goals may differ. A mortality benefit is unlikely to

be achieved when the average life expectancy is already less than 5 years.

Thus, it may be reasonable to pursue symptomatic improvement, mini-

mization of complications, and shorter hospitalization as primary treat-

ment objectives.

PCI VS CABG

An age-based approach to CAD treatment is particularly germane

when considering a patient for PCI vs CABG. Although CABG in younger

patients has relatively low morbidity and mortality, CABG in elderly

patients poses substantial, life-altering risks including debilitating stroke,

heart attack, long-term disability, and death. Any of these complications

may affect a patient’s ability to maintain autonomy or to care for a loved

one. A complete discussion of risks, benefits, and alternatives should be

presented to patients so they can weigh the risks of therapy with perceived

values and therapeutic goals. Younger patients have a lower surgical risk

and thus may be best served by complete revascularization. Conversely,



Chapter 7 / PCI in the Elderly 161

older patients may benefit most from incremental symptomatic improve-

ments and the lower risks associated with PCI.

Increased co-morbidities and arterial calcifications in elderly patients

significantly increase the risks associated with CABG. O’Keefe et al.

performed a retrospective, case–control study comparing coronary angio-

plasty and CABG in patients older than 70 years old (6). In-hospital com-

plication rates were greater for CABG and included mortality (9% vs 2%),

serious in-hospital stroke (5% vs 0%), and Q-wave MI (6% vs 1%). The

survival curves equilibrated after 1 year and showed no significant dif-

ference in the 5-year actuarial survival. Postoperative independence and

quality of life were not reported, which may be important due to the sig-

nificant difference in stroke (5% vs 0%) and the resultant loss of indepen-

dence. Similar results were reached in the Department of Veterans Affairs

Angina With Extremely Serious Operative Mortality (VA AWESOME)

multicenter registry, which found that the 3-year survival rates for angio-

plasty vs bypass surgery were not significantly different (Fig. 1) (7).

More than 50% of patients in the VA AWESOME study were older than

70 years old, and interestingly, 68% of patients with anatomy suitable

for either CABG or PCI, elected angioplasty instead of CABG when given

the choice. Serruys et al. conducted the Comparison of Coronary-Artery

Bypass Surgery and Stenting For The Treatment of Multivessel Disease

(SOS trial). The SOS trial enrolled patients needing CABG or PCI in

patients suitable for either therapy (Fig. 2) (8). One major difference,

however, is that the mean age in the SOS trial was 61 ± 10 years, notably

younger than the O’Keefe et al. and the VA AWESOME registry. All three

trials reported strikingly similar conclusions: there is no difference in actu-

arial survival between the two groups over 36-month follow-up and PCI

is associated with increased unstable angina and need for repeat revascu-

larization. Given the age-related co-morbidities and intrinsic limits on life

expectancy, it is not surprising that survival benefits are not elucidated

over the 3-year follow-up period. Deciding between a surgical and percu-

taneous approach to revascularization becomes a balance between accep-

table risks and increased duration of hospitalization vs the increased poten-

tial for future unstable angina and repeat revascularization. These studies

underscore the importance of communicating the procedural risks and

benefits, and directly addressing age-related differences when selecting

treatment options.

The risk of stroke with CABG increases dramatically with advancing

age and occurs in 2.6% to 8.5% of elderly patients (6,9–15). Roach et al.

examined two categories of neurological injury following CABG: type

I (focal injury, or stupor or coma at discharge) and type II (deterioration
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Fig. 1. Kaplan-Meier plots of survival for coronary artery bypass grafting (CABG)

(�) vs percutaneous coronary interventions (PCI) (x) in physician-directed regis-

try. (From ref. 7 with permission.)

Fig. 2. Actuarial survival (A), Kaplan-Meier estimates of survival without myocardial

infarction or cerebrovascular events (B), and Kaplan-Meier estimates of survival

without cerebrovascular events, myocardial infarctions, or repeated revascularzation



Chapter 7 / PCI in the Elderly 163

Fig. 2. (Continued) (C) among patients assigned to undergo stenting, as compared

with those assigned to undergo coronary artery bypass grafting (CABG). There was

a significant difference between the groups in survival without cerebrovascular

events, myocardial infarctions, or repeat revascularization (p < 0.001 by the log-

rank test). (From ref. 8, with permission.)

in intellectual function, memory deficit, or seizure) (9). Two major risk

factors for type I and type II outcomes were age greater than 70 and prox-

imal aortic calcification, which were found in more than 20% of patients

over the age of 70. Age was the leading factor associated with both type

I and II outcomes. The mortality associated with peri-operative stroke
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was 21% and was unchanged over the preceding decade. Perhaps more

importantly, almost 50% of patients with type I outcomes required skilled

nursing home or rehabilitation care upon discharge, compared to 30%

with type II outcomes and 8% without obvious central nervous system

injury.

Educating patients about treatments options is essential to ensire they

are informed about the risks and benefits of revascularization, as well

as realistic about their postprocedure quality of life. In essence, PCI is

associated with fewer major adverse outcomes compared to CABG, but

at the expense of more frequent episodes of unstable angina, Q-wave MIs,

and revascularizations. The recovery time for PCI is measured in days,

compared to longer hospitalizations and recovery time following CABG,

especially if there is an adverse outcome.

TRIALS OF PERCUTANEOUS CORONARY
INTERVENTION IN THE ELDERLY

Despite the higher prevalence of CAD in older patients, most ran-

domized control trials (RCTs) fail to include a representative sample of

elderly patients. To date, only a minority of patients enrolled in primary

angioplasty studies are considered elderly; Lee et al. reported that only

2.8% of patients in recent primary angioplasty studies were age 75 or

older (16). Older patients are still referred for PCI, as there is increasing

data to support the safety and efficacy of its use. In the late 1980s and

early 1990s, several small studies examined percutaneous transluminal

coronary angioplasty (PTCA) in elderly patients (17–30). Although these

reports demonstrated the safety of PCI in elderly patients, most were

small, nonrandomized single-institution studies that were unable to draw

strong conclusions regarding morbidity and mortality because of inade-

quate sample size. These smaller studies predate the stent era and modern

antiplatelet therapies, and therefore, may not be applicable to contem-

porary practice.

From 1994 to 2001, several larger registry studies investigated PCI ±

stenting in elderly patients. These studies clearly documented the increas-

ing use of stents and decreasing use of other atheroablative procedures

(7,14,31–32). In the VA AWESOME study, stent use increased from 26%

in 1995 to 89% in 2001, and as stent use increased, the use of atherectomy

devices and intra-aortic balloon counterpulsation decreased (7). This is

corroborated by reports from The National Cardiovascular Network

(NCN) that show increased stent use from 4% in 1994 to 66% in the last

quarter of 1997 (31), and then to 78% in 1999 (33). They noted a similar

decrease in atheroablative procedures, from 18% to 5% over the same
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time period (14,31). From 1994 to 1997, Batchelor et al. used the NCN

registry to demonstrate an 81% to 86% (p = 0.009) statistically significant

improvement in procedural success and a nonstatistically significant

decrease in the combined endpoint of death, MI, and cerebrovascular

accident, from 6% to 3.8% (p = 0.14) (31). Improved procedural success

is likely related to improved operator skill, increased use of stents, and

increased use of antiplatelet therapies, although antiplatelet therapy is

not clearly documented. A trend suggests a possible mortality benefit

with the addition of stenting, but did not reach statistical significance.

Although mortality is obviously an important endpoint, improving

quality of life is an equal, if not more important, endpoint for aged patients.

A study by Kahler et al. examined quality of life after angioplasty in octo-

genarians (34). Not surprisingly, the angioplasty success rate for octogen-

arians was inferior to the younger group (88% vs 97%). Similar differ-

ences in success rates were observed in studies by Batchelor et al., 84%

vs 89% (p < 0.001) (31) and DeGregorio et al., 90% vs 93% (35). A study

by Little et al., however, reported a statistically insignificant success rate

favoring octogenarians over younger controls (89% vs 88%, p = NS) and

demonstrated a higher clinical success rate in the octogenarian arm (93%

vs 88%, p = NS).

These studies show that PCI is well tolerated and is associated with

a high procedural and clinical success rate. More than 90% of patients

reported satisfaction with their postprocedure quality of life and 88%

stated they would undergo repeat PCI if needed (36). Kahler et al. showed

a quality-of-life improvement that was equivalent and, in some cases,

greater for elderly patients compared to their younger cohort. Octogen-

arians are likely less active than the younger control group and may have

a greater appreciation for any incremental symptomatic improvement

that could help them maintain their autonomy.

PCI FOR STABLE ANGINA

There are several studies that address whether stenting with PCI im-

proves outcomes in elderly patients with stable angina (37–39). The Trial

of Invasive Versus Medical Therapy in Elderly Patients With Chronic

Symptomatic Coronary-Artery Disease (TIME) investigators performed

a randomized, multicenter trial in patients aged 75 and older with angina,

Canadian Cardiovascular Society class II or greater, and who were already

treated with at least two anti-anginal medications. They examined major

adverse cardiovascular events as well as changes in quality of life (40).

This intention-to-treat analysis randomized 305 patients to an invasive

strategy (PCI or CABG) if indicated (n = 155) vs a noninvasive approach
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optimizing medical management alone (n = 150). Primary endpoints

included quality of life at 6 months and the occurrence of major cardiac

events including death, nonfatal MI, or hospital admission for ACS with

or without the need for revascularization. Quality-of-life questionnaire

data collection occurred at the time of enrollment and at 6 months fol-

low-up. In the invasive arm, 79 patients underwent PTCA, 68 of whom

received at least one stent, and 30 underwent CABG.

Fortunately, both invasive and noninvasive strategies demonstrated

improved quality of life and decreased angina upon reassessment, but

the improvement was greater following revascularization (Fig. 3). One-

third of the medical management patients required revascularization

secondary to refractory angina. Major adverse cardiac events were more

frequent in the medical group (49%) vs invasive group (19%), with the

majority of events being hospital admission for ACS with and without the

need for revascularization. A nonsignificant excess mortality was asso-

ciated with an invasive strategy, although half of these deaths occurred

in patients unsuitable or unwilling to undergo revascularization. A simi-

lar increased mortality was shown (42,43) in previous studies, but these

studies enrolled only patients with anatomy suitable for revasculariza-

tion. Unfortunately, the symptomatic benefit observed with early revas-

cularization at 6 months disappeared at 1-year follow-up, although the

increased adverse cardiac events in the medical vs invasive group per-

sisted at 1 year (64% vs 25.5%, p < 0.001) (44). At 1-year, the TIME trial

investigators concluded that elderly patients with refractory angina bene-

fit from maximal medical therapy and then revascularization if angina

persists.

PCI FOR UNSTABLE ANGINA

Morrison et al. addressed short- and long-term survival in “high-risk”

elderly patients with unstable angina in a single-center, retrospective

analysis (46). They compared survival with PCI to CABG using predicted

CABG short-term survival and US census long-term mortality rates.

They observed PCI survival rates of 87% and predicted surgical survival

rates of 85.5%. Of the 84% of patients who survived 6 months, subsequent

yearly survival through 5 years was comparable to age-matched subjects

in the US census. Quality of life and life free of anginal symptoms were

not reported. Owing to the low number of patients followed, conclusions

for the higher risk population, including patients with cardiogenic shock,

intra-aortic balloon counterpulsation, and need for vasopressor agents

could not be drawn.
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Fig. 3. Event-free survival and time to death and nonfatal myocardial infarction

from the TIME trial. The invasive approach was associated with improved event-

free survival but no difference in rates for time to death and nonfatal myocardial

infarction. (From ref. 40, with permission.)
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Short-Term Outcomes

Several studies investigated potential risk factors associated with

adverse outcomes and PCI. Not surprisingly, age is consistently a risk

factor for procedural complications and has a curvilinear relationship

with mortality (31). Risk factors associated with increased mortality were

shock (mortality 31%), acute MI (mortality 11%), renal insufficiency or

left ventricular ejection fraction (EF) less than 35% (mortality 7.2%),

first percutaneous coronary angioplasty (mortality 2.7%), age over 85

(mortality 1.8%), diabetes mellitus (mortality 1.2%), and no identifiable

risk factors (mortality 0.79%) (Fig. 4) (31). This algorithm presents a rea-

sonable means of assessing pre-procedural risk of mortality with PCI. The

reported mortality of 31% with shock is only about half the rate reported

in the Should we Emergently Revascularize Occluded Coronaries for

Cardiogenic Shock (SHOCK) trial and may underestimate the actual risk

of death (47).

Multivariate risk analysis by Gold et al. determined the following high-

risk features for post-procedural mortality: left venricular EF less than

40%, unstable angina at presentation, and incomplete revascularization

Fig. 4. Tree diagram illustrating the mortality for octogenarians stratified accord-

ing to the independent predictors defined from the multivarable model. Patients

are included into only one risk group considering the presence of each risk factor

in descending order of predictive importance. The observed mortality and corre-

sponding 95% confidence intervals are presented at the bottom. (From ref. 31, with

permission.)
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at procedure termination (6). A subsequent study using the NCN registry

data collected from January 1998 to June 1999 created a scoring system

to estimate the probability of in-patient mortality for octogenarians under-

going PCI. The scoring system uses the following variables: left ven-

tricular end-diastolic pressure, EF, weight, and presence of acute MI,

diabetes, emergent cases, and the absence of prior PCI. To determine

mortality risk, points are allotted for each risk factor and then added

together. The absolute point total reflects the cumulative mortality risk

(Table 1).

A retrospective analysis in the pre-stent era by Malenka et al. examined

12,232 PTCA cases with 121 procedural and peri-procedural related

deaths, and identified variables that increased the likelihood of death

(48). Factors associated with an increased mortality risk included advanc-

ing age (odds ratio [OR] 4.15 for age >80), female gender (OR 3.41),

number of diseased coronary arteries, emergent cases, pre-procedural

use of nitroglycerin, and use of an intra-aortic balloon pump. The modes

of death for all ages were low-output failure (66.1%), ventricular arrhy-

thmia (10.7%), stroke (4.1%), pre-existing renal failure (4.1%), bleed-

ing (2.5%), ventricular rupture, respiratory failure, pulmonary embolism,

and infection. The cause of death was procedure-related in 53.7% of cases,

and when it was procedure-related, the patient was more likely female.

It is unclear why procedure-related mortality is higher in elderly women.

Other complications occurring more frequently in octogenarians vs

patients younger than 80 years old include a combined endpoint MI and

cerebrovascular accident (4.9% vs 1.9%), Q-wave MI (1.9% vs 1.3%),

cerebrovascular accident (0.58% vs 0.23%), renal failure (3.2% vs

1.0%), major blood loss defined as need for transfusion (9.9% vs 3.6%),

and vascular complications (6.7% vs 3.3%) (31). Although meticulous-

ness is advised in all PCI cases, particular attention should be observed in

patients with advanced age. Gaining arterial access with a single arterial

puncture, using prehydration and careful manipulation of intra-aortic

catheters may all decrease risk. When indicated, iso-osmolar nonionic

contrast (49) and N-acetycysteine may decrease the risk of worsening

renal insufficiency or acute renal failure (50).

Long-Term Outcomes

Inherent difficulties exist in determining the long-term clinical bene-

fit of PCI in elderly patients. Even in the acute setting, there is not evidence

that angioplasty improves long-term survival. In fact, a retrospective anal-

ysis involving close to 100,000 MI patients older than 65 years by Thiemann

et al. established that access to angioplasty or bypass surgery did not con-

fer a survival advantage over hospitals without this technology, in agree-
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Table 1
Scoring System Estimating the Probability of In-Hospital Mortality

in Octogenarians Who Underwent Percutaneous Coronary Interventions

1. Find points for each predictive factor

      LVEDP              % Ejection fraction             Weight

MmHg

points points % Points kg Points Risk factor

5 8 10 60 40 71 Acute MI

51

10 17 20 51 50 47 No prior PCI

34

15 25 30 43 60 24 Emergent

34

20 33 40 34 70 11 Diabetes

36

25 42 50 26 80 9

30 50 60 17 90 8

35 58 70 9 100 6

80 0 110 5

120 3

130 2

2. Add up points for all predictive factors

3. Look up risk corresponding to total points

Points Probability of in-hospital mortality

8 0.1%

36 0.2%

65 0.4%

81 0.6%

93 0.8%

102 1%

131 2%

148 3%

160 4%

169 5%

200 10%

219 15%

233 20%

245 25%

255 30%

264 35%

273 40%

281 >45%

LVEDP, left ventricular end-diastolic pressure; MI, myocardial infarction; PCI,

percutaneous coronary intervention. (From ref. 43, with permission.)
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ment with the results of a previous studies (51,52). Evidence suggests that

although stenting does not improve survival more than angioplasty alone

(45), it may contribute to the increased procedural success rates (31).

Abizaid et al. examined late outcomes with coronary stenting in

three age groups: younger than 70 years old, 71 to 80 years old, and older

than 80 years. Interestingly, at 1-year follow-up, they showed that car-

diac events (death, MI, and need for revascularization) did not differ

among the three groups (53). There was no significant difference in revas-

cularization among the three age groups, supporting the suggestion that

instent restenosis (ISR) in elderly patients is similar to that in younger

patients (9,54,55). To the contrary, De Gregorio et al. suggested that

angiographic ISR in elderly patients was significantly higher (47% vs

28%, p = 0.0007) than in younger patients (35). Although they included

a younger patient population (60.7 ± 10.4 years), Morice et al. showed

significant survival free of MI and repeated revascularization over 3-

year follow-up among patients receiving sirolimus-eluting stents com-

pared to standard stents (Fig. 5) (56). Similar results, if attained among

elderly patients, may influence future decisions concerning CABG vs

PCI and, therefore, potentially reduce morbidity and mortality associ-

ated with open heart surgery and repeat catheterizations. Further studies

are necessary to determine whether aged patients are prone toward ISR

Fig. 5. Kaplan-Meier estimates of survival free of myocardial infarction and

repeated revascularization among patients who received sirolimus-eluting stents

and those who received bare metal stents. (From ref. 56, with permission.)
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and if chemical-coated stents influence the incidence of ACS or repeat

revascularization.

ANTI-THROMBOTIC
AND ANTIPLATELET THERAPY IN PCI

The current 2002 American College of Cardiology/American Heart

Association (ACC/AHA) Guidelines recommend three forms of anti-

platelet and anti-thrombotic therapy for unstable angina or non-ST-seg-

ment elevation MI: aspirin, clopidogrel, and either unfractionated heparin

or low-molecular-weight heparin. Even routine PCI in the non-acute

setting, with or without stenting, requires antiplatelet therapy including

aspirin, clopidogrel and often a glycoprotein (GP) IIb/IIIa inhibitor or

direct thrombin inhibitor. Co-morbidities like gastrointestinal (GI) bleeds,

malignancies, risk of trauma from falling, and hemorrhagic strokes create

challenging risk–benefit decisions that complicate the routine adminis-

trations of these proven medications. Despite the high prevalence of coro-

nary disease, there is a paucity of antiplatelet safety and efficacy trials

in elderly patients; therefore, practitioners must use clinical judgment

and risk–benefit assessments to determine which medications are most

appropriate.

Most trials of GP IIb/IIIa inhibitors did not include the very old popu-

lation. Sedeghi et al. followed 14,308 consecutive patients undergoing

PCI between January 1998 and June 2001; 1392 were at least 80 years of

age (9.7%) (57). Four hundred and fifty-nine (33% of the 1392 patients)

received GP IIb/IIIa inhibitors: eptifibitide was used in 73% of cases, the

remaining 27% of cases utilized abciximab. GP inhibitors were used

more often in the following types of patients: male, MI less than 2 weeks

prior, higher hematocrit (38.5 ± 5% vs 37.5 ± 5%), active ACS and triple-

vessel CAD. Patients with a prior history of peptic ulcer disease and/or

a history of peripheral vascular disease were less likely to receive GP IIb/

IIIa inhibitors. Overall, the GP IIb/IIIa inhibitor patients were more likely

to have access and nonaccess site-related bleeding, including GI bleeds,

but did not have a significantly increased risk of transfusion (9.8% with

GP IIb/IIIa inhibitor vs 8.6% without GP IIb/IIIa inhibitor, p = NS). On

average, hospitalization was prolonged by 1 day with GP IIb/IIIa inhibi-

tor use. No differences in retroperitoneal bleeds were noted and no intra-

cranial hemorrhages were observed. Low-dose heparin and early sheath

removal were encouraged to decrease risk of bleeding. In the accompany-

ing editorial, Rogosta alludes to the clinical applicability of the study by

Sedeghi et al. because it includes a real world patient population without

the exclusion criteria of RCTs (58). There are no strict safety criteria to
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define patients eligible for GP IIb/IIIa inhibitors; rather use is based on

physician preference. Further studies to define higher risk features would

help identify appropriate patient subgroups. The bivalirudin and provi-

sional glycoprotein IIb/IIIa blockade compared with heparin and planned

glycoprotein IIb/IIIa blockade during percutaneous intervention trial:

REPLACE-2 randomized trial analyzed bivalirudin and provisional GP

IIb/IIIa inhibitors compared to heparin and GP IIb/IIIa inhibition (59). Un-

published data from the REPLACE-2 database confirm a uniform degree

of bleeding reduction in all age groups, including the elderly, when bivali-

rudin and provisional GP IIb/IIIa inhibitors are used instead of heparin and

GP IIb/IIIa inhibition. As expected, elderly patients are at greater risk for

bleeding complications (Michael Lincoff, personal communication).

Clopidogrel loading 6 hours prior to PCI with short (1-month) and

long-term (1-year) therapy was studied in the Clopidogrel for the Reduc-

tion of Events During Observation (CREDO) trial (60). This randomized,

double-blind, placebo-controlled trial enrolled 2116 patients scheduled

to undergo elective PCI. At 1 year, a 26.9% relative risk reduction in death,

MI, and stroke existed with clopidogrel compared to placebo (Fig. 6). There

was a nonsignificant increased risk of bleeding of 8.8% with clopidogrel,

Fig. 6. CREDO trial results showing a decreased combined endpoint of death, MI,

and stroke with clopidogrel vs placebo. (From ref. 60, with permission).
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compared to 6.7% with placebo (p = NS). Further studies are needed to

demonstrate the safety of clopidogrel in the very-old population, as the

in the mean age in the CREDO study was 61.5 years.

CONCLUSION

Although it does not extend life, PCI improves anginal symptoms and

is associated with fewer major adverse events compared to CABG. PCI is,

however, associated with more frequent repeat revascularization and hos-

pitalizations for unstable angina. For elderly patients, where life is often

measured by quality rather than quantity, PCI offers a relatively safe re-

vascularization option that is proven to improve quality of life.
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BACKGROUND

The elderly population is the most rapidly expanding sector of the

US population, with an estimated 13 million citizens over the age of 75,

including 1.6 million nonagenarians and 72,000 centenarians; these fig-

ures are expected to quadruple over the next half century (1). Based on

population studies, life expectancy at the age of 80 years is 8.5 years, and

at the age of 85 and over, it is 6.3 years (2). These striking demographics

are, in large part, believed to be the result of improvements in the preven-

tion and treatment of cardiovascular disease (CVD) in young and middle-

aged adults, leading to improved survival and the delayed onset of disease

until later years. Consequently, there has been a marked increase in the

incidence and prevalence of cardiac disease in older adults (3,4), making

CVD the leading cause of morbidity and mortality in the elderly. Despite

advances in medical therapies for CVDs, however, the morbidity and

mortality of cardiac disease in older individuals remain high (5–8). Hence,

cardiac surgery, a well-established means of increasing survival and
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improving the quality of life in many patients under the age of 70 years,

is becoming increasingly common in septuagenarians, octogenarians,

and even nonagenarians (9).

With respect to cardiac surgery, older patients generally present with

lower functional reserve and more co-morbidities than do younger patients,

which predispose them to complications and death. Consequently, with

new emphasis being placed on procedural outcomes, many cardiologists

and cardiac surgeons have become reluctant to offer elderly patients bene-

ficial cardiac operations. Many cardiac surgeons shy away from geriatric

patients based on advanced age alone. With the rise of percutaneous inter-

ventions, many cardiac surgeons are operating on older, sicker patients

compared to their initial practices. This anticipated shift in patient demo-

graphics has prompted several cardiac groups to examine the consequences

of cardiac surgery performed in the elderly.

Over the past decade, there has been a steadily increasing number of

elderly patients with symptomatic coronary artery disease considered

for coronary artery bypass grafting (CABG) surgery (10). Indeed, CABG

performed in octogenarians in the United States increased by 67% from

1987 to 1990 (10–12). There are a significant number of published out-

comes series of CABG performed in septuagenarians, octogenarians,

and nonagenarians in recent years (3,5,6,10,11,13–15). In general, how-

ever, most of these reports have reported quite varied morbidity and mor-

tality rates reflecting comparatively small sample sizes and divergent

experiences at single institutions (Table 1). For example, among octoge-

narians undergoing CABG surgery, reported mortality rates range from

8% to 24%, postoperative stroke rates from 2% to 9%, and postoperative

renal failure rates from 2% to 13% (16). Despite this variance in outcomes,

most of these studies conclude that, in carefully selected older patients,

cardiac operations can be performed with hospital mortality rates nearly

comparable to those in younger populations, albeit at increased hospi-

talization costs owing to longer hospitalizations and higher intensities of

illness. Identified predictors for in-hospital mortality include emergency

operation (8), operation complexity, and the presence of co-morbidities

(e.g., renal failure, chronic obstructive pulmonary disease [COPD]) (16).

EVALUATION OF THE ELDERLY PATIENT
FOR CARDIAC SURGERY

Operation Complexity

Alexander and colleagues examined outcomes in the elderly among

several major cardiac operative classifications. As expected, CABG and
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CABG combined with valve surgery performed in octogenarians was

associated with overall higher mortality and morbidity rates than observed

in younger patients (Table 2). Among a subset of octogenarians without

significant co-morbidity, Alexander’s operative series revealed a 4.2%

mortality with CABG only, 7% mortality with CABG with aortic valve

replacement (AVR) and 18.2% mortality with CABG with mitral valve

replacement (MVR). Comparing these results to the literature, it appears

that the mortality rates for CABG only and combined CABG/AVR in these

“ideal” octogenarians is comparable to outcomes in younger patients.

It is well established that the addition of valve replacement to CABG

significantly increases operative mortality across all age groups. How-

ever, although AVR appears to increase mortality by the same amount

across age categories, MVR adds increasingly to operative mortality risk

with advancing age (Fig. 1). This observation may arise from the fact

that patients with mitral valve disease often have significantly impaired

left ventricular function that compounds the diminished physiological

reserve in elderly patients. Furthermore, MVR usually requires more

cardiopulmonary bypass time to complete than AVR; Kolh and associ-

ates noted that prolonged cardiopulmonary bypass increased in-hospital

mortality in octogenarians (23).

These data suggest that adding complexity to a cardiac operation has

a disproportionately high impact on mortality and morbidity rates in the

elderly in comparison with younger patients. Consequently, it is gener-

ally wise to pragmatically balance these heightened risks vs the pro-

jected benefits of performing complex cardiac operations in the elderly.

An area that deserves mention in selecting the appropriate operation for

a given elderly patient lies in valve prosthetic selection. In general, it is

preferable to select a bioprosthetic valve (i.e., porcine or bovine pericar-

dial) as opposed to a mechanical valve for most replacement procedures

in the very elderly because these devices do not require long-term anti-

coagulation with coumadin. The potential for thrombotic and bleeding

complications stemming from coumadin use in the elderly are heightened

by increased rates of falling, pathological bone fracture, and inadequate

anticoagulation dosing (e.g., confusion, forgetfulness). With improved

design and tissue-fixation techniques, bioprosthetic durability and hemo-

dynamics have improved significantly in recent years (17). With current

mitral bioprostheses, structural valve deterioration resulting in valve fail-

ure averages 30% at 10 years and then accelerates with actuarial freedom

from primary tissue failure ranging from 35% to 71% at 15 years (18). For

stented aortic bioprostheses, large series indicate freedom from reoper-

ation owing to structural valve deterioration is greater than 95% at 5 years,

greater than 90% at 10 years, but less than 70% at 15 years (19).
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Valve-sparing techniques, including mitral valve repair (particularly

in cases of marginal left ventricular function) and aortic valve-sparing

techniques (e.g., Tirone-David, Ross procedures) represent alternatives

to valve replacement therapies that also obviate the need for long-term

anticoagulation. When considering valve-sparing procedures, it is impor-

tant to realize that these operations often are more complex than standard

valve replacement operations, imposing longer operative and cardiopul-

monary bypass times with their attendant risks in elderly patients. Cer-

tainly, mechanical valve prosthetics should be considered in very healthy

and vigorous elderly patients who would be most likely to outlive a bio-

prosthetic valve.

In the arena of coronary revascularization, “off-pump” techniques, in

which CABG is performed on the beating heart without cardiopulmo-

nary bypass support, have been postulated to be particularly beneficial

in elderly patients. Indeed, the putative benefits of off-pump CABG con-

tinue to be debated in the form of conflicting study results. It is generally

accepted that, compared to CABG performed with cardiopulmonary by-

pass, off-pump CABG confers less blood loss, fluid overload, early tran-

sient renal dysfunction, and myocardial enzyme leak. These advantages,

however, have not consistently translated into improved clinical outcomes

such as reduced hospitalization, wound complication rates, and postopera-

tive pain. There is currently no compelling evidence that supports improved

Fig. 1. Observed in-hospital mortality after cardiac surgery. Diamond, CABG;

solid square, CABG/AVR; triangle, CABG/MVR; AVR, aortic valve replacement;

CABG, coronary artery bypass grafting; MVR, mitral valve repair or replacement.

(From ref. 16.)
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neurocognitive outcomes with off-pump CABG in any patient age group.

Furthermore, there are several large, well-designed reviews suggesting

that intermediate- to long-term graft patency, completeness of myocar-

dial revascularization, and freedom from reintervention (i.e., angioplasty,

reoperation) are compromised with the off-pump approach (20–22).

Nevertheless, off-pump techniques provide an excellent option for

the cardiac surgeon in patients with high-grade ascending aortic athero-

sclerotic disease. Widely considered as the most substantial risk for embo-

lic stroke, mechanical manipulation (i.e., clamping) of an atherosclerotic

aorta can be avoided with the use of off-pump techniques and/or anasto-

motic stapling devices. Additionally, in elderly patients with poor left

ventricular function, off-pump CABG precludes the global myocardial

ischemia and “stunning” associated with cardioplegic arrest, potentially

reducing the incidence for post-cardiotomy failure and mechanical ven-

tricular assistance in this high-risk group.

Suitability for Operation

It is well demonstrated in the literature that judicious selection of car-

diac surgical candidates among elderly patients is critical to maintaining

acceptable outcomes. In general, predictors of poor operative outcomes

in the elderly are similar to those in younger patients, however, their

impact on operative mortality and morbidity tend to be much higher. Con-

sequently, in relation to evaluating younger patients, these predictors

should be considered more seriously in elderly candidates for cardiac sur-

gery. Disregard of these considerations would result in an unacceptably

high rate of morbidity and mortality in this population.

EMERGENCY OPERATION

Emergency operation is a strong positive predictor of increased in-

hospital mortality when compared with a purely elective group Ko and

associates reported mortality rates of 33.3% for emergent cases, 13.5%

for urgent cases, and 2.8% for elective cases in octogenarians undergo-

ing CABG (8) and identified emergency operation and decreased ejec-

tion fraction as two independent risk factors for mortality. Furthermore,

these authors reported that morbidity rose strikingly, from 14% for elec-

tive CABG to 67% for emergency CABG in octogenarians. In a multi-

variate analysis of 182 octagenarians, Kolh and associates noted that

urgent procedures significantly increased the risk for in-hospital mortal-

ity (23). Likewise, Alexander and associates demonstrated that preop-

erative shock, preoperative hemodynamic assist device, and emergency

procedures were all predictive of in-hospital mortality after CABG in
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octogenarians (16). Referring physicians should avoid feeling compelled

to “at least give the patient a shot” under these dire circumstances because

those patients who do manage to survive, and their families, are usually

relegated to protracted hospitalizations only to be followed by institu-

tional death or disability.

An illustrative example of prohibitively high surgical mortality is that

of ascending aortic, or Stanford Type A, dissection repair in the very

elderly. Neri and colleagues reviewed the outcomes of 24 consecutive

octogenarians who underwent acute type A dissection repair from 1985

to 1999. The authors found that the overall hospital mortality was a stag-

gering 83% (24). Furthermore, none of the four surviving patients dis-

charged from the hospital was capable of independent functioning and

all eventually died after 6 months. In this circumstance, age in excess of

80 years was the most important independent patient risk factor associ-

ated with 30-day mortality and morbidity. Although these data do not

conclusively suggest that this life-saving operation be denied octoge-

narians based on age alone, it represents an example of the heightened

mortality associated with emergent cardiac surgery in the elderly.

SEVERE RESPIRATORY INSUFFICIENCY

Elderly patients suffering from severe COPD should be excluded from

cardiac surgery. Protracted ventilatory dependence is common if the forced

expiratory volume at 1 minute (FEV
1
) is less than 65% of the vital capacity

or if the FEV
1
 is less than 1 L.

RENAL FAILURE

Preoperative renal failure should be considered a strong relative con-

traindication to cardiac surgery, primarily owing to the large fluid shifts

and electrolyte alterations associated with cardiopulmonary bypass and

high mortality rates. In a retrospective analysis, Engoren found that the

survival rate among patients initiating dialysis postoperatively was 30%

among octogenarians and 57% among septuagenarians (10).

NEUROLOGICAL/PHYSICAL DISABILITY

Elderly patients who are physically disabled (e.g., nonambulatory) as

a result of a history of strokes or other causes should not be considered

for cardiac surgery as it is unlikely that the substantial physical and occu-

pational rehabilitation requirements after cardiac surgery will be achieved.

Most causes of physical disability in the very elderly are not cardiac related

(e.g., arthritis, Alzheimer’s disease, peripheral vascular disease [PVD])

and will not be ameliorated with cardiac surgery.
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PERIOPERATIVE CONSIDERATIONS
Preoperative Evaluation

All patients considered for cardiac surgery undergo a preoperative

evaluation to identify conditions that may preclude or alter the conduct

of the operation and to provide an opportunity to optimize the conditions

for a successful outcome. First and foremost, a detailed history and phys-

ical examination should be obtained from the patient, particularly the

elderly, because their medical and surgical histories as well as medication

regimens are quite often more complex than those for younger patients.

Prior thoracic surgery (e.g., prior cardiac operation, lung or esophageal

resection), peripheral vascular surgery, and saphenous vein stripping

may have a direct impact on the planned cardiac operation. Prior medias-

tinal radiation may not only complicate the performance of a median

sternotomy, but can adversely affect sternal wound healing and internal

mam-mary graft patency. Medical conditions that increase morbidity

and mortality in elderly cardiac surgical patients include COPD or restri-

ctive pulmonary disease, diabetes, renal insufficiency, and PVD. If pres-

ent, these conditions must be well characterized and treated optimally,

if possible.

Second, a complete blood count, electrolyte panel, urinalysis, and coag-

ulation profile should be obtained preoperatively to identify undiagnosed

blood dyscrasias, electrolyte disturbances, renal insufficiency, active or

chronic infections, and coagulopathy. Many of these conditions can be

corrected or ameliorated preoperatively, effectively decreasing the risk

of postoperative complications.

Third, a chest radiograph and 12-lead electrocardiogram should be

obtained routinely to detect malignancy (i.e., new pulmonary nodule),

aortic pathology (e.g., aneurysmal disease, heavy calcifications), arrhyth-

mias, and nonviable myocardial territories.

Other optional preoperative tests include pulmonary function tests in

the setting of significant pulmonary insufficiency, duplex venous ultra-

sonography in the setting of varicosities or suspect saphenous vein qual-

ity, dental examination to identify and treat caries in valve replacement

candidates, and duplex carotid ultrasonography. In a retrospective analy-

sis, Durand et al. identified age in excess of 65 years, carotid bruit, and

history of cerebrovascular accident or transient ischemic attack as strong

risk factors for hemodynamically significant carotid stenosis (i.e., � 70%

luminal narrowing of the affected internal carotid artery) and periopera-

tive stroke in CABG patients (25). Because significant carotid stenosis has

been identified as a risk factor for perioperative stroke in CABG patients

(26), concomitant or staged carotid endarterectomy and coronary bypass
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operations are often performed to reduce the incidence of perioperative

stroke; the efficacy of this approach remains controversial.

Intraoperative Considerations

The conduct of cardiac operations in elderly patients is essentially iden-

tical to such procedures performed in younger patients. However, there

are several considerations that are pertinent to older patients undergoing

cardiac surgery. First, extra care should be afforded older patients during

their positioning on the operating room table. Orthopedic and/or neuro-

logical injuries can occur owing to the less compliant cervicothoracic

spine, hip, and extremity joints in elderly patients. Leg abduction to facili-

tate bladder catheter placement and saphenectomy, cervical extension

during intubation, and arm abduction for intravascular line (e.g., radial

arterial line, peripheral intravenous line) placement should be handled

with this consideration.

The liberal use of transesophageal echocardiography should be encour-

aged in elderly patients to determine if the ascending thoracic aorta has

high-grade atherosclerotic disease, which may predispose to perioper-

ative stroke; simple palpation of the aorta by the surgeon is an extremely

insensitive mode of inspection.

Higher cardiopulmonary bypass perfusion pressures are often used in

elderly patients in an effort to improve end-organ perfusion during by-

pass. In a randomized trial, Gold and associates reported a significantly

lower incidence of cardiac and neurological complications in CABG

patients whose mean arterial pressure (MAP) was maintained between

80 and 100 mmHg on bypass as compared to those patients whose MAP

was maintained from 50 to 60 mmHg (27).

There is some evidence that relative anemia should be avoided in geri-

atric patients undergoing cardiac surgery. Floyd and colleagues report that

anemia and advancing age are associated with increased cerebral blood

flow after cardiac surgery and postulate that this hyperemia may play an

important role in the higher incidence of perioperative stroke and cogni-

tive dysfunction in elderly patients (28). Furthermore, in a retrospective

review, Wu et al. reported that avoiding anemia (hematocrit less than

30%) with blood transfusions is associated with a lower short-term mor-

tality rate among elderly patients sustaining acute myocardial infarction

(29). Optimizing oxygen-carrying capacity by avoiding anemia in geria-

tric patients undergoing cardiac surgery may play a beneficial role.

Finally, cardiac surgery differs from other types of surgery due to the

routine use of cardiopulmonary bypass. During bypass, blood is exposed

to extracorporeal non-endothelial cell surfaces and continuously recircu-

lated throughout the body. This contact with synthetic surfaces in the
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bypass circuit and a variety of tissues in the wound produces a massive

humoral and cellular inflammatory cascade. This cascade, in turn pro-

duces thrombotic, vasoactive, and cytotoxic consequences affecting vir-

tuallly every organ system. These consequences appear to be less well

tolerated in elderly patients undergoing cardiac surgery and probably con-

tributes substantially to the heightened morbidity and mortality associ-

ated with this age group. Consequently, particular attention should be paid

to minimizing the duration of cardiopulmonary bypass when perform-

ing cardiac surgery on the elderly.

Postoperative Considerations

The postoperative care of elderly cardiac surgical patients is much like

that afforded to younger patients. Special emphasis, however, is placed

on early mobilization, physical and occupational therapy, and pulmonary

toilet in order to reduce the heightened risks of bedsores, deep venous

thrombosis/pulmonary embolism, and pneumonia in the older patient.

Furthermore, the institution of environmental measures to reduce the high

risk of “sundowning” or postoperative delirium in the hospitalized elderly

patient is critical. These measures include quiet single rooms to facilitate

normal sleep–wake cycles, signposts to time and location (e.g., clock,

calendar, window), consistency in care staff, liberalized visitation by fam-

ily and friends, correction of any pre-existing sensory impairments (e.g.,

hearing aids, eyeglasses), and the judicious use of opioid narcotics.

POSTOPERATIVE COMPLICATIONS

Although mortality rates in selected older patients appear to be accept-

able, hospital morbidity remains a significant problem in elderly patients

undergoing cardiac surgery. In a review of the literature on octogenarian

patients, Bacchetta et al. reported postoperative morbidity ranging from

at least 20% to 68%, and 30-day mortality from 6% to 29% (30). In their

own series of nonagenarian surgical patients, these authors reported an

overall morbidity rate of 67%, representing 28 of 42 patients suffering

complications, including arrhythmias, respiratory (e.g., pneumonia, res-

piratory failure), infectious (e.g., wound, sepsis), and hemorrhage or

emboli (e.g., postoperative bleeding, cerebrovascular accident). Although

these complications occur in all patients undergoing cardiac surgery, sev-

eral are particularly prevalent in the elderly population.

Delirium

Postoperative delirium and agitation is a neuropsychiatric complica-

tion of cardiac surgery associated with significantly increased morbidity
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(e.g., falls, infections, pressure sores), mortality, prolonged hospital stays

and costs, and increased requirements for postdischarge institutional-

ization (31). There is clear scientific evidence that geriatric patients expe-

rience a disproportionate incidence of delirium after cardiac surgery,

however, owing to the variability in its presentation in this patient popu-

lation, delirium is often overlooked, misdiagnosed, and mistreated. Sev-

eral prospective and retrospective trials have attempted to better charac-

terize postoperative delirium. Van der Mast and colleagues conducted a

prospective study investigating the incidence of and preoperative pre-

dictors for delirium after cardiac surgery (32). The investigators noted

an incidence of postoperative delirium of 13.5%, which is in line with

published incidences of 3% to 47% in prior studies. Age over 65 years and

plasma albumin concentrations less than 40 g/L were strong predictors for

delirium after cardiac surgery. Similar studies corroborate that risk fac-

tors include patient age, cerebral disease, and poor preoperative medical

status (33–35). Common precipitants of postoperative delirium include

infection, hypoxia, myocardial ischemia, metabolic derangements, and

anticholinergics. Taken together, these observations suggest that post-

operative delirium in geriatric patients is multifactorial.

Outcome studies investigating the consequences of cardiac surgery in

septuagenarians and octogenarians have concluded that cardiac surgery

can be performed in the elderly with good hospital and late functional

results, but at higher hospital costs and longer hospital stays than those

for younger patients (10). A significant cause of longer hospitalizations

for geriatric cardiac patients lies in the propensity for transient postoper-

ative neuropsychiatric dysfunction.

Unfortunately, delirium in the elderly and its treatment have not been

well studied in the past owing to methodological hurdles, a lack of con-

sensus about its definition, and a tacit acceptance that it is a natural mani-

festation of reduced physiological reserve in the geriatric set. Therefore,

postoperative delirium in geriatric patients has been chronically under-

appreciated as an independent entity that requires thoughtful intervention

beyond simply diagnosing it and searching in vain for an underlying cause.

Clearly, there is a need for research aimed toward more effective treat-

ment of delirium in geriatric patients sustained after cardiac surgery.

One therapeutic approach that we are investigating involves treating

elderly patients suffering from postoperative delirium with scheduled

regimens of neuroleptics and benzodiazepines. Neuroleptics are the cor-

nerstone of pharmacological treatment for delirium as they ameliorate a

range of symptoms, are effective both in patients with a hyperactive or

hypoactive clinical profile and generally improve cognition (36). Low-

dose benzodiazepines can be useful adjuncts to neuroleptics in the treat-
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ment of delirium, particularly delirium associated with alcohol or seda-

tive withdrawal. By maintaining a cyclical sleep-wake cycle with sched-

uled administration of these agents during acute states of delirium, we

postulate that the total duration of delirium will be reduced compared to

standard “prn” (as needed) administration of high-dose opioids, neuro-

leptics, and/or benzodiazepines.

Another experimental therapeutic approach is based on the premise that

delirium occurring after cardiac surgery seems to result, at least in part,

from serotoninergic receptor overstimulation. In a small study, Bayindir

and colleagues demonstrated that ondansetron, a 5-HT
3
 receptor antago-

nist, was safe and effective in reducing the severity of delirium in postcar-

diotomy patients (37).

Neurological Injury

Postoperative neurological complications increase with age. In a study

examining the association of advanced age on neurological risk for CABG,

Tuman and coauthors reported an incidence of postoperative neurolog-

ical events to be 8.9% for patients 75 years of age and older, 3.6% for

ages 65 to 74 years, and 0.9% for ages less than 65 years (38). Alexander

and colleagues found that postoperative neurological events increase

with advancing age in a parallel fashion to in-hospital mortality, with the

steepest rise occurring after age 75 (Fig. 2) (16). Compared to younger

patients, octogenarians experienced neurological complications twice as

frequently. The rate of postoperative stroke in octogenarians after CABG

was 3.9%, after combined CABG/AVR was 4.9%, and 8.8% after com-

bined CABG/MVR. It is generally agreed that ascending aortic atheroscl-

erotic disease is the most prominent source for embolic stroke in cardiac

operations because manipulation of the ascending aorta (e.g., clamping)

is required in most cases. The frequency and extent of ascending aortic

disease increases with advancing age, resulting in higher stroke rates.

Furthermore, the association of carotid and intracranial cerebrovascular

disease with advancing age also contributes to the increase in perioper-

ative neurological injury in the elderly. It is unclear precisely why valve

replacement, when combined with CABG, increases the risk of postoper-

ative stroke (39). However, the greater potential for generating embolic

material with aortic and mitral valve debridement and introducing intra-

cardiac air during valve replacement undoubtedly plays a role.

Renal Failure

Alexander and associates noted that, as with neurological injury, renal

complications occurred twice as often in octogenarians as in younger

patients. The rate of postoperative renal failure in octogenarians after
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CABG was 6.9%, 12.1% after combined CABG/AVR, and 25% after

CABG/MVR.

Late Neurocognitive and Physical Functional Impairment

The literature yields very little meaningful data with respect to neuro-

cognitive and physical functioning in the very elderly after undergoing

cardiac surgery. Engoren and colleagues found that octogenarians as a

group had lower levels of physical functioning and general health, but

that both octogenarians and septuagenarians had similar and “accept-

able” late functional outcomes postoperatively (Table 3) (10). However,

such outcome analyses to date have not determined what factors and

patient characteristics correlate with good postoperative outcomes in the

elderly. Most cardiac surgeons note, empirically, that a disproportionate

number of their elderly patients are not discharged home as their younger

counterparts, but rather to skilled nursing or rehabilitation facilities of

varying acuity. What ultimately becomes of these patients is unclear.

Certainly, further research in this area is needed and should be predi-

Fig. 2. In-hospital mortality, postoperative neurologic complications and postoper-

ative renal failure after CABG by age. Diamond, mortality; square, renal failure;

triangle, neurologic events. (From ref. 16.)
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cated on identifying preoperative physiological metrics (e.g., “frailty”)

that can help determine operative risk (see next section).

FUTURE DIRECTIONS

Minimally Invasive Cardiac Surgery

The evolution and refinement of cardiac surgical techniques have

recently focused on minimizing the trauma and physiological destabili-

zation (e.g., cardiopulmonary bypass) traditionally associated with car-

diac surgery. Minimally invasive techniques, including robot-assisted,

endoscopic, and endovascular procedures, are examples of strong efforts

made toward reducing the inherent morbidity of cardiovascular opera-

tions. Many surgeons believe that these new techniques may improve out-

comes in elderly patients (40) by reducing postoperative pain, wound-heal-

ing complications, and sequelae of the systemic inflammatory response

Table 3
Functional Outcomes of Septuagenarians

and Octogenarians After Undergoing Cardiac Surgery

Variables Septuagenarians
a

Octogenarians
a

CVICU LOS, d l (1–3) 1 (1–3)

Postoperative LOS, d 6 (5–10) 6 (5–9)

Total LOS, d 8 (6–13) 9 (6–13)

Total costs, $ 9383 (6321–16,992)
b

12,624 (7836–22,124)
b

Pre-operative 641 (410–1284) 743 (511–1710)

Anesthesia 279 (217–532) 356 (250–542)

Perfusion 1772 (1216–2540) 2224 (1461–2710)

Surgery 2299 (1773–3780) 3041 (1984–3787)

CVlCU 816 (433–1867) 1154 (481–2858)

Postoperative room 655 (1094–2212) 761 (1492–2676)

Respiratory 67 (30–196) 146 (32–263)

Laboratory 217 (111–442) 258 (107–633)

Blood bank 102 (34–254) 91 (32–457)

ECC & vascular laboratory 29 (67–120) 31 (77–138)

Radiology 37 (11–134) 90 (26–426)

Pharmacy 592 (343–1226) 702 (450–1723)

Therapies 236 (106–439) 221 (139–523)

Supplies 70 (39–149) 95 (36–231)

a
Values given as median (interquartile range). All p values are > 0.05 unless indicated.

LOS, length of stay.

b
p � 0.01.

From ref. 10.
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seen with extensive invasive operations. As such new surgical technolo-

gies become available for older patients with CVD, the decision criteria

concerning eligibility for, and appropriateness of, these procedures for

older patients need to be developed, which include a means of identify-

ing high-risk older adults.

The Relationship Between Frailty and Cardiac Surgery

Recommendations regarding the appropriateness of cardiac surgical

procedures are based on the results of clinical trials performed in younger

patients with few co-morbidities. Thus, the validity of extrapolating from

these results is limited for older patients with altered physiology, especi-

ally underlying vulnerability understood as “frailty,” and various co-mor-

bidities. The inherent heterogeneity of the aging process also complicates

clinical decision making, in that it is difficult to differentiate physiologi-

cal status from chronologic age (41). Clinically, it appears that there is a

subset of frail older adults who tolerate cardiovascular procedures poorly,

at least as they are currently performed (11,42). Their long-term cardiovas-

cular outcomes also appear to be substantially adversely affected by their

underlying frailty (15,43–45). Therefore, screening and interventions

should consider parameters describing frailty, providing a basis for more

appropriate, tailored approaches and treatments. More refined approaches

to decision making regarding cardiac operations could, optimally, be based

on knowing the specific aspects of frailty that most impact these outcomes

(46,47). Developing such decision-making algorithms is predicated on de-

fining and validating the concept of frailty, as it applies to these procedures.

Although it is generally accepted that frailty is prevalent in the elderly

and confers high risk for mortality and morbidity, a standardized defi-

nition for frailty has heretofore been elusive. In its early use, the concept

of frailty had been equated with disability, co-morbidity, or advanced old

age (48–52). However, more recently, geriatricians have defined frailty

as a distinct biological syndrome of decreased reserve and resistance to

stressors, resulting from cumulative declines across multiple physiologi-

cal systems, leading to increased susceptibility to adverse outcomes (48,

51,53). Bortz employs the notion of symmorphosis to suggest that frailty

is a body-wide set of linked deteriorations including, but not confined to,

the musculoskeletal, cardiovascular, metabolic, and immunological sys-

tems (54). There is growing agreement that characteristics of frailty

include age-associated declines in lean body mass, strength, endurance,

balance, walking performance, and low activity, and that multiple compo-

nents must be present clinically to establish frailty. According to Fried

et al., many of these components are related and can be unified into a



Chapter 8 / Cardiac Surgery 195

hypothetical “cycle of frailty” associated with declining energetics and

reserve (Fig. 3) (55). Fried hypothesizes that this cycle is constructed on

core elements that are commonly identified as clinical signs and symp-

toms of frailty and that a critical mass of phenotypic components in

the cycle would, when present, identify the frailty syndrome. In a well-

designed and presented study, Fried et al. developed a potential stan-

dardized definition for frailty in older adults based on this hypothetical

construct (Table 4) (55). The authors went on to validate this definition

in community-dwelling older adults, establish an intermediate stage iden-

tifying those at high risk of frailty, and provide evidence that frailty is not

synonymous with either co-morbidity or disability; rather co-morbidity

is an etiological risk factor for, and disability is an outcome of, frailty.

This definition provides a potential basis for clinical decision making:

(a) identifying those older patients at high risk for morbidity or mortality

after undergoing cardiac surgery and (b) identifying core physiologic

deficiencies that could guide preoperative interventions to ameliorate or

adjust for the condition of frailty, thereby improving patient outcomes.

Several studies have attempted to identify physiologic and metabolic

markers of frailty (Table 5) (56–58) with an eye toward understanding

the distinct pathological processes leading to frailty and to develop objec-

tive screening tests to identify frail patients. To date, there are no con-

vincing studies that achieve this, however, there are several physiological

and metabolic markers that display promising correlations with the state

of frailty and appear to have a reasoned hypothetical basis for such link-

age. Using the aforementioned definition of frailty, Newman and Fried

identified a subset of frail patients in the Cardiovascular Health Study

and demonstrated that, as they had hypothesized, frailty was associated

with older age and a propensity toward clinical cardiovascular disease,

particularly with congestive heart failure (43).

In terms of metabolic markers of frailty, the most promising correla-

tions appear to be related to inflammatory mechanisms. This is consistent

with the notion that subclinical chronic disease processes, more preva-

lent in frail, older adults, are capable of triggering chronic inflammatory

changes. Walston and Fried, using their operational definition of frailty,

found that frail vs nonfrail individuals had increased serum levels of C-

reactive protein, factor VIII, and D-dimer; these differences were inde-

pendent of CVD (56). Ershler and Keller demonstrated a relationship

between elevated interleukin-6 levels and the development of disability

and early mortality in healthy older adults (58).

Other conditions associated with frailty include lower education and

income, poorer health, and higher rates of co-morbid disease and disabil-
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Table 4
Criteria Used to Define Frailty

• Weight loss: “In the last year, have you lost more than 10 pounds

unintentionally (i.e., not due to dieting or exercise)?” If yes, then frail

for weight loss criterion. At follow-up, weight loss was calculated as:

(Weight in previous year – current measured weight/(weight in previous

year) = K. If K � 0.05 and the subject does not report that he/she was

trying to lose weight (i.e., unintentional weight loss of at least 5% of

previous year’s body weight), then frail for weight loss = Yes.

• Exhaustion: Using the CES-D Depression Scale, the following two

statements are read. (a) I felt that everything I did was an effort; (b) I

could not get going. The question is asked “How often in the last week

did you feel this way?” 0 = rarely or none of the time (<1 day), 1 = some

or a little of the time (1–2 days), 2 = a moderate amount of the time (3–4

days), or 3 = most of the time. Subjects answering “2” or “3” to either of

these questions are categorized as frail by the exhaustion criterion.

• Physical Activity: Based on the short version of the Minnesota Leisure Time

Activity questionnaire, asking about walking, chores (moderately strenu-

ous), mowing the lawn, raking, gardening, hiking, jogging, biking, exercise

cycling, dancing, aerobics, bowling, golf, singles tennis, doubles tennis,

racquetball, calisthenics, swimming. Kcals per week expended are cal-

culated using standardized algorithm. This variable is stratified by gender.

Men: Those with Kcals of physical activity per week <383 are frail.

Women: Those with Kcals per week <270 are frail.

• Walk Time, stratified by gender and height (gender-specific cutoff a

medium height).

Men Cutoff for time to walk 15 feet criterion for frailty

Height � 173 cm �7 seconds

Height > 173 cm �6 seconds

Women

Height � 159 cm �7 seconds

Height > 159 cm �6 seconds

• Grip Strength, stratified by gender and body mass index (BMI) quartiles:

Men Cutoff for grip strength (Kg) criterion for frailty

BMI � 24 <29

BMI 24.1–26 <30

BMI 26.1–28 <30

BMI > 28 <32

Women

BMI � 23 <17

BMI 23.1–26 <17.3

BMI 26.1–29 <18

BMI > 29 <21

From ref. 55.
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ity. These include underlying diseases (e.g., malignancy, chronic disease,

anemia, thyroid disease, diabetes mellitus), psychological impairment

(e.g., depression, senile dementia), and lack of social or financial sup-

port. Thus, although frailty is associated with advanced age and increased

physical disability, evidence suggests that neither old age nor disability

alone accurately and predictively identify those older patients at highest

risk of adverse outcomes after undergoing cardiac surgery.

SUMMARY

Clearly, the proportion of patients considered for cardiac surgery who

are elderly will continue to increase. The very elderly present unique oper-

ative risk factors to the cardiac surgeon that require careful considera-

tion and perioperative planning. Outcome reviews to date suggest that

cardiac surgery can be performed in carefully selected elderly patients

with acceptable results. Improved surgical techniques and accumulating

clinical experience will undoubtedly maintain acceptable outcomes in

these patients. However, cardiologists and cardiac surgeons should care-

fully evaluate these patients in order to provide the patient and their family

members with realistic estimations of both the risk and expectations to be

derived from surgery. Disregard of these considerations can only result

in poor clinical outcomes, unanticipated anguish, and depriving the eld-

erly patient the opportunity to live out his or her life with dignity. In time,

well-designed clinical research will identify preoperative factors that will

help assess operative risk and may facilitate interventions that can amelio-

rate these risks.
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EPIDEMIOLOGY AND SOCIETAL BURDEN

Heart failure (HF) affects approximately 5 million Americans, and

more than 550,000 new cases are reported each year (1,2). In addition,

despite recent advances in the diagnosis and treatment of HF, as well as

reductions in age-adjusted mortality rates from coronary heart disease

and hypertensive cardiovascular disease (CVD) (3,4), both the incidence

and prevalence of HF are increasing, primarily owing to the aging of the

population (5). Indeed, HF is predominantly a disorder of the elderly,

with prevalence rates increasing exponentially from less than 1% in the

population under age 50 to about 10% in individuals over the age of 80

(6). Consequently, more than 75% of hospitalizations for HF occur in

persons 65 years of age or older (7), the median age for all HF admissions

is 75 years (8), and HF is the leading indication for hospitalization in

older adults (2).

HF is also a major source of chronic disability and impaired quality

of life in the elderly (9), and it is a common factor contributing to insti-

tutionalization in a chronic care facility. Furthermore, HF is the most

costly medical illness in the United States, with annual expenditures in

excess of $40 billion, representing 5.4% of the total health care budget
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(10). HF also contributes to more than 250,000 deaths each year (1,2),

and 88% of these deaths are in persons over age 65 (8).

These statistics emphasize the striking clinical and economic burden

already imposed on our society by HF in older adults. Given the projected

doubling in the number of Americans over 65 years of age in the next

three decades, it may be anticipated that the magnitude of this burden will

continue to rise, and that unless innovative strategies for the prevention

and treatment of HF at elderly age are developed, HF in the elderly may

develop into a true public health crisis. In this context, this chapter reviews

the pathophysiology, clinical features, and management of HF in the eld-

erly, and considers new approaches to prevention and treatment that may

become available in the years ahead.

PATHOPHYSIOLOGY

Aging is associated with significant alterations in cardiovascular

structure and function that diminish homeostatic reserve and predispose

older individuals to the development of HF (Table 1) (5,11,12). In gen-

eral, cardiac output is determined by four factors—heart rate, preload,

afterload, and contractile state—and age-related cardiovascular changes

impact significantly on each of these parameters. Thus, diminished �-

adrenergic responsiveness and degenerative changes in the sinoatrial

node impair the heart rate response to stress; impaired myocardial relaxa-

tion and decreased compliance compromise ventricular filling and alter

preload; increased vascular stiffness and a reduction in �
2
-mediated sys-

temic vasodilation serve to increase afterload; and reduced capacity of

mitochondria to generate adenosine triphospate, in conjunction with dim-

inished responsiveness to �
1
-stimulation, lead to a decrease in contractile

reserve. In the absence of CVD, these changes have minimal effect on

resting cardiac performance; i.e., resting left ventricular systolic function

and cardiac output are reasonably well preserved, even at very advanced

age. However, a marked age-dependent reduction in cardiovascular

reserve (Fig. 1) attenuates the heart’s ability to respond to common stres-

sors, such as ischemia, tachycardia (e.g., resulting from atrial fibrillation

[AF]), systemic illness (e.g., infections), and physical exertion. As a result,

clinical events that are generally well tolerated in younger individuals fre-

quently precipitate HF in older persons.

An important feature that distinguishes HF in the elderly from HF in

middle age is a striking increase in the proportion of cases that occur in

the setting of normal or near-normal left ventricular systolic function

(13,14). As noted, aging is associated with impaired left ventricular fill-

ing owing to changes in myocardial relaxation and compliance. These
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alterations lead to a shift in the left ventricular pressure–volume rela-

tionship, such that small increments in left ventricular volume result in

greater increases in left ventricular diastolic pressure (Fig. 2) (15). This

increase in diastolic pressure further compromises left ventricular fill-

ing, and also leads to increases in left atrial, pulmonary venous, and

pulmonary capillary pressures, thus predisposing to pulmonary conges-

tion and HF. “Diastolic” HF, as it is often called, accounts for less than

10% of HF cases in persons under age 60, but more than 50% of cases

after age 75 (13,14,16). Diastolic HF is also more common in women

Table 1
Principal Effects of Aging on Cardiovascular Structure and Function

Increased vascular “stiffness,” impedance to ejection, and pulse wave velocity

Impaired left ventricular early diastolic relaxation and mid- to late-diastolic

compliance

Diminished responsiveness to neurohumoral stimuli, especially �
1
 and �

2

adrenergic stimulation

Altered myocardial energy metabolism and reduced mitochondrial adenosine

triphosphate-production capacity

Reduced number of sinus node pacemaker cells and impaired sinoatrial

function

Endothelial dysfunction and vasomotor dysregulation

Fig. 1. Age and VO
2
max in healthy subjects: the Baltimore Longitudinal Study on

Aging. (From ref. 12a.)
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than in men, and accounts for nearly two-thirds of all HF cases among

women over age 80 (14).

CLINICAL FEATURES

Symptoms and Signs

Exertional dyspnea, orthopnea, lower extremity swelling, and impaired

exercise tolerance are the cardinal symptoms of HF at both younger and

older age. However, with increasing age, which is often accompanied by

a progressively more sedentary lifestyle, exertional symptoms become

less prominent (17). Conversely, atypical symptoms, such as confusion,

somnolence, irritability, fatigue, anorexia, or diminished activity level,

become increasingly more common manifestations of HF, especially

after age 80.

Physical signs of HF include elevated jugular venous pressure, hepato-

jugular reflux, an S
3
 gallop, pulmonary rales, and dependent edema.

Each of these features occurs less commonly in older HF patients, in part

because of the increasing prevalence of diastolic HF, in which signs of

right HF are a late manifestation and a third heart sound is typically absent.

On the other hand, behavioral changes and altered cognition, which may

range from subtle abnormalities to overt delirium, frequently accom-

Fig. 2. Effect of age on the left ventricular pressure–volume relationship. Note

that there is a shift to the left, such that small increases in left ventricular volume

are associated with greater increases in left ventricular pressure compared to

younger persons. (Adapted from ref. 15, with permission.)



Chapter 9 / Heart Failure 207

pany HF at elderly age, particularly among institutionalized or hospital-

ized patients (18).

Diagnosis

Accurate diagnosis of the HF syndrome at older age is confounded in

part by the increasing prevalence of atypical symptoms and signs (17).

In addition, exertional symptoms may be attributable to noncardiac causes,

such as pulmonary disease, anemia, depression, physical decondition-

ing, or aging itself. Likewise, peripheral edema may be the result of venous

insufficiency, hepatic or renal disease, or medication side effects (e.g.,

calcium channel blockers), and pulmonary crepitus may be owing to atel-

ectasis or chronic lung disease. Despite these limitations, careful clini-

cal assessment for the presence of multiple symptoms and signs should

lead to the correct diagnosis in most cases.

Chest radiography is indicated when HF is suspected, and it remains

the most useful diagnostic test for determining the presence of pulmo-

nary congestion. However, chronic lung disease or altered chest geom-

etry (e.g., resulting from kyphosis) may confound interpretation of the

chest radiograph in elderly individuals.

Recently, plasma B-type natriuretic peptide (BNP) levels were shown

to be a valuable aid in distinguishing dyspnea owing to HF from that

related to other causes, such as pulmonary disorders (19). BNP levels tend

to be elevated in both systolic and diastolic HF (20,21), and they also cor-

relate with response to therapy and prognosis (22–24). However, BNP

levels also increase with age in healthy individuals without HF, particu-

larly women (Fig. 3), and, as a result, the specificity and predictive accu-

racy of BNP levels decline with age (25). Nonetheless, in cases of diag-

nostic uncertainty, a low or normal BNP level effectively excludes acute

HF, whereas a markedly elevated level provides strong evidence in sup-

port of the diagnosis.

Proper management of HF is critically dependent on establishing the

pathophysiology of left ventricular dysfunction (i.e., systolic vs dias-

tolic), determining the primary and any secondary etiologies (Table 2),

and identifying potentially treatable precipitating or contributory fac-

tors (Table 3). Differentiating systolic from diastolic dysfunction requires

an assessment of left ventricular contractility by echocardiography, radio-

nuclide ventriculography, magnetic resonance imaging, or contrast angi-

ography. Among these, echocardiography is the most widely used and

clinically useful noninvasive test for evaluating systolic and diastolic

function. In addition, echocardiography provides important information

about left ventricular chamber size and wall thickness, atrial size, right

ventricular function, the presence and severity of valvular lesions, and
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pericardial disorders. For these reasons, echocardiography is recom-

mended for all patients with newly diagnosed HF or unexplained disease

progression (26).

Other diagnostic studies that may be indicated in selected patients

include an assessment of thyroid function (especially in the presence of

AF), an exercise or pharmacological stress test to evaluate for the pres-

ence and severity of ischemia, and cardiac catheterization if revasculari-

zation or other corrective procedure (e.g., valve repair or replacement)

is being contemplated.

Etiology and Precipitating Factors

Systemic hypertension and coronary heart disease account for 70 to

80% of HF cases at older age (27,28). Hypertension is the most com-

mon etiology in older women, particularly those with preserved systolic

function (14,28). In older men, HF is more often attributable to coronary

heart disease (28). Other common etiologies include valvular heart dis-

ease (especially aortic stenosis and mitral regurgitation) and nonischemic

cardiomyopathy (Table 2). Importantly, HF in the elderly is frequently

multifactorial, and it is thus essential to identify all potentially treatable

causes.

In addition to determining etiology, it is important to identify factors

precipitating or contributing to HF exacerbations (Table 3). Noncompli-

ance with medications and diet is the most common cause of recurrent

Fig. 3. Mean B-type natriuretic peptide levels in healthy volunteers according to age

and gender. (Adapted from ref. 25.)
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HF exacerbations (29,30), and patients should be closely questioned

about their dietary and medication habits. Other common factors con-

tributing to worsening symptoms include ischemia, volume overload as

a result of excess fluid intake (self-inflicted or iatrogenic) (31), tachyar-

rhythmias (especially AF or atrial flutter), intercurrent infections, anemia,

thyroid disease, and various medications or toxins (e.g., alcohol).

Co-Morbidity

A hallmark of aging is the increasing prevalence of multiple co-mor-

bid conditions, many of which impact directly or indirectly on the diagno-

sis, clinical course, treatment, and prognosis of HF in the elderly (Table

4) (32). Discussion of individual co-morbidities is beyond the scope of

Table 2
Common Etiologies of Heart Failure in Older Adults

Coronary artery disease

Acute myocardial infarction

Chronic ischemic cardiomyopathy

Hypertensive heart disease

Hypertensive hypertrophic cardiomyopathy

Valvular heart disease

Aortic stenosis or insufficiency

Mitral stenosis or insufficiency

Prosthetic valve malfunction

Infective endocarditis

Cardiomyopathy

Dilated (nonischemic)

Alcohol

Chemotherapeutic agents

Inflammatory myocarditis

Idiopathic

Hypertrophic

Obstructive

Nonobstructive

Restrictive (especially amyloid)

Pericardial disease

Constrictive pericarditis

High output syndromes

Chronic anemia

Thiamine deficiency

Hyperthyroidism

Arteriovenous shunting

Age-related diastolic dysfunction
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this chapter, but it is important to recognize that HF in the elderly virtu-

ally never occurs in isolation; diagnosis and management must therefore

be viewed in the context of the patient’s other co-morbidities and com-

peting risks.

MANAGEMENT

The principal goals of HF therapy are to relieve symptoms, maintain

or enhance functional capacity and quality of life, preserve indepen-

dence, and extend survival. Although it is often stated that quality of life

is more important than quantity of life in the very elderly, this in fact is a

Table 3
Common Precipitants of Heart Failure in Older Adults

Myocardial ischemia or infarction

Uncontrolled hypertension

Dietary sodium excess

Medication noncompliance

Excess fluid intake

Self-induced

Iatrogenic

Arrhythmias

Supraventricular, especially atrial fibrillation

Ventricular

Bradycardia, esp. sick sinus syndrome

Associated medical conditions

Fever

Infections, especially pneumonia or sepsis

Hyperthyroidism or hypothyroidism

Anemia

Renal insufficiency

Thiamine deficiency

Pulmonary embolism

Hypoxemia due to chronic lung disease

Drugs and medications

Alcohol

�-adrenergic blockers (including ophthalmolgicals)

Calcium channel blockers

Anti-arrhythmic agents

Nonsteroidal anti-inflammatory drugs

Glucocorticoids

Mineralocorticoids

Estrogen preparations

Antihypertensive agents (e.g., clonidine, minoxodil)
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matter of personal preference. Furthermore, because the elderly HF pop-

ulation is characterized by marked heterogeneity in terms of lifestyle, co-

morbidity, and personal goals and perspectives, management of HF in the

elderly must first and foremost be individualized to each patient’s cir-

cumstances and needs.

The basic approach to HF management involves identification and

treatment of the underlying etiology and contributing factors, implemen-

tation of an effective therapeutic regimen, and coordination of care through

the use of a multidisciplinary team.

Etiology and Precipitating Factors

Although HF in the elderly is rarely “curable,” proper treatment of the

underlying etiology often improves symptoms and delays disease pro-

gression. Thus, hypertension should be treated aggressively (33), and

coronary heart disease should be managed appropriately with medications

and/or percutaneous or surgical revascularization. Similarly, therapy

for diabetes and dyslipidemia should be optimized, smoking should

be strongly discouraged, and a suitable level of regular physical activ-

ity should be prescribed. Alcohol intake should be limited to no more

than two drinks per day in men and one drink per day in women, and

Table 4
Common Co-Morbidities in Older Patients

Condition Implications

Renal dysfunction Exacerbated by diuretics, ACE inhibitors

Anemia Worsens symptoms and prognosis

Chronic lung disease Contributes to uncertainty about

diagnosis/volume status

Cognitive dysfunction Interferes with dietary, medication,

activity compliance

Depression, social isolation Worsens prognosis, interferes with

compliance

Postural hypotension, falls Exacerbated by vasodilators, diuretics,

�-blockers

Urinary incontinence Aggravated by diuretics, ACE inhibitors

(cough)

Sensory deprivation Interferes with compliance

Nutritional disorders Exacerbated by dietary restrictions

Polypharmacy Compliance issues, drug interactions

Frailty Exacerbated by hospitalization; increased

fall risk

ACE, angiotensin-converting enzyme
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alcohol use should be strictly proscribed in patients with suspected alco-

holic cardiomyopathy.

Severe aortic stenosis is a common cause of HF in the elderly and can

be effectively treated with aortic valve replacement (34). Perioperative

mortality rates are acceptable (less than 10%), and long-term results are

excellent, even in octogenarians (35). Severe mitral regurgitation may

be amenable to surgical therapy (i.e., valve repair or replacement) in

selected patients, but the operative results are somewhat less favorable

than for aortic valve surgery (36,37). Mitral valve replacement is also

effective therapy for severe mitral stenosis; rarely, percutaneous mitral

balloon valvuloplasty may be feasible in older patients (38,39).

AF is a common precipitant of HF in elderly patients, especially in the

setting of diastolic dysfunction. In patients with recent onset symptoma-

tic AF, many clinicians recommend restoration and maintenance of sinus

rhythm if feasible, although the long-term benefits of this approach have

not been established (40,41).
 
In patients with chronic AF, the ventricular

rate should be well controlled both at rest and during activity. Bradycardia

is a less common primary cause of HF; when present, implantation of a

permanent pacemaker provides definitive therapy (see section on devices).

Anemia, thyroid disease, and other systemic illnesses should be identified

and treated accordingly.

The importance of compliance with medications and dietary restric-

tions, including avoidance of excessive fluid intake, cannot be overempha-

sized. Nonsteroidal anti-inflammatory drugs are widely used by older

individuals to treat arthritis and relieve chronic pain, but these agents

promote sodium and water retention, interfere with the actions of angio-

tensin-converting enzyme (ACE) inhibitors and other antihypertensive

agents, and may worsen renal function; their use should be avoided when-

ever possible (42). Similarly, the use of other medications that may aggra-

vate HF should be closely monitored.

Pharmacotherapy

The design of an effective therapeutic regimen is based in part on whether

the patient has predominantly systolic or predominantly diastolic left ven-

tricular dysfunction. Although these two abnormalities frequently co-

exist (indeed, virtually all individuals over age 70 have some degree of

diastolic dysfunction), for purposes of this discussion patients with an

ejection fraction (EF) less than 45% (i.e., moderate or severe left ven-

tricular systolic dysfunction) will be considered as having systolic HF,

whereas patients with an EF of 45% or more will be considered as having

diastolic HF.
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SYSTOLIC HEART FAILURE

In the past 20 years there has been considerable progress in the treat-

ment of systolic HF. Although most studies have either excluded individ-

uals over 75 to 80 years of age, or have enrolled too few elderly subjects

to permit definitive conclusions, the available data indicate that older

patients respond to standard therapies as well or better than younger

patients. Therefore, current recommendations for drug treatment of sys-

tolic HF are similar in younger and older patients (26).

ACE Inhibitors. ACE inhibitors are the cornerstone of therapy for

left ventricular systolic dysfunction, whether or not clinically overt HF

is present (26), and there is strong evidence that ACE inhibitors are as

effective in older as in younger patients, both in terms of reducing mortal-

ity and improving quality of life (43,44). On the other hand, older patients

are more likely to have potential contraindications to ACE inhibitors (e.g.,

renal dysfunction, renal artery stenosis, orthostatic hypotension), and

they may also be at increased risk for ACE inhibitor-related side effects,

such as worsening renal function, electrolyte disturbances, and hypoten-

sion. Nonetheless, a trial of ACE inhibitors is indicated in virtually all

older patients with documented left ventricular systolic dysfunction.

In most cases, ACE inhibitor therapy should be initiated at a low dose

(e.g., 6.25–12.5 mg captopril three times a day [TID] or 2.5 mg enalapril

2.5 mg twice a day [BID]), and the dosage should be gradually titrated

upward to the level shown to be effective in clinical trials (50 mg cap-

topril TID, 10 mg enalapril BID, 20 mg lisinopril every day [qd], 10 mg

ramipril qd) (43–47).
 
Once a maintenance dose has been achieved, sub-

stituting a once-daily agent (e.g., lisinopril or ramipril) at equivalent dos-

age may facilitate compliance. Blood pressure, renal function, and serum

potassium levels should be monitored closely during dose titration and

periodically during maintenance therapy. In patients unable to tolerate

standard ACE-inhibitor dosages because of side effects, dosage reduc-

tion is appropriate, as there is evidence that even very low doses of these

agents (e.g., 2.5–5 mg lisinopril qd) provide some degree of benefit (48).

Angiotensin Receptor Blockers. Angiotensin receptor blockers

(ARBs) have a more favorable side-effect profile than ACE inhibitors,

but there is insufficient evidence to conclude that the effects of ARBs on

major clinical outcomes (e.g., death, hospitalizations) are equivalent to

those of ACE inhibitors (49–51). However, recent studies indicate that

ARBs reduce mortality and hospitalizations in patients with systolic HF

who are intolerant to ACE inhibitors owing to cough or other side effects

(52,53). In addition, combining an ARB with an ACE inhibitor improves

outcomes compared with an ACE inhibitor alone (54,55), although in
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one study triple therapy with an ACE inhibitor, �-blocker, and ARB was

associated with increased mortality compared to treatment with only two

of these classes of agents (54). Based on available evidence, and pending

the results of ongoing clinical trials, ACE inhibitors should still be con-

sidered first-line therapy for HF, but ARBs offer an excellent alternative

for patients intolerant to ACE inhibitors, and as conjunctive therapy in

patients with persistent symptoms despite conventional treatment.

Hydralazine and Isosorbide Dinitrate. The combination of 75 mg

of hydralazine four times a day (QID) and 40 mg of isosorbide dinitrate

QID was associated with decreased mortality in a small trial of HF patients

less than 75 years of age (56). Although ACE inhibitors are superior to

hydralazine–nitrates in improving survival (57), the combination pro-

vides an additional alternative for ACE inhibitor-intolerant patients. Side

effects are common with both hydralazine and high-dose nitrates, and

the QID dosing schedule is a particular disadvantage for older patients.

�����-Blockers.��-Blockers, once widely viewed as contraindicated in

patients with HF, have now been shown to improve left ventricular func-

tion and decrease mortality in a broad population of HF patients, includ-

ing those with New York Heart Association (NYHA) class IV symptoms

and patients up to 80 years of age (58–61). As a result, �-blockers are

now considered standard therapy for clinically stable patients without

major contraindications (26). Use of �-blockers in older patients may be

limited by a higher prevalence of bradyarrhythmias and severe chronic

lung disease, and older patients may also be more susceptible to the devel-

opment of fatigue and impaired exercise tolerance during long-term �-

blocker administration.

Carvedilol, metoprolol, and bisoprolol are all shown to improve out-

comes in patients with systolic HF, and a recent study found that carve-

dilol (25 mg BID) was more effective than metoprolol (50 mg BID) in

reducing mortality (62). In most cases, �-blocker treatment should be ini-

tiated at low dosages in stable patients upon a background of ACE inhib-

itor and diuretic therapy. Recommended starting dosages are 3.125 mg

of carvedilol twice a day, 6.25–12.5 mg of metoprolol twice a day, and a

daily 1.25 mg dose of bisoprolol. The dose should be gradually increased

at 2- to 4-week intervals to achieve maintenance dosages of carvedilol

(25–50 mg BID), metoprolol (50–100 mg BID or sustained release meto-

prolol 100–200 mg qd), or bisoprolol (5–10 mg qd). Lower dosages and

a slower titration protocol may be appropriate in patients over 75 years

of age. Contraindications to �-blockade include marked sinus bradycar-

dia (resting heart rate <45–50 beats per minute), PR interval longer than

0.24 seconds, heart block greater than first degree, systolic blood pres-
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sure less than 90–100 mmHg, active bronchospastic lung disease, and

severe decompensated HF.

Digoxin. Digoxin improves symptoms and reduces hospitalizations

in patients with symptomatic systolic HF treated with ACE inhibitors

and diuretics, but has no effect on total or cardiovascular mortality (63).

Although these effects are similar in younger and older patients, includ-

ing octogenarians (64), a recent retrospective analysis has questioned

the value of digoxin in women (65). Nonetheless, digoxin remains a use-

ful drug for the treatment of systolic HF in patients of all ages who have

limiting symptoms despite standard therapy.

The volume of distribution and renal clearance of digoxin decline with

age. In addition, recent data indicate that the optimal therapeutic concen-

tration for digoxin is 0.5–0.8 ng/mL (66); i.e., substantially lower than the

traditional therapeutic range of 0.8–2.0 ng/mL. Moreover, higher con-

centrations of digoxin are associated with increased toxicity but no

greater efficacy (66,67). For most older patients with preserved renal

function (estimated creatinine clearance � 50 cc per minute), 0.125 mg

of digoxin daily provides a therapeutic effect. Lower dosages should be

used in patients with renal insufficiency. Although routine monitoring

of serum digoxin levels is no longer recommended, it seems reasonable

to measure the serum digoxin concentration 2 to 4 weeks after initiating

therapy to ensure that the level does not exceed 0.8 ng/mL. In addition, a

digoxin level should be obtained whenever digoxin toxicity is suspected.

Digoxin side effects include arrhythmias, heart block, gastrointestinal

disturbances, and altered neurological function (e.g., visual disturbances).

Although older patients are often thought to be at increased risk for digi-

talis toxicity, this was not confirmed in a recent analysis from the Digitalis

Investigation Group trial (64).

Diuretics. Diuretics are an essential component of therapy for most

patients with HF, and are the most effective agents for relieving conges-

tion and maintaining euvolemia. Some patients with mild HF can be effec-

tively controlled with a thiazide diuretic, but the majority will require a

loop diuretic such as furosemide or bumetanide. In patients with more

severe HF or significant renal dysfunction (serum creatinine � 2.0 mg/dL),

the addition of 2.5–10 mg of metolazone daily may be necessary to achieve

effective diuresis.

In general, diuretic dosages should be titrated to eliminate signs of pul-

monary and systemic venous congestion. Common side effects include

worsening renal function (often because of overdiuresis) and electrolyte

disorders. To minimize these effects, renal function and serum electrolyte

levels (sodium, potassium, magnesium) should be monitored closely
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during the initiation and titration phase of diuretic use, and periodically

thereafter.

Aldosterone Antagonists. Spironolactone is a weak, potassium-spar-

ing diuretic that acts by antagonizing aldosterone. Recently, the addition

of 12.5–50 mg of spironolactone daily to standard HF therapy has been

shown to reduce mortality in patients with NYHA class III–IV systolic

HF, with similar benefits in older and younger patients (68,69).
 
Epleren-

one, a selective aldosterone antagonist, has also been shown to reduce

mortality and sudden cardiac death in patients with left ventricular dys-

function following acute myocardial infarction (MI) (70). Spironolactone

is contraindicated in patients with severe renal insufficiency or hyperkal-

emia, and up to 10% of patients develop painful gynecomastia. In addi-

tion, older patients receiving spironolactone in combination with an ACE

inhibitor may be at increased risk for hyperkalemia, particularly in the

presence of pre-existing renal insufficiency or diabetes, and at doses in

excess of 25 mg per day (71).

Approach to Treatment. Figure 4 provides a suggested approach to

the pharmacological treatment of systolic HF. All patients with left ven-

tricular systolic dysfunction, whether asymptomatic or symptomatic,

should receive an ACE inhibitor (or an ARB or alternative vasodilator

if ACE inhibitors are contraindicated or not tolerated). Patients with stable

symptoms and no contraindications should also receive a �-blocker, and

diuretics should be administered in sufficient doses to maintain euvole-

mia. Digoxin and/or an ARB should be considered in patients who remain

symptomatic despite the above regimen, and spironolactone should be

used in patients with persistent NYHA class III–IV symptoms.

DIASTOLIC HEART FAILURE

Despite the fact that more than 50% of elderly HF patients have pre-

served left ventricular systolic function (13,14), until recently none of

the major HF trials have specifically targeted this disorder. As a result,

treatment of diastolic HF remains largely empiric. As with systolic HF,

the underlying cardiac disorder and associated contributing conditions

should be treated appropriately. In particular, hypertension and coro-

nary heart disease should be managed aggressively. Diuretics should be

used judiciously to relieve congestion while avoiding overdiuresis and

pre-renal azotemia. Topical or oral nitrates may be beneficial in reduc-

ing pulmonary congestion and orthopnea. Based on the results of the Heart

Outcomes Prevention Evaluation (72), an ACE inhibitor such as ramipril

(2.5–10 mg daily) is appropriate for most older adults with vascular dis-

ease, but the value of ACE inhibitors in the treatment of diastolic HF per
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se has not been established. Similarly, the role of ARBs in the manage-

ment of diastolic HF is evolving. In the recently reported Candesartan

in Heart failure: Assessment of Reduction in Mortality and morbidity

(CHARM)-Preserved trial, the ARB candesartan reduced HF admissions

by 16% but had no effect on mortality in patients with HF and a left ven-

tricular EF greater than 40% (73). Of note, the mean age of patients in

CHARM-Preserved was 67 years, and 807 patients, comprising 27% of

the total population, were at least 75 years of age.

�-Blockers are indicated in patients with coronary heart disease (espe-

cially prior MI), but the long-term effects of these agents in diastolic HF

are unknown. Calcium channel blockers are effective antihypertensive

agents in the elderly, and may provide symptomatic palliation in selected

patients with diastolic HF (74). Digoxin, in addition to its inotropic effect,

also facilitates diastolic relaxation, and may improve symptoms and

reduce hospitalizations in patients with HF and preserved systolic func-

tion (63,64). In summary, the physician treating diastolic HF is presented

with an array of therapeutic options, none of proven benefit, and therapy

should be individualized and guided by prevalent co-morbidities and the

observed response to specific therapeutic interventions.

Fig. 4. Approach to treatment of systolic heart failure; see text for details. Shaded

areas indicate therapies shown to be effective in prospective randomized clinical

trials. ACE, angiotensin-converting enzyme.
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Device Therapy

Although the majority of HF patients can be effectively managed with

behavioral interventions and medications, implantable devices are play-

ing an increasingly important role in the management of selected sub-

groups of the HF population.

CARDIAC PACEMAKERS

Aging is associated with a progressive decline in the number of func-

tioning sinus nodal pacemaker cells, often leading to the “sick sinus syn-

drome,” which is characterized by inappropriate sinus bradycardia, sinus

pauses, and chronotropic incompetence (failure to adequately increase

heart rate in response to increased demands) (75). Because cardiac output

is directly proportional to heart rate (cardiac output = heart rate � stroke

volume), age-related bradyarrhythmias may contribute to HF symptoms

and impaired exercise tolerance. Because there is no effective medical

therapy for sick sinus syndrome, implantation of a pacemaker is appropri-

ate in symptomatic patients. The use of �-blockers may also precipitate

symptomatic bradyarrhythmias in elderly HF patients. Because �-blockers

improve ventricular function and reduce mortality and hospitalizations

in patients with systolic HF (58–61), placement of a pacemaker is often

preferable to discontinuation of �-blocker therapy.

CARDIAC RESYNCHRONIZATION THERAPY

Recently, a new role has evolved for pacemakers in treating selected

patients with advanced HF. Approximately 30% of HF patients have left

bundle branch block or other intraventricular conduction abnormality

resulting in significant prolongation of the QRS interval (�120 ms). In

these patients, left ventricular contraction is often disynchronous and out

of phase with right ventricular contraction. Biventricular pacing, with one

lead pacing the right ventricle and a second lead pacing the left ventricle

through retrograde insertion into the coronary sinus, can “resynchronize”

ventricular contraction, thus improving EF and cardiac output (76,77).

The addition of atrial pacing may provide further benefit by optimizing

the timing of atrial and ventricular contraction. The benefits of cardiac

resynchronization therapy (CRT) in improving EF, reducing left ven-

tricular cavity size, and enhancing exercise tolerance and quality of life

have now been well documented in several randomized trials involving

patients with advanced HF symptoms (NYHA class III–IV), reduced

EFs, and prolonged QRS durations (78–81). Although improved survi-

val has not yet been proven (80), CRT is a reasonable option for carefully

selected older patients with advanced HF symptoms despite conventional

therapies.
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IMPLANTABLE CARDIOVERTER DEFIBRILLATORS

Approximately 40%–50% of all deaths in patients with HF are attrib-

utable to ventricular tachycardia (VT) and ventricular fibrillation (VF).

Implantable cardioverter defibrillators (ICDs) have the capacity to rec-

ognize VT and VF, and to restore normal rhythm either by pacing tech-

niques (in the case of VT) or by delivering an intracardiac electrical shock

(refractory VT or VF). Moreover, ICDs have been shown to significantly

improve survival in certain high-risk subgroups of the HF population,

including those with resuscitated cardiac arrest, symptomatic sustained

VT, and ischemic or nonischemic cardiomyopathy with EF less than

30%–35% (82–84a). Importantly, the survival benefit of ICDs is great-

est in patients over 70 years of age with EFs less than 35% and NYHA class

III or IV HF symptoms (85).

In the United States, more than half of ICDs are implanted in patients

65 years of age or older. However, despite the established benefits of ICDs

in appropriately selected patients, the clinical role of ICDs in elderly HF

patients remains a subject of debate (86–88). These devices are expensive,

with a total cost of approximately $40,000–$50,000 per device, although

a $10,000 “generic” version has recently gained approval. In addition,

the societal cost burden is likely to increase substantially as the indica-

tions for these devices continue to expand. There are also ethical ques-

tions, such as how and when to turn off the device in the terminal stages

of HF, or in cases where another life-threatening illness (e.g., stroke or

cancer) develops. In part because of these reasons, many older patients

may elect to forego ICD implantation, even though survival may be

enhanced. Although additional study is needed, it is clear that the use of

ICDs must be individualized, but that older age should not constitute the

sole grounds for withholding ICD therapy.

Multidisciplinary Care

The presence of multiple co-morbid conditions, polypharmacy, diet-

ary concerns, and a host of psychosocial and financial issues frequently

complicate the management of HF in older patients. Moreover, these

factors often contribute to poor outcomes in older adults, including fre-

quent hospitalizations (30,89). To address these issues, and to provide

comprehensive yet individualized care for older HF patients, a coordi-

nated multidisciplinary approach is recommended. Several recent studies

have documented the efficacy of multidisciplinary HF disease manage-

ment programs in reducing hospitalizations and improving quality of

life in older patients, and these interventions have also been reported to

lower overall medical costs (90–92).
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Elements of an effective HF disease management program include

patient and caregiver education, enhancement of self-management skills,

optimization of pharmacotherapy (including consideration of polyphar-

macy issues), and close follow-up. The structure of a HF disease man-

agement team is similar to that of a multidisciplinary geriatric assessment

team, and typically includes a nurse coordinator or case manager, dieti-

tian, social worker, clinical pharmacist, home health representative, pri-

mary care physician, and cardiology consultant. Specific goals of disease

management are to improve patient compliance with medications, diet,

and exercise recommendations by enhancing education and self-man-

agement skills; provide close follow-up and improved health care access

through telephone contacts, home health visits, and nurse or physician

office visits; and optimize the medication regimen by promoting physi-

cian adherence to recommended HF treatment guidelines (26), simplify-

ing and consolidating the regimen when feasible, eliminating unnecessary

medications, and minimizing the risks for drug–drug and drug–disease

interactions.

Exercise

Both HF and normal aging are associated with reduced exercise capac-

ity, in part because of sarcopenia (loss of muscle mass) and alterations

in skeletal muscle blood flow and metabolism. Regular physical activity

improves exercise performance in healthy older adults, as well as in those

with HF, and regular exercise is now recommended for most older HF

patients (26,93–97). Although supervised exercise programs have been

associated with the greatest improvements in exercise performance, such

programs are not feasible for most older patients owing to lack of avail-

ability, travel concerns, and cost constraints. Therefore, most older HF

patients should be encouraged to engage in a self-monitored home exer-

cise program that includes stretching and resistance exercises and aero-

bic activities. Stretching increases or maintains muscle flexibility and

reduces the risk of injury. A daily stretching routine lasting 15 to 30 min-

utes and involving all major muscle groups is recommended. Resistance

training increases muscle mass and strength and reduces the risk of falls

and frailty (98). Older adults initiating a strength-training program should

use light weights and perform two to three sets of 8 to 12 repetitions for

each of 8 to 12 exercises approximately two to three times per week; as

with stretching, all major muscle groups should be included in the strength-

training program.

Aerobic exercise leads to improved physical performance and quality

of life, and may increase the likelihood that older adults will remain inde-

pendent in activities of daily living (94–97). For most older adults, walk-
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ing is the most suitable form of aerobic exercise, but stationary cycling

and swimming are appropriate alternatives. Older adults embarking on

an exercise program should be advised to begin at a comfortable pace and

exercise for a comfortable period of time. For HF patients, this may be as

little as a few minutes of walking at a slow pace, but patients should not

be discouraged by the fact that they are starting at a low level; indeed, data

show that the greatest improvements occur in patients with the lowest

baseline activity levels. Patients should exercise at least 4 to 5 days per

week, gradually increasing the duration of exercise (but not the intensity)

until it is possible to exercise comfortably and continuously for 20 to 30

minutes. Once this level of exercise capacity has been achieved, patients

may consider further increasing the duration of exercise (e.g., up to 45

minutes) or gradually increasing the intensity. In either case, older HF

patients should not exercise strenuously or to exhaustion. Additionally,

patients should be instructed to stop exercising and contact their phys-

ician if they develop chest pain, undue shortness of breath, dizziness or

syncope, or any other symptom that may indicate clinical instability.

Finally, contraindications to exercise in elderly HF patients include de-

compensated HF, unstable coronary disease or arrhythmias, neurological

or muscular disorders that preclude participation in an exercise pro-

gram, or any other condition that would render exercise unsafe.

End of Life

The overall 5-year survival rate for older patients with established HF

is less than 50% (i.e., the prognosis is worse than for most forms of can-

cer [99–101]). Clinical features portending a less favorable outcome

include older age, more severe symptoms and functional impairment,

lower left ventricular EF, underlying coronary heart disease, and impaired

renal function (102). Older patients with advanced HF, as evidenced by

NYHA class III–IV symptoms, have a 1-year mortality rate of 25% to

50%; for these patients, HF can properly be considered a terminal ill-

ness. In addition, all HF patients are at risk for sudden arrhythmic death,

which may occur during periods of apparent clinical stability. For these

reasons, it is appropriate to address end-of-life issues early in the course

of HF, and to reconsider these issues periodically as the disease progresses

or when changes in clinical status occur.

Although discussing end-of-life issues is often challenging for health

care providers, as well as patients and families, specific measures should

be undertaken to plan for and facilitate end-of-life care (103). These

include the development of an advance directive and appointment of dur-

able power of attorney. The advance directive should be as explicit as pos-

sible in defining circumstances under which the patient does not want to



222 Cardiovascular Disease in the Elderly

be hospitalized, intubated, subjected to other life-sustaining interventions

(e.g., a feeding tube), or resuscitated. Because patients often change their

minds about these issues as clinical circumstances evolve (104), it is im-

portant to maintain open communication throughout the disease process.

End-stage HF is frequently accompanied by considerable discomfort

and anxiety, and data from the SUPPORT study indicate that most patients

and families express concerns about the quality of end-of-life care (105,

106). A cardinal principal of end-of-life care is to provide adequate relief

of pain and suffering through the judicious use of conventional therapies

in conjunction with narcotics (e.g., morphine), sedatives (e.g., benzodi-

azepines), and other comfort measures. Equally important is the provi-

sion of emotional support for the patient and family, assisted by nurses,

members of the clergy, social service representatives, and other quali-

fied health care professionals.

FUTURE DIRECTIONS

In light of the high prevalence and poor prognosis associated with HF

in the elderly, it is evident that more effective means for the prevention

and treatment of this disorder are needed. At present, the most effective

preventive strategies involve aggressive treatment of established risk

factors for the development of HF (i.e., hypertension and coronary heart

disease). Several studies have shown that even modest reductions in

blood pressure are associated with substantial reductions in incident HF

among elderly hypertensive patients (Table 5) (107–112). Likewise, treat-

ment of elevated cholesterol levels with an hydroxymethylglutaryl-coen-

Table 5
Effect of Antihypertensive Therapy on Incident Heart Failure in Older Adults

Trial N Age range (years) Reduction in HF

EWPHE (107) 840 >60 22%

Coope (108) 884 60–79 32%

STOP-HTN (109) 1627 70–84 51%

SHEP (110) 4736 �60 55%

Syst-Eur (111) 4695 �60 36%

STONE (112) 1632 60–79 68%

HF, heart failure; EWPHE, European Working Party on Hypertension in the Elderly;

SHEP, Systolic Hypertension in the Elderly Program; STONE, Shanghai Trial of

Nifedipine in the Elderly; STOP-HTN, Swedish Trial in Old Patients with Hypertension;

Syst-Eur, Systolic Hypertension in Europe Trial.
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zyme A reductase inhibitor (“statin”) has been shown to decrease inci-

dent HF following an acute coronary event (113). Similarly, it is likely that

smoking cessation, weight control in obese patients, and aggressive con-

trol of diabetes will all lead to a reduction in HF. Finally, thrombolysis and

coronary angioplasty reduce infarct size and the subsequent risk for HF in

patients with acute MI, and the more widespread application of reperfusion

therapies in elderly patients with acute MI should be strongly encouraged.

Asymptomatic left ventricular systolic dysfunction is associated with

a high rate of progression to clinical HF, and ACE inhibitors have been

shown to reduce the incidence of HF in these patients (45,114). There-

fore, documented systolic dysfunction mandates ACE inhibitor therapy

even in the absence of symptoms. Although routine screening for left ven-

tricular dysfunction is not justified at the present time, screening echo-

cardiography may be worthwhile in high-risk older patients, such as those

with known coronary heart disease or multiple coronary risk factors (115).

In addition to existing therapies, several new treatments for HF, both

pharmacological and technological, are currently under active investi-

gation (Table 6). Although it is difficult to project which of these new

therapies will ultimately come into widespread clinical use, it is likely

that the management of HF will undergo substantial evolution over the

course of the next several decades; indeed, we may be on the threshold

of radical changes in the paradigm of HF prevention and therapy.

Table 6
New Approaches to the Treatment of Chronic Heart Failure

Pharmacological agents

Neutral endopeptidase inhibitors

Endothelin receptor antagonists

Cytokine inhibitors

Calcium sensitizers

Therapeutic angiogenesis and anti-angiogenesis

Inhibition of apoptosis

Gene therapy and pharmacogenomics

Hereditary disorders (e.g., cardiomyopathies, dyslipidemias)

Modulation of signaling pathways

Targeted therapy based on specific genetic profile

Biventricular pacing

Implantable assist devices

Cell transplantation and growth factor therapy

Xenotransplantation

Prevention of cardiovascular aging
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Finally, current treatment of HF in the elderly is characterized by

marked underutilization of proven therapies (116), insufficient evidence

to guide treatment in major patient subgroups (e.g., octogenarians and

beyond, nursing home residents, patients with advanced co-morbidities,

and individuals with diastolic HF), and inattention to critically impor-

tant psychobehavioral issues (e.g., compliance, personal preferences,

and end-of-life care). Thus, there is a need for additional research aimed

at developing more effective strategies for the prevention and treatment

of acute and chronic HF in older adults.
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INTRODUCTION

Valvular disease continues to be an important cause of morbidity and

mortality across the globe with an increasing number of elderly patients

affected by “degenerative” valvular diseases on top of a background

incidence of unrecognized rheumatic and infective endocarditis (1–3).

Although there are no recent population-based data regarding the preva-

lence of valvular heart disease in the elderly, several studies have provided

relevant information (4,5) (Table 1). Aortic stenosis and ischemic mitral

regurgitation are the most common valvular disorders in the elderly.

The diagnosis and management of valvular disease in the elderly have

been influenced by the dramatic increase in the life expectancy and the

number of geriatric patients in the last half of the 20th century. In the

United States, for instance, it is estimated that the number of octogenar-

ians was around 7.4 million in the early1990s (3% of the population)

with a life expectancy of 6.9 years in men and 8.7 years in women. The

number exceeded 10 million by the year 2000 and constituted 4.3% of

the population (6). As the human life span increases and health care
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quality improves, more people are reaching an advanced age to present

with cardiac disorders that might be treated uneventfully in younger

patients. However, in the elderly, there is an important balance between

enhanced initial risks and eventual benefits, which are often reduced in

the geriatric population. This can lead to difficult medical, as well as

ethical and economic decisions. Although there is a substantial variation

between chronological and physiological ages, the capacity of elderly

patients to withstand a major insult like cardiac surgery is usually reduced

because of associated co-morbidities, diminished functional reserve of

vital organs, and reduced adaptation capacities (6). It is estimated that the

prevalence of co-morbidities in octogenarians with valvular heart dis-

ease is as follows: 40%–60% coronary artery disease (CAD), 15%–25%

obstructive lung disease, 5%–10% renal insufficiency, 2%–10% periph-

eral vascular disease, 20%–50% hypertension, 10%–20% diabetes melli-

tus (DM), and 5%–25% cerebrovascular disease (6). In addition, trans-

esophageal echocardiography (TEE) has demonstrated that 20% of patients

older than 70 years have complex atherosclerosis in the ascending aorta

and the transverse arch (7), which significantly increases the risk of embol-

ization during cardiac surgical procedures. Finally, impaired cerebral

perfusion is another factor that should be considered in the geriatric age

group. Potential contributors include non-pulsatile bypass flow, altered

cerebral autoregulation, and atherosclerosis, all of which lead to delayed

awakening, agitation, and incomplete return of cognitive function, the

effects of which can be devastating. It is estimated that 15% to 20% of

elderly patients have focal or diffuse neurological deficits after cardiac sur-

gery (6). Fortunately, major advances in cardiac surgery have improved

the outcomes of surgical treatment in elderly patients who in the past

might not have been operative candidates. Also, studies have shown that

among surgical survivors, function and quality of life are similar to those

in a general population of age-matched subjects (8–10). Hence, the classic

thought that valve surgery should be considered only for elderly patients

Table 1
Prevalence of Significant Valvular Heart Disease in the Elderly

Valvular abnormality 60–69 years >70 years

Aortic stenosis — 5%

Aortic regurgitation 3.7% 2.2%

Mitral regurgitation  2.3% 5.5%

Tricuspid regurgitation 0.9% 3.6%

Adapted from refs. 4 and 5.
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in excellent general health is being challenged as higher success rates are

being obtained in elderly patients with non-serious co-morbidities (11).

This chapter will provide a detailed outline of the diagnosis and manage-

ment of commonly encountered valvular problems in the geriatric age

group.

DISEASES OF THE AORTIC VALVE
Aortic Stenosis

ETIOLOGY, RISK FACTORS, AND PATHOPHYSIOLOGY

Calcific aortic stenosis is the most common valvular abnormality in

the geriatric age group and accounts for 82% of cases in patients over 65

years (12) and 90% of aortic valve replacements in patients over 75 years

(13). In the Helsinki Aging Study, the prevalence of at least moderate

aortic stenosis in patients aged 75 to 86 years was 5% and that of critical

aortic stenosis was 6% at 86 years of age (5). Recent studies demonstrate

a similarity in risk-factor profile for atherosclerosis and calcific aortic

stenosis. The Cardiovascular Health Study demonstrated that the risk

factors for the development of calcific aortic stensosis were age, with a

twofold increased risk with every decade; male gender, also a twofold

increased risk; current smoking, 35% increased risk; hypertension, 20%

increased risk; and elevated low-density lipoprotein and lipoprotein (a)

levels (14).

The pathophysiological hallmark of calcific aortic stenosis is gradually

progressive obstruction to left ventricular emptying, leading to an adap-

tive hypertrophic response, to generate greater systolic pressure. The mul-

tiple pathophysiological sequelae of aortic stenosis are schematically

demonstrated in Fig. 1.

CLINICAL FEATURES

Aortic stenosis is characterized by a long latent period during which

patients are asymptomatic and, often, the diagnosis is incidentally made

at the time of a routine physical examination. However, advanced aortic

stenosis is associated with dyspnea/congestive heart failure (CHF), angina

pectoris, and syncope. Dyspnea on exertion can be the result of a com-

bination of systolic and diastolic dysfunction with overt heart failure and

in the setting of significant left ventricular dysfunction is a late and ter-

minal finding. Association of atrial fibrillation (AF) is unusual with iso-

lated aortic stenosis, but can occur in association with heart failure, and

its occurrence can trigger significant debilitation. Syncope can occur for

various reasons: hypotension owing to exercise-induced vasodilatation

in the setting of a fixed obstruction, a tachy- or bradyarrhythmia, and/or

an abnormal baroreceptor response. Effort-related angina can be the result
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of concomitant CAD (in about 50% of the cases) and/or to other mech-

anisms as demonstrated in Fig. 1. Increased cardiac mass can lead to

increased myocardial oxygen demand, reduced coronary flow reserve,

reduced coronary perfusion time and pressure, and compression of intra-

myocardial arteries (15). Once these symptoms develop, the prognosis

is grim without surgical intervention. It is reported that the time from

symptom onset to death is 2 years with heart failure, 3 years with syn-

cope, and 5 years with angina (16). Another common finding in patients

with calcific aortic stenosis is gastrointestinal bleeding, commonly owing

to angiodysplasia (Heyde’s syndrome) (17). The risk of bleeding is thought

to be caused by an acquired von Willebrand syndrome owing to disruption

of von Willebrand multimers during passage through the narrowed valve

(18). There is a linear relationship between the severity of the von Wille-

brand factor abnormality and the mean aortic gradient (18). Infective endo-

carditis is a rare sequelae of calcific aortic stenosis and isolated reports

describe systemic embolic events associated with calcific aortic stenosis.

However, in a cohort study comparing 515 patients with calcific aortic

stenosis, 300 with a calcified nonstenotic aortic valve and 562 controls,

there were no significant differences in stroke rates (19).

Physical examination is often useful in determining the severity of

aortic stenosis and it has been demonstrated that the delay of carotid up-

stroke, timing, and intensity of the murmur and absence of the aortic com-

Fig. 1. Schematic representation of the various pathophysiological sequelae of

aortic stenosis.
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ponent of second heart sound correlate with aortic stenosis severity (20).

The arterial pulse is characteristically described as parvus et tardus i.e.,

weak and slow rising, best appreciated in the carotid artery and asso-

ciated with a thrill. Age-associated increased central vascular stiffness,

however, may result in a normal pressure rise in the setting of significant

stenosis. The apical impulse is sustained and usually not displaced until

late in the course of the disease when left ventricular dilatation occurs.

Upon auscultation, S1 is usually normal, the aortic component of S2 is

diminished and at times absent. S2 can be paradoxically split when ste-

nosis is severe or ventricular dysfunction develops. An S4 gallop might

also be present. A harsh systolic murmur heard best at the base of the heart

with radiation to the carotids is characteristic. The murmur peaks early

in mild stenosis and moves later with advancing degrees of stenosis.

When the murmur radiates to the apex, it might have a musical quality and

mimic that of mitral regurgitation (Gallivardin phenomenon). An asso-

ciated diastolic aortic regurgitation murmur is common in older patients

with calcified rigid aortic valves.

DIAGNOSIS

Although physical examination is important in the diagnosis of aortic

stenosis, there is a significant role of diagnostic modalities in ascertain-

ing the severity of the disease and the feasibility of a surgical operation.

The electrocardiogram (EKG) may demonstrate left ventricular hypertro-

phy (LVH). AF is uncommon early in the course of the disease and its pres-

ence often indicates concomitant mitral valve disease. The chest radio-

graph is usually normal in early cases, but might show changes of LVH

and valvular calcification in later stages. Echocardiography is a very reli-

able modality in assessing the severity of the disease (Fig. 2). In degenera-

tive aortic stenosis, it usually demonstrates thickened calcific valves with

a reduced excursion and a significantly reduced aortic orifice. In later stages,

there is evidence of concentric LVH. Doppler examination usually allows

estimation of aortic gradients (both peak and mean) and calculation of

aortic valve area by the continuity equation. Aortic valve area can also be

calculated by planimetry during TEE. Table 2 details the criteria for deter-

mining the severity of aortic stenosis. The American College of Cardiolo-

gists (ACC)/American Heart Association (AHA) guidelines detailing the

role of echocardiography in aortic stenosis are listed in Table 3 (11).

The importance of cardiac catheterization for assessment of the sever-

ity of aortic stenosis has lessened in the last few years but still remains

an important modality in cases where noninvasive techniques are inade-

quate. It can be used to assess the peak and mean valve gradients and to
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Fig. 2. (A) Planimetered short axis two-dimensional echocardiographic image of

the aortic valve demonstrating severe calcific aortic stenosis. (B) A continuous-

wave Doppler image in the same patient with the sample volume in the left ven-

tricular outflow tract demonstrating significantly elevated gradient consistent with

severe aortic stenosis.
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calculate the valve area using the Gorlin formula, which is useful in low

cardiac output states (21). Coronary angiography is often performed to

assess whether concomitant bypass surgery is also indicated.

MANAGEMENT

Medical management, except for endocarditis prophylaxis, has a min-

imal role in the management of aortic stenosis. Aortic valve replacement,

along with coronary revascularization, which is commonly indicated

in elderly patients, remains the mainstay of treatment for symptomatic

severe aortic stenosis, and accounts for 60% to 70% of the valve surgery

cases (22,23). The indications for surgery are similar to those for younger

patients, angina, dyspnea, and syncope, and most surgeons will consider

valve replacement for moderate stenosis in patients undergoing coro-

nary revascularization. This is based on the knowledge that valve replace-

ment increases the risk only slightly, but the progression of aortic stenosis

can be very rapid in the elderly, and can quickly negate the benefits of

coronary revascularization.

A controversial but important issue in aortic valve disease is the choice

of a bioprosthesis or a mechanical valve. The major concerns with mech-

anical prostheses include thromboembolism and complications of

chronic anticoagulation (24). Bioprosthetic valves, however, degener-

ate more quickly and are less durable. The older the patient, the less of an

issue the shorter functional lifetime of the bioprosthetic valve becomes.

On the other hand, mechanical valves have smaller transvalvular gradi-

ents than bioprostheses and provide better hemodynamics, especially in

Table 2
Criteria for Determining the Severity of Aortic and Mitral Stenosis

Aortic

stenosis severity Mean gradient (mmHg) Valve area (cm
2
)

Mild <25 >1.5

Moderate 25–50 1.0–1.5

Severe >50 <1.0

Critica >80 <0.7

Mitral

stenosis severity Mean gradient (mmHg) Valve area (cm
2
)

Mild <5.0 >1.5

Moderate 5.0–10.0 1.0–1.5

Severe >10.0 <1.0
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Table 3
Current Guidelines

for Echocardiography in Various Valvular Diseases

Aortic

stenosis indication Class

1. Diagnosis and assessment of severity of aortic stenosis I

2. Assessment of left ventricular size and function I

3. Re-evaluation of patient with known aortic stenosis and changing

clinical scenario I

4. Re-evaluation of asymptomatic patients with severe aortic stenosis I

5. Re-evaluation of asymptomatic patients with mild to moderate

aortic stenosis and left ventricular dysfunction or hypertrophy IIa

6. Routine re-evaluation of asymptomatic patients with mild aortic

stenosis and normal ventricular size and function III

Aortic

regurgitation indication Class

1. Confirmation of the presence and severity of aortic regurgitation I

2. Diagnosis of chronic aortic regurgitation in patients with equivocal

findings I

3. Assessment of the etiology of regurgitation I

4. Assessment of left ventricular dimensions and function I

5. Semi-quantitative estimate of severity of regurgitation I

6. Re-evaluation of patients with mild, moderate or severe

regurgitation and changing clinical scenario I

7. Yearly evaluation of asymptomatic patients and stable physical

examination and normal ventricular dimensions III

Mitral stenosis

indications for transthoracic echocardiography Class

1. Diagnosis of stenosis, hemodynamic severity, and assessment

of right ventricular size and function I

2. Assessment of valve morphology to determine suitability for

percutaneous mitral balloon valvuloplasty I

3. Diagnosis and assessment of concomitant valvular lesions I

4. Re-evaluation of patient with known mitral stenosis and changing

clinical scenario I

5. Assessment of hemodynamic response of mean gradient and

pulmonary artery pressure by exercise echocardiography in

patients with discrepant findings IIa

6. Re-evaluation of asymptomatic patients with moderate to

severe mitral stenosis to assess pulmonary artery pressure IIb

7. Routine re-evaluation of asymptomatic patient with stable

clinical findings III
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patients with a small annulus (<21 mm) (25). A small annulus is an issue

in some patients, particularly elderly females, as it leads to the selection

of a smaller prosthesis leading to a residual transprosthetic gradient and

hence, patient–prosthesis mismatch, which may be associated with poorer

hemodynamics, less functional improvement, and higher in-hospital mor-

tality (26,27). In practice, most surgeons accept the higher residual gra-

dient of a bioprosthesis or choose to enlarge the aortic annulus or to use

the new stentless biological valve, which offers the largest opening sur-

face and the smallest transvalvular gradient (28).Thus, the vast majority

of aortic valve surgeries in the elderly involve bioprosthesis, 88% in one

report (29), as early mortality and actuarial survival are similar with the

two types of valves.

Factors affecting postoperative mortality include age, with a 14% mor-

tality in one report for those over 80 years (8), poor preoperative status,

left ventricular dysfunction (22), valvular calcification, and concurrent

Table 3 (Continued)

Indications for transesophageal echocardiography Class

1. Assessment for the presence of left atrial thrombus prior to

cardioversion or percutaneous balloon valvuloplasty IIa

2. Routine evaluation of mitral valve when transthoracic images are

satisfactory III

Mitral regurgitation

indications for transthoracic echocardiography Class

1. For baseline evaluation to quantify severity of regurgitation

and left ventricular function I

2. To delineate the mechanism of regurgitation I

3. To follow left ventricular function in asymptomatic severe

regurgitation I

4. To re-evaluate after a change in symptoms I

5. Baseline evaluation following mitral valve repair or replacement I

6. Routine follow-up of mild regurgitation with normal dimensions

and systolic function III

Indications for transesophageal echocardiography Class

1. Intraoperatively to establish the anatomic basis of regurgitation

and to guide repair I

2. Evaluation of patients when transthoracic images are suboptimal I

3. Routine follow-up of patients with native valve regurgitation III

Adapted from ref. 11.
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coronary artery bypass grafting (CABG) or other cardiac surgery. Post-

operative mortality rates are reported in the range of 5% to 10% for iso-

lated aortic valve surgery (23,30), but increase to as high as 15% to 20%

with concurrent coronary revascularization or other cardiac procedures

(25). However, octogenarians who survive the perioperative period often

do well (8,25,29). The 30-day cardiac and all-cause mortalities were 4%

and 6.6%, respectively, whereas the actuarial survival at 1, 5, and 8 years

was 89%, 69%, and 46%, respectively (29).

Percutaneous balloon aortic valvuloplasty has a very limited role in the

elderly because the aortic valve is usually severely calcified without com-

missural fusion, making it unsuitable for dilatation. The procedure is also

associated with a high incidence of residual or recurrent stenosis and

serious complications including death, stroke, and aortic rupture (31).

Hence, it is now rarely performed. Possible reasons for its use would be

to transiently improve hemodynamics prior to non-ardiac surgery and,

as part of an assessment of the improvement a patient would experience

with aortic valve surgery. It is not an alternative to valve replacement

when the patient is a candidate for surgery. More recently, a percutaneous

aortic valve stent, composed of three pericardial leaflets inserted within

a balloon-expandable stainless steel stent, has been developed and its

feasibility has been demonstrated in humans (32). A recent study employ-

ing this technique, demonstrated hemodynamic, clinical and echocar-

diographic improvement in five out of six patients with end-stage calcific

aortic stenosis, not considered to be surgical candidates (33). Thus, it has

the potential of becoming an important therapeutic option for patients

not amenable to surgical valve replacement.

Aortic Sclerosis

Aortic sclerosis is defined as focal areas of thickening and echoge-

nicity on the aortic valve without commissural fusion or increase in aor-

tic valvular velocities (velocities <2–2.5 m/s) on echocardiography (1)

(Fig. 3). It can be detected in up to 29% of those over age 65 and in 48%

of those over age 85 (1,5). Its significance stems from the findings that

it can progress to aortic stenosis and it is a marker for increased cardio-

vascular risk. Studies have demonstrated that the early lesion of aortic

valve sclerosis involves an active process demonstrating the following

findings resembling atherosclerosis (34–38). Focal areas of accumula-

tion of apolipoproteins B, (a) and E, areas of lipid accumulation in con-

junction with macrophage and T lymphocyte infiltration and evidence

of early valve calcification, including expression of osteopontin and other

proteins. Echocardiographically detected aortic sclerosis progressed to
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aortic stenosis in 16% patients within 7 years (mild to moderate in 84%

and severe in 16%) (39). In the 29% of patients with aortic sclerosis in the

Cardiovascular Health Study, the all-cause and cardiovascular mortal-

ity, after a mean follow up of 5 years, were 22% and 10%, respectively

and the relative risks of cardiovascular death and of myocardial infarc-

tion in those with aortic sclerosis without coronary disease at baseline

were 1.5 and 1.4, respectively as compared to those participants with nor-

mal valves (1). Similarly, in another study of 1980 patients, baseline aortic

valve sclerosis was independently associated with new cardiac events at

4 years with a risk ratio of 1.8 (40). Aortic sclerosis does not lead to left

ventricular obstruction and hence in itself, is not an indication for surgery.

However, because it is a risk factor for coronary heart disease and because

it can progress to significant aortic stenosis, it has important implications

for patient management. There are no controlled trials to confirm whether

aggressive control of blood pressure or other cardiac risk factors reduce

the progression of aortic valve sclerosis. Small observational studies sug-

gest that statins slow the increase in valve leaflet calcification in aortic scler-

osis (41,42). However, in the absence of a prospective randomized trial of

Fig. 3. Short axis two-dimensional echocardiographic image of the aortic valve

demonstrating leaflet calcification, but with normal valvular excursion, consistent

with aortic sclerosis.
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treatment for aortic sclerosis, a prudent approach would be to stringently

control cardiac risk factors including hypercholesterolemia.

Aortic Regurgitation

ETIOLOGY AND PATHOPHYSIOLOGY

Inadequate closure of the aortic valve leaflets, because of either dam-

age to the valve leaflets or dilatation of the ascending aorta and the aortic

root, leads to aortic regurgitation. In the elderly, the most common etiol-

ogies include hypertension-related dilatation of the ascending aorta, cal-

cific aortic stenosis, and occasionally, primary aortic disease or a bicuspid

aortic valve. Endocarditis or aortic dissection account for the vast major-

ity of the acute cases. The prevalence of aortic regurgitation has been

reported to be 13% in the Framingham Heart study (4) and 29% in the

Helsinki Aging study (5). The main pathophysiological phenomenon

that occurs with aortic regurgitation is left ventricular volume overload.

In the acute setting, there is inadequate time for compensatory ventricu-

lar dilatation leading to an inability to increase total stroke volume, and

thus a decline in effective forward stroke volume and cardiac output cul-

minating in cardiogenic shock and pulmonary edema. The multiple patho-

physiological sequelae of chronic aortic regurgitation are schematically

demonstrated in Fig. 4.

Fig. 4. Schematic representation of the various pathophysiological sequelae of

aortic regurgitation.
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CLINICAL FEATURES

Patients with chronic aortic regurgitation can remain asymptomatic

for decades and occasionally complain of an uncomfortable awareness

of the heart beat, atypical chest pain induced by a mechanical interaction

between the heart and the chest wall, and palpitations. Eventually, symp-

toms of left-sided CHF occur. Angina is uncommon with isolated aortic

regurgitation, and its presence suggests either underlying CAD or sub-

endocardial ischemia.

Physical findings in aortic regurgitation result from increased stroke

volume leading to an abrupt distension of the peripheral arteries, whereas

regurgitation back into the left ventricle leads to quick collapse of the

arteries. This results in a wide pulse pressure and a “water-hammer”

or Corrigan’s pulse, best appreciated by palpation of the radial or brach-

ial arteries (exaggerated by raising the arm) or the carotid pulses. Other

commonly identified findings related to a hyperdynamic pulse include

deMusset’s sign (head bob occurring with each heart beat), Traube’s sign

(pistol shot pulse heard over the femoral arteries), Duroziez’s sign (diasto-

lic bruit heard when the femoral artery is partially compressed), Quincke’s

pulses (capillary pulsations in the fingertips or lips), and Mueller’s sign

(systolic pulsations of the uvula). However, none of these signs are spe-

cific for aortic regurgitation. Auscultatory sounds include a soft S1, vari-

able S2, and an S3, the latter associated with left ventricular dilatation

and dysfunction. A high-pitched, blowing decrescendo diastolic mur-

mur begins immediately after A2 and may be soft, often appreciated

only when the patient is sitting up, leaning forward, and holding his or

her breath in expiration. The timing varies with severity of the disease

process: blowing and occurring in early diastole in the presence of mild

disease, and a rougher quality and holodiastolic in the setting of severe

disease. The murmur may shorten as left ventricular diastolic pressure

rises in the setting of severe decompensation. The murmur is classically

heard best along the left sternal border, at the third and fourth intercostal

space when due to valvular disease or at the right sternal border and apex

when due to aortic root disease. Another diastolic murmur, the Austin

Flint murmur, is a mid- to late-diastolic rumble heard at the apex and is

the result of antegrade turbulent diastolic blood flow from the left atrium

competing with the retrograde regurgitant flow from the aorta. The mur-

mur can be distinguished from that of mitral stenosis by the absence of

both a loud S1 and an opening snap of the mitral valve. A systolic ejec-

tion murmur, owing to increased forward aortic flow is often present.

In cases of acute aortic regurgitation, there is evidence of hypotension,

hemodynamic collapse, tachycardia, cyanosis, and pulmonary edema.
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The pulse pressure is usually normal or only slightly widened and periph-

eral signs are not as impressive. The early diastolic murmur is lower

pitched and shorter and an Austin flint murmur, if present, is brief.

DIAGNOSIS

EKG evidence of LVH is associated with advanced regurgitation. In

addition, repolarization abnormalities on the resting or exercise EKG

also correlate with left ventricular size and function. The absence of these

EKG abnormalities is associated with a normal left ventricular systolic

dimension and a resting ejection fraction (EF) of more than 45%. In con-

trast, 83% of patients with resting or exercise ST-segment abnormalities

had an enlarged left ventricle (>55 mm) or a reduced EF of less than 45%

(43). On chest radiography, there is evidence of cardiomegaly owing to

the dilatation of the left ventricle, and the ascending aorta and often the

aortic arch or knob are typically markedly dilated. Echocardiography is

extremely useful in determining whether the etiology of the aortic regurgi-

tation is valvular and/or aortic, as well as to determine the hemodynamic

effects, including the severity/amount of the regurgitant flow and ventric-

ular dimensions (Figs. 5 and 6). Occasionally, a high-frequency, diasto-

lic fluttering of the anterior leaflet of the mitral valve might be seen. The

ACC/AHA recommendations for the use of echocardiography in aortic

regurgitation are listed in Table 3.The role of cardiac catheterization in

the diagnosis of aortic regurgitation has diminished significantly with

the advent of echocardiography.

MANAGEMENT

Management of aortic regurgitation is dependent on the acuity of the

process. In acute cases owing to endocarditis, early initiation of antibiotics

following blood cultures is essential, and emergency replacement of the

aortic root with a valve homograft (with coronary artery re-implantation)

is a consideration in endocarditis not responsive to antibiotics. How-

ever, because of potential associated excessive mortality for the elderly,

debridement of the annulus and valve replacement may be a better alter-

native (6). In cases of aortic dissection and associated regurgitation in the

elderly, resection of the dissected aorta should be limited to the ascend-

ing aorta and hypothermic circulatory arrest should be avoided, if pos-

sible, particularly if the aortic arch is at a low risk for rupture (6). In chronic

cases, medical therapy using vasodilators (hydralazine, nifedipine, and

angiotensin-converting enzyme inhibitors) has been utilized to help reduce

the degree of regurgitation (44,45), along with routine use of endocar-

ditis prophylaxis. Valve replacement surgery for pure aortic regurgitation

represents approximately 3%–5% of valve surgeries in the elderly (22).
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Fig. 5. (A) Transesophageal echocardiogram of the aortic valve demonstrating

large echo densities (arrow) on both the leaflets, consistent with endocarditis. (B)

Color Doppler image in the same view of the same patient demonstrating severe

eccentric aortic regurgitation.
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Fig. 6. (A) Transesophageal echocardiogram of the ascending aorta and the aortic

valve (arrow heads) demonstrating an intimal flap (arrow), consistent with type A

aortic dissection. (B) Color Doppler image in the same view of the same patient

demonstrating eccentric aortic regurgitation.
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In elderly patients, especially those over 80 years, surgery is generally rec-

ommended when symptoms are present. However, mild symptoms and

mild heart failure should alert the physician to consider surgery. Because

of a high incidence of concomitant significant CAD (approximately

33%), it might be necessary to combine CABG with aortic valve surgery.

The following risk factors increase the operative mortality and morbid-

ity: increased age, ventricular dysfunction, extensive CAD, infective endo-

carditis, DM, and chronic renal or pulmonary disease. Survival is approx-

imately 80% at 5 years and 60% to 70% at 10 years postsurgery in a low-

risk cohort (46). The type of valve to be used is generally determined by

age and the patient’s ability to undergo chronic anticoagulation. Mechan-

ical valves are less prone to deterioration than are bioprosthetic valves,

particularly in the aortic position. But the incidence of systemic thrombo-

embolism is 1%–2% per year even with adequate anticoagulation (47).

Although aortic valve replacement is usually the treatment of choice

for acute or chronic aortic regurgitation, aortic valve repair is sometimes

possible in aortic regurgitation owing to endocarditis, and valve-sparing

operations are a major consideration in patients with aortic dissection.

However, if conservative surgery in these patients is not possible or ques-

tionable, standard valve replacement should be performed.

DISEASES OF THE MITRAL VALVE

Rheumatic Mitral Valve Disease

Rheumatic mitral valve disease usually manifests in young adults, but

various autopsy studies have demonstrated a 2.5%–5% incidence of rheu-

matic mitral valve involvement in older patients. In contrast to younger

patients who have thin leaflets and commissural fusion, commissural

and leaflet calcification is more common in older patients (48). About

two-thirds of elderly patients with rheumatic mitral disease have regur-

gitation and a combination of regurgitation and stenosis is fairly common,

along with approximately a 75% prevalence of pulmonary hypertension.

This pattern is particularly common in women (49). Older patients may

also exhibit any of the sequelae of rheumatic disease, including AF, heart

failure, and thromboembolism, a particularly common problem, and

infective endocarditis, which is common in the setting of combined mitral

stenosis and regurgitation.

Mitral Stenosis

ETIOLOGY AND PATHOPHYSIOLOGY

Valvular mitral stenosis continues to affect young people, and rheu-

matic fever remains the leading cause of mitral stenosis in all age groups
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(50). However, mitral valvular obstruction due to protuberant mitral

annular calcification (MAC) is increasingly being recognized in the eld-

erly. In a series of 100 patients at least 62 years of age with MAC, 6%

had mitral obstruction (51). The process is accelerated by the presence

of systemic hypertension, DM, and genetic abnormalities of the fibrous

skeleton, such as Marfan syndrome (52). Also, conditions associated with

chronically increased left ventricular systolic pressures (such as LVH,

hypertrophic cardiomyopathy, aortic stenosis, and systemic hyperten-

sion) either enhance stress on the mitral valve and apparatus, and/or pro-

mote abnormal valve motion; these effects accelerate the degenerative

process, leading to calcium deposition (53). The primary pathophysio-

logical mechanism in mitral stenosis is progressive impediment to left

atrial emptying. The multiple pathophysiological sequelae related to

mitral stenosis are schematically demonstrated in Fig. 7.

CLINICAL FEATURES

Progressive dyspnea is a very common finding and occurs with any

condition that causes an increase in blood flow across the narrowed mitral

valve or reduces the time for such blood flow to occur (e.g., exertion, emo-

tional stress, fever, and AF). Fatigue, orthopnea, and pulmonary edema

occur with progressive disease but can also be precipitated by rapid AF.

Other symptoms include hemoptysis, those related to systemic or pul-

monary thromboembolism, infective endocarditis, vocal hoarseness, and

progressive right-sided heart failure.

Fig. 7. Schematic representation of the various pathophysiological sequelae of

mitral stenosis.
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On physical examination, it is common, particularly in older females,

to find typical mitral facies of purple-pinkish patches on the cheeks. In

older patients with a calcific mitral valve, S1 is soft and with the devel-

opment of pulmonary hypertension, P2 is accentuated. An opening snap

(OS) of the mitral valve may be present with mild to moderate mitral ste-

nosis. As the mitral stenosis progresses and left atrial pressure increases,

the OS moves closer to A2. Thus, the shorter the A2-OS interval, the more

severe the mitral stenosis. The classic murmur is a low-pitched diastolic

rumble, heard best at the apex. In mild stenosis, the murmur is heard late

in diastole. With severe stenosis, the diastolic murmur becomes holodia-

stolic with a presystolic accentuation, particularly when the patient is in

sinus rhythm. The diastolic murmur may be inaudible or absent when

mitral stenosis is very severe, owing to the very slow and reduced flow

across the mitral valve. This is the case with many older patients. Pul-

monary hypertension may be associated with pulmonary insufficiency,

termed a Graham Steell murmur, and with tricuspid regurgitation, which

results in a holosystolic murmur best heard along the right sternal border

and which increases with inspiration.

DIAGNOSIS

The electrocardiogram may show left atrial enlargement (classically

known as “P-mitrale”), AF, and right ventricular hypertrophy. Chest radio-

graphy might reveal elevation of the left bronchus related to left atrial

enlargement, mitral valve calcification (Fig. 8), cephalization of pulmo-

nary blood flow to upper lobes and Kerley B lines indicating interstitial

fluid accumulation. Echocardiography is very useful in diagnosing mitral

stenosis and can accurately determine doming of the mitral leaflets, degree

of calcification, left atrial size, and mitral valve gradient/area. Dobutamine

or exercise echocardiography is also useful in evaluating patients with

symptoms that are out of proportion to the calculated resting valve area

(54). Table 2 details the criteria for determining the severity of mitral ste-

nosis. The ACC/AHA recommendations for the use of echocardiography

in mitral stenosis are listed in Table 3. The widespread availability of

echocardiography has led to a very limited role for left ventricular angio-

graphy in mitral stenosis. Angiography can determine movement of the

mitral valve and the presence of mitral regurgitation, and may give some

additional information about the subvalvular apparatus.

MANAGEMENT

Medical management of mitral stenosis is similar in young and elderly

patients, and includes endocarditis prophylaxis, appropriate antibiotic

coverage for infective endocarditis, rate control, and anticoagulation in
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AF. Preferred surgical treatment is usually valve repair (commisurotomy)

and is generally reserved for symptomatic patients. From a technical stand-

point, valve repair is usually not feasible in elderly patients because of

calcification, rigidity and retraction of valvular components. An alter-

native is percutaneous balloon commisurotomy (with a favorable valve

morphology) in high-risk patients, which has a procedural mortality of

5% and an immediate significant hemodynamic improvement in 50% of

patients (55). It is not indicated in patients with mitral obstruction caused

by mitral annular calcification. Surgery has a mortality of as high as 20%,

but was required in about 50% of patients within 3 years of valvuloplasty,

owing to restenosis. Mitral valvuloplasty is considered only a tempo-

rary, palliative measure in the elderly as its hemodynamic benefits dis-

sipate quickly (6).

Mitral Regurgitation

ETIOLOGY AND PATHOPHYSIOLOGY

Mitral regurgitation is a very common valvular abnormality in the

elderly, with a reported prevalence of mild regurgitation in 19% of indi-

Fig. 8. Transthoracic two-dimensional echocardiograpic image in apical long axis

view demonstrating severe mitral annular calcification (arrows). LA, left atrium;

LV, left ventricle.
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viduals older than 60 years in a Framingham echocardiography study

(4). There are several important causes of significant mitral regurgita-

tion (50). One category is mitral regurgitation owing to intrinsic disease

of the mitral leaflets or subvalvular apparatus. These include mitral

valve prolapse; flail mitral leaflet owing to trauma or infective endocar-

ditis; ruptured chordae tendineaee that may be spontaneous, traumatic,

or the result of infective endocarditis; rheumatic fever or progressive

mitral annular calcification. A second category is ischemic mitral regur-

gitation owing to reversible ischemia or to papillary muscle infarction,

with or without rupture. A third category is nonischemic mitral regurgita-

tion resulting from annular dilatation induced by left ventricular enlarge-

ment of any cause. A less common etiology is prosthetic valve dysfunction

owing to deterioration of tissue leaflets, ring or strut fracture, perival-

vular leak from ruptured sutures, infective endocarditis, and/or deterio-

ration of the disc or ball of the prosthetic. In elderly patients, the most

common causes of mitral regurgitation are prolapse and ischemic heart

disease (56).

From a pathophysiological standpoint, the hallmark of mitral regur-

gitation is excessive volume overload leading to various left ventricu-

lar compensatory changes over a protracted period of time, arbitrarily

divided as acute stage, chronic compensated stage and chronic decom-

pensated stage. The pathophysiological sequelae of mitral regurgitation

are demonstrated in Fig. 9.

CLINICAL FEATURES

Acute mitral regurgitation usually presents as a dramatic event with

the sudden onset and rapid progression of pulmonary edema, hypoten-

sion, and signs and symptoms of cardiogenic shock. Examination reveals

evidence of poor tissue perfusion, thready pulse, and neck vein distension.

The murmur of acute mitral regurgitation may be early or midsystolic,

or holosystolic and is often soft, low-pitched and decrescendo, ending

before A2.

The majority of patients with chronic mitral regurgitation remain asym-

ptomatic unless the left ventricle fails. The most common symptoms

include weakness, fatigue, and exercise intolerance. Further advancement

of the disease leads to symptomatic CHF with pulmonary congestion and

edema. Other symptoms such as thromboembolism, hemoptysis, and

right-sided CHF do occur, but are less common than with mitral stenosis,

whereas infective endocarditis is more common.

On examination, there is  leftward displacement of the apical impulse,

diminished S1, accentuated P2 with pulmonary hypertension, and an S3

with worsening left ventricular function. The murmur of mitral regurgi-
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tation is systolic but its characteristics depend on the etiology and com-

ponent of the mitral apparatus that is diseased. In most cases, the murmur

is blowing, high-pitched, holosystolic and is best heard over the apex,

radiating to the axilla and when very loud may radiate to the back.

However, when the posterior leaflet is involved the murmur may radiate

to the base and when the anterior leaflet is involved (owing to prolapse

or chordal rupture), the murmur radiates to the back, and may be heard

on the top of the head. A midsystolic click may be heard with mitral valve

prolapse.

DIAGNOSIS

In chronic cases, the electrocardiogram reveals evidence of left atrial

enlargement and in later stages, left and right ventricular hypertrophy.

Chest radiography reveals cardiomegaly and might reveal mitral annular

calcification. Echocardiography, especially TEE, is usually helpful in

establishing the etiology and hemodynamic consequences of mitral regur-

gitation (Fig. 10). The ACC/AHA recommendations for the use of echo-

cardiography in mitral regurgitation are listed in Table 3. Similar to other

valvular disorders, there is currently a very limited role for left ventricu-

lar angiography in mitral regurgitation.

Fig. 10. Transesophageal echocardiographic image demonstrating a flail posterior

mitral leaflet. LA, left atrium; LV, left ventricle.
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MANAGEMENT

Nonsurgical treatment for acute, hemodynamically significant mitral

regurgitation includes left ventricular unloading agents, including intra-

aortic balloon pump placement but the patient should undergo urgent or

emergent surgery. Vasodilator therapy may reduce diastolic filling pres-

sures and the degree of mitral regurgitation and these efforts may stabi-

lize the patients before surgery (57). Chronic mitral regurgitation is the

second most common reason for valve surgery in the elderly, represent-

ing 30% to 35% of cases (23). Unlike younger individuals in whom sur-

gery is often recommended even when they are asymptomatic, in patients

over age 80, it is preferred to proceed with surgery when symptoms are

present. Also, important issues to remember include the observations

that regurgitation in those with ischemic cardiomyopathy often regresses

with myocardial revascularization, whereas extensive valvular calcifi-

cation makes both valve repair and replacement more difficult. It is vital

to distinguish between mitral regurgitation owing to intrinsic valve dis-

ease, and that which is caused by ischemia, particularly in the elderly,

because the latter will improve with revascularization and increased myo-

cardial perfusion. Intraoperative echocardiography may help in making

a decision regarding valve replacement or repair: mild and moderate

regurgitation after induction of anesthesia is usually left alone, whereas

severe regurgitation should be corrected.

Mitral valve repair, if feasible, is the surgical treatment of choice for

mitral regurgitation as it preserves all components of the valve, avoids

the use of a prosthesis with its attendant complications, and is associated

with lower rates of morbidity and mortality than mitral valve replace-

ment. In one study of primary isolated mitral valve repair degenerative

mitral valve disease, the in-hospital mortality was 0.3% (58). In another

study, the long-term survival after an 8-year post-repair follow up was

91% (59). It can often be achieved by use of applicable and reliable tech-

niques. Resection of the part of the leaflets and remodeling the annulus

with a ring are usually successful, in experienced hands. Mitral valve

replacement can be performed with preservation of the subvalvular appa-

ratus in myxomatous cases, but might not work in cases of ischemic regur-

gitation. Preservation of the subvalvular apparatus avoids unfavorable

remodeling of the left ventricle.

 The choice of the prosthesis is also controversial. Some surgeons

prefer a bioprosthesis to avoid anticoagulation, but the implantation is

more technically challenging. As a result, many surgeons prefer mech-

anical prosthesis, particularly in the presence if AF An additional consid-

eration is that the stented commissures of a bioprosthesis tend to protrude

into the left ventricular outflow tract, leading to subaortic obstruction (6).
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Another issue is that of mitral annular calcification, which could extend

to the epicardium of the atrioventricular groove. Extensive decalcification

can lead to nonrepairable atrioventricular disconnection or ruptured left

ventricle, whereas incomplete decalcification can lead to paraprosthetic

leaks caused by maladaptation of the prosthesis ring to the annulus (6).

Outcomes after surgery in elderly patients vary with age and disease

severity and are better after mitral valve repair than replacement. Mitral

valve repair produces good results in elderly patients. The in-hospital

mortality of patients over 70 years age was 6.5% with valve repair alone,

13.2% when annuloplasty was combined with another reparative proce-

dure, and 17% when combined with CABG (60). For patients who undergo

isolated mitral valve replacement with a bioprosthetic or mechanical valve,

the 30-day mortality is reported to be 10.4% (61) and actuarial survival at

1, 3, and 5 years to be 79%, 64%, and 41%; the values were the same with

both types of valves. Elderly patients with combined CABG and mitral

valve replacement had a higher in-hospital mortality of 19.6% (62).

Recent promising reports of experimental percutaneous mitral valve

annuloplasty have generated significant interest and the field is evolving

rapidly (63,64). Percutaneous annuloplasty exploits the anatomic rela-

tionship of the coronary sinus to the mitral valve. A clip is placed in the

mid portion of the tips of the two cusps, turning the orifice into a figure

of eight. Animal studies have demonstrated its feasibility and a signifi-

cant improvement in the degree of mitral regurgitation; however long-

term safety and efficacy of this technique are not yet demonstrated.

CONCLUSION
Valvular disease in the elderly continues to be an important cause of

morbidity and mortality, with degenerative aortic stenosis and mitral

regurgitation accounting for the majority of the cases. Because of major

advances in medications and surgical techniques, it is now possible to

offer a myriad of treatment options to elderly patients unlike in the past

when many were considered ineligible for any kind of intervention. Also

encouraging are the findings that if the patient survives surgery, they

often do so without a significant deterioration in the level of function and

quality of life. Improved percutaneous techniques will allow a new thera-

peutic strategy, which is likely to have a major impact on the treatment

of valvular diseases in the elderly.
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INTRODUCTION

Arrhythmias cause significant mortality and impair quality of life in

the elderly. The prevalences of cardiac arrhythmias and disorders of

impulse formation and conduction, increase with age (1,2). As the US

population ages and as cardiovascular care for coronary disease and

heart failure improves, the prevalence and burden of electrophysiologi-

cal disorders will continue to rise. In fact, among Medicare beneficiaries,

hospitalization rates for many common arrhythmias, including atrial fibril-

lation (AF), sinoatrial node (SAN) dysfunction, atrial flutter, and ventric-

ular fibrillation (VF), continue to outpace elderly population growth (3).
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These disorders almost always require the involvement of cardiovascu-

lar specialists, and often present challenging management dilemmas.

The purpose of this chapter is to review the current information concern-

ing arrhythmia management in the elderly.

AGING AND THE CONDUCTION SYSTEM

With normal aging, the cardiac skeleton becomes fibrotic and calci-

fied. These changes begin to appear in pathology specimens around 30

to 40 years of age and can lead to the disruption of the atrioventricular

(AV) node and bundle branches. Despite the high prevalence of ischemic

disease in the Western world, age-related fibrosis is the most common

cause of complete AV block (4,5). Amyloid deposition may also play a role

in age-related conduction disorders, as 23% of patients over 60 years of

age have evidence of amyloid deposition in the atrial myocardium (6).

Similar changes can be observed in the SAN. With age, there is an

increase in fibrosis and loss of myocardial fibers in the SAN (7).

ELECTROCARDIOGRAPHIC CHANGES
IN THE ELDERLY

The evaluation of the conduction system in elderly patients begins with

a history, physical examination, and a resting 12-lead electrocardiogram

(EKG). Despite the proliferation of other diagnostic modalities, the EKG

remains an integral noninvasive diagnostic technique for cardiovascular

evaluation of elderly individuals.

EKG abnormalities are common in the elderly. Among 5150 adults

older than 65 years old enrolled in the Cardiovascular Health Study,

29% had abnormal findings on their EKG (8). Between 0.9% and 6.8%

of elderly individuals have first degree AV block consistent with age-

related atrophy and fibrosis of the AV node (9,10). With respect to ven-

tricular activation, elderly individuals exhibit a leftward shift in the QRS

axis and an increased prevalence of bundle branch disease. There is also

an increase in subtle, nonspecific repolarization abnormalities, includ-

ing decreased T-wave amplitude, and nonspecific flattening of the ST-

segment.

When evaluating the elderly, special attention should be given to elec-

trocardiographic evidence of left ventricular hypertrophy (LVH) by either

the modified Cornell criteria or the Sokolow-Lyon criteria. Although the

EKG is not sensitive for the detection of LVH, it is highly specific. The

presence of EKG evidence of LVH is an important finding in the elderly

because it is a predictor of heart failure and premature cardiovascular

death (11).
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BRADYARRHYTHMIAS

Sick Sinus Syndrome

Sick sinus syndrome (SSS) is common in elderly populations, accounts

for approximately one-half of pacemaker insertions in the United States,

and is associated with an increased prevalence of falls in the elderly (12,

13).
 
The term “sick sinus syndrome” was first used by Bernard Lown in

1967 to describe the slow return of sinus node activity following direct

current (DC) cardioversion (14). This bradyarrhythmic syndrome is char-

acterized by chronic inappropriate bradycardia accompanied by symp-

tomatic sinus pauses with an inadequate junctional escape rhythm and

sinoatrial block. More than half of patients with SSS have AV conduction

disturbances and tachyarrhythmias. These patients are said to have tachy-

cardia–bradycardia syndrome. The diagnosis of tachycardia–bradycar-

dia syndrome in a patient with SSS is concerning because tachycardia-

mediated overdrive suppression can lead to long sinus pauses following

the termination of an atrial arrhythmia.

The bradyarrhythmia in SSS can be the result of either impaired im-

pulse initiation or impaired impulse propagation. SSS can be caused by

several pathological processes, including infiltrative disease such as sar-

coidosis and amyloidosis, inflammatory pericardial processes, and meta-

bolic disorders such as hypothyroidism, but it is most commonly caused

by fibrous replacement of the SAN.

In patients suspected of having a bradyarrhythmia and/or sinus node

dysfunction, the chief goal of the evaluation is to determine whether the

patient has a symptomatic bradyarrhythmia. This is most readily accom-

plished with ambulatory monitoring, including the use of an event moni-

tor. Although electrophysiology (EP) testing can also be used to evaluate

sinus node function, its sensitivity is low. For this reason, EP testing is

typically only used to evaluate sinus node function among patients with

syncope in whom an obvious cause of syncope cannot be identified. Pace-

maker placement is recommended for treatment of most patients with a

symptomatic bradyarrhythmia, unless the bradyarrhythmia is the result

of a transient and reversible cause (e.g., recent initiation of �-blocker

therapy where the indication for �-blocker therapy is not compelling).

Dual-chamber rate-responsive pacemakers or single-chamber atrial pace-

makers are recommended for treatment of patients with SSS who have

an indication for pacemaker therapy (15).

Atrioventricular Block

Following atrial activation, the electrical impulse must be propagated

through the AV node and the bundle of His before it can activate the
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bundle branches. It has long been observed that AV conduction is pro-

longed with age. The AV node is the first part of the conduction system

to be affected by age-related fibrosis, as fatty infiltrates and collagen

interposition in AV nodal tissues begin to appear at 30 years of age (16).

Over time, these changes lead to delayed impulse propagation and pre-

dispose to the fractionation of AV conduction and subsequent reentry.

These age-related delays in AV conduction are primarily localized to the

AV node and the proximal portion of the His bundle (17). Although ani-

mal models have implicated decreased �-receptor density in the AV node,

PR prolongation in humans appears to be independent of �-adrenergic and

parasympathetic input (18,19).

Patients with impaired AV conduction may be asymptomatic or may

complain of syncope, lightheadedness, and fatigue. AV conduction block

can be classified as first-, second-, and third-degree AV block (also known

as complete heart block). The differential diagnosis of AV block includes

primary and secondary AV block. Conditions associated with secondary

AV block include myocardial ischemia, enhanced vagal tone, drug effect

(including digitalis intoxication, �-blockers, nondihydropyridine cal-

cium channel blockers [CCBs], and class I anti-arrhythmics), lyme dis-

ease, syphilis, calcific aortic stenosis, aortic valve ring abscesses, and

infiltrative disorders, which include hemochromotosis, amyloidosis, and

sarcoidosis.

First-degree AV block is defined by a PR interval longer than 200 ms.

The incidence of primary first-degree heart block increases with age and

is associated with a moderate increase in the PR interval (0.2–0.23). Pri-

mary first-degree AV block is a benign condition and is not associated

with increased mortality (20).

Second-degree AV block includes Mobitz type I and Mobitz type II

block. Mobitz type I or Wenckebach block, is characterized by progres-

sive lengthening of the PR interval and intermittent block. In contrast,

Mobitz type II second-degree AV block, is associated with intermittent

AV block without PR interval lengthening. The key step in evaluating a

patient in second-degree heart block is determining whether or not Mobitz

type II block is present, as Mobitz type II indicates distal His pathology

and a high risk of progression to complete heart block. Because of these

high-risk features, Mobitz type II second-degree AV block, like complete

heart block, is a class I indication for permanent pacemaker insertion.

Bundle Branch Disease

Bundle branch block (BBB) is highly age dependent with a prevalence

of 1.2% among those age 50 and a prevalence of 17% among those age

80 (21). A common dilemma facing clinicians is how to manage patients
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with chronic bifasicular block. These patients are sometimes said to be

“hanging by a fascicle.” Fortunately, chronic bifasicular block rarely pro-

gresses to complete heart block. In fact, among patients with BBB, only

1% per year progress to complete heart block (22).

Given the low risk of progression to heart block in these patients, it is

generally agreed that asymptomatic patients with bifasicular and trifas-

icular block should not undergo pacemaker implantation. Class I indica-

tions for pacemaker insertion in patients with chronic bifasicular and tri-

fasicular block include symptomatic bradycardia, intermittent complete

heart block, and intermittent type II second degree AV block. Patients with

unexplained syncope who have evidence of underlying conducton system

disease should undergo an EP study. Pacemaker placement is indicated

for those patients with an H-V interval longer than 100 ms. EP testing is

not indicated for the asymptomatic patient with an underling BBB pattern

on EKG.

TACHYARRHYTHMIAS
Supraventricular Arrhythmias

PAROXYSMAL SUPRAVENTRICULAR TACHYCARDIA

The term paroxysmal supraventricular tachycardia (PSVT) generally

refers to a clinical syndrome characterized by a sustained regular supra-

ventricular arrhythmia of abrupt onset and termination. Two-thirds of all

cases of PSVT result from AV nodal re-entrant tachycardia. The remain-

ing one-third of patients with PSVT has an accessory pathway that pro-

vides a substrate for AV-reciprocating tachycardia. In very unusual cases,

PSVT may result from a re-entrant atrial tachycardia such as sinus node

re-entrant tachycardia or from an ectopic atrial focus. Although the inci-

dence of PSVT peaks in the fifth decade, patients 65 years and older have

five times the risk of developing PSVT compared with their younger

counterparts (23).

The presentation of PSVT can vary dramatically. Some patients com-

plain of palpitations, light-headedness, neck-pounding, and fatigue, others

remain asymptomatic, and a few present with syncope. If an episode of

PSVT is prolonged, patients may report polyuria owing to atrial stretch-

mediated release of atrial natriuretic peptide. Generally, the physical

examination has limited diagnostic value in the diagnosis of PSVT. This

reflects the fact that most episodes of PSVT terminate spontaneously.

Furthermore, in the rare situation when the tachycardia is ongoing, the

physical examination is rarely informative.

Evaluation of a patient with PSVT should include a search for possi-

ble precipitants including infection, hypoxemia, anemia, and metabolic
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disturbances. The first step in management includes an assessment of

the patient’s vital signs. Hemodynamically unstable PSVT, like any

unstable tachyarrhythmia should be treated with immediate DC cardio-

version; otherwise, attempts should be made to obtain an EKG and to abort

the arrhythmia with vagal maneuvers.

If PSVT does not terminate with vagal maneuvers, therapeutic and

diagnostic administration of adenosine is recommended. Adenosine should

be administered in a rapid bolus with an initial dose of 6 mg. If the tachy-

cardia persists, 12 mg of adenosine should be administered. The only

contraindication to adenosine is a history of severe brochospastic pul-

monary disease. Adenosine should never be administered unless the

patient is being monitored and a defibrillator is present. Rarely, on termi-

nation of PSVT, AF appears. If a patient has a rapidly conducting acces-

sory pathway, this may lead to VF. Rarely, adenosine administration will

result in persistence of the tachycardia with AV block. This finding ex-

cludes an arrhythmia involving the AV node and strongly suggests that the

underlying arrhythmia is either atrial tachycardia or atrial flutter. If the

arrhythmia does not terminate with adenosine, a CCB or �-blocker can

be administered.

Once PSVT is terminated, either spontaneously or following adeno-

sine, a long-term treatment strategy can be developed. In general, the

approach to treatment depends on the severity and frequency of symp-

toms, and patient preference. Catheter ablation is considered an appropri-

ate first-line therapy for PSVT, particularly among patients with frequent

tachycardic episodes, hemodynamic intolerance, or for those who have

failed an attempt at empiric therapy with a �-blocker or CCB. As discussed

later, catheter ablation is also recommended for all patients with PSVT

that occurs in the setting of the Wolff-Parkinson-White Syndrome. For

patients who are not interested in catheter ablation, alternate treatment

strategies include clinical follow-up without specific therapy, empiric treat-

ment with a CCB or �-blocker, or rarely a class 1c anti-arrhythmic agent

such as flecainide or propafenone (24).

AV NODAL RE-ENTRANT TACHYCARDIA

AV nodal re-entrant tachycardia (AVNRT) is the most common cause

of PSVT in the elderly, accounting for approximately two-thirds of all

cases (25,26). The presence of a narrow complex tachycardia with a reg-

ular RR interval at a rate of 140 to 250 beats per minute (bpm) without P

waves or with retrograde P waves in the ST-segment suggests the pres-

ence of AVNRT.

The AV node is a compact bundle of atrial tissue located at the apex

of the triangle of Koch. In AVNRT, the presence of a second conducting
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pathway (with a different refractory period) adjacent to the AV node,

enables unidirectional block and formation of a re-entrant circuit involv-

ing both the fast and slow pathways. This unique anatomic relationship

enables the adjacent slow pathway to be safely ablated with a success

rate in excess of 95% (27). Because the elderly are at the greatest risk for

adverse events related to long-term oral antiarrhythmic therapy, radio-

frequency ablation should be considered first line therapy in all active

elderly individuals who are willing to accept the 1% risk of AV block

associated with catheter ablation of AVNRT.

Fig. 2. Catheter ablation of atrioventricular nodal re-entrant tachycardia (AVNRT).

(A) In AVNRT, the presence of a second conducting pathway (with a different

refractory period) adjacent to the AV node, enables unidirectional block and for-

mation of a reentrant circuit between the “fast” and “slow” conducting pathways.

This unique anatomic relationship allows for successful catheter ablation of the

slow pathway in over 95% of cases.
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Fig. 2. (Continued) Also depicted are (B) a 12-lead electrocardiogram of AVNRT

and (C) an intracardiac electrogram demonstrating AVNRT with termination of

the arrhythmia on the fast pathway.

Often, EKG changes are observed during an episode of AVNRT, or

shortly thereafter. Significant ST-segment depressions can be seen dur-

ing the tachycardia in 25%–50% of patients with AVNRT, however, these
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changes are not predictive of ischemia (28). Additionally, there is no

correlation between the rate of tachycardia and the presence or extent of

ST segment changes. Other EKG changes may be seen during or after

the termination of AVNRT. Newly acquired T-wave inversion after termi-

nation of AVNRT, commonly in anterior or inferior leads, can be present

in nearly 40% of patients (29). Despite the concern that is often raised with

these EKG changes, there is no significant association between AVNRT

and underlying structural heart disease.

ACCESSORY PATHWAY TACHYCARDIAS

Accessory pathways are anatomically distinct AV connections that

form as a result of incomplete separation of the myocardium during

development. These connections bypass the AV node and can lead to

premature excitation of the ventricle. Accessory pathways can conduct

from the atrium to the ventricle, from the ventricle to the atrium, or both.

Accessory pathways that only conduct from the ventricle to the atrium

are not apparent on a 12-lead EKG and are referred to as “concealed”

pathways. In contrast, anterograde conducting accessory pathways result

in premature activation of the ventricle and give the typical pattern of

pre-excitation on the EKG. Features of pre-excitation include a short PR

interval, a slurred QRS upstroke (� wave), and a widened QRS complex.

The Wolff-Parkinson-White syndrome is an accessory pathway syndrome

characterized by the presence of a � waves on the 12-lead EKG in con-

junction with supraventricular arrhythmias. Because patients with Wolff-

Parkinson-White syndrome have an increased risk of sudden death, cath-

eter ablation is usually considered the standard of care.

Among patients with an accessory pathway, the most common arrhyth-

mia is orthodromic atrioventricular reciprocating tachycardia (AVRT).

This tachycardia involves anterograde conduction through the AV node

to the ventricles and retrograde conduction from the ventricles to the

atrium via the accessory pathway. Orthodromic AVRT typically presents

as a narrow complex tachycardia. Antidromic AVRT, a less common arrhy-

thmia, involves the same reentrant circuit but the wavefront travels antero-

gradely from the atrium to the ventricle via the accessory pathway. This

results in a wide complex tachycardia.

SINUS TACHYCARDIA

Elderly individuals frequently present with sinus tachycardia. Sinus

tachycardia is marked by a gradual onset and termination and its diag-

nosis requires EKG evidence of sinus rhythm. Sinus activation results

in a P wave vector between 0 and 90 degrees with positive deflections

in leads I, II, and aVF and a negative deflection in lead aVR. The pres-
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ence of sinus tachycardia almost always represents an appropriate physi-

ological response to a demand stressor. In the elderly, the differential

diagnosis is broad, but consideration should be given to hyperthyroidism,

occult gastrointestinal bleeding, pulmonary embolism, and infection.

Because this rhythm represents an appropriate physiological response,

treatment should be directed at the underlying etiology. Inappropriate

sinus tachycardia is defined as sinus tachycardia in the absence of a phys-

iological stimulus. This condition is rare and virtually never occurs in

the elderly.

MULTIFOCAL ATRIAL TACHYCARDIA

Multifocal atrial tachycardia (MAT) is an uncommon arrhythmia seen

in critically ill elderly inpatients, with a mean age at diagnosis of 72

years. MAT is rare, but when is does occur, it is usually in the setting of

an intensive care unit admission owing to an exacerbation of underlying

pulmonary disease (especially chronic obstructive pulmonary disease

[COPD]). MAT portends an ominous prognosis with an in-hospital mor-

tality rate of 45% (30). Clinically, MAT is often mistaken for AF because

it is an irregular narrow complex rhythm. The diagnosis of MAT rests on

an atrial rate greater than 100 bpm, the presence of three separate P-wave

morphologies, and irregular PP intervals. Like sinus tachycardia the treat-

ment is directed at reversing the underlying cause, however, previous

studies have shown that metoprolol and verapamil can be useful for rate

control.

ATRIAL FLUTTER

Atrial flutter occurs 100 times more often in those aged 80 years and

older, as compared to younger persons (31). Risk factors for atrial flutter

include advancing age, heart failure, and COPD. Among patients who

present with SVT, approximately 10% will have atrial flutter (32). Atrial

flutter is a macro-reentrant atrial tachycardia that is distinguished by its

atrial rate (typically ranges from 250 to 350 bpm). The re-entrant circuit

in atrial flutter is almost always located in the right atrium, commonly

involving the cavotricuspid isthmus, an isolated area of slowed conduc-

tion anatomically bound by the coronary sinus, the inferior vena cava,

the tricuspid annulus, and the eustachian ridge. Also known as typical

flutter or type 1 flutter, this common type of atrial flutter is characterized

by a counterclockwise wavefront in the right atrium, which gives rise to

negative flutter waves in leads II and III and positive atrial deflections

in lead V1. Uncommon atrial flutter involves the same re-entrant circuit,

but the wavefront travels in a clockwise direction. In contrast to type 1

atrial flutter, atypical or type 2 atrial flutter is a more rapid arrhythmia
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that results from functional re-entry. Atrial flutter is commonly associ-

ated with the presence of structural heart disease, thus patients with no

known structural heart disease should undergo an investigative echo-

cardiogram (33).

The management of atrial flutter consists of two main strategies.

Because atrial flutter is associated with an increased risk of stroke, sys-

temic anticoagulation is recommended for all patients with atrial flutter

who have other risk factors for stroke (including age >75 years). If a

patient has symptomatic atrial flutter, treatment to restore sinus rhythm

is indicated. This typically involves a cardioversion procedure. If atrial

flutter recurs, pharmacological treatment or catheter ablation is recom-

mended to prevent further recurrences. A recent randomized clinical

trial demonstrated that catheter ablation is superior to pharmacological

therapy in the maintenance of sinus rhythm in patients with atrial flutter

(34). For this reason, catheter ablation is considered first-line therapy.

Catheter ablation can be performed on an outpatient basis and is associ-

ated with a 95% efficacy and less than a 1% risk of major complications.

If a patient prefers pharmacological therapy, a class 1A, 1C, or class 3

anti-arrhythmic can be considered. The selection of an anti-arrhythmic

agent is generally based on the drug’s side-effect profile. Pharmacologi-

cal therapy is successful in the long-term suppression of atrial flutter in

approximately 50% of patients.

ATRIAL FIBRILLATION

AF is a re-entrant supraventricular tachycardia (SVT) that is confined

to the atrium. This tachyarrhythmia is characterized by (a) the absence

of organized atrial activity, (b) the presence of irregular oscillations or

fibrillatory waves, and (c) an irregularly irregular ventricular rate. AF is

by far the most common and clinically most important SVT. Among

patients undergoing coronary artery bypass grafting, older age is the

strongest predictor of postoperative AF (35). Not surprisingly, the preva-

lence of AF increases with age, such that only 0.1% of adults younger than

55 years of age have AF, but among adults older than 80 years, 9% have

AF. It is estimated that 2.3 million Americans have AF, a figure that is

expected to increase 2.5 fold over the next 50 years (36). AF is not a benign

rhythm and is associated with considerable morbidity and mortality.

Most importantly, AF increases the risk of stroke fivefold (approximately

5% per year) and accounts for approximately one-sixth of all strokes in

the United States (37). In the Framingham Study, patients with AF had

a two- to threefold increase in cardiovascular mortality (38). Although

lone AF is not associated with increased cardiovascular morbidity in
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younger individuals, patients over the age of 60 with lone AF do have a

marked increase in cardiovascular events (39; see Fig. 3 [40]).

Once initiated, AF is composed of multiple re-entrant circuits with a

cycle length between 150 and 300 ms. The decremental conduction prop-

erties of the AV node prevent most of these atrial impulses from reaching

the ventricle. AF facilitates its own propagation by shortening the atrial

refractory period, mostly through reductions in L-type calcium channel

current. Previously, it has been taught that the initiation of AF, much like

sustained AF, was not a focal process. Associations with hyperthyroidism

and ethanol consumption appeared to support this hypothesis. However,

it has become clear that the spontaneous initiation of AF is often due to

isolated rapidly firing foci, which are found in the right atrium, left atrium,

superior vena cava, the coronary sinus, and most commonly, the pulmo-

nary vein ostia (41). In the past several years, it has been demonstrated that

ectopic foci in the pulmonary vein ostia are amenable to ablation tech-

niques and that pulmonary vein ablation can be a very effective treatment

for AF (42–44).

The management of AF includes the following: (a) evaluation of under-

lying etiology and risk stratification, (b) selection of a rhythm- vs rate-

control strategy, and (c) stroke prophylaxis (45). Patients suspected of

having AF should undergo 24-hour ambulatory EKG monitoring. All

patients with a new diagnosis of AF should undergo echocardiography

to evaluate the presence of any structural heart disease and to identify

high-risk features for stroke. Thyroid function should also be assessed,

Fig. 3. Prevalence of atrial fibrillation by age. (From ref. 40.)
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as AF may be the only presenting symptom of thyroid disease in the

elderly. The size of the left atrium provides a general assessment of how

long a patient has been in AF and what the probability is that sinus rhythm

can be restored and maintained. The chance of successful conversion in

a patient with a left atrial size greater than 6 cm is extremely small.

When a patient presents with AF, the onset and duration of the arrhyth-

mia should be determined, if possible. Patients who present within 48

hours of onset are candidates for immediate pharmacological or electri-

cal conversion. Patients who present with AF for longer than 48 hours

should be anticoagulated for 3 weeks prior to cardioversion. Alternativ-

ely, the clinician can pursue transesophageal echocardiography (TEE)-

guided cardioversion (46). If a patient has no evidence of left atrial appen-

dage thrombi or spontaneous echo contrast on TEE examination, they

can safely undergo cardioversion without increased risk of cardioembolic

stroke. Conversely, all patients with AF for longer than 48 hours duration,

regardless of their precardioversion care, should be anticoagulated for

4 weeks following resumption of sinus rhythm. This strategy is necessary

because there is a paradoxical increase in the rate of stroke in the first 48

hours following cardioversion owing to left atrial stunning (localized

tachycardia-mediated atrial cardiomyopathy) following the termination

of AF.

Although many debate the relative merits of rate control and rhythm

control, it is reasonable to give every patient at least one chance at car-

dioversion, regardless of their risk for recurrence. Cardioversion has an

86% success rate at 72 hours (47). However, it is important to note

that 68% of patients who present with AF of less than 72 hours duration

will spontaneously convert to normal sinus rhythm (48). Risk factors for

arrhythmia recurrence include age older than 75 years, left atrial diameter

greater than 45 mm, AF for more than 4 weeks, presence of heart failure,

left ventriuclar systolic dysfunction, and a history of prior cardioversion

(49–51). Utilization of a biphasic waveform achieves cardioversion at

lower energy levels when compared with monophasic waveform defibril-

lation (52). Finally, anterior–posterior application of defibrillator leads

is associated with increased cardioversion efficacy (53).

A central debate in clinical cardiology is whether patients with AF

should be managed with rate control or rhythm-based strategies. As men-

tioned previously, AF is not a benign rhythm. The presence of AF impairs

cardiovascular hemodynamics through several mechanisms. Loss of

synchronous atrial contraction results in impaired ventricular filling and

elevated left atrial end-diastolic pressures. Inappropriate tachycardia in

AF decreases the diastolic filling interval, whereas irregular RR intervals

are associated with decreased cardiac output, elevated pulmonary cap-
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illary wedge pressures, and elevated right atrial pressures. These altera-

tions can lead to adverse cardiac remodeling and impaired left ventricu-

lar function. Older patients with poor vascular compliance and diastolic

dysfunction may not tolerate these changes as well as younger individuals,

thus leading to impaired ventricular function and heart failure. Mainte-

nance of sinus rhythm has several advantages, including relief of symp-

toms, and improved hemodynamics. No study to date has demonstrated

that restoration and maintenance of sinus rhythm lowers stroke risk. For

this reason, the approach to management of AF should be considered

independently from the issue of anticoagulation.

Despite the common perception that rate control represents a “simpler”

strategy, rate control can often be difficult to achieve, especially in patients

with left ventricular dysfunction. Rate control is defined as a mean 24-

hour heart rate of 80 bpm or lower as recorded on a Holter monitor. The

objective of a rate-control strategy, however, is to control heart-rate

variability as well as the average heart rate. Therefore, rate control can-

not be assessed with a resting heart rate or at a single point in time. First-

line rate-control agents include �-blockers and nondihydropyridine

CCBs. Digitalis preparations are rarely adequate as monotherapy, espe-

cially in active individuals, because they lower heart rate through a vago-

tonic mechanism (54).

Pharmacological cardioversion is most successful when attempted

within 7 days of AF onset (55). Although several drugs are shown to limit

the recurrence of AF, amiodarone appears to be more effective than sota-

lol and class I agents at maintaining sinus rhythm (56). Selection of an

initial anti-arrhythmic agent in AF should focus on the patient’s underly-

ing pathophysiology and co-morbidities. For those patients without struc-

tural heart disease, flecainide, propafenone, and sotalol are all reasonable

choices given their tolerability and lower incidence of complications.

The presence of ischemic heart disease is a relative contraindication for

a class 1c anti-arrhythmic drug like flecainide or propafenone. In young

patients, disopyramide is often recommended as a first-line agent for

treatment of vagally mediated AF. It is important to note, however, that

norpace may exacerbate bladder outlet obstruction in elderly men and

therefore should be avoided in this clinical situation. Similarly, �-blockers

should be considered in those patients with adrenergically mediated AF.

Amiodarone is generally reserved for patients who have failed other anti-

arrhythmic drugs and/or those with significant left ventricular dysfunc-

tion. Although amiodarone has been shown to have the greatest efficacy

for treatment of AF, it is associated with important side effects including

thyroid disease, pulmonary disease, and peripheral neuropathy. Amio-

darone may also result in impaired vision. For these reasons, annual screen-
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ing is required to allow for early detection of amiodarone-induced side

effects.

Several randomized, controlled trials have compared a primary strat-

egy of rate control vs rhythm control (57–60). Although these studies are

limited by selection bias, exclusion criteria, limited follow-up duration,

and varying efficacy in the rhythm-control arm, several common find-

ings have emerged. Most importantly, in the short term (i.e., 1 to 3 years

of follow-up), rate control is not inferior to a rhythm-control strategy. It

has also been observed that the maintenance of sinus rhythm is difficult

to achieve, as only 40% to 60% of the patients in the rhythm-control arms

actually were in sinus rhythm at the conclusion of the trials. A rhythm-con-

trol strategy is also associated with increased hospitalization rates owing

to the need for repeat cardioversion and initiation of pharmacological

therapy. Because in several of the trials, most of the cardioembolic events

occurred in the rhythm-control groups, patients with risk factors for

stroke should continue to receive anticoagulation even after sinus rhythm

is achieved. Not unexpectedly, exercise tolerance was better in patients

managed with rhythm control.

Consistent with the results of these recent trials, the approach to man-

agement of AF is based largely on symptoms. If a patient has asymptoma-

tic AF, rate control and systemic anticoagulation are considered the usual

standard of care. One attempt at cardioversion could be considered if this

is the patient’s first episode of AF. In contrast, medical or catheter-based

therapy should be considered for patients with symptomatic AF. Anti-

arrhythmic therapy is generally the first step. As discussed previously,

the selection of anti-arrhythmic agents is based largely on the drug’s side-

effect profile and potential for pro-arrhythmia. Amiodarone is an effective

pharmacological agent but is associated with many potential side effects.

For this reason, it is rarely considered first-line therapy. Catheter ablation

of AF has made tremendous strides over the past several years. Catheter

ablation is indicated for patients with highly symptomatic AF that has been

refractory to attempts at pharmacological therapy. The 1-year efficacy

of this procedure for patients with paroxysmal AF is approximately 75%.

VENTRICULAR ARRHYTHMIAS
Monomorphic Ventricular Tachycardia

There are two important types of re-entrant ventricular arrhythmias,

ventricular tachycardia (VT) and ventricular fibrillation (VF). VT can

be further subdivided based on its morphology into monomorphic VT

and polymorphic VT. These descriptive labels are very helpful from a
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diagnostic standpoint because they shed light on the etiology. To be

more specific, monomorphic VT is caused by fixed re-entry and poly-

morphic VT is caused by dynamic re-entry. Therefore, after examining

the patient’s rhythm strip, the clinician is immediately clued in to the

possible etiologies of the ventricular arrhythmia.

Sustained monomorphic ventricular tachycardia is usually the result

of the presence of a fixed re-entrant circuit in the ventricle. Almost all

patients with this type of VT have some form of structural heart disease

that accounts for the presence of this abnormal re-entrant circuit, most

commonly prior myocardial infarction (MI). The border zone of an MI is

often characterized by an island of fibrosis surrounded by living tissue.

Myocardial scar enables unidirectional block and establishes the milieu

necessary for re-entry. Sustained VT in the setting of structural heart dis-

ease (and therefore, not idiopathic) is associated with an increased risk

of sudden cardiac death. VT requires aggressive evaluation and treatment,

often with an implantable cardioverter defibrillator (ICD).

VT must be differentiated from aberrantly conducted supraventricular

arrhythmias. EKG features that suggest ventricular origin include AV

dissociation (apparent in 30%), QRS complex duration longer than 160

ms, a shift in the QRS axis, and the presence of fusion beats. Although

these features are helpful, the patient’s history may be more informative.

In patients with a history of coronary artery disease (CAD), more than

95% of wide complex tachycardia represents VT.

Polymorphic Ventricular Tachycardia

Polymorphic ventricular tachycardia is a form of VT in which there is

variation in the axis and morphology of the QRS complex. Unlike mono-

morphic VT, which is usually caused by a fixed re-entrant circuit, poly-

morphic VT is caused by heterogeneity in ventricular repolarization. Poly-

mophic VT is most commonly seen under the following situations: (a)

long QT syndrome resulting in torsade de pointes, (b) pro-arrhythmia

resulting in a drug-induced prolongation of the QT interval and torsade,

(c) severe dilated cardiomyopathy (DCM), and (d) severe ischemic dis-

ease with ongoing ischemia (e.g., left main CAD).

Ventricular Fibrillation

VF is a rapid, irregular tachycardia arising in the ventricles that results

from multiple re-entrant circuits. The EKG features of VF include a rapid

(>250 bpm) and very irregular wide complex tachycardia.

VF may occur as a primary arrhythmia or may result from degener-

ation of VT. As VF continues, global myocardial ischemia ensues and
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post-repolarization refractoriness and conduction delay increase (61).

Unless terminated, VF results rapidly in sudden cardiac death. The major-

ity of patients who experience VF have cardiac disease, especially CAD.

Although VF can occur within 24 hours of an acute MI, the vast majority

of VF does not.

Evaluation of Ventricular Arrhythmias in the Elderly

The evaluation of a patient who has experienced a sustained or non-

sustained ventricular arrhythmia (NSVT) involves several steps. Per-

haps the most important of these is determining whether the arrhythmia

is symptomatic or asymptomtic. Whereas treatment is indicated for most

symptomatic arrhythmias, treatment is rarely recommended for asymp-

tomatic arrhythmias. The exception to this rule is the patient with asymp-

tomatic ventricular arrhythmias and impaired left ventricular function

(ejection fraction [EF] � 35%). Recent studies demonstrate that the risk

of sudden death is significantly increased in this patient population and

that placement of an ICD may prolong the survival. The second step

in the evaluation of a patient with a ventricular arrhythmia involves an

assessment of their ventricular function and whether they have ischemic

heart disease. Elderly patients without structural heart disease or exer-

cise induced NSVT do not appear to have an increased risk of sudden

death (62).

Management of Ventricular Arrhythmias

Management of patients with ventricular arrhythmias is focused on

assessing the severity of symptoms and risk for sudden death. The role

of defibrillator therapy in the primary and secondary prevention of sud-

den death is discussed later. For patients who are not at high risk of sud-

den death, the treatment of ventricular arrhythmias is directed at reducing

symptoms. Treatment options include pharamacological agents such as

�-blockers and anti-arrhythmic agents, as well as catheter ablation. The

success of catheter ablation is highly dependent on the arrhythmia being

ablated. Among patients with idiopathic VT arising from the right ventric-

ular outflow tract, catheter ablation is associated with an efficacy of greater

than 90%. In contrast, catheter ablation is rarely curative for arrhythmias

that arise in the setting of significant structural heart disease.

SECONDARY PREVENTION
OF SUDDEN CARDIAC DEATH

In the late 1970s, Michel Mirokski pioneered the development of

the ICD at Sinai Hospital in Baltimore, Maryland. His work led to the
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first implantation of an ICD at the Johns Hopkins Hospital in 1980 (63).

Since that time, the numbers of ICDs implanted per year has increased

significantly.

Patients with sustained VT and prior MI have a mortality rate of 20%

at 2 years (64). These patients are at high risk for future sudden cardiac

death. Unfortunately, the survival rate for out-of-hospital cardiac arrest

is low; ranging from 2% to 25% (65). The ICD quickly became the focus

of several clinical trials aimed at secondary prevention of sudden car-

diac death owing to the risk of pro-arrhythmia with drug treatment and

the association between time-to-defibrillation and survival. The Anti-

arrhythmics Versus Implantable Defibrillators (AVID) trial randomized

1016 survivors of cardiac arrest (455 patients had VT, 561 patients had

VF) to conventional anti-arrhythmic treatment vs ICD implantation.

When the investigators found a significant reduction in mortality in the

ICD group (15.8% vs 24.0%) after 18.2 months of follow-up, the trial

was terminated prematurely (66). The mortality benefit in AVID seemed

to be restricted to those patients with a left ventricular ejection fraction

(LVEF) less than 35%, confirming the predictive power of left ventricu-

lar dysfunction for sudden cardiac death. The results of this trial were

soon confirmed by two other secondary prevention trials: the Canadian

Implantable Defibrillator Study and the Cardiac Arrest Study Hamburg.

A meta-analysis of approximately 900 patients enrolled in randomized

controlled trials (RCTs) of secondary prevention found a 27% risk reduc-

tion for sudden cardiac death after ICD implantation (67).

Consistent with the results of these studies, ICDs are now indicated

for the treatment of most sudden death survivors. ICDs are also recom-

mended for treatment of sustained ventricular arrhythmias that occur in

the setting of structural heart disease (15) (Table 1).

PRIMARY PREVENTION OF SUDDEN CARDIAC DEATH

Although our attempts at secondary prevention have been successful,

patients with a history of lethal ventricular arrhythmia account for only

5% to 10% of sudden cardiac death victims in the United States (68).

Furthermore, 40% of patients who suffer primary VT have no prior warn-

ing arrhythmias (69). Several trials investigated the use of ICD implan-

tation for the primary prevention of sudden cardiac death. From these

first trials we learned that ICD implantation in patients (mean age between

62 and 67 years) with ischemic cardiomyopathy, an LVEF less than 40%,

evidence of NSVT, and inducible VT at electrophysiology study (EPS)

yields a 50% reduction in mortality (70,71). The Multicenter Automatic

Defibrillator Implantation Trial (MADIT II) demonstrated the efficacy of
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primary prevention in patients with an LVEF below 30% and prior MI.

The study was more bold in that patients were not required to have either

documented NSVT or an invasive EP study. Notably, the mean age of the

MADIT II population was 65 years.

There is growing evidence to suggest that ICD implantation is also an

effective means of primary prevention in patients with nonischemic DCM.

Table 1
Indications for ICD Implantation

Class I

• Cardiac arrest due to VT/VF (not due to a reversible cause)

• Sustained VT

• Syncope of unknown etiology with hemodynamically significant

ventricular arrhythmia induced at EPS despite anti-arrhythmic therapy

• Nonsustained VT and inducible sustained VT/VF at EPS in the setting

of ischemic left ventricular dysfunction following MI that is not

suppressible with class I anti-arrhythmics

Class IIa

• LVEF <30% at least 1 month status post-MI or 3 months status post-

CABG

Class IIb

• Cardiac arrest presumed secondary to VT/VF when EPS is contraindicated

• Severe symptomatic VT/VF while awaiting cardiac transplantation

• Familial syndromes such as long QT and hypertrophic cardiomyopathy

with a high-risk of sudden cardiac death

• Nonsustained VT in the setting of coronary artery disease with inducable

VT/VF at EPS

• Recurrent syncope with left ventricular dysfunction with inducible

ventricular arrhythmias at EPS when other causes of syncope have been

excluded

• Syncope with a Brugada pattern on EKG testing

Class III

• Syncope of unknown etiology with a nondiagnostic EPS

• VT/VF storm

• VT/VF amenable to catheter ablation (e.g., WPW)

• VT/VF in the setting of electrolyte disturbances (e.g., hypomagnesemia)

• Patients with class IV NYHA heart failure not responding to pharmaco-

logical therapy and ineligible for cardiac transplantation

ICD, implantable cardiac defibrillator; VT/VF, ventricular tachycardiac/ventricular

fibrillation; EPS, electrophysiology study; MI, myocardial infarction; LVEF, left ven-

tricular ejection fraction; CABG, coronary artery bypass grafting ; EKG, electrocardio-

gram; WPW, Wolff-Parkinson-White syndrome; NYHA, New York Heart Association.

(Adapted from ref. 15.)
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A retrospective analysis of ICD firing in patients with nonischemic DCM

has shown that the incidence of ICD firing (approximatley 30%) is simi-

lar in patients, regardless of whether or not they had a prior history of ven-

tricular arrhythmia (72). In addition, recent studies suggest that EP testing

may have less predictive value in patients with markedly impaired ven-

tricular function, particularly those with idiopathic DCM. Middlekauff

and colleagues have called attention to the strong link between syncope

and sudden cardiac death in patients with a history of heart failure (73–75).

Their findings reiterate the poor negative predictive value of EP testing

in patients with reduced ventricular function. Approximately one-half

of patients with nonischemic DCM, syncope, and a negative EPS who

undergo ICD implantation will have an appropriate device firing for VT/

VF in the ensuing 24 months (76). These findings suggest that more sen-

sitive diagnostic tests are needed to evaluate patients’ risk for sudden

cardiac death and that those patients with nonischemic DCM will likely

benefit from ICD implantation. The recent completion of the Compari-

son of Medical Therapy, Pacing, and Defibrillation in Heart Failure,

Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation,

and Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) trials con-

firmed the benefit of ICD implantation in patients with reduced EF,

regardless of coronary disease (77–79). In the SCD-HeFT trial, defibril-

lator placement in patients with New York Heart Association class II or

III heart failure and impaired left ventricular function (LVEF < 35%),

reduced all-cause mortality by 23%. The treatment benefit was indepen-

dent of heart failure etiology (ischemic heart rate 0.79 vs nonischemic

heart rate 0.73) and QRS duration (78–81). Although the present Ameri-

can College of Cardiologists (ACC) guidelines do not reflect the find-

ings of these recently completed trials, they are currently under revision

to incorporate these new data.

At the present time, ICDs are recommended for primary prevention

in patients with ischemic and nonischemic cardiomyopathy and an EF

less than 35%. EP testing is indicated for patients with ischemic cardio-

myopathy with less severe cardiac dysfunction (EF = 35%–45%).

SYNCOPE

Syncope is a sudden transient loss of consciousness and postural tone

with spontaneous recovery. Loss of consciousness results from a reduc-

tion of blood flow to the reticular activating system located in the brain

stem and does not require electrical or chemical therapy for reversal. Ces-

sation of cerebral blood flow leads to loss of consciousness within approx-

imately 10 seconds. Syncope is important because it is a common, costly,
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and often disabling problem. Syncope may be the only warning sign

before sudden cardiac death (82,83).
 
Elderly persons have a 6% annual

incidence of syncope and a 30% recurrence rate at 2 years. The annual

cost of evaluating and treating patients with syncope has been estimated

to be $800 million (84).

The causes of syncope can be classified into four primary groups: vas-

cular, cardiac, neurological/cerebrovascular, and metabolic/miscellane-

ous (Table 2). Vascular causes of syncope can be further subdivided into

anatomical, orthostatic, and reflex-mediated causes. The probable cause

of syncope can be identified in approximatley 75% of patients (91). Syn-

cope in elderly individuals is often multifactorial in origin. Vascular causes

of syncope, particularly reflex-mediated syncope and orthostatic hypo-

tension, are by far the most common causes of syncope, accounting for at

least one-third of all syncopal episodes. When a person stands, 500 to 800

mL of blood is displaced to the abdomen and lower extremities, resulting

in an abrupt drop in venous return to the heart. This leads to a decrease

in cardiac output and stimulation of aortic, carotid, and cardiopulmonary

baroreceptors that trigger a reflex increase in sympathetic outflow. As a

Table 2
Etiology and Prevalence of Syncope
in Different Elderly Populationsa

Vasodepressor syncope 37%
b

Orthostatic hypotension 31%
c

Unknown etiology 14%
d

Arrhtyhmia 13%

Sinus bradycardia <1%

Atrioventricular block 3%
d

Ventricular tachycardia <1%

Neurological 5%

Seizure 2%

TIA/stroke 2%

Carotid sinus hypersensitivity 19%
e

Drug-induced 11%
f

Myocardial ischemia 1%

Aortic stenosis <1%

Pulmonary embolism <1%

a
Adapted from ref. 85.

b
Adapted from ref. 86.

c
Adapted from ref. 87.

d
Adapted from ref. 88.

e
Adapted from ref. 89.

f
Adapted from ref. 90.
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result, heart rate, cardiac contractility, and vascular resistance increase

to maintain a stable systemic blood pressure (BP) on standing (92). Ortho-

static hypotension, which is defined as a 20 mmHg drop in systolic BP

(SBP) or a 10 mmHg drop in diastolic BP within 3 minutes of standing,

results from a defect in any portion of this BP-control system (93). Ortho-

static hypotension may be asymptomatic or may be associated with symp-

toms such as lightheadedness, dizziness, blurred vision, weakness, pal-

pitations, tremulousness, and syncope. These symptoms are often worse

immediately on arising in the morning and/or after meals or exercise.

Syncope that occurs after meals, particularly in the elderly, may result

from a redistribution of blood to the gut. A decline in SBP of about 20

mmHg approximately 1 hour after eating has been reported in up to one-

third of elderly nursing home residents (94). Although usually asymp-

tomatic, it may result in lightheadedness or syncope.

Drugs that either cause volume depletion or result in vasodilation are

the most common cause of orthostatic hypotension. Elderly patients are

particularly susceptible to the hypotensive effects of drugs because of

reduced baroreceptor sensitivity, decreased cerebral blood flow, renal

sodium wasting, and an age-associated impaired thirst mechanism (95).

Orthostatic hypotension may also result from neurogenic causes, includ-

ing primary and secondary autonomic failure.

Postural orthostatic tachycardia syndrome (POTS) is a milder form of

chronic autonomic failure and orthostatic intolerance characterized by

the presence of symptoms of orthostatic intolerance, a 28 bpm or greater

increase in heart rate, and the absence of a significant change in BP within

5 minutes of standing or upright tilt (96). POTS appears to result from

a failure of the peripheral vasculature to appropriately vasoconstrict under

orthostatic stress.

Reflex-Mediated Syncope

Reflex-mediated syncopal syndromes (see Table 2) are characterized

by increased vagal tone and the withdrawal of peripheral sympathetic

tone, which lead to bradycardia, vasodilation, and, ultimately, hypoten-

sion, presyncope, or syncope. What distinguishes these causes of syncope

are the specific triggers. For example, micturition syncope results from

activation of mechanoreceptors in the bladder; defecation syncope results

from neural inputs from gut wall tension receptors; and swallowing syn-

cope results from afferent neural impulses arising from the upper gastro-

intestinal tract. The two most common types of reflex-mediated syncope

are carotid sinus hypersensitivity and neurally mediated hypotension.

Neurally mediated hypotension/syncope also known as neurocardio-

genic, vasodepressor, and vasovagal syncope and as “fainting” has been



284 Cardiovascular Disease in the Elderly

used to describe a common abnormality of BP regulation characterized

by the abrupt onset of hypotension with or without bradycardia. Triggers

associated with the development of neurally mediated syncope are those

that either reduce ventricular filling (prolonged standing, a warm environ-

ment, or hot shower) or increase catecholamine secretion (sight of blood,

pain, and stressful situations). Under these types of situations, patients

with this condition develop severe lightheadedness and/or syncope. It

has been proposed that these clinical phenomena result from a paradoxi-

cal reflex that is initiated when ventricular preload is reduced by venous

pooling. This leads to a reduction in cardiac output and BP, which is sensed

by arterial baroreceptors. The resultant increased catecholamine levels,

combined with reduced venous filling, leads to a vigorously contracting

volume-depleted ventricle (97). Neurally mediated syncope is far more

common among young individuals than among the elderly.

Syncope as a result of carotid sinus hypersensitivity results from stim-

ulation of carotid sinus baroreceptors. Carotid sinus hypersensitivity is

diagnosed by applying gentle pressure over the carotid pulsation just

below the angle of the jaw, where the carotid bifurcation is located. After

listening for a carotid bruit, pressure should be applied unilaterally for

approximately 5 seconds. It has recently been reported that the sensitivity

of diagnosing carotid sinus hypersensitivity can be increased, with no

change in specificity, by performing carotid sinus massage during 60-

or 70-degree upright tilt (98,99). The normal response to carotid sinus

massage is a transient decrease in the sinus rate and/or slowing of AV

conduction. Three types of abnormal responses are: (a) the cardioinhibi-

tory response, characterized by marked bradycardia (>3-second pause);

(b) the vasodepressor type, characterized by a 50 mmHg fall in the SBP

in the absence of bradycardia; and (c) the mixed response. It is important

to recognize that carotid sinus hypersensitivity is also commonly ob-

served in asymptomatic elderly patients, with carotid sinus hypersensitiv-

ity identified in one study in more than one-third of asymptomatic patients

undergoing cardiac catheterization for CAD. Because of this, the diag-

nosis of carotid sinus hypersensitivity should be approached cautiously

after excluding alternative causes of syncope.

Cardiac Syncope

Cardiac causes of syncope, particularly tachyarrhythmias and brady-

arrhythmias, are the second most common causes, accounting for 10% to

20% of syncopal episodes. VT is the most common tachyarrhythmia that

causes syncope. Supraventricular arrhythmias can also cause syncope,

although the great majority of patients with supraventricular arrhythmias

present with less severe symptoms such as palpitations, dyspnea, and light-
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headedness. Bradyarrhythmias that can result in syncope include SSS as

well as AV block. Anatomical causes of syncope result from obstruction

to blood flow, such as a massive pulmonary embolus, an atrial myxoma,

and aortic stenosis.

Neurological Causes of Syncope

Neurological causes of syncope are surprisingly uncommon, account-

ing for less than 10% of all cases of syncope. The majority of patients

in whom a “neurological” cause of syncope is established are found in

fact to have had a seizure rather than true syncope (100). Syncope, as an

isolated symptom, rarely results from a neurological cause. As a result,

widespread use of tests to screen for neurological conditions rarely are

diagnostic. In many institutions, computed tomography, electroenceph-

alography, and carotid duplex scans are overused, being obtained in more

than 50% of patients with syncope. A diagnosis is almost never uncovered

that was not first suspected based on a careful history and neurological

examination (101). One study indicated that 29% of patients with treat-

ment-resistant epilepsy or suspected nonepileptic seizures have an under-

lying cardiovascular cause of syncope such as neurally mediated hypo-

tension, carotid sinus hypersensitivity, or transient AV block (102).

Metabolic/Miscellaneous Causes of Syncope

Metabolic causes of syncope are rare, accounting for less than 5% of

syncopal episodes. The most common metabolic causes of syncope are

hypoglycemia, hypoxia, and hyperventilation. The establishment of hypo-

glycemia as the cause of syncope requires demonstration of hypoglyce-

mia during the syncopal episode. Psychiatric disorders may also cause

syncope. It has been reported that up to 25% of patients with syncope of

unknown origin may have psychiatric disorders for which syncope is one

of the presenting symptoms (103).

Prognosis in Syncope

The prognosis of patients with syncope varies greatly with etiology.

Syncope of unknown origin or syncope due to a noncardiac etiology (in-

cluding reflex-mediated syncope) is generally associated with a benign

prognosis. In contrast, syncope owing to a cardiac cause is associated with

a 30% mortality at 1 year.

DIAGNOSTIC TESTING

Identification of the precise cause of syncope is often challenging. The

history and physical examination are the most important components of
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the evaluation of a patient with syncope (104). When taking a clinical his-

tory, particular attention should focus on (a) determining if the patient

experienced true syncope as compared with a transient alteration in con-

sciousness without loss of postural tone; (b) determining if the patient

has a history of cardiac disease and, if a family history of cardiac disease,

syncope, or sudden death exists; (c) identifying medications that may

have played a role in syncope; (d) quantifying the number and chro-

nicity of prior episodes; (e) identifying precipitating factors including

body position; and (f) quantifying the type and duration of prodromal and

recovery symptoms. After obtaining a careful history, evaluation should

continue with a physical examination including the determination of

orthostatic vital signs, defining the patient’s level of hydration, and a tho-

rough neurological examination (105).

Tilt-table testing is a standard diagnostic test for evaluating patients

with syncope (106). Despite its limitations, tilt-table testing is generally

considered the “gold standard” for establishing a diagnosis of neurally

mediated syncope. Upright tilt-table testing is performed for 30 to 45

minutes at an angle of approximately 70 degrees. In general, a positive

response to tilt-table testing is defined as the development of syncope or

presyncope in association with hypotension and/or bradycardia. The sensi-

tivity of the test can be increased, with an associated fall in specificity, by

the use of longer tilt durations, steeper tilt angles, and provocative agents

such as isoproterenol, nitroglycerin, or edrophonium. In the absence of

pharmacological provocation, the specificity of the test has been esti-

mated to be 90% (107). There is general agreement that upright tilt-table

testing is indicated in patients with (a) recurrent syncope or a single

syncopal episode in a high-risk patient who either has no evidence of

structural heart disease or in whom other causes of syncope have been

excluded, (b) evaluation of patients in whom the causes of syncope have

been determined (e.g., asystole) but in whom the presence of neurally

mediated syncope on upright tilt would influence treatment, and (c) as

part of the evaluation of patients with exercise-related syncope. There

is also general agreement that upright tilt-table testing is not necessary

for patients who have experienced only a single syncopal episode that

was highly typical for neurally mediated syncope and during which no

injury occurred. Tilt-table testing is not useful in establishing a diagno-

sis of situation syncope (i.e., postmicturition syncope) (108). Although

echocardiograms are commonly used in the evaluation of patients with

syncope, little objective evidence exists to support their use in patients

with a normal physical examination and a normal EKG (109,110). The

rationale for obtaining an echocardiogram in patients with syncope is to

risk stratify the patient by excluding the possibility of occult cardiac dis-
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ease not apparent after the history, physical examination, and EKG. If

detected, the presence of impaired ventricular function or significant val-

vular dysfunction would suggest a cardiac cause of syncope and therefore

a worse long-term prognosis.

Myocardial ischemia is an unlikely cause of syncope and, when pres-

ent, is usually accompanied by angina. The use of stress tests in the eval-

uation of a patient with syncope is best reserved for patients in whom the

clinical suspicion of ischemia is high, that is, syncope or presyncope that

occurred during or immediately after exertion or in association with

chest pain. Even among patients with syncope during exertion it is highly

unlikely that exercise stress testing will trigger another event. Patients

suspected of having severe aortic stenosis or obstructive hypertrophic

cardiomyopathy should not undergo exercise stress testing, because it

may precipitate a cardiac arrest.

The 12-lead EKG is a standard component in the work-up of a patient

with syncope and will lead to a diagnosis in approximately 10% of patients.

Specific findings that may identify the probable cause of syncope include

QT prolongation (long QT syndrome), the presence of a short PR interval

and a � wave (Wolff-Parkinson-White syndrome), and evidence of an

acute MI, and high-grade AV block. Less-specific findings that may sug-

gest potential causes of syncope include evidence of a prior MI, BBB,

ventricular hypertrophy, and ventricular premature beats. These findings

can be confirmed later with direct testing. T-wave inversion in the right

precordial leads with an incomplete right BBB (RBBB) pattern, suggests

a diagnosis of right ventricular dysplasia. Persistent ST-segment eleva-

tion in leads V
1
 to V

3 
with an incomplete RBBB pattern suggests a diag-

nosis of the Brugada syndrome. These hereditary disorders are associated

with a high incidence of sudden cardiac death. Although more common

in younger patients, they can present in the elderly (111). The finding of

a normal EKG suggests that a cardiac cause of syncope is unlikely.

Continuous EKG monitoring using telemetry and/or Holter recording

is commonly performed in patients with syncope. The information pro-

vided by EKG recording at the time of syncope is extremely valuable

because it allows an arrhythmic cause of syncope to be established or

excluded. However, because of the infrequent and sporadic nature of

syncope, the diagnostic yield of Holter recording is low. The likelihood

of experiencing an episode of syncope while wearing a Holter recorder

in an unselected population of patients with syncope is approximately

0.1%. Although detection of asymptomatic sinus bradycardia, AV block,

or nonsustained supraventricular or ventricular arrhythmias can suggest

an arrhythmic cause of syncope, it is important to recognize that unless

syncope or presyncope accompanies these arrhythmias they are likely to
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be incidental findings and should not be assumed to be the cause of syn-

cope. Another inherent limitation of Holter recording is that it requires

that the patient experience another episode of syncope to establish a

diagnosis. For these reasons, the clinical situation in which Holter record-

ing is most likely to be diagnostic is the occasional patient with very fre-

quent (i.e., daily) episodes of syncope or presyncope. Alternatively, event

recorders are especially useful for patients with infrequent episodes of

presyncope or syncope, particularly once potentially malignant causes

of syncope have been excluded (112).

Electrophysiology Testing

The results of EP testing can be useful in establishing a diagnosis of

SSS, heart block, SVT, or VT in patients with syncope. The indications

for EP testing in the evaluation of patients with syncope have recently

been established based on an ACC/American Heart Association Task

Force report (113). There is general agreement that EP testing should be

performed in patients with suspected structural heart disease and unex-

plained syncope (class I indication) and that it should not be performed

in patients with a known cause of syncope for whom treatment will not

be influenced by the findings of the test (class III indication). The role

of EP testing in evaluating patients with recurrent unexplained syncope

who do not have structural heart disease and have had a negative tilt-test

remains controversial.

MANAGEMENT OF THE PATIENT WITH SYNCOPE
The approach to treatment of a patient with syncope largely depends

on the diagnosis that is established. For example, the appropriate treat-

ment of a patient with syncope as a result of AV block or SSS would likely

involve placement of a permanent pacemaker; treatment of a patient

with syncope owing to the Wolff-Parkinson-White syndrome would likely

involve catheter ablation; and treatment of a patient with syncope caused

by VT would likely involve placement of an ICD. For other types of syn-

cope, optimal patient management may involve discontinuation of an

offending pharmacological agent, an increase in salt intake, or patient

education.

Special Issues in Management

ANTICOAGULATION IN THE ELDERLY

Anticoagulation for stroke prophylaxis represents a special challenge

in the elderly. Although the aged benefit the most from anticoagulation,

they also are at the highest risk for bleeding events, including intracra-

nial bleeding.
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AF is an independent risk factor for stroke and is associated with a

sixfold increased risk of stroke (114). AF leads to atrial stasis and for-

mation of left atrial thrombi, which have a tendency to embolize to the

cerebral vasculature. Among patients with AF, the risk of stroke is approx-

imately 5% per year. Both paroxysmal AF and persistent AF are associ-

ated with similar stroke rates (115,116).

Risk stratification and cardioembolic stroke prophylaxis represent a

cornerstone in the management of AF patients. Patients at a high risk of

stroke benefit the most from systemic anticoagulation. A multivariate

analysis in the Stroke Prophylaxis in Atrial Fibrillation I Trial (SPAF I)

identified several risk factors for stroke in AF, including hypertension,

heart failure, transient ischemic attacks, evidence of systemic embolism,

and a history of stroke (117).

The SPAF trials suggested that patients at low risk for stroke should

receive aspirin, whereas patients older than 75 years or those with mod-

erate to high risk of stroke should receive anticoagulation. There are now

several RCTs that have demonstrated the efficacy of warfarin in the pre-

vention of stroke in patients with nonvalvular AF and one or more risk

factors for cerebrovascular emboli (37,118).
 
Adjusted-dose warfarin

was associated with a 74% relative risk reduction (p < 0.001) in stroke in

the SPAF III trial (119). However, this risk reduction comes at a price.

Anticoagulation increases bleeding risk and doubles the risk of intrac-

ranial hemorrhage (120).

Multiple authorities have questioned the role of anticoagulation in the

oldest old (those 85 years and older), especially since many RCTs have not

been adequately powered to assess the risk–benefit ratio in this age group

(121). Clearly, more RCTs of anticoagulation in octogenarians are needed.

In the meantime, stroke prophylaxis should be tailored to the individual

patient and guided by the patient’s risk profile and functional status. If the

patient has both high risk and good functional status (i.e., their quality

of life would be impaired by a disabling stroke), then they should be anti-

coagulated, regardless of their age. Unfortunately, many elderly patients

with nonvalvular AF who are at high risk for future stroke and have no

contraindications to anticoagulation are not on warfarin (approximately

50%). Among those who are taking warfarin, only half of these patients

have international normalized ratios in the therapeutic range (122). Coor-

dinating patient care with anticoagulation clinics improves patient out-

comes, with respect to both complications and stroke reduction (123).

ANTI-ARRHYTHMICS IN THE ELDERLY

Elderly patients are more likely to suffer complications and side effects

from anti-arrhythmic medications. For example, in the Cardiac Arrhyth-
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mia Suppression Trial, older age was an independent predictor of adverse

events in patients taking flecainide (124). Furthermore, prior research

has shown that the elderly are less likely to be prescribed anti-arrhythmic

(especially �-blockers) therapy when compared to younger patients with

the same therapeutic indications. Not surprisingly, lower rates of therapy

in the elderly are associated with increased adverse outcomes (125).

There are several age-associated changes that make pharmacother-

apy in the elderly more challenging. Glomerular filtration rate declines

with age, limiting therapeutic options in many elderly patients. Decreased

drug clearance and decreases in lean body mass lead to an increased half-

life and volume of distribution of amiodarone in elderly patients (126).

With regard to amiodarone, it is important to remember that its side

effects include corneal deposits and photosensitivity in addition to the

better known thyroid, hepatic, and pulmonary complications. Routine

monitoring for patients on amiodarone should include thyroid function

testing, serum transaminase determination and a chest x-ray at baseline

and every 6 months. Pulmonary function testing is the most sensitive test

for amiodarone associated pulmonary fibrosis and should be performed

annually or whenever patients complain of dyspnea on exertion (127)

(Table 3).

RADIOFREQUENCY ABLATION

Radiofrequency (RF) ablation destroys arrhythmogenic tissue through

the thermal disruption of cardiac membranes. Although RF catheter abla-

tion is an invasive procedure and is associated with procedural risk, RF

termination often liberates patients from anti-arrhythmic medications that

carry significant side effects, especially in the elderly population. At the

present time, a significant number of ablation procedures are carried out

in elderly patients. The 1998 North American Society of Pacing and Elec-

trophysiology (NASPE) prospective catheter ablation registry revealed

that patients undergoing RF ablation for atrial flutter had a mean age of

61 ± 14 years and that 28% of the cohort were older than 70 years (27).

Although some studies suggest that older age and the presence of sys-

temic illness increase the risk for RF ablation procedure complications

(128), a review of three recent large-scale studies regarding the use of

catheter ablation in elderly patients with SVT demonstrated that there is

no difference in success rate or adverse events between older and younger

individuals (129). Accordingly, RF ablation therapy should not be avoided

in active, elderly individuals whose quality of life will be benefited by

the termination of their arrhythmias (130,131).

According to the NASPE guidelines, class I recommendations for RF

ablation in patients who have failed one or more trials of anti-arrhythmic
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therapy include slow pathway ablation in AVNRT, AV re-entry, AV nodal

ablation in patients with SVT in whom the rate cannot be controlled with

maximal medical therapy, atrial tachycardia, and isthmus-dependent

atrial flutter. Similarly, RF ablation of AVNRT, AV junction, isthmus-

dependent atrial flutter, and accessory pathways have success rates in

excess of 85% (132) (Table 4).

DEVICE THERAPY IN THE ELDERLY

The incidence of sinus node dysfunction, AV block, heart failure, and

sudden cardiac death all increase with age. Accordingly, most patients

who require pacemaker or ICD implantation are older. Given the finite

resources of our health care system and the disproportionate expenditure

of health care dollars in the later years of life, many have examined the

efficacy of device therapy in the elderly. Several studies have shown that

Table 3
Recommended Monitoring and Testing for Patients Taking Amiodarone

Test      Testing interval Toxicity

Electrocardiogram Baseline and every Evaluate for QTc

6 months prolongation and impaired

atrioventricular conduction.

Pulmonary function Baseline, yearly, Very important in patients

testing (with DLCO) and with complaints with underlying pulmonary

of new or progressive disease. A reduced DLCO

dyspnea (>15%) is the most sensitive

finding of early amiodarone

toxicity.

T4 and TSH Baseline and every Thyroid dysfunction occurs

6 months in 22% of patients

(hyperthyroidism or

hypothyroidism.)

Liver function tests Baseline and every Evaluate for transaminitis

6 months and discontinue if ALT/AST

is 2x normal.

Chest x-ray Baseline and annually Evaluate for interstitial

pneumonitis (early) and

pulmonary fibrosis (late).

Ophthalmological Baseline, annually, Corneal deposits (common)

evaluation and with visual and optic neuritis (rare).

complaints

DLCO, diffusing capacity for carbon monoxide; TSH, thyroid-stimulating hormone.

(Adapted from ref. 127.)
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device therapy in the elderly is both safe and effective and that advanced

age alone should not be a contraindication to device therapy (134–136).

Among octagenarians and nonagenarians, AV block, SSS, and chronic

AF complicated by bradycardia are the most common indications for

pacemaker placement. Pacemaker implantation relieves symptoms in

75% of these patients. Much like any therapeutic intervention, treatment

should be tailored to the individual patient after consideration of the

potential risks and benefits. Although the majority of those 80 years and

older do well after ICD and pacemaker implantation, some patients expe-

rience functional decline or require nursing home placement. Although

device therapy is a safe and effective intervention in the functional elderly

patient, more research is needed regarding patient selection among the

oldest old.

CONCLUSION
The prevalence of cardiac arrhythmias and conduction disorders in-

crease with age and impart significant morbidity and mortality in the

elderly population, especially among those with compromised left ventric-

ular function and heart failure. Fortunately, over the past decade, numer-

ous safe and effective therapies have been developed to treat dysrrhyth-

mia and prevent sudden cardiac death. As with any condition, treatment

should be tailored to the individual patient. However, age should not

preclude functional elderly patients from catheter ablation, device ther-

apy, and other interventional strategies. These patients have much to

gain from symptomatic relief and stand to benefit the most from avoid-

ing side effects of anti-arrhythmic medications.
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INTRODUCTION

Peripheral arterial disease (PAD) is most commonly caused by athero-

sclerotic lesions developing in the intimal region of arteries in the lower

and upper extremities. The term also includes patients with aortoiliac

disease. Claudication, the Latin word for limp, denotes pain or discom-

fort in a specific muscle group of an extremity with exercise and occurs

in approximately one-third of patients with PAD. It is estimated that 8

million people in the United States have PAD and the majority who have

claudication are elderly (1,2). The PAD Awareness, Risk and Treat-

ment: New Resources for Survival (PARTNERS) study involved screen-

ing patients older than age 70 and older than age 50 years if there was

a history of smoking or diabetes (3). The prevalence of PAD alone was

13% and the combination of PAD and coronary artery disease (CAD)
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was 29% in PARTNERS. The following details the diagnosis and man-

agement of PAD.

CLINICAL HISTORY

The medical history is very important in assessing whether a patient

has claudication from PAD. If the patient complains of discomfort with

ambulation, the history should focus on whether one or both legs are

involved, the location of discomfort, the distance walked at which dis-

comfort begins, and whether the discomfort is relieved with rest. The

history should also include whether the patient has a history of back pain

and if the discomfort is relieved with slight flexion of the back as occurs

when pushing a shopping cart through the grocery store (suggesting a

neurological cause). Patients should be questioned as to whether there

is discomfort at rest, which may distinguish patients with stable claudi-

cation from those with critical limb ischemia.

The majority of patients with claudication have a stable course in the

leg, as 25% have worsening claudication and approximately 5% undergo

amputation within 5 years (4). Patients with critical limb ischemia (ische-

mic pain in the distal foot, ischemic ulceration, or gangrene) have a more

substantial risk of limb loss. The onset of claudication is typically insidi-

ous and patients frequently have a difficult time pinpointing the exact

time when the  onset of symptoms first occurred. Patients presenting with

acute arterial occlusion, such as may occur with arterial embolization,

are easily distinguished from those with stable claudication, as the limb

in patients with acute arterial occlusion is extremely painful at rest and

may be associated with acute paralysis. As with all atherosclerotic dis-

eases, risk factors are important to assess. Major risk factors for PAD

include cigarette smoking, diabetes mellitus (DM), hypertension, hyper-

lipidemia, and hyperhomocysteinemia (Table 1). PAD is considered a

cardiovascular risk equivalent given the systemic nature of atheroscle-

rosis and thus patients with PAD should be carefully assessed for modi-

fiable risk factors. In this regard, the natural history is much more severe.

Whereas the limb outcomes are relatively benign, after 5 years follow-

up, 50% of patients with PAD will suffer a myocardial infarction (MI),

ischemic stroke, or vascular death (5).

PHYSICAL EXAMINATION

Physical examination for PAD should include evaluation of the entire

arterial system with special attention to the extremities. The examination

should include palpation of all major pulses including the radial, brachial,
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carotid, femoral, popliteal, posterior tibial, and dorsalis pedal pulses.

The bell of the stethoscope should be used to assess for bruits in the neck,

subclavian region, all quadrants of the abdomen and over the femoral

artery in the groin.

The examination of lower extremities typically first begins with palpa-

tion of the femoral pulses with subsequent pulses distally. The popliteal

pulse requires some skill in localization, but it is best done when the knees

are flexed at approximately 10 to 15 degrees. The fingers and the hands

should be placed in the popliteal space with the thumb on the knee pointed

to the head. The popliteal artery lies at the lateral edge of the patella and

directly below it. A key aspect of the examination that assists with locat-

ing the popliteal artery is firm pressure applied to the popliteal space.

The shoes should next be removed and assessment of the soles of the feet

including the spaces between the toes should be carefully examined for

any ischemic lesions. The posterior tibial artery is behind the medial

ankle and lies posterior and inferior to the medial maleolus. The right

posterior tibial pulse is typically palpated with the left hand because the

left fingers fit well into the ankle space. The right hand should be used

to keep the foot at a right angle. A light touch is needed to palpate the foot

pulses as too much pressure can cause one to falsely feel their own pulse.

Pulses in the feet should be graded as normal, diminished, or absent. The

dorsalis pedis pulse usually lies along the line between the first and sec-

ond metatarsal space on the dorsum of the foot. Similarly, the foot should

be kept a right angle and a light touch used with the pads of the fingers

to palpate this artery. Approximately 5% to 10% of people do not have a

dorsalis pedal pulse, but the anterior tibial pulse may be palpated higher

up above the ankle (Fig. 1).

Several maneuvers have been described that assist with determining

whether hemodynamically significant PAD is present. The maneuver of

“pallor on elevation” is accomplished with both feet in the air and gently

milking the feet to remove color in the soles of the foot. Next, wait 30–

Table 1
Peripheral Artery Disease Risk Factors

Smoking

Diabetes

Hypertension

Hypercholesterolemia

Homocysteinemia

C-reactive protein
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50 seconds to see whether color reappears. If the patient has significant

arterial disease, significant pallor on elevation will be observed. The

amount of pallor should be graded from 0 to 4 with, 0 meaning no pallor

and 4+ meaning marked pallor. Next, the patient sits up and the time it

takes for the first vein of the foot to fill is determined. Veins should fill

in approximately 10–15 seconds. If the patient has hemodynamically sig-

nificant PAD, then a delayed filling of the foot veins will occur with some

patients taking up to 30–60 seconds. The time it takes for rubor in the feet

to occur on dependency should also be noted. If PAD is present, there

will likely be a significant amount of rubor or redness on dependency.

An assessment of the pressure in the extremities is a simple and reli-

able method to determine whether hemodynamically significant lesions

are present. All patients should have blood pressures (BP) obtained in

both arms; a 20 mmHg difference indicates disease in the upper extrem-

ities. The lower extremity pressure is best assessed using a hand-held

Doppler device that utilizes ultrasonography to detect the first systolic

sound. BP cuffs should be wrapped at both ankles and after the arm pres-

sures are obtained with hand-held Doppler, the dorsalis pedal and pos-

terior tibial pulses should be assessed. Select the higher of the two arm

pressures as a denominator for both the right and left ankle-brachial index

(ABI). The higher of the ankle dorsalis pedal/posterior tibial pulses is

used as the numerator for calculating the ABI. The normal ABI is con-

sidered higher than 0.90 but less than 1.30, mild disease 0.70 to 0.90,

moderate disease 0.50 to 0.70, and severe disease less than 0.50 with

Fig. 1. Palpation of femoral, popliteal, posterier tibial pulses, and dorsalis pedis.

The dorsalis pedis (left) and posterior tibial (right) pulses are examined and

graded as 0 (absent), 1 (diminished), and 2 (normal). Fingers are kept flat for the

dorsalis pedis and fingertips are used for the posterior tibia; as shown, the thumb

applies counterpressure.



Chapter 12 / Peripheral Artery Disease 305

critical disease less than 0.40. Patients with stable claudication commonly

have an ABI ranging from 0.41 to 0.90 and those with critical limb ische-

mia typically have an ABI of less than 0.40.

VASCULAR LABORATORY TESTING

The ABI, although useful for screening, does not localize the arterial

occlusions or assess whether an artery is patent. The goal of vascular

laboratory testing is to confirm the clinical diagnosis and to further define

the level and extent of arterial obstruction. A variety of algorithms are

used to noninvasively diagnose PAD and include segmental limb pres-

sures with pulse volume plethysmography, exercise treadmill testing

and arterial ultrasonography.

Segmental limb pressures are commonly measured to evaluate for

PAD and are accomplished using pneumatic cuffs, appropriately sized

to the diameter of the limb segment under study (6). The patient is initi-

ally placed in the supine position for at least 10 minutes and cuffs are

automatically inflated to above the systolic pressure. A Doppler instru-

ment (transducer frequency 4–8 MHz) is used to detect the systolic pres-

sure. Many laboratories use a four-cuff method where cuffs are positioned

at the high thigh, low thigh above the patella, at the mid-calf, and at the

ankle levels. The cuffs proximal to the ankle are inflated individually

and pressures of these regions are recorded at the ankle level. The ABI

is next calculated and indices are also generated for the calf and thigh

regions. Patients with a normal resting ABI, but who nevertheless are

believed to clinically manifest claudication, may demonstrate a decrease

of the ABI after treadmill testing, which may uncover a subcritical steno-

sis. Patients with a super normal ABI (>1.30) may have medial artery cal-

cification as typically occurs in patients with diabetes, and may make

pressures in the lower extremities not interpretable.

Pulse volume recordings (plethysmography), usually used in conjunc-

tion with segmental pressures, are obtained by occluding venous flow

and not arterial flow, and provide useful, accurate information even in

patients with medial artery calcification (7). Plethysmography, derived

from the Greek meaning “increase,” describes a change in volume of a

limb occurring in response to blood flow in or out of that limb. The ampli-

tude of volume expansion is determined by the rate at which blood simul-

taneously flows in and out of the segment. After occlusion of venous blood

flow, blood entering the venous system results in expansion of the limb,

which is responsible for a steep, ascending systolic reflection of the pulse

volume recording. After peak expansion of the limb is achieved, blood

exits more rapidly than it enters, resulting in a return to end-diastolic or
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pre-expansion volume. This results in a descending deflection of the nor-

mal pulse volume with a curve generated that is analogous to the arterial

pulse pressure. Pulse volume amplitude may, however, be affected by

such factors as ventricular stroke volume, BP, arrhythmia, and position

of the limb. If a hemodynamically significant stenosis is present, dissi-

pation of energy occurs owing to arterial narrowing and is reflected as

a decrease in the amplitude of the pulse volume recording below the area

of obstruction. The amount of decrease in the pulse volume recording

amplitude reflects the severity of disease. Mild PAD is characterized

by the absence of a dicrotic notch, whereas in moderate disease the up-

stroke and downstroke become equal. Severe disease is heralded by a

flat waveform.

The advantage of segmental pressures and pulse volume recordings

is the noninvasive and relatively rapid technique. The anatomic level and

grade of disease can easily be assessed with this technique. A limitation

of this study is that multiple vessels located at or above the level of the

pneumatic cuff may not be separated and the patency of the vessel cannot

be assessed directly.

Duplex Doppler ultrasound is also used in the vascular laboratory to

assess anatomic and physiological blood vessel function. A color image,

so-called “color Doppler,” is used to provide an assessment of normal and

abnormal flow states while mapping the arterial system in the extremity.

Laminar flow indicates normal physiology, whereas turbulence and alias-

ing are present at sites of significant disease. When an abnormal color

pattern is detected, pulsed (spectral) Doppler is utilized to assess the

degree of stenosis. The pulsed Doppler generates a peak systolic velocity

and waveform analyses are primary parameters used to quantify localized

disease. Peak velocity measurements are typically obtained from arterial

segments proximal and distal to the lesion and other Doppler samples are

obtained at various locations in the arterial system to establish a baseline

flow profile.

The normal Doppler waveform is a narrow, sharply defined tracing that

indicates blood cells are moving at an equivalent speed at any time in the

cardiac cycle. When flow is no longer uniform or laminar in the vessel,

the waveform may broaden with partial or complete filling-in of the area

under the spectral waveform. The configuration of the normal waveform

is typically tri-phasic with the first phase occurring becuase of initial

high-velocity forward flow during ventricular systole, the second phase

from early diastolic reversal of flow as the left ventricular pressure falls

below the aortic pressure prior to aortic valve closure and the third phase

owing to forward flow during diastole that reflects elastic recoil of the
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vessel walls. With an increase in stenosis of the vessel, there is an increase

in the peak systolic velocity and increased spectral broadening. The pulse

Doppler at the level of the hemodynamically significant stenosis (e.g.,

>50%) reveals a monophasic waveform with a peak systolic velocity that

is more than double the velocity measured in the proximal segment. Duplex

Doppler ultrasound is also useful in assessing the patency of lower extrem-

ity bypass grafts and therapeutic interventions such as angioplasty and

stent placement.

Some laboratories use segmental pressures and pulse volume record-

ings exclusively as the initial evaluation, whereas others will measure

the ABI and if abnormal use Duplex Doppler ultrasound to assess for dis-

ease. Duplex Doppler ultrasound takes longer to accomplish than segmen-

tal pressures and pulse volume recordings.

MEDICAL TREATMENT OF DISEASE

All patients with PAD are at risk of fatal and nonfatal cardiovascular

events. Thus, the primary goal of medical therapy is to reduce the risk

of these events by risk-factor modification and antiplatelet therapy. Once

that is accomplished, the next goal for the patient with claudication is to

improve ischemic symptoms and thus enhance quality of life. Patients with

critical limb ischemia have the added goal of healing an ischemic ulcer,

if present, and prevention of limb loss. The comprehensive discussion of

medical and treatment therapies for diseases is beyond the scope of this

chapter and, thus, only important issues are discussed. Several reviews

and consensus publications are available for more detailed review (8).

Risk-Factor Modification

The identification and modification of atherosclerotic risk factors in

patients with PAD is essential in order to slow progression of disease in

the extremities and also prevent cardiovascular events in this high-risk

population (Table 1). It is estimated that more than 90% of patients re-

ferred to vascular clinics have a history of cigarette smoking, a statistic

that continues to confirm Erb’s initial report in 1911 that intermittent

claudication occurred three to six times more frequently in patients who

smoked cigarettes (9). Studies indicate that patients who stop smoking

have a decreased progression to critical limb ischemia and amputation

(10). It is uncertain whether smoking cessation will lead to decreased clau-

dication symptoms and improved walking distance. One nonrandomized

study showed that patients with claudication improved maximum walk-

ing distance by 47 meters (10); however, meta-analysis of nonrandomized
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studies do not report a significant improvement in maximum treadmill

walking distance (11). A prospective cohort study of smokers with coro-

nary heart disease who quit showed a 36% reduction in relative risk of

mortality. All smokers should be encouraged to enter a smoking-cessa-

tion program, and offered nicotine replacement therapy and/or the use

of antidepressant drugs such as bupropion.

Diabetes is a strong risk factor for the development of PAD and also

is estimated to accelerate atherosclerosis by 200% to 400% (12). Half of

all lower extremity amputations in the United States are attributed to

diabetes with a relative risk ranging from 12 to 40 times that of nondia-

betic patients (12). There is no published evidence indicating that strict

control of diabetes decreases the development of claudication or critical

limb ischemia. However, results of studies such as the United Kingdom

Prospective Diabetes Study indicate that intensive drug therapy reduces

microvascular complications such as retinopathy and nephropathy (13).

Thus, all patients with diabetes should have strict glucose control and be

monitored closely for microvascular complications.

Hypertension is a recognized independent risk factor for the develop-

ment of PAD (14,15). It is less clear whether treatment will alter the pro-

gression of disease or risk of claudication. Patients with PAD enrolled

in the Heart Outcomes Prevention Evaluation had reduced rates of death

and MI with angiotensin-converting enzyme inhibition compared to pla-

cebo (16). Modification of the renin–angiotensin system in patients with

PAD and hypertension is considered beneficial. In the past, the use of �-

adrenergic antagonist drugs has been controversial in patients with clau-

dication as some case reports indicated decreased blood flow in patients

taking these medications. A meta-analysis of studies with �-adrenergic

antagonist drugs indicates that these medications are safe and do not sig-

nificantly impact claudication; however, caution was advised in those

with severe disease (17). Patients with stable claudication undergoing sur-

gical procedures should be offered �-adrenergic antagonists to reduce

the risk of periprocedure cardiovascular events (18).

Dyslipidemia has emerged as a risk factor for PAD as several com-

ponents of the lipid profile including total cholesterol (TC), low-density

lipoprotein (LDL) cholesterol, triglycerides and lipoprotein (a) [Lp(a)]

elevate the risk of PAD (19–23). Alternatively, patients with increased

high-density lipoprotein cholesterol and apolipoprotein A1 have a re-

duced incidence of PAD (24,25). Patients with type III hyperlipidemia,

with similarly elevated TC and triglyceride levels have a particular pre-

ponderance toward developing claudication (26).

Clinical trials evaluating the effects of lipid modification on atheroscl-

erosis in peripheral vessels indicate a beneficial effect on femoral athero-
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sclerosis (27,28). One study addressed whether plasma apheresis reduc-

tion of Lp(a) concentration would improve peripheral arterial endpoints

as assessed with duplex ultrasonographic imaging of the femoral and

tibial vessels (29). Patients were randomized to simvastatin plus aphere-

sis or simvastatin alone and followed for 2 years. The patients in the sim-

vastatin-alone group with hemodynamically significant stenoses increased

from 6 to 13 as compared with a decrease from 9 to 7 patients in the sim-

vastatin plus apheresis group, suggesting that Lp(a) is an important fac-

tor in the development of PAD.

The data are clear that lipid modification reduces cardiovascular events

in patients with a history of a cardiovascular event and those at high risk

for developing one (30). The Heart Protection Study, a prospective study

of simvastatin that prospectively included patients with PAD, found a

significant reduction in cardiovascular events among patients with PAD

and even in those with an LDL of lower than 120 mg/dL (31).

Studies also indicate that lipid modification improves claudication

symptoms. The Program on the Surgical Control of the Hyperlipidemias

investigated whether a reduction in cholesterol via ileal bypass surgery

improved cardiovascular outcomes (32). After 5 years, the relative risk

of claudication or limb-threatening ischemia was reduced by 30% com-

pared with a control group. A post hoc analysis of a large clinical study of

patients with a previous heart attack demonstrated fewer new or worsen-

ing claudication symptoms in patients with PAD taking an hydroxymeth-

ylglutaryl-coenzyme A reductase inhibitor (statin) (33). In one relatively

small study, patients receiving 40 mg of simvastatin had improved pain-

free walking time (time when pain first begins) and maximum walking

time (time when patient stops walking) at both 3 and 6 months after initi-

ation of treatment (34). A larger study of 354 patients with claudication

and randomized to 80 mg or 10 mg atorvastatin or placebo found that

although maximum walking time did not statistically improve, the pain-

free walking time improved in the 80 mg atorvastatin treatment group

at 12 months (35).

The current guidelines from the National Cholesterol Education Pro-

gram ATPIII recommend that patients with PAD be considered at equiva-

lent risk to those patients with a history of a heart attack or stroke. The

primary LDL goal is less than 100 mg/dL, which will frequently necessi-

tate the use of pharmacological therapy. The initial recommendation of

therapy is with a statin drug, although for those patients who do not achieve

the LDL cholesterol goal with statin treatment, a second agent such as

ezetimibe (inhibitor of cholesterol absorption at the brush border of the

small intestine) or bile-acid sequestering resin should be considered to

achieve this goal. Also, a secondary target for patients with PAD and a tri-
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glyceride of more than 200 mg/dL include a non-HDL cholesterol of less

than 130 mg/dL. Pharmacological therapy with fibrates or niacin should

be considered along with dietary changes to achieve these secondary goals.

A high serum homocysteine concentration is also an independent risk

factor for the development of PAD as well as cardiovascular events (36,

37). Elevated homocysteine levels are implicated in endothelial dys-

function and proliferation of vascular smooth muscle cells owing to pro-

motion of reactive oxygen species leading to acceleration of atheroscler-

osis (38). There are no clinical trials evaluating whether a reduction in

serum homocysteine concentration is beneficial in patients with PAD.

However, given the relatively benign risk of treating patients with folic

acid and B vitamins, these supplements should be considered in patients

with PAD and elevated homocysteine levels.

An important component of the atherosclerosic process is inflamma-

tion (39). C-reactive protein (CRP), a marker of inflammation, has emerged

as a predictor of MI and thromboembolic stroke in apparently healthy

individuals (40). In a case–control design, baseline levels of CRP were

reviewed in 144 apparently healthy men participating in the Physicians’

Health Study who subsequently developed symptomatic PAD (intermit-

tent claudication or need for revascularization) and in an equal number

of control subjects matched on the basis of age and smoking habit who

remained free of vascular disease during a follow-up period of 60 months

(41). The median CRP levels at baseline were significantly higher among

those who subsequently developed PAD (1.34 vs 0.99 mg/L; p = 0.04).

Thus, baseline levels of CRP predict the risk of developing symptomatic

PAD. Higher CRP levels are also associated with poorer 6-minute walk

performance and a lower summary performance score of physical param-

eters among participants with PAD (42).

Antiplatelet Drug Therapy

The development of a thrombus in association with an atherosclerotic

plaque in the peripheral arterial system, although not well studied, is

generally thought to be important in the pathological process. Similar to

the recommendations for antiplatelet therapy in patients with a history

of heart attack or stroke, antiplatelet therapy is advocated in patients

with PAD (Table 2). The choices of antiplatelet therapy include aspirin,

adenosine diphosphate (ADP) receptor antagonists and the combination

of dipyridamole with aspirin. Although aspirin is not approved by the

Food and Drug Administration (FDA), it is commonly used in patients

with PAD to prevent heart attack and stroke. The effectiveness of antiplate-

let therapy in patients with PAD was studied in the Anti-Platelet Trialists’

collaboration, which included a subgroup of 3295 patients with claudi-
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cation (43). For those taking aspirin, there was a reduction of 18% in risk

of MI, stroke, or death from vascular causes after a mean follow-up of

27 months, but this reduction was not statistically significant. In this

meta-analysis, a subgroup of 1928 patients who had received peripheral

arterial grafts or had undergone peripheral angioplasty showed a nonsig-

nificant reduction in mortality. However, the Anti-Platelet Trialists’ col-

laboration did note that aspirin significantly decreased graft occlusion

by 43% in 3226 patients with PAD who were treated with bypass surgery

or peripheral angioplasty and followed for an average of 19 months (44).

In this subgroup analysis, aspirin alone was as effective as the combina-

tion of aspirin and dipyridamole or ticlopidine in preventing graft occlu-

sion with high-dose aspirin (600–1500 mg per day) as effective as low-

dose aspirin (75–325 mg per day).

The thienopyridine drugs (such as ticlopidine and clopidogrel) are ADP

receptor antagonists and have also been studied in patients with PAD.

One study of ticlopidine vs placebo reported a significant reduction in

the risk of fatal or nonfatal MI or stroke (45). Other studies indicate that

ticlopidine may reduce the severity of claudication and the need for vas-

cular surgery (46). Another thienopyridine drug, clopidogrel, is gener-

ally preferred over ticlopidine because of significantly lower risk of throm-

bocytopenia, neutropenia, and thrombotic thrombocytopenic purpura

(TTP). A large prospective trial, Clopidogrel vs Aspirin in Patients at Risk

of Ischemic Events Trial of 19,000 patients compared a daily dose of 75

mg of clopidogrel with 325 mg of aspirin per day in patients with recent

MI, recent ischemic stroke, or PAD (n = 6502 patients). The patients with

PAD had a history of claudication and at least moderately severe dis-

ease. An overall reduction of 8.7% was shown in patients with clopido-

grel for the primary endpoint of fatal or nonfatal ischemic stroke, fatal or

Table 2
Medical Treatment of Peripheral Artery Disease

Antiplatelet drug(s)

Risk-factor modification

• Smoking cessation

• Blood pressure control

• Lipid modification (statin drugs as first line treatment)

• Tight glucose control if diabetic

• Treat elevated homocysteine

Supervised exercise rehabilitation

Cilostazol (Pletal
®

)

Foot hygiene
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nonfatal MI, or death from other causes (p = 0.04). There is no hematolog-

ical monitoring needed with clopidogrel, although a report did describe

TTP occurring in approximately 4 per 1 million patients. The FDA has

approved clopidogrel for the secondary prevention of atherosclerotic

events in patients with atherosclerosis including those with PAD, heart

attack, and stroke.

Other antiplatelet drugs such as picotamide, an inhibitor of thrombox-

ane A
2 

synthase and a blocker of thromboxane A
2 

receptors and ketan-

serin, an antagonist of S
2 
serotonin receptors, did not significantly reduce

ischemic events in patients with PAD. In conclusion, aspirin and clopido-

grel should be considered for antiplatelet treatment of patients with PAD

and one study indicates that prevention of ischemic events in patients

with PAD with clopidogrel may be more effective than aspirin in PAD

patients.

TREATMENT OF CLAUDICATION
The perceived disability from claudication symptoms varies from

patient to patient, but in general the severity of lifestyle impairment is

similar to that of patients with New York Heart Association class III heart

failure. The initial treatment of patients with stable intermittent claudica-

tion involves exercise therapy aimed at improving mobility and quality

of life (Table 2). More than 20 randomized trials indicate that exercise

improves treadmill walking distance as well as quality of life (47). One

meta-analysis of exercise training found that maximum treadmill walking

distance will improve by approximately 180 meters. To obtain the most

optimal results from exercise, patients should be referred to a supervised

setting and followed on a regular basis as the improvement will be lost if

exercise is discontinued for long periods of time. In the past, one limi-

tation to widespread use of exercise programs was a lack of coverage by

medical insurance; however, there is now a CPT code, 93668, for this

therapy.

Pharmacological Therapy for Claudication

There are two drugs approved by the FDA for claudication symptoms;

pentoxifylline (Trental
®

) and cilostazol (Pletal
®

). Pentoxifylline is a

methylxanthine derivative that improves red cell deformability, lowers

plasma fibrinogen, and has minor antiplatelet effects. The results of clin-

ical studies varied significantly regarding the benefit of this medication

in patients with claudication. Meta-analyses of pentoxifylline studies show

a clinically small effect on improvement in walking distance (11,48,49).

Therefore, current data do not support the routine clinical use of this

compound.
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Cilostazol (pletal) is a phosphodiesterase type III inhibitor that increases

intracellular concentrations of cyclic adenosine monophosphate. A

myriad of mechanistic actions are reported, including inhibition of plate-

let aggregation, vasodilatation, inhibition of smooth muscle prolifera-

tion, and modification of the lipoprotein profile to explain the benefit in

claudication symptoms (50). Because antiplatelet agents and vasodila-

tors have not been shown to improve exercise performance, the mecha-

nism of the salutary effect of cilostazol on symptoms of claudication is

unclear. The data from four randomized, placebo-controlled trials of cilo-

stazol enrolling 1534 patients demonstrate improvement in both pain-free

and maximum walking distance compared with placebo (51–54). The

most optimal dose for improvement in claudication symptoms, as evi-

dent from the studies, was 100 mg twice a day, taken at least 30 minutes

before or 2 hours after breakfast and dinner. Because of extensive hepa-

tic metabolism by the cytochrome P450 (CYP) system in the liver, a lower

50 mg twice a day dose is recommended when co-administered with

inhibitors of CY34A, such as ketoconazole, itraconazole, erythromycin

and diltiazem and during the co-administration of such inhibitors of

CYP2C19 as omeprazole (50). Cilostazol can be safely given with aspi-

rin or clopidogrel, at the 100 mg twice-a-day dose, but a 50 mg twice-a-

day dose is suggested for patients taking warfarin. The predominant side-

effect profile of cilostazol includes headache, transient diarrhea, and pal-

pitations (50). A black box in the FDA package insert warns, because of

negative experience with other phosphodiesterase inhibitors, that cilo-

stazol should not be given to patients with claudication and a history of

congestive heart failure.

INVASIVE THERAPEUTIC APPROACHES

The majority of patients with PAD and claudication do not have sig-

nificant progression to critical limb ischemia. According to the Trans-

Atlantic Inter-Society Consensus (TASC) working group, an intervention

by endovascular procedure or surgery is only indicated in selected patients

with intermittent claudication in whom exercise and pharmacological

therapy have been unsuccessful (8). The management of patients with

endovascular therapy is difficult to categorize because of a large number

of clinical factors; however, the TASC Working Group defined four

lesion groups as follows: type A lesions, for which an endovascular ap-

proach is the treatment of choice; type B lesions, for which endovas-

cular treatments are more commonly used; type C lesions, for which

surgical treatment is more commonly used; and type D lesions, for which

surgery is the treatment of choice. Long-term patency rates are acceptable
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for angioplasty and/or stent placement of aortoilliac types A and B lesions.

When femoropopliteal lesions are considered for revascularization, endo-

vascular treatment is indicated for type A lesions and surgery for type D

lesions. The treatment of types B and C femoral lesions is controversial

and more evidence is needed before definitive recommendations can be

made. Although technology is rapidly changing in regards to infra-inguinal

endovascular treatment, femoral stenting as a primary approach for the

treatment of claudication or critical limb ischemia is not indicated (8). Of

note, placement of a stent may have a limited role in the salvage of acute

angioplasty failures or complications. Endovascular therapy for infra-

popliteal vessels is reserved for patients with critical acute or chronic limb

ischemia. A review of 4662 published angioplasty procedures indicates

an overall complication rate of 5.6%, where surgery was required in 2.5%,

limb loss observed in 0.2%, and mortality in 0.2% (55). In this same report,

minor complications were observed in 4.6%.

Surgery for PAD is usually reserved for patients with critical limb

ischemia as it is rarely necessary in patients with intermittent claudica-

tion. As with endovascular treatment, surgery should be offered to treat

severe symptoms only after other forms of medical therapy have been

recommended and have either failed or are not feasible. The preferred

operation for aortoilliac disease is an aortofemoral (usually bilateral)

bypass or an extended endarterectomy. The operative mortality rate for

this procedure is 1%–4% with a 5-year patency of approximately 85%

(56). Patients with intermittent claudication and infra-inguinal occlu-

sive disease rarely need bypass to the infrapopliteal arteries. In rare in-

stances, patients with severe lifestyle-limiting disease confined to the

superficial femoral artery and with distal vessels relatively free of dis-

ease may benefit from surgical bypass. The optimal bypass conduit for

below the knee bypass is an autogenous vein, whereas that for above-knee

bypass is less clear with some favoring autogenous vein and others favor-

ing a prosthetic bypass graft (57). Patients who have undergone lower

extremity bypass graft surgery should have careful surveillance in the

noninvasive vascular laboratory for impending graft failure. Surveillance

of this nature has been shown to reduce the risk of graft complications

(58–61). Also, patients developing worsening symptoms with or without

a history of a revascularization procedure should be referred to the vascu-

lar laboratory for evaluation.

SUMMARY
The presence of atherosclerotic disease causing ischemia to the limbs

is a disease of the aged. The clinician should be astute in identifying ather-

osclerotic risk factors in this population so that appropriate modifications
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can be made to prevent not only progression of disease in the extremities,

but also heart attack and stroke. The treatment of claudication symptoms

involves supervised exercise rehabilitation either with or without phar-

macological therapy to improve pain-free walking symptoms. Patients

with severe disease limited to the aortoilliac or femoral artery regions may

benefit from elective revascularization after failing medical treatment.

Most infra-inguinal revascularization is however, reserved for those with

limb-threatening ischemia (such as rest pain or a foot ulcer that does not

heal) especially in patients with diabetes. All patients should be consid-

ered for antiplatelet agents, cholesterol-modifying drugs, and agents that

affect the renin–angiotensin system to modify disease progression and

associated cardiovascular events.
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INTRODUCTION

“Cardiac rehabilitation services are comprehensive, long-term pro-

grams involving medical evaluation, prescribed exercise, cardiac risk fac-

tor modification, education and counseling. These programs are designed

to limit the physiologic and psychologic effects of cardiac illness, reduce

the risk for sudden death or reinfarction, control cardiac symptoms, sta-

bilize or reverse the atherosclerotic process, and enhance the psychosocial

and vocational status of patients with coronary heart disease” (1). Although

meta-analyses of randomized trials of cardiac rehabilitation, including

over 4000 patients, document a 25% decreased mortality over an average

follow-up of 3 years after cardiac rehabilitation (2–4), these studies are

limited by the inclusion of few patients over the age of 65 years and none

over the age of 75 years.

DISABILITY IN OLDER CORONARY PATIENTS

The goals of cardiac rehabilitation and exercise training in older coro-

nary populations are to decrease cardiac disability, to improve health-
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related quality of life, and to extend disability-free survival. Compared

with younger patients with coronary heart disease (CHD), older patients

have higher rates of disability and mobility limitations and a diminished

exercise capacity (5–7). Coronary artery disease (CAD) in the elderly is

also characterized by a greater severity of angiographic disease (8), more

severe and more diffuse left ventricular systolic dysfunction (9), and

increased levels of peripheral vascular and left ventricular stiffness, also

termed “diastolic dysfunction,” compared with younger cardiac patients

(10). The higher rates of diastolic dysfunction results in the fact that

dyspnea is a more common symptom than chest pain in older patients

suffering myocardial infarction (MI) (11,12). In women, compared with

men, CHD is often a disease of elderly women, with a higher prevalence

of chronic heart failure, a greater prevalence of coronary risk factors,

and a more complex clinical course (13). Despite the fact that primary

prevention has resulted in a lower prevalence of CAD in the elderly, the

rapidly increasing size of the older population is such that the absolute

number of older patients with CHD is increasing (14,15). Cardiac reha-

bilitation exercise training, designed to decrease disability in older CHD

patients, will assume an increasingly important role as the size of the older

CHD population continues to grow.

The Social Security Administration has no guidelines or definitions

for cardiac disability for patients over the age of 65 years because at this

age, disability pensions are simply converted to “old-age” pensions (16).

In practice, disability in older CHD patients is defined by limitations in

physical activity, mobility and ability to perform activities of daily liv-

ing (ADLs), with an underlying psychological component. Data from

the Framingham Disability Study provide insight on the effects of vari-

ous CHD manifestations on disability and mobility in older populations

(5). The Framingham Disability Study included 2576 participants and

yielded a quantitative assessment of levels of physical and social disabil-

ity, in older adults, based on self-reported information. The measures of

disability were primarily based on three questions: “Are you able to walk

up and down stairs to the second floor without help?” “Are you able

to walk a half mile without help?” and “Are you able to do heavy work

around the house, like shoveling snow or washing windows, walls, or

floors without help?” The presence of any positive responses determined

a component of physical disability.

At a given age, women were more likely to report disability than men

and the presence of CHD was a major predictor of activity limitations in

both men and women (Table 1). In the 55- to 69-year age group, 49% of

men and 67% of women with CHD were disabled as compared with 9%

of men and 25% of women without CHD. In coronary patients over the
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age of 70 years with symptoms of angina pectoris or chronic heart fail-

ure, disability was reported by more than 80% of women and 55% of

men. The presence of CHD in the “oldest old” was particularly ominous,

with estimated disability rates of up to 76% in men 75 years of age and

older (Table 2).

Table 1
Framingham Disability Study

by Age and Coronary Disease Status: Age 55–69 Years

Percent with disability N

No CAD or CHF

Women 25% 829

Men 9% 574

CHD

Women 67% 88

Men 49% 127

Angina pectoris

Women 67% 67

Men 57% 81

CHF

Women 80% 15

Men 43% 7

CAD, coronary artery disease; CHF, chronic heart failure;

CHD, coronary heart disease. (Adapted from ref. 5.)

Table 2
Framingham Disability Study

by Age and Coronary Disease Status: Age 70–88 Years

Percent with disability N

No CAD or CHF

Women 49% 471

Men 27% 273

CHD

Women 79% 121

Men 49% 103

Angina pectoris

Women 84% 83

Men 56% 59

CHF

Women 88% 25

Men 57% 14

CAD, coronary artery disease; CHF, chronic heart failure;

CHD, coronary heart disease. (Adapted from ref. 5.)
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Other studies on this topic are complementary to the Framingham

Study. In the Medical Outcomes Study, angina was related to the total

physical activity activity score in older patients although past MI was not

(17). Chirikos and Nickel studied 976 men and women hospitalized for

acute coronary syndromes (MI or unstable angina) and found by multi-

variate analysis that the presence of cardiac disease, in particular angina

pectoris, was predictive of disability at 6, 18, and 24 months of follow-

up (18). In a subsequent analysis, they found that angina was more dis-

abling in older women than older men, supporting the findings of the

Framingham Study (6).

Data from our laboratory provide further insight into the determinants

of physical functional capacity in older coronary patients (19). A group

of 51 men and women over the age of 65 years with established chronic

CHD underwent comprehensive evaluations with exercise echocardio-

graphy, measurement of peak aerobic capacity, strength and body com-

position along with detailed clinical histories, and self-reported measures

of physical function and mental depression. Univariate predictors of

physical function score included peak aerobic capacity, depression score

(20), hand-grip strength, gender, and co-morbidity score. By multivari-

ate analysis, the only independent predictors of physical function score

were peak aerobic capacity and mental depression score. Left ventricular

systolic function, which varies inversely with infarct size, was not related

to physical function score (19).

In summary, the presence of clinical CHD is a powerful predictor of

disability and mobility limitations in the elderly. Disability rates are high-

est in women, the oldest old and in the presence of angina pectoris, chronic

heart failure, and mental depression.

EXERCISE TRAINING

Again, the goals of exercise training in older coronary populations are

to decrease cardiac disability and to extend disability-free survival. This

is accomplished by a program that will increase aerobic capacity, muscle

strength, and flexibility and by a program that will provide associated

psychosocial and perceptual benefits. Exercise-training programs in the

elderly, however, need to take into account commonly associated co-

morbidities, which can alter the modalities and intensities of the exercise

stimulus that is required. These include, but are not limited to, chronic

heart failure, arthritis, chronic lung disease, diabetes, osteoporosis, and

peripheral and cerebrovascular disease. In middle-aged coronary patients,

and in patients with chronic heart failure, reduced cardiovascular fitness
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as indexed by VO
2
 max is a primary clinical predictor of impaired physi-

cal function and of diminished survival rates (21,22). Training-induced

increases in peak aerobic capacity are associated with a lower mortality

rate (23). In older coronary patients, there are no definitive randomized

clinical trial data assessing whether exercise conditioning prolongs life.

Therefore, the goals of rehabilitation in the elderly should focus on improv-

ing physical functioning, health-related quality of life, and extending

disability-free survival. The British Regional Heart Study, a large obser-

vational study of almost 6000 men with established CHD, found that

regular light to moderate physical activity was associated with a lower

5-year all-cause mortality (24). Secondly, exercise rehabilitation plays

an important role in coordination of coronary risk-factor therapy includ-

ing management of hypertension, lipid abnormalities, insulin resistance,

and obesity (1).

The cardiac rehabilitation literature and clinical experience of rehabil-

itation centers clearly support the safety and efficacy of exercise-training

regimens in older coronary patients (7,25–28). Compared with younger

coronary patients, older patients are significantly less fit at entry into a

rehabilitation program 1 to 3 months after suffering a major coronary event

such as an MI or coronary bypass surgery (7). However, after 3 months

of aerobic conditioning, older coronary patients derive a similar relative

training benefit as do younger patients with peak VO
2 

increasing 16%–

20%, and effectively distancing themselves from mobility limitations

and disability. Training programs have been extended to a year and longer

with long-term maintenance of exercise-related benefits (27,29).

A recently published randomized controlled trial of cardiac rehabilita-

tion (CR) from Italy extends findings from middle-aged coronary patients

(46–65 years), to older (66–75 years), and very old (>75 years) patients

after MI (30). Patients were randomized to 2 months of hospital-based

CR, home-based CR, or control status and results were analyzed immedi-

ately after CR and at 6 and 12 months of follow-up. When results were ana-

lyzed immediately after CR, patients in all three age categories increased

work capacity compared with control patients. Interestingly, at 12 months

of follow-up, patients in the very old group retained a significant increase

in work capacity if they had been randomized to the home-exercise group

but not to the hospital-based group or to the control group. This suggests

that patients in the home-exercise group may have learned skills to help

them maintain a long-term home-based exercise program compared with

patients whose first 2 months of rehabilitation were hospital-based. Finally,

health-related quality of life increased in the very old patients assigned

to either exercise group at 2, 6, and 12 months.
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The effects of aerobic exercise-training programs on submaximal exer-

cise response in older coronary patients is more relevant to the perfor-

mance of ADLs than the maximal exercise response. In a study of 45 older

coronary patients, mean age 69 ± 6 years, who underwent a 3-month

aerobic conditioning program, submaximal indices of exercise perfor-

mance were closely studied (31). Training effects were assessed during

an exhaustive submaximal exercise protocol, with patients exercising at

a steady intensity of 80% of a previously measured peak aerobic capacity.

Outcome measures included endurance time, serum lactate, perceived

exertion, heart rate, blood pressure (BP), and expired ventilatory mea-

sures. Exhaustive endurance time increased by more than 40% after con-

ditioning, with associated decreases in serum lactate, perceived exertion,

minute ventilation, heart rate, and systolic BP during relatively steady-

state exercise. The respiratory exchange ratio during steady-state exer-

cise, an indicator of substrate utilization, decreased, indicating a shift

toward greater use of free fatty acids as a more efficient metabolic fuel.

Activities that were exhaustive before training became sustainable for

extended periods of time at a lower perceived exertion.

The mechanisms of physiological adaptations to aerobic exercise con-

ditioning in the elderly may differ somewhat from those seen in younger

(i.e., middle-aged) coronary patients. In younger patients, physiological

responses to training include both peripheral adaptations (skeletal mus-

cle and vascular) that result in a widened arteriovenous (AV) oxygen

difference at maximal exercise (32,33), and cardiac adaptations, which

include increases in cardiac dimensions, stroke work, cardiac output, and

afterload-corrected indices of left ventricular function (34–37). In older

coronary patients, coronary and peripheral vascular disease are super-

imposed on “age-related” increases in left ventricular and arterial wall

thickness and stiffness (10,38,39), which may reduce their adaptability to

remodeling. We found that after 3 months of intensive aerobic condition-

ing in 60 older coronary patients (mean age 68 ± 5 years, range 62–82

years), conditioning-induced adaptations were localized almost exclu-

sively to the periphery (40). Peak exercise cardiac output, hyperemic

calf blood flow, and vascular conductance were unaffected by the condi-

tioning program. In contrast, at 3 and 12 months, AV oxygen difference

at peak exercise was increased in intervention subjects but not in age-

matched controls, explaining the 16% increase in peak aerobic capacity.

Histological analysis of skeletal muscle documented a 34% increase in

capillary density and a 23% increase in oxidative enzyme capacity after

3 months. After 12 months, an increase in individual fiber area was seen

compared with baseline measures. Thus, even after 12 months of aerobic

exercise, in contrast with middle-aged coronary patients, we found no
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discernible improvements in cardiac output or calf blood flow. It is

acknowledged, however, that the absolute amount of exercise performed

by older coronary patients is less than that performed by younger patients

and this may potentially confound comparisons of physiological responses

to training by age group.

Practical issues related to the implementation of exercise-training pro-

grams in older coronary patients include that training regimens often need

to be adjusted to accommodate the presence of co-morbidities such as

arthritis, diabetes, and peripheral vascular disease. The least-fit individ-

uals are often unable to sustain exercise for extended periods and do well

with repeated intermittent brief bouts of exercise (often termed “inter-

val-training”), which are gradually extended. Some authors recommend

longer term exercise programs for the elderly, partly related to their low

baseline functional capacity (29). It should be noted, however, that even

patients who use canes and walkers can perform an exercise test, and can

train on a treadmill with surround bars or on a cycle ergometer.

Despite the documented value of exercise regimens in older patients

and the low baseline measures of functional capacity, older coronary

patients are far less likely than younger patients to participate in cardiac

rehabilitation (41). Our data documented a 21% participation rate in car-

diac rehabilitation for patients over the age of 62 years who recently suf-

fered a coronary event and who lived within 1 hour of the rehabilitation

center, compared with a 46% participation rate in younger patients (41).

By far the most powerful predictor of cardiac rehabilitation participation

in the clinical setting was the strength of the primary physician’s recom-

mendation for participation as described by the patient. The physician’s

recommendation was scored on a scale, ranging from 1 (no encourage-

ment to participate) to 5 (strong encouragement to participate). When

the recommendation was weak (scores of 1–3), a 2% participation rate

was noted, compared to a strong recommendation for participation (score

of 4 or 5) where a 66% participation rate was noted (Fig. 1). Older women

had a lower participation rate than men (15% vs 25%, p = 0.06). This was

primarily related to lower physician-recommendation scores for women

than men, although it is also possible that older women would participate

less even with an equivalent recommendation score (42). Other factors

weighing against participation for women include more co-morbid con-

ditions, more difficulty with transportation, less likely to be married, and

more likely to have a dependent spouse at home.

Resistance training has been advocated as a particularly useful interven-

tion in older coronary patients for several reasons (43–45). First and

foremost, even “normal” aging is associated with a significant loss of

muscle mass and strength, related both to diminished activity profiles
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and to decreased rates of muscle protein synthesis that actually begins

in middle age (43,46–48). Furthermore, in healthy community-living

elders and in institutionalized octogenarians, resistance training is dem-

onstrated to improve walking endurance, muscle mass, and strength (49,

50). In coronary patients, aging-related musculoskeletal abnormalities

are superimposed on activity restrictions related to chronic disease (51),

and diminished muscle mass and strength termed “sarcopenia,” is even

more severe.

In a study that focused on resistance training in older CAD patients who

had recently suffered an MI, relative increases in strength were found to

be similar to increases seen in younger CAD patients (44). In older women

with chronic CHD in whom the negative effects of age, gender, and chronic

disease all result is a severe loss of strength and function (19), the effects

of strength training have recently been studied (52). Brochu et al. assessed

the effects of 6 months of resistance training on strength, endurance, and

on a physical performance test designed to assess physical function

during practical household activities in 30 older women, mean age 71 ±

5 years (52,53). Compared with patients randomized to a control group,

strength training resulted in increased strength, endurance, and capacity

to perform a wide range of household activities such as carrying groceries

and climbing stairs. The increase in strength after resistance training cor-

related with improvements in the overall physical function score (Fig. 2)

Maximal power for activities that involved weight-bearing over a dis-

tance increased by 40% < (p < 0.05 vs controls) (54).

Fig.1. Cardiac rehabilitation participation rates in older coronary patients. 1 = no

encouragement, 5 = strong encouragement. (Adapted from ref. 41.)
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Finally, in older patients with chronic heart failure, the common pres-

ence of sarcopenia and diminished physical function warrants serious

consideration of the inclusion of resistance-training to aerobic-training

regimens. In a study by Pu et al. of older women (mean age 77 years) with

chronic heart failure, a 10-week program of resistance training was asso-

ciated with a 43% increase in muscle strength and a significant increase

in 6-minute walk distance (55). There were no associated changes in car-

diac function, nor in peak aerobic capacity suggesting that the beneficial

effects were entirely the result of direct effects on skeletal muscle.

From a practical point of view, the onset of upper body resistance train-

ing should be delayed until 3 months after coronary bypass surgery to

allow for full sternal healing, whereas it can commence as soon as 1 month

after MI, after performance of a satisfactory baseline exercise tolerance

test. The resistance-training program should include training of the leg

extensor muscles to assist with walking and stair-climbing, and upper

body training to aid in the lifting and pushing required for the performance

of daily household activities. Training is based on the performance of a

single repetition maximal lift (1-RM) supplemented by a Borg scale for

perceived exertion (56). Patients begin their resistance training with 8 to

Fig. 2. Association between percent changes in total Continuous Scale Physical

Functional Performance test score (CS-PFP) and percent changes in maximal

strength on the bench press before and after strength training in older women with

coronary heart disease (52).
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10 repetitions of each exercise at 40% to 50% of their 1-RM for a given

exercise and gradually increase exercise intensity, as tolerated, to 50%

to 80% of updated 1-RMs.

Optimally, older coronary patients begin exercise training only after a

careful screening process that should include an EKG monitored exercise

tolerance test, strength measures, and a clinical review including an analy-

sis of disease severity, co-morbidities, and questionnaire- or interview-

derived data regarding physical functioning and psychosocial function.

Diagnostic categories appropriate for consideration of cardiac rehabili-

tation exercise training in older cardiac patients include the following:

1. Myocardial infarction

2. Coronary bypass surgery

3. Intracoronary revascularization (angioplasty, stenting, rotoblador etc.)

4. Stable angina pectoris

5. Valve replacement

6. Chronic heart failure

Exercise modalities should include options for aerobic exercise, resis-

tance exercise, and flexibility. Aerobic choices include treadmills, a walk-

ing course, cycles, airdynes, and rowers. Aerobic exercise is often guided

by an exercise heart-rate range and/or scales of perceived exertion such as

the Borg scale. A gradual increment of exercise heart rate from 60% to

65% of maximal attained heart rate to higher levels of up to 85% is bal-

anced against the greater risk of injury at higher levels and past demonstra-

tion of measurable benefits even with low levels of exercise (57). It has

been observed that older coronary patients are less likely to exercise to a

physiological maximum at their baseline exercise test than are younger

patients, therefore, a strict adherence to an exercise heart-rate range is

often inappropriate (7). As mentioned previously, utilization of a perceived

exertion scale is a useful guide to exercise intensity in these patients.

Duration of the exercise stimulus can begin with very brief, intermittent

bouts of exercise, gradually increasing to 20 to 25 minutes or longer. Spe-

cial considerations in the elderly include that training regimens often

need to be adjusted to accommodate the presence of co-morbidities. For

example, patients with hip arthritis may do better with cycling or a row-

ing exercise to avoid the weight bearing of treadmill walking. However,

in general, walking is a preferred modality owing to its direct relevance

to daily activities. Finally, it should be noted that for many elders, flexibil-

ity, or lack thereof, can be an exercise-limiting factor. Flexibility exercises

can be as simple as 5 to 10 minutes of stretching per day to more complex

protocols of yoga and ti-chi.
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GENDER-RELATED ISSUES

Healthy older women have lower levels of habitual physical activity

and lower levels of physical functioning than older men, explained in

part by lower strength and muscle mass (58–60). Older women with

CAD further curtail their activities because of apprehension regarding the

safety of specific physical activities, compounding their frailty decon-

ditioning. Following a coronary event, women have lower fitness levels

than men, yet are less likely to be referred to an exercise-based rehabilita-

tion program by their physicians (42). This may relate in part to the older

age of women after MI, compared with men, or to higher rates of angina

pectoris but is most likely related to physician misunderstanding regard-

ing the benefits of rehabilitation in the most severely debilitated patients

and/or patient preferences. Women achieve improvements in aerobic fit-

ness and in muscular strength that are similar to men in rehabilitation pro-

grams (42,44). The current model of cardiac rehabilitation was developed

primarily in middle-aged male coronary patients in the 1960s and 1970s.

The differing clinical profile of women in cardiac rehabilitation may re-

quire a different model relevant to their older age, their increased preva-

lence of co-morbid conditions, their more prominent cardiac risk-factor

profiles, their higher rates of recurrent coronary events, their higher rates

of mental depression, and their differing personal preferences (61–64).

HOME REHABILITATION

Only 15% of eligible patients in the United States receive cardiac re-

habilitation services, with the lowest participation rates noted in older

patients (1,41). In many cases, cardiac rehabilitation programs are not

geographically available, whereas in other cases, patients are unable to

travel, or formal rehabilitation is not recommended by the primary phy-

sician. Although cardiac rehabilitation services have classically been

delivered on-site at a well-defined exercise-training facility, a need to

expand preventive cardiology services to include the majority of eligible

patients, in a cost-effective manner, necessitates a redefinition of this

classical model. In fact, in the study of Marchionni et al. of rehabilitation

after MI in the elderly, patients over the age of 75 years who participated

in home-based rehabilitation actually had better 1-year fitness levels

than patients randomized to perform the first 2 months of their rehabili-

tation program at the hospital (30).

The development of alternate approaches to delivery of cardiac rehabil-

itation services is an ongoing process, with a goal of expanding the base

of patients who receive services, at the lowest possible health care cost.
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Case management, that is, evaluation and management of the exercise

program and risk factors for the individual patient by a nurse “case-man-

ager” allows for the individualization of preventive care in health care

delivery systems that focus on efficiency and outcomes. Exercise pro-

grams can be individualized, with moderate and higher risk patients, and

patients at highest risk of disability, referred to a rehabilitation program

for closer supervision and monitoring.

PREVENTIVE CARDIOLOGY IN THE ELDERLY

Exercise plays an adjunctive role in the management of blood lipid

levels, weight control, and BP control. In older coronary populations

exercise rehabilitation has metabolic benefits that include improved

blood lipid values, decreased body fat, improved glucose tolerance, and

lower BP along with decreased measures of depression and anxiety (28,

65–69). These constitute important outcome measures for older CHD

patients engaging in therapeutic exercise. Pharmalogical therapy for these

conditions is often indicated and can also be coordinated in the cardiac

rehabilitation setting. The benefits of lipid lowering, smoking cessation,

angiotensin-converting enzyme (ACE) inhibition, antiplatelet agents

and �-adrenergic blockade have all been demonstrated in appropriately

selected older patients (70,71).

As the older cardiac population continues to grow in size and complex-

ity much research remains to be done. The effects of aerobic and resis-

tance-training protocols on measures of physical functioning need to be

better studied in older coronary populations with inclusion of patients

disabled by angina or chronic heart failure. Whether training regimens

can improve physical functioning in the most severely disabled patients

is of particular importance, although preventing disability in the less sev-

erely affected “younger old” is also a priority. Effects of exercise regi-

mens on other important outcomes including lipid levels, BP measures,

insulin levels, body composition, and body fat distribution need to be

better studied to more clearly define the expected benefits of rehabilita-

tion. Finally, whether training regimens can affect the economics of health

care is crucial, especially if costly hospitalizations and/or home care ser-

vices can be minimized.

In summary, although the older coronary population is, in general, a

disabled group it is also quite heterogeneous as to physical functioning

and disease severity. Exercise rehabilitation training programs are dem-

onstrated to be safe and to improve aerobic fitness capacity and muscu-

lar strength. Exercise training may, in fact, reverse and prevent cardiac

disability. Thus, cardiac rehabilitation exercise-training programs may
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pay great medical, social, and economic dividends in the older coronary

population.
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INTRODUCTION

Advancing age and disease can alter pharmacokinetic processes that

determine drug concentration and pharmacodynamic processes that

determine drug concentration vs response relationships. The frequency of

cardiovascular disorders of hypertension, coronary artery disease (CAD),

cerebrovascular disease, atrial fibrillation, heart failure, and peripheral

vascular diseases increases with age, as does the frequency of diabetes,

arthritis, osteoporosis, depression, and vision, hearing, and memory im-

pairments (1). Thus, older patients with cardiovascular disease (CVD)

are more likely to receive care from multiple health care providers, and

consume multiple medications. Older patients may also be more likely

to consume over-the-counter and nutraceutical compounds. These factors

combine to increase the complexities of optimal medication prescribing

as well as the risk of adverse drug-related events in older patients. The

goal of therapy in patients with CVD evolves from a focus on prevention

of disease and prolongation of life to a focus on improvement of the
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quality of life at very old ages. With this goal in mind, it is especially

important to minimize potential adverse effects of medications in older

patients.

ADVERSE DRUG INTERACTIONS

A consistent finding in both the outpatient and inpatient settings is

that the strongest risk factor for adverse drug interactions or adverse

drug-related events is the number of medications administered (2–7).

Most studies suggest that the chronic administration of two drugs is

associated with a risk of adverse effects of about 15% and rises to 50%

to 60% with the administration of four drugs per day. When the number

of drugs co-administered reaches 8 to 10, the likelihood of drug interac-

tions approaches 100% (see Fig. 1). Recognition of the increased chance

of adverse outcomes with concomitant administration of 8 to 10 drugs

has resulted in regulatory agencies requiring long-term care facilities to

report and audit the use of nine or more drugs per patient as an indicator

of (poor) quality of medical care.

A recent survey of ambulatory community-dwelling adults in the United

States (8) found that medication usage increases with age with 94% of

men and 91% of women over age 65 years consuming medications daily.

Fig. 1. Relationship between number of drugs consumed and drug interactions.

Current recommendations for the pharmacological management of patients with

heart failure and for the patient after myocardial infarction place them at high risk

for drug interactions. (Reprinted with permission from American College of Car-

diology Foundation, 2002, Adult Clinical Cardiology Self-Assessment Module

V, Chapter 12).



Chapter 14 / Clinical Pharmacology 337

Fifty-seven percent of women over age 65 consumed 5 or more medica-

tions daily, and 12% consumed 10 or more drugs. Forty-four percent of

men over age 65 consumed 5 or more medications daily, and 12% con-

sumed 10 or more drugs daily. Although prescription drugs accounted for

more than 80% of medications consumed for adults taking fewer than

five medications, prescription drugs represented only about 50% of the

drugs taken by patients consuming more than five medications per day.

The number of medications prescribed to hospitalized or institutional-

ized elderly are often higher than the number prescribed in the outpatient

setting.

Several strategies for reducing the risk of adverse drug interactions

exist. Use of the fewest number of drugs is routinely recommended. A

goal of prescribing less than four drugs per patient may, however, be an

unrealistic goal in many older patients. American College of Cardiolo-

gists/American Heart Association guidelines for the pharmacological

treatment of patients after uncomplicated myocardial infarction and for

management of congestive heart failure recommend use of four to five

drugs. Similarly, multidrug regimens are becoming increasingly com-

mon for the treatment of hypertension. Because it is likely that multidrug

regimens will continue to be used, it is necessary that health care provid-

ers anticipate and understand potential medication interactions, that com-

plete medication intake information be available, and that patients be

educated to address nonprescription medication risks and benefits.

Adjustment of dosages for age and disease effects and common routes

of metabolism of co-administered drugs can help to minimize pharmaco-

kinetic interactions; and consideration of age and disease modifications

in sensitivity to drugs as well as combined or antagonistic drug effects

can minimize the risk of pharmacodynamic interactions. The following

sections review principles of age- and disease-related changes in pharma-

cokinetic and pharmacodynamic parameters, and suggestions for opti-

mizing drug dosing to avoid adverse effects.

UNDERSTANDING AGING: DEFINITIONS OF ELDERLY

Physiological age-related changes are continuous over time and pro-

ceed at differing rates in different individuals, yet, the classification

“elderly” is usually based on age in years. World Health Organization

uses 60 years of age to define “elderly” and most US classification schema

use the age of 65 years. Cardiologists and other clinicians often separate

the older population into two groups—patients aged 65–80 years and

patients over 80 years of age in recognition that frailty and reduced capac-

ity are more common at more advanced ages.
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PHARMACOKINETICS

Pharmacokinetic processes determine the appearance, distribution

throughout tissues, and elimination of drug from the body.

Volume of Distribution

Volume of distribution terms relate the amount of drug in the body to

the concentration measured. A common way of determining the initial

volume of distribution of a drug in humans is to administer an intravenous

bolus of a known amount of drug and then measure the concentration

immediately following drug administration.

This pharmacokinetic calculation of initial volume of distribution

does not represent a “real” volume but the volume if drug were immedi-

ately and equally distributed throughout the circulation and highly per-

fused organs such as the heart, liver, and kidney. In vivo, this is the initial

volume of distribution. Additional distribution phases occur related to

drug entry into muscle, viscera, skin, fat, and other slowly perfused tis-

sues. The volume of distribution at steady-state is the estimate of drug dis-

tribution throughout the body when these processes have reached equilib-

rium. Drugs that are highly protein-bound in the circulation, in general,

have smaller volumes of distribution more closely related to vascular

volumes. Drugs that are highly bound to tissue proteins will have large dis-

tribution volumes. Examples of drugs with small volumes of distribution

include phenytoin and warfarin, whereas examples of drugs with large

distribution volumes are digoxin, that distributes into and binds to mus-

cle, and the benzodiazepines that distribute into fat.

The volume of distribution defines the loading dose of a drug as can

be seen by its definition:

  Drug Dose

Volume of distribution =

 Concentration

Modified loading regimens with infusions or multiple doses are often

used for drugs with large volume of distributions to avoid higher than

desired initial concentrations in the circulation and more rapidly per-

fused tissues.

AGE-RELATED CHANGES IN VOLUME OF DRUG DISTRIBUTION

Total body weight tends to increase during the adult years from 20 to

60 years of age, but weight decreases after age 60 years, with more

marked changes seen after 75 to 80 years of age. In addition to a decrease

in total body weight with aging, body composition is altered with decreases

in total body water, intravascular volumes, and lean body mass; the rela-
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tive proportions of upper body and central body fat increases. A smaller

distribution volume for a drug in an older person results in a higher drug

concentration after a given dose compared to concentrations in a younger

or larger person given the same dose. The impact will be most evident

when a loading or intravenous bolus dose of a medication is given and for

those drugs that have narrow toxic to therapeutic ratios. Lower loading

doses of drugs such as aminoglycoside antibiotics or phenytoin (polar

drugs that usually distribute only in body water) should be given to older

patients. There are more women than men at older ages and body size and

volumes are smaller, on average, in women compared with men, further

underscoring the need to adjust dosages for body weight in older patients.

Weight adjustment for loading doses of the cardiovascular drugs digoxin,

lidocaine, and other type I anti-arrhythmic drugs, type III anti-arrhyth-

mic drugs, aminoglycoside antibiotics, chemotherapy regimens, and for

unfractionated heparin are standard. When fibrinolytic drugs were admin-

istered without weight-based dosage adjustments, increased risk of intra-

cranial hemorrhage was seen in patients of older age, smaller body weight,

and female sex (in addition to hypertension and prior cerebrovascular

disease) (9,10). Increased risk of bleeding in older patients is also seen

after administration of “standard doses” of low-molecular-weight hep-

arins in combination with other lytic agents. In contrast, increased risk

of intracranial bleeding in older patients is not seen when weight-based

dosing is used (11).

Total protein binding of drugs is not usually altered by aging in healthy

individuals and clinically important age-related changes in total drug pro-

tein binding are not usually found in patient populations (12–15). Changes

in protein binding can, however, result from competition for binding by

co-administered drugs. A clinically important example occurs with war-

farin that is about 99% protein bound. Displacement from albumin by

addition of other highly bound drugs such as amiodarone, acetylsalicylic

acid, phenytoin, sulfonamides, fluroquinolones, furosemide, or azole anti-

fungal agents can cause marked increases in anticoagulation. Conversely,

discontinuation of such drugs can lead to decreases in anticoagulation.

Bioavailability

Bioavailability is defined as the fraction (F) of drug that reaches the

circulation after administration. Intravascular administration of a drug

results in a bioavailability of 1 or 100%. Bioavailability for other routes

of drug administration is estimated by comparing the area under the curve

(AUC) of drug concentration vs time after extravascular administration

divided by the AUC of drug concentration vs time data after intravascular

dosage (AUC extravascular/AUC intravascular) expressed as a fraction
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of 1 or percentage. Bioavailability determines dose adjustments between

differing routes of drug administration; low bioavailability drugs require

greater extravascular vs intravascular. doses, whereas high bioavailability

drugs need less dose adjustment between intravascular and extravascu-

lar routes of drug adminstration. Studies of traditional oral formulations

suggest little clinically significant age-related change in the rate or extent

of drug absorption from the gastrointestinal tract.

Low bioavailability may result from low drug permeability through

the gut wall (e.g., ezetimibe), oxidative metabolism by cytochrome P450

(CYP)3A enzymes in the gut lumen prior to absorption (e.g., midazolam,

propranolol), active transport into the gut lumen by the P-glycoprotein

transporter (e.g., digoxin, cyclosporine), or rapid hepatic extraction from

blood as it passes through the liver (first-pass effect). Interactions with

nutrients and dietary factors are most common for lower bioavailable

drugs undergoing CYP3A metabolism. Grapefruit juice has a direct inhib-

itory effect on gut CYP3A, and has been reported to increase bioavail-

ability of a number of CYP3A substrates including, dihydropyridines

(felodipine, nifedipine), verapamil, terfenadine, ethinylestradiol, midazo-

lam, saquinavir, midazolam, cyclosporine a, and most hydroxymethylglu-

taryl-coenzyme A (HMG-CoA) reductase inhibitor medications (exclud-

ing fluvastatin).

Data regarding potential age-related changes in bioavailability after

non-oral routes of drug administration are limited.

Clearance

Drugs are eliminated from the body either by metabolism (enzymatic

biotransformation in the liver, intestine, or bloodstream) or by excretion

(renal or biliary). Total body drug clearance is the net rate of removal of

drug from the body described as a unit of volume cleared of drug per unit

time (i.e., mL/minute). Clinically, clearance defines the drug-dosing

rate per unit time to maintain a stable drug concentration; so, age-related

decreases in drug clearance should result in decreases in drug dosages

per unit time. The major organs of clearance for currently available drugs

are the liver and kidney.

RENAL DRUG CLEARANCE

Elimination by the kidney is influenced by three processes: glomeru-

lar filtration, tubular secretion, and tubular reabsorption. Glomerular fil-

tration is often approximated by estimates of creatinine clearance. Renal

tubular secretion is detected in vivo when renal clearance of a substance

exceeds clearance rates by filtration. Secretion is an active process with

separate processes for acids and bases that efficiently eliminates pro-
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tein-bound drugs. Tubular reabsorption is detected when urinary excre-

tion of a compound is less than filtration rates. For most drugs, reabsorp-

tion is passive and can be affected by urine flow and by changes in pH.

Age-Related Changes in Renal Clearance. Renal clearance by all

routes (glomerular filtration, renal tubular reabsorption, and secretion)

decreases with age and is lower in women compared to men at all ages.

Although there is considerable intersubject variability, a general esti-

mate is for a 10% decline in glomerular filtration per decade. It is also key

that at all ages, rates are 15%–25% lower in women compared to men.

Reduced lean body muscle mass with aging results in less creatinine

production. Thus, serum creatinine concentrations do not accurately

reflect creatinine clearance in the elderly. The serum creatinine may be

normal when significant reduction of creatinine clearance or glomerular

filtration is present. Two commonly used formulae to estimate creati-

nine clearance or glomerular filtration are:

Creatine Clearance = 

140 ��Age (Yr) � Lean Body Weight (kg)
*

(16)

    

                   

72 � Serum Creatinine

*For women multiply by 0.85

Glomerular Filtration = 186.3 � (Creat)
�1.154 

� (Age)
�0.203 

�� 1.212

      (if African American) � 0.742 (if female) per 1.73M
2                  

(17)

Note: these estimates are not accurate when the conditions of the patient do not reflect

stable physiology

Table 1 presents estimates of creatinine clearance using Eqs. 1 (16)

and 2 (17) for serum creatinine concentrations of 1.0 and 1.2 mg/dL.

Although the estimates using the two equations differ somewhat due to

the inclusion/exclusion of weight or race, both predict that the average

white woman over the age of 65 years will have moderate renal failure

or stage 3 renal function (American Kidney Association guidelines) even

if the creatinine is normal. Online calculators and kidney function classi-

fications are available at http://www.kidney.org. Algorithms to estimate

creatinine clearance or glomerular filtration based on subject age, gen-

der, and serum creatinine should be used before prescribing renally cleared

medications, for determining risks for procedures, and before adminis-

tration of contrast agents or other potentially nephrotoxic agents in older

patients, especially older and smaller women.

HEPATIC DRUG CLEARANCE

The rate and extent of hepatic drug metabolism is influenced by hep-

atic and extrahepatic factors. Hepatic blood flow determines the delivery

(2)

(1)
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rate of drug to the liver and enzyme type, numbers, affinity, and activity

rate determine hepatic biotransformation rates. In general, hepatic blood

flow decreases with aging. Hepatic size has also been shown to decrease

with age. Although in vitro experiments with tissues from rodent models

of aging show marked and consistent decreases in hepatic enzyme affin-

ity and metabolic rates, similar declines have not been demonstrated in

humans. These differences likely result from recognized species differ-

ences in hepatic enzyme content, the more heterogeneous genetic com-

position of human populations, and more complex environmental and

pharmacological exposures in humans compared to inbred laboratory ani-

mals. Most clinical information is currently presented within the context

of the metabolic enzyme pathway involved because this provides a frame-

work for anticipating metabolic drug interactions and the potential impact

of genetics on drug metabolism (18–20).

Metabolic biotransformation usually converts drugs to more polar or

water-soluble metabolites to facilitate excretion. Administered drugs

may also be “pro-drugs” that are biotransformed into biologically active

compounds; drugs may also be metabolized to toxic metabolites. Drug

metabolism pathways are classified as phase I reactions (i.e., oxidation,

reduction, and hydrolysis that usually remove groups from the drug) or

phase II, conjugation reactions (i.e., acetylation, glucuronidation, sul-

fation, and methylation that add groups to the drug) that may occur in

any sequence. The cytochrome P450 (CYP) superfamily of heme-con-

taining microsomal enzymes is responsible for the majority of phase I

metabolism of drugs, environmental chemicals, a number of hormones,

foods, and toxins. A multitude of CYP isoforms have been identified.

They are categorized by their amino acid sequences. Sequences with over

40% homology are classed in the same family identified by an Arabic

number. Within the family, sequences with more than 55% homology

are considered in the same subfamily identified with a letter. Within sub-

families, different forms are further designated with an Arabic numeral.

Human CYP protein content is largely 8 to 10 isoforms from three major

groups—CYP1, CYP2, and CYP3.

 It is estimated that 50% to 55% of therapeutic drugs undergoing

phase I metabolism are biotransformed by CYP3A enzymes. CYP3A

proteins comprise about 25% of the protein in the liver and are the dom-

inant form in the intestine. No distinct slow or rapid metabolizer pheno-

types for this enzyme have been identified. CYP3A metabolizes many

�-blockers, calcium channel blockers (CCBs), lidocaine, quinidine, amio-

darone, many HMG-CoA reductase inhibitors, most benzodiazepines,

estrogens, astemizole, carbamazepine, cisapride, clarithromycin, cor-

tisol, erythromycin, itraconazole, ketoconazole, nefazodone, rifampin,
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tamoxifen, terfenadine, troglitazone, verapamil, and warfarin among others

(see Table 2) Putative in vivo probes for the CYP3A pathway include ery-

thromycin clearance, dextromethorphan urinary excretion ratios, uri-

nary excretion ratio of 6-�-hydroxycortisol to free cortisol, urinary dap-

sone hydroxylation index, plasma ratio of 1-hydroxymidazolam to mid-

azolam, and the lidocaine to monoethylglycinexylidide test. Midazolam

is currently considered the purest CYP3A substrate and most studies with

midazolam detect age-related decreases in clearance (21–26). Age-re-

lated decreases in clearance of cardiovascular medications metabolized

by this enzyme have been reported for �-blockers (doxazosin, prazosin,

terazosin), some �-blockers (metoprolol, propranolol, timolol), CCBs

(dihydropyridines, diltiazem, and verapamil), several HMG-CoA reduc-

tase inhibitors (atorvastatin, fluvastatin) and the benzodiazepines (mid-

azolam).

CYP2 has multiple forms found in humans. CYP2D6 is estimated to

be responsible for metabolism of 25% of phase I-metabolized drugs. The

CYP2D6 enzyme has a number of genetic polymorphisms that can pro-

duce distinct phenotypes of ultrarapid, rapid, slow, and ultra-slow drug

clearance. Drugs metabolized by this pathway include encainide, meto-

prolol, warfarin, debrisoquine, dextromethorphan, dehydroepiandoster-

one, mexiletine, propafenone, the selective serotonin reuptake inhibitor

(SSRI) paroxetine, testosterone, most tricyclic antidepressants, and the

neuroleptics, haloperidol and risperidone. CYP2C accounts for another

20% of phase I drug metabolism. CYP2C9 metabolizes fluvastatin, losar-

tan, phenytoin, s-warfarin (the active enantiomer), and many nonsteroidal

anti-inflammatory drugs. CYP2C19 metabolizes the proton pump inhib-

itors lansoprazole, omeprazole, and pantoprazole. CYP1A2 accounts for

the metabolism of about 5% of drugs undergoing oxidative phase I metab-

olism. Acetaminophen, caffeine, nicotine, tacrine, and theophylline are

metabolized via CYP1. It is currently difficult to estimate the clinical im-

pact of genetic polymorphisms of drug-metabolizing enzymes (or recep-

tors) and the relative impact of these variants to age-related, disease-related,

or environmental factors in the clinical setting. Routine pharmacogeno-

mic screening is not currently recommended (27).

Age-Related Changes in CYP-Mediated Drug Clearance. CYP-

mediated clearance rates vary markedly in human populations. Contrib-

uting factors include genetics, varying environmental exposures, enzyme

induction or inhibition, multiple pathways for a number of compounds,

and certainly additional factors not fully elucidated. Decreases owing to

aging have been shown for many CYP substrates, and the CYP3A path-

ways in particular. Studies of the clearance of antipyrine that is metab-

olized by multiple CYP enzymes suggest overall decreases with aging.
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Effects of age that can be demonstrated in carefully controlled investiga-

tions of healthy subjects or patients with single disease states may not,

however, be detected in clinical populations. In patient groups, variabil-

ity in clearance due to the effects of disease, gender, smoking or alcohol

consumption, and other environmental factors appear to be greater than

those of age alone (13,28).

In contrast to the consistent age-related decrease in oxidative biotrans-

formation rates demonstrated in animal models of aging and healthy aging,

metabolism by the conjugative reactions of glucuronidation (morphine,

diazepam), sulfation (methyldopa), and acetylation (procainamide) do

not appear to be affected by aging. Disease states that affect the liver may

decrease clearance by these enzymes.

NON-RENAL, NON-HEPATIC DRUG METABOLISM

Some CYP isoforms are found outside the liver. CYP3A is the most

common isoform found in the intestine and is recognized as a significant

factor in low bioavailability of CYP3A substrates. Hepatic and intestinal

CYP3A content and activity appear to be regulated separately. Dietary

factors can produce pronounced effects on intestinal CYP3A. Grapefruit

juice affects drug availability and resultant clinical effects for high first-

pass dihydropyridine calcium channel blockers including nifedipine

(29–32). The mechanism of the effect for grapefruit juice is inhibition of

gut-mediated CYP3A drug metabolism (29,30,33). Cranberry juice may

also decrease intestinal CYP3A activity. Age-related changes in non-

renal, non-hepatic drug metabolism have not been elucidated.

Elimination Half-Life

The terminal elimination half-life (t1/2) describes the time it takes for

the amount of drug in the body to decrease by half after drug distribution

has occurred throughout the body. It is dependent on volume of drug

distribution and clearance and is defined as follows:

t1/2 = 0.693 � 

Volume of Distribution

                    

Clearance

The half-life defines the time needed for drug concentrations to reach

steady-state during both drug initiation and after drug discontinuation

with approximately 90% of steady-state reached after 3.3 half-lives. Prior

to use of sustained-release drug formulations, the half-life determined

the amount of variability seen in drug concentrations among doses and

drugs were often dosed at intervals equal to drug half-lives. Sustained-

release preparations of drugs alter release characteristics to allow more
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constant input and less variability in drug concentrations and allow less

frequent dosing but do not alter elimination half-lives.

AGE-RELATED CHANGES IN HALF-LIFE

The elimination t1/2 increases with age for a number of drugs. This

increase can be the consequence of changes in volumes, clearance rates,

or combinations of the two. The clinical consequence is that the time to

evaluate effects after drug initiation, after dosage adjustments, or after

drug discontinuation should be increased in the older patient compared

to younger patients to allow full evaluation of effects. For drugs with

longer elimination half-lives, such as digoxin or amiodarone, steady-state

concentrations may not be reached during short hospitalizations (see

Fig. 2).

Summary

In summary, the balance of data suggest that renal clearance and the

activity of most enzymes responsible for the majority of oxidative drug

biotransformation decrease with aging, with conjugative biotransfor-

mation processes generally unaffected by age (see Table 3). The general

guidelines (see Table 4) should be reductions in doses for older patients

with routine use of algorithms to estimate renal clearance and understand-

ing of hepatic biotransformation pathways of drugs with longer intervals

between dosage change in older patients compared with younger ones.

Fig. 2. Example of the changes in time to reach steady-state when the drug elim-

ination half-life increases. The drug elimination half-life increased by 50% from

curve a to curve b. Curve c represents an 100% increase in elimination half-life from

condition a. For a drug with a half-life of 12 hours at condition a, steady-state for

condition a would be approximated at 3.3 half-lives or about 40 hours (dotted line),

for condition b this would be reached at about 60 hours, and for condition c this

would be reached at about 80 hours. (Reprinted with permission from American

College of Cardiology Foundation, 2002, Adult Clinical Cardiology Self-Assess-

ment Module V, Chapter 12).
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Table 3
Summary of Age-Related Changes in Pharmacokinetic Parameters

Decreased Increased No change Unknown

Bioavailability

Oral X

Transdermal X

Distribution volume
a

Water soluble, X

non-lipophilic

Lipophilic X
b

Protein binding

Albumin X

�-1-acidglycoprotein X

Renal clearance

Glomerular filtration X

Tubular secretion X

Tubular reabsorption X

Enzymatic Clearance

Phase I: cytochrome P450 X

Phase II: conjugative X

Transporters X

a
In general, total volumes are greater in men due to greater body size.

b
Ages 60–75.

Table 4
Clinical Recommendations for Medication Dosages for Older Patients

Loading doses

• Size matters: dose on a mg/kg basis

• Consult references to identify drugs needing further age-related reductions

of 10%–20%

• Use infusions or multiple doses for drugs with large volumes of distribution

Maintenance doses

• Estimate renal clearance for renally eliminated drugs and adjust doses for

age, size, gender, and race

• Reduce initial doses of cytochrome P450 cleared drugs by about 30%

• Increase doses at longer intervals and in smaller increments than in

younger patients

• Consider potential drug interactions and consult references before

prescribing multidrug regimens or when evaluating potential adverse

effects

• Obtain complete medication intake information that includes over-the-

counter and nutraceutical agents

• Assess compliance adherence routinely
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PHARMACOKINETIC DRUG INTERACTIONS

A predictable, and thus considered avoidable, source of drug interac-

tions is competition for the same elimination pathway or administration

of an enzyme inhibitor or inducer. Data on CYP-specific routes of metab-

olism for cardiovascular drugs and common inducers and inhibitors

are presented in Table 2. Data on CYP-mediated pathways of drug bio-

transformation have been extensively reviewed (20) but new information

appears continually (see www.gentest.com; http://medicine.iupui.edu).

Inducibility of hepatic enzyme activity appears to be preserved with

aging. Several drugs can produce clinically relevant enzyme induction.

Rifampin produces profound increases in CYP-mediated drug clearance

in humans. Dosages of drugs cleared by CYP1A and CYP3A, and pos-

sibly CYP2D6 that are co-administered with rifampin may need to be

increased, and, dosages decreased upon discontinuation of rifampin (see

Table 2). Other inducers include dexamethasone (CYP2C and possibly

CYP2D6), phenytoin (CYP2C), caffeine, cigarette smoke, lansoprazole,

and omeprazole (CYP1A), CYP3A, carbamazepine, and St. John’s Wort

(CYP3A).

Drug enzyme inhibition is also recognized as a source of adverse

drug reactions. One of the first inhibitors recognized, cimetidine, inhib-

its CYP1A2, CYP2C, and CYP3A (in addition to decreasing hepatic

blood flow) and can profoundly decrease hepatic drug clearance. Marked

ele-vations of serum lidocaine and propranolol concentrations occurred

in elderly patients receiving these drugs in combination with cimetidine.

Currently, the most potent CYP inhibitors include amiodarone (all CYP

isoforms), the azole antifungal drugs itraconazole and ketoconazole

(CYP3A), protease inhibitors (CYP3A), erythromycin (CYP3A), and ter-

fenadine (CYP3A). Many drugs can produce moderate and lesser enzyme

inhibition that may have clinically significant effects depending on the

condition of the patient. It is recognized that the risk of myopathy is in-

creased if HMG-CoA reductase inhibitors are administered in combina-

tion with gemfibrozil or if CYP3A metabolized HMG-CoA reductase

inhibitors (atorvastatin, lovastatin, simvastatin) are co-administered with

drugs such as macrolide antibiotics(erythromycin, clarithromycin), nef-

azodone, cyclosporine, amiodarone, nicotinic acid, or the antifungal azoles

that are also metabolized via CYP3A (see Table 2). Additional identi-

fied risk factors for statin-associated myopathy include age over 80 years

(in women more than men), small body frame, frailty, and multisystem

disease.

Data on potential drug interactions are currently addressed during the

drug-evaluation process prior to marketing but many interactions are not
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identified until larger numbers of patients are exposed after marketing

approval. The volume of data is large, the number of drugs taken by the

elderly is higher than younger patients with many of the drugs being

unfamiliar to cardiologists. It has become essential to access regularly

updated information and guidelines to avoid drug interactions. Many tools

are available that range from sophisticated pharmacy medication data-

bases, programs for hand-held devices for individual caregivers to refer-

ence texts, and pocket guides. Inclusion of pharmacy-trained individuals

in reviewing planned medication regimens can also decrease the inci-

dence of adverse effects (34). Routine use of such tools is recommended.

It is pertinent that the only tool shown to be ineffective in reducing medi-

cation errors is the retrospective drug utilization review approach (35).

PHARMACODYNAMICS

Pharmacodynamic models relate drug dose or concentration to the

intensity of response or “effect.” Such pharmacodynamic models assume

effects are related to the drug concentration alone. Pharmacodynamic

models provide parameters such as maximal effects, concentrations at

which half maximal effects are seen, and “sensitivity” or slopes of re-

sponse vs concentration relationships. These concepts and models are

useful experimentally and demonstrate age, disease, and gender-related

differences in cardiovascular receptors and physiological responses to

pharmacological agents. In vitro experiments, however, may not fully

elucidate effects seen in vivo or patients because the net effects are the

result of a combination of both “direct” effects of drugs and homeostatic

or reflex mechanisms that may counter “direct” drug effects. The con-

tribution or lack of contribution of reflex responses to net drug effect is

of especial importance in understanding responses to drugs such as potent

vasodilators in the older patient. Age-related changes in the underlying

cardiovascular physiology (increased peripheral resistance, altered dia-

stolic filling, slowed AV conduction) or cardiovascular diseases (hyper-

tension, heart failure, CAD) also contribute to altered pharmacodynamic

responses. Age-related changes in the autonomic nervous system and

reflex responses and changes owing to non-cardiovascular diseases com-

mon in the elderly will be briefly summarized here. Changes related to

cardiovascular diseases common in the elderly are presented in chapters

related to these diseases.

Age-Related Changes in the Adrenergic System

A decline in �-adrenergic responsiveness is perhaps the most consis-

tent age-related findings in all species and tissues. Decreased responses
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of heart rate, white blood cells, platelets, AV conduction, cardiac con-

tractility, and vasodilation are seen following isoproterenol or other �
1
-

adrenergic stimuli with aging. Decreased �
1
-adrenergic responsiveness

shifts the concentration vs response relationship such that higher con-

centrations are necessary for any given effect. Age-related decreases in

�-adrenergic responsiveness result from decreased receptor numbers,

altered G protein coupling to the �-adrenergic receptor, and G protein-

mediated signal transduction. Important to the older patient with CVD,

there are decreased heart rate responses to �-adrenergic stimulation such

as exercise or stress and a decrease in the maximal heart rate, and these

changes result in blunted baroreflex responses. These changes contribute

to postural hypotension with potent vasodilators or intravascular vol-

ume depletion and to limited cardiovascular reserve.

In brain tissue from animals, dopaminergic mRNA as well as receptor

and transporter content decrease with aging. Positron emission tomog-

raphy in humans has also demonstrated a consistent decrease in dopa-

minergic content in the human brain with increasing age. When the loss

reaches about 80% of that present in younger individuals in the substan-

tia nigra, Parkinson’s disease occurs. Age-related effects on cardiovascu-

lar responses to dopaminergic stimulation are more variable. Contractile

responses may be blunted with aging, whereas chronotropic and dromo-

tropic responses are preserved or enhanced in models of aging.

Age-related changes of other adrenergic receptor systems are less uni-

form. For the �-adrenergic system, data from humans support the presence

of age-related decreases in �-adrenergic platelet receptors and decreased

�-adrenergic mediated arterial vasoreactivity of forearm blood vessels

in healthy men that are similar to the decreased �-adrenergic-mediated of

responses with aging. In contrast, �-adrenergic responses in veins may

not show age-related changes.

Age-Related Changes in the Parasympathetic System

Decreased sensitivity and responses to parasympathetic stimulation

are commonly seen in cardiac and vascular tissues with aging. Age-related

decreases in vasodilation in response to acetylcholine have been shown in

both normal and diseased coronary and peripheral arteries. In contrast,

greater central nervous system (CNS) effects following parasympathetic

stimulation is frequently seen in older people compared to younger indi-

viduals. Physiological consequences are blunted heart-rate responses to

atropine but increased anticholinergic CNS effects, including delirium,

in older compared to younger subjects. Greater sensitivity may also ex-

plain the increased frequency of adverse effects such as urinary retention,



Chapter 14 / Clinical Pharmacology 355

constipation, and fecal impaction in the elderly who receive drugs with

anticholinergic properties (e.g., disopyramide, verapamil).

Age-Related Changes in Reflex Responses

Blunted responses to vasodilators, vasoconstrictors, postural maneu-

vers, and the Valsalva maneuver occur with aging. Diseases and decondi-

tioning further decrease reflex responses. Pharmacodynamic alterations

at many levels (sensing, signal transmission, central processing, auton-

omic �-, and �-adrenergic and parasympathetic pathways, and vessel

receptor content and responsiveness) contribute to the blunted barore-

ceptor responses seen with aging. Physiological consequences are greater

postural hypotension and even syncope after potent nitrate or vasodila-

tor administration to older patients, with intravascular depletion with diur-

etics, or with the combination of vasodilation and diuresis. Decreased

cardiovascular responses of most adrenergic, parasympathetic, and tissue

receptors contribute to decreased responses to pharmacological stimula-

tion or blockade, exercise, physiological stress, and regulatory responses

in older patients.

Age-Related Changes

in Nonautonomic Vascular Responses

Coronary vascular responses to endothelin are blunted with aging.

Vasodilation in response to nonendothelium-dependent agents such as

nitrates or nitroprusside are not consistently altered by aging but may vary

by vascular bed or be altered by diseases such as hypertension or diabetes

that are common in the elderly. Physiological consequences are signs of

endothelial dysfunction with aging but preserved responses to nonendo-

thelial vasodilatory responses that are not autonomically mediated.

Age-Related Changes

in Central Nervous System Responses

CNS effects or side effects may be more frequent in older patients and

may significantly affect quality of life, mentation, and functional status

(i.e., long-acting hypnotics, histaminergic and �-blocking drugs, and

drugs with anticholinergic effects such as disopyramide and antihista-

mines). Risks of falls and hip fractures in older patients are associated

with the use of psychotropic medications including hypnotic-anxioly-

tics, tricyclic antidepressants, neuroleptics, and more recently with SSRIs.

Altered mental status may be the manifestation of CNS adverse effects

in the older patient and a high index of suspicion must always be present

(e.g., digitalis excess presenting as altered mental status).
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Age-Related Changes in Coagulation

Greater prolongation of prothrombin times and longer duration of

anticoagulation are reported in older patients given the same dose of war-

farin as younger patients requiring anticoagulation without age-related

changes in the pharmacokinetics of warfarin. Age-specific recommenda-

tions for anticoagulation have been developed by the American Geriatrics

Society that differ somewhat from those published by other organiza-

tions (see www.americangeriatics.org). Key points are the recommen-

dation for initiation at estimated maintenance doses (usually less than 5

mg) for most older patients and close monitoring of anticoagulation. Use

of specialized anticoagulation services can decrease risks of bleeding

and potential drug interactions with warfarin. Concentration vs response

relationships for aspirin, thrombolytics, and low-molecular-weight hep-

arins in older patients are not elucidated. Ginkgo biloba, a nutraceutical

with purported memory and circulatory benefits, has some anticoagulant

effect. Effects of garlic are variable.

A less well-recognized risk of chronic warfarin administration is osteo-

porosis. Vitamin K plays a role in bone metabolism, and anticoagulation

with warfarin antagonizes vitamin K. In women receiving chronic oral

anticoagulation, increased risk of osteoporosis and higher rates of ver-

tebral and rib fractures were associated with longer than 12 months of

oral anticoagulation (36). Administration of unfractionated heparin for

more than 3 to 6 months is also associated with increased rates of bone

mineral loss (37).

Age-Related Changes in Gastrointestinal Motility

Constipation is a frequent complaint of hospitalized elderly, less-

active elderly, and institutionalized elderly patients. Drug-induced con-

stipation is reported more frequently in the elderly compared to younger

patients and bowel obstruction has been reported in older patients receiv-

ing bile-acid sequestrants, anticholinergic medications, opiates, and ver-

apamil. Bowel hygiene regimens are recommended for elderly patients

receiving these drugs and for those who are inactive.

PHARMACODYNAMIC DRUG INTERACTIONS

Pharmacodynamic drug interactions are less well studied than phar-

macokinetic drug interactions and can lead to either potentiation of drug

action or decreased drug effects. Just as pharmacokinetic interactions

are more likely to occur between drugs that are metabolized by the same

pathway, it is likely that drugs with pharmacodynamic actions on the same

system are more likely to interact. In the elderly, pharmacodynamic
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interactions of direct vasodilators or nitrates combined with �-blockers,

�-blockers, CCBs, angiotensin-converting enzyme (ACE) inhibitors,

diuretics, or sildenafil can result in postural hypotension. Additive brady-

cardia with combinations of amiodarone, �-adrenergic blocking drugs,

digoxin, diltiazem, verapamil, or sotalol is another potential pharmaco-

dynamic drug interaction. Interactions related to direct drug effects can

be predicted and may also be clinically utilized in designing drug regi-

mens. Several clinically important pharmacodynamic effects that may

be more common in the elderly are detailed next.

Potentiating interactions that result in decreased renal function and/or

hyperkalemia may have greater consequences in the older patient because

of basal age-related decreases in renal function. Several cardiovascular

drug classes can reduce renal function in the elderly with ACE inhibitors

and angiotensin receptor blocking drugs being among the most widely

recognized. Both renal blood flow and production of angiotensin II

responsible for dilation of the efferent arteriole can be affected with clin-

ically significant decreases in glomerular filtration and increases in serum

potassium in the elderly patient. Nonsteroidal anti-inflammatory agents

(NSAIDs) can produce similar effects. In one prospective study of NSAID

initiation in elderly long-term care residents, 13% developed azotemia

during a short course of therapy (38). Importantly, adverse renal effects

are equally common with both cyclooxygenase (COX)-2 selective and

nonselective agents in older patients. When NSAIDs and ACE inhibi-

tors are combined, adverse renal effects may be increased. NSAIDs may

also decrease potassium excretion and can cause hyperkalemia in the

older patient; especially, when given in combination with ACE inhib-

itors or spironolactone, which also decrease potassium excretion. Diure-

tic-induced decreases in intravascular volume or congestive heart failure

also increase the risk of nonselective and COX-2-selective NSAID renal

toxicity. The incidence of hyponatremia appears to be more common in

the elderly. This appears to be true for thiazide and nonthiazide diuretics

(39) and may also occur with SSRIs.

Examples of pharmacodynamic interactions with an antagonistic effect

include loss of anginal control when �-agonists or theophylline are given

to angina patients on �-blockers or calcium channel antagonists. Admin-

istration of medications with anticholinergic effects may also antago-

nize effects of anticholinesterase inhibitors.

INAPPROPRIATE PRESCRIBING IN THE ELDERLY

In 1997, Beers introduced the concept of drugs that were potentially

“inappropriate” for use in the elderly based on an unfavorable risk to
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benefit ratio. These criteria were adopted by Center of Medicare Ser-

vices for use in nursing home regulations (40). Udated versions of “inap-

propriate” drug use in the elderly have appeared by Beers and others (41,

42). Medications in these lists vary and the nature of the lists criticized,

but long-acting benzodiazepines, sedative and hypnotic agents, long-act-

ing oral hypoglycemic agents, selected analgesics, antiemetics, and gas-

trointestinal antispasmodics are usually included. Other drugs have been

included when they are no longer considered appropriate for usage in

most populations (e.g., short-acting nifedipine; estrogens in women,

testosterone in men). Although doxazosin, clonidine, guanethidine,

ethacrynic acid, amiodarone, and reserpine doses over 0.25 mg per day

appear on the most recent list by Beers (42), most cardiovascular medi-

cations are not considered “inappropriate” for use in the older patient.

Recent definitions of “inappropriate drug use,” however, extend beyond

individual drug choices. By current criteria, it is “inappropriate” to fail

to consider drug–disease interactions, fail to adjust drug dosages for

age-related changes, fail to avoid drug duplication, fail to consider drug–

drug interactions and fail to limit duration of use for medications recom-

mended for short-term administration only. Explicit criteria for “appro-

priate” prescribing of digoxin, CCBs, and ACE inhibitors in older patients

have been developed by expert consensus panels (43). Using these cri-

teria, most drug-utilization review studies conclude that inappropriate

drug prescribing occurs in a significant fraction of older patients. It is

pertinent to note, however, that data on effective therapies, age-related

changes in pharmacokinetics and pharmacodynamics and the risk of

drug interactions in patients over 80 years of age are extremely limited.

Guidelines and criteria usually refer to patients in the younger old age

groups of 65–75. Consideration of the principles outlined in this chapter

that highlight the continuous nature of age-related changes and greater

effects that disease states may have on some parameters should serve as

guides for medication management of the very old patient.

COMPLIANCE

Accutate estimates of compliance on a population basis are not known

but cost of medications, poor patient education regarding medications,

and cognitive impairment are reported to be major reasons for poor

compliance in older patients living alone (44). In one study, medication

noncompliance preceded hospitalization for decompensated heart fail-

ure in 42% of elderly patients (45). Additional factors that contribute to

noncompliance with medication regimens in the older patient include

inadequate directions (small print of written directions, hearing impair-
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ment, or impaired memory), complex dosing regimens, difficulty with

packaging materials, memory impairment, and physician overestima-

tion of compliance. It is estimated that more than 40% of people aged 80

years and older have dementia. Assessment of memory and compliance

should be part of a pharmacotherapy plan. Issues related to potential

medication noncompliance should be addressed by prescribing health

care professionals. Although there are few trials of interventions to im-

prove medication adherence with resources usually available in clinical

settings (46), visual or memory aids, medication-dispensing tools, use of

geriatric-friendly packaging, assessment of cognitive status and patient

understanding, and inclusion of caregivers or family members in discus-

sions regarding medications can be beneficial. It may be difficult to

improve compliance for the majority of older patients without recogniz-

ing and addressing cost. In the United States in 2000, about 50% of people

over age 65 years had after-tax incomes at the poverty level (41% of 65–

74 year olds and 56% of those over 75 years of age) (47).

SUMMARY

 Age-related changes are reliably found and estimated for renal drug

clearance but changes in hepatic drug clearance, half-life, bioavaila-

bility, and volume of distribution are less predictable. The current state

of knowledge is limited by the paucity of investigations in women, minor-

ity groups, the oldest old, and patient populations with multiple diseases.

Clinical dosing guidelines suggest reduction of initial drug dosages in

elderly patients and titration of drug dosages in smaller increments with

greater time between dosage adjustments than in younger patients.

Because the co-administration of multiple medications is the single most

important factor in the risk for adverse drug effects, the fewest number of

drugs possible should be used. When multiple drug regimens are neces-

sary, drug interactions should be anticipated based on metabolic route or

mechanism of effect; and, adjustments in drug administration made to

avoid adverse drug interactions. Routine utilization of reference sources

for drug information can markedly assist in the management of older

patients requiring multiple medications. Routine assessment of factors

that contribute to poor compliance should also be a part of routine phar-

macotherapy in the older patient.
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Last scene of all . . .

that ends this strange eventful history;

is seemed childishness and mere oblivion,

sans teeth . . .

sans eyes . . .

sans everything

—Shakespeare, As You Like It, 2:7:139

INTRODUCTION

All life ends. This is life’s only certainty. Fifty years ago, a family of

five saw a loved one die and people accepted the biblical unalterable

truth that there is a time for everything under heaven . . . a time to be born

and a time to die.

Over the past half-century, we in America, as in the rest of the Western

world and Japan, have managed to increase average human longevity

from 50 to almost 80 years and decrease infant mortality from 4 in 10 to

less than 7 in 1000. By the year 2030, more than 70 million Americans will

be over 65 years old, of whom more than 12% will be 85 years or older (1).

Of the approximately 2.5 million people who now die each year in Amer-

ica, only 55,000 are children and 80% are Medicare beneficiaries (2).

All Western civilized countries agree on the following general ethical

principles in health care when dealing with their elderly, vulnerable, or

disabled:

• All human beings have equal worth

• Society has a duty to protect the weakest and most vulnerable among its

citizens

• Cost-efficiency and maximum return to society for the amount of money

spent on health care should prevail (3).

This means that when there is reasonable hope to stop or reverse a

disease process, barring clear, specific instructions to the contrary from

a well-informed patient, the treating physician has an obligation to fight

for the patient’s life. Age per se should not be a criterion to forego end-

of-life medical treatment because people senesce at different rates (4).

Historically, it has been the demented, frail, and elderly who tend to die

fast; no matter the cause (5). The past century has brought with it medical

technology that can significantly prolong the process of dying. How-

ever, it is no great triumph to maintain a mindless existence in a dysfunc-

tional body at an exorbitant cost to the victim and to society.



Chapter 15 / Medical Treatment at the End of Life 365

A TYPICAL AMERICAN DEATH

A common medical situation is that of a catastrophic illness with hos-

pitalization. The family is informed, “everything will be done,” confirm-

ing their hope that modern medical technology will cure their loved one.

The patient is placed in critical care, multiple specialists care for sick

organs, high-tech procedures are performed, and drugs and machines sup-

port failing bodily functions. Because the patient’s illness is too severe,

recovery is impossible. Physicians communicate through chart notes, but

never discuss the patient collectively. Some physicians eventually reduce

the aggressiveness of care for their particular organ system, informing

the family that the prognosis is not good. Others treat every complication,

informing the family of each small “hopeful” physiological improve-

ment. At times, the patient does not receive sufficient medications to pre-

vent pain and anxiety, owing to concerns that over-sedation may prevent

weaning the patient from the ventilator or that the patient may become

“addicted.” Although the patient suspects death is near, she bravely

endures the ongoing discomfort and treatment. When she asks about her

prognosis, she is told to “just hang in there.” She mourns unresolved per-

sonal and family issues and uncompleted life goals, but does not discuss

them for fear of upsetting her family. The family does not discuss the

possibility of death for fear that it will upset her. As complications worsen,

all physicians suspect there is no hope of recovery. Additional “curative”

care is withdrawn, but not totally stopped. After weeks of intensive, bed-

ridden care, she finally suffers a cardiac arrest and dies . . . wasted, naked,

cold, and alone in an intensive care unit bed. Her last experience is a resus-

citation attempt by the code team, including multiple counter shocks and

30 minutes of chest compression, which results in transient return of con-

sciousness and fracture of her osteoporotic ribs and sternum. Physicians

and family feel guilty that they may have failed by not attempting “one

more thing” to prolong her life.

Virtually all of us have witnessed the “bad death” of a loved one and fear

that it could happen to us. What we fear is not so much death itself, but loss

of control and dignity. We not only fear severe pain, but also loss of phys-

ical, cognitive, and emotional self; and the possibility of becoming a

burden to family or friends. Ninety percent of Americans wish to die at

home, yet more than 50% die in hospitals, 19% in nursing homes, and only

21% at home (6). Although extraordinary palliative care (including com-

plete relief of pain and anxiety) is usually possible, it is rarely provided.

Palliative care is often low priority and is adversely impacted by inade-

quate resources, poor reimbursement, and nursing shortages. In hospital-

ized patients, “no resuscitation” too often means “no care.” Patients are
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reluctant to report pain for fear of distracting physicians from treating

their disease, of not being a “good, brave patient,” and of becoming toler-

ant or addicted to medications. Physicians typically have limited knowl-

edge of pain management, are afraid of scrutiny for use of any (much less

adequate) narcotics, confuse terminal comfort through sedation with

euthanasia, and avoid early initiation of palliative care because they feel

this is perceived as “giving up” on the patient.

FORCES IN THE EVOLUTION
OF FUTILE MEDICAL TREATMENT

With all that can now be accomplished in medicine, why do patients

die an undesirable, “bad,” technology-driven death within systems that

otherwise deliver the best health care in the world? The forces that have

led to the futile use of ineffective medical diagnostic tests, treatments,

and interventions include (a) the imbalance of scientific knowledge,

with extensive knowledge of benefits but typically little knowledge of

the limitations of rapidly evolving medical technology; (b) inadequate

training of health care workers for providing palliative care in a setting

of increasing demands and training to rapidly apply highly technical skill

to ever increasing numbers of patients; (c) cultural obstacles to accept-

ing death as a natural part of life; (d) economic forces that promote high-

tech futile treatment and inadequately support alternative palliative care;

(e) a legal climate that promotes unfounded concerns about liability for

not “doing everything” and inadequately supports policies that guard

against medically futile treatments; (f) continued debate by medical,

legal, and ethical leadership over accurate recognition and management

of medical futility and the related disagreement over appropriate alloca-

tion of health care resources.

LEGAL RIGHTS OF THE DYING

Yes, the dying have legal rights. It is incumbent on the treating phy-

sician to avail him or herself of these before embarking on any medical

treatment. The courts at common law have recognized this right to self-

determination and control of our own person for a very long time. The US

Supreme Court clearly articulated this concept more than 100 years ago:

“No right is held more sacred, or is more carefully guarded, by the

common law, than the right of every individual to the possession and

control of his own person . . .” (7). From this right of freedom of choice

over bodily invasion evolved the doctrine of informed consent (8,9).
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Informed Consent

The law requires that for consent to be valid, the patient must be prop-

erly informed. The patient must have a general understanding of the fol-

lowing key concepts and procedures:

• the procedure or treatment

• the medically acceptable alternative procedures or treatments

• the substantial risks and hazards inherent in the proposed treatment or

procedure

LIABILITY IN THE ABSENCE OF INFORMED CONSENT

Failure to obtain informed consent from a patient is a species of

medical negligence and also constitutes a technical battery (10). While

serving on the Court of Appeals of New York, Justice Cardozo wrote,

“Every human being of adult years and sound mind has a right to deter-

mine what shall be done with his own body; and a surgeon who performs

an operation without his patient’s consent commits an assault, for which

he is liable in damages” (11). The specific nature of a cause of action for

failure to obtain informed consent is somewhat confusing. For example,

in Florida, it has been described both as action in trespass or battery and

as an action for negligence involving a violation of the physician’s duty

to use care in treating the patient (12).

The key difference between an action for medical malpractice and an

action for failure to obtain informed consent is that in failure to obtain

informed consent, the plaintiff does not need to prove that the physician

was medically negligent. For example, if during surgery an untoward

event occurs that results in damage to the patient, the patient may bring

an action for medical malpractice against the physician only by proving

that the physician was negligent. However, if a known complication

occurs that is not the result of negligence, but the patient was not informed

of the potential for the complication, the patient may bring an action for

failure to obtain informed consent regardless of whether the event was

caused by negligence. Furthermore, in many states an action for failure to

obtain informed consent is not limited by the short statute of limitations

that applies to medical malpractice actions. Increasingly, plaintiffs have

chosen to bring a cause of action for failure to obtain informed consent

instead of bringing an action for malpractice.

STATUTES THAT REQUIRE SPECIFIC INFORMED CONSENT

In addition to the general medical consent statute, most states also have

special informed consent statutes for specific situations. These specific

statutes generally require that some additional information must be pro-
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vided to the patient. For example, in Florida, some of the statutes that

require informed consent are as follows:

1. testing for the HIV (13)

2. termination of pregnancies (14)

3. treatments to a nursing home resident (there is a specific requirement to

advise the resident of the risks of refusing treatment) (15)

4. admission to a hospice program (16)

EXCEPTIONS TO THE REQUIREMENT OF INFORMED CONSENT

Emergency Situation. Most states recognize that, in a true emergency,

there may be no time to try to obtain consent from the patient or surro-

gate. The health care provider is generally authorized to provide emer-

gency care without informed consent when such an emergency exists.

Statutes (17) typically protect any persons from civil liability (including

medical providers) who gratuitously and in good faith render emergency

care or treatment at the scene of an emergency, where the persons act as

ordinary reasonably prudent persons would have acted under the same

or similar circumstances, as long as there is no objection from the injured

victim.

If the patient is inside of a hospital, the statute protects from civil liabil-

ity any employee of a hospital or person licensed to practice medicine who

in good faith renders medical care or treatment necessitated by a sudden,

unexpected situation or occurrence resulting in a serious medical con-

dition demanding immediate medical attention, for which the patient

enters the hospital through its emergency room or trauma center.

Cardiopulmonary Resuscitation. Many states have legal doctrines

that provide that a person is presumed to consent to cardiopulmonary

resuscitation (CPR). The rationale for protection from liability for attempt-

ing CPR is that emergency medical personnel generally do not have time

to determine if the patient or surrogate can consent to CPR. However, a

number of states recognize that a patient may legally override this pre-

sumption with a Do Not Resuscitate Order (DNRO) or Do Not Attempt

Resuscitation Directive (18).

Special Exceptions to Informed Consent. The exceptions include

emergency examination and treatment of incapacitated persons (19).

Examples include the patient who is intoxicated, under the influence of

drugs, or otherwise incapable of providing informed consent; is experienc-

ing an emergency medical condition; and would reasonably, under all

the surrounding circumstances, undergo such examination, treatment, or

procedure if he or she was advised by a health care provider (20).

Court-Ordered Involuntary Treatment and Examination. Exam-

ples of court-ordered involuntary treatment and examination include the
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Baker Act (Treatment and Examination for the Mentally Ill) (21), Sub-

stance Abuse Services Act (22), examination and treatment for tubercu-

losis (23), and screening for sexually transmitted disease other than

AIDS (24).

THE RIGHT OF A COMPETENT PERSON TO REFUSE MEDICAL CARE

 Constitutional Basis. An individual’s right to refuse care has a con-

stitutional basis (25).

Overriding the Refusal Through Court Order. The courts are typi-

cally reluctant to override a competent adult person’s right to refuse

care. Generally the court must find that a compelling state interest exists,

such as in the preservation of life, protection of innocent third parties,

prevention of suicide, or maintenance of the ethical integrity of the

medical profession.

The Health Care Provider’s Role. In the first half of the 20th century,

medical providers and physicians were viewed as the overseers of their

patients. People “did what the doctor said.” Later, court rulings indicate

that, despite concededly good intentions, a health care provider’s func-

tion is to provide medical treatment in accordance with the patient’s wishes

and best interests, not as a “substitute parent” supervening the wishes of

a competent adult. Accordingly, a health care provider must comply

with the wishes of a patient to refuse medical treatment unless ordered

to do otherwise by a court of competent jurisdiction (26).

Liability of the Health Care Provider. Many states have laws that

provide that when a health care provider, acting in good faith, follows

the wishes of a competent and informed patient to refuse medical treat-

ment, the health care provider is acting appropriately and cannot be sub-

jected to civil or criminal liability.

THE RIGHT OF AN INCOMPETENT PERSON TO REFUSE MEDICAL CARE

An incompetent person has the same right to refuse medical treatment

as a competent person (27). A surrogate decision maker acting on behalf

of the incompetent person in accordance with the incompetent person’s

wishes must exercise his or her right.

Surrogate Decision Makers.

Written Appointment of Health Care Surrogate. A competent person

may designate another person to make decisions when he or she is incapa-

ble of making his or her own medical decisions. This designation must be

in writing, signed by the individual and two witnesses (28). In the event

that the patient has not appointed a surrogate in a written designation,

many states provide for a statutory order of priority. For example, in

Florida, the following individuals in the following order of priority are

authorized to make medical decisions on behalf of the patient (29):
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• Judicially appointed guardian. However, this section does not require the

appointment of a guardian to make health care decisions.

• The patient’s spouse.

• An adult child of the patient, or if the patient has more than one adult

child, a majority of the adult children who are reasonably available for

consultation.

• A parent of the patient.

• The adult sibling of the patient, or if the patient has more than one sibling,

a majority of the adult siblings who are reasonably available for consultation.

• An adult relative of the patient who has exhibited special care and con-

cern for the patient and who is familiar with the patient and who is familiar

with the patient’s activities, health and religious or moral beliefs.

• A close friend of the patient.

The dissolution or annulment of the marriage of the patient revokes the

designation of the patient’s former spouse as a surrogate. Generally, most

state laws provide that a surrogate’s decision to withhold or withdraw

life-prolonging procedures must be supported by clear and convincing

evidence that the decision would have been the one the patient would

have chosen, had he or she been competent (30), and not one that the sur-

rogate might make for him or herself, or that the surrogate might think

is in the patient’s best interests (31). However, there is a developing body

of statutes and cases that allow a surrogate to look at the best interests

of the patient in the absence of evidence of the patient’s wishes.

The procedure that is generally followed is that, if the attending physi-

cian concludes that the patient lacks capacity to make health care deci-

sions, another physician must evaluate the patient’s capacity. If the second

physician agrees that the patient lacks the capacity to make health care

decisions or provide informed consent, the health care facility must enter

both physicians’ evaluations in the patient’s clinical record. The surro-

gate’s authority commences upon the determination and continues until

a determination is made that the patient has regained such capacity.

The difficult question arises as to what to do in a case where the patient,

while competent, simply never expressed a clear and specific preference

as to his or her wishes. The surrogate must consider the patient’s prior

statements about and reactions to medical issues, all the facets of the

patient’s personality with which the surrogate is familiar—with of course,

particular reference to his or her relevant philosophical, theological, and

ethical values—in order to extrapolate what course of medical treatment

the patient would choose (32).

Generally the patient’s family, the health care facility, the attending

physician, or any other interested person who may reasonably be expected

to be directly affected by the surrogate’s decision, may seek judicial inter-

vention (33), if that person believes:
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• the surrogate’s decision is not in accord with the patient’s known desires

• the advance directive is ambiguous

• the patient has changed his or her mind after execution of the advance

directive

• the surrogate was improperly designated or appointed

• the designation of the surrogate is no longer effective

• the designation of the surrogate has been revoked

• the surrogate has failed to discharge duties

• incapacity or illness has rendered the surrogate incapable of discharging

his or her duties

• the surrogate has abused powers

• the patient has sufficient capacity to make his or her own health care

decisions

The patient may revoke an advance directive or previous designation

of a surrogate (34) in the following ways:

• by means of a signed, dated writing;

• by means of the physical cancellation or destruction of the advance direc-

tive by the patient or by another in the patient’s presence and at the patient’s

direction;

• by means of an oral expression of his or her intent to revoke; or

• by means of a subsequently executed advance directive that is materially

different from a previously executed advance directive.

A revocation will be effective when it is communicated to the surro-

gate, health care provider, or health care facility.

Additional Considerations. Along with the basic elements that must

be contained, there are additional matters that should be addressed in an

effective designation of a health care surrogate:

1. Nomination of a successor surrogate: provide for a successor if the nomi-

nated surrogate is unable or unwilling to serve.

2. A summary of any discussion of the patient with the surrogate: it is essen-

tial that the patient discuss his or her preferences and values with the

surrogate. An effective designation of health care surrogate can reflect

this discussion.

3. Authorization to make anatomical gifts.

4. Authority to seek compliance: a patient may consider granting the sur-

rogate power to seek court intervention for the purposes of securing com-

pliance with the directions of the surrogate and the living will.

5. Statement of the patient’s views about life-prolonging measures: for

example, the patient may state that “no life-prolonging treatment is to be

provided”; or, at the other end of the spectrum, that such treatment

“should be afforded to the greatest extent possible, without regard to

chances of recovery or quality of life considerations”; or some middle
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ground, such as “provide life prolonging treatment only if the expected

benefits of the treatment will outweigh the burdens.”

Withholding or Withdrawing Life-Prolonging Procedures

LIVING WILLS (ADVANCE DIRECTIVES)

Most states have laws that provide that any competent adult may make

a living will or declaration providing for the withholding or withdrawal

of life-prolonging procedures in the event such person suffers from a

terminal condition (35). The purpose of a living will is to provide written

evidence of the patient’s intentions and beliefs regarding life-prolong-

ing procedures. It does not eliminate the need to name a health care sur-

rogate. Generally, a living will must be signed by the patient in the presence

of two subscribing witnesses, one of whom is neither a spouse nor blood

relative of the patient. If the patient is physically unable to sign, one of

the witnesses must subscribe the patient’s signature in the patient’s

presence and at the patient’s direction (36). A properly executed living

will can establish a rebuttal presumption of clear and convincing evi-

dence of the patient’s wishes (37). It is the responsibility of the patient

or someone acting on behalf of the patient to notify the attending or treat-

ing physician that a living will has been made. A treating physician or

health care facility that is notified of a living will is required to make the

living will or a copy part of the patient’s medical records. Before proceed-

ing in accordance with the patient’s living will, it must be determined that

the patient does not have reasonable probability of recovering compe-

tency (38), the patient’s physical condition is terminal (39), and that any

limitation or conditions expressed orally or in a written declaration have

been carefully considered and satisfied (40).

The Patient Self Determination Act of 1990 (41) requires health care

facilities that participate in the Medicare or Medicaid programs to pro-

vide information to adult patients upon admission about their right to

make medical decisions and document in the patient’s medical record

whether or not the patient has executed an advance directive. Facilities

may not condition the provision of care or otherwise discriminate against

an individual based on whether or not he or she has executed an advance

directive, and must provide for the education of staff and the community

on issues concerning advance directives.

LIFE-PROLONGING PROCEDURES

Life prolonging procedures include any medical procedure, treat-

ment or intervention that utilizes mechanical or other artificial means to

sustain, restore or supplant a spontaneous vital function. When applied

to a patient in a terminal condition, such treatment serves only to prolong
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the process of dying (42). Several courts have held that there is no legal

distinction between “supplying oxygen by a mechanical respirator or

supplying food and water through a feeding tube” (43). “Artificial hydra-

tion and nutrition are viewed as treatment by the medical community

and by courts of other jurisdictions” (44).

“Terminal condition” is defined as a condition caused by injury, dis-

ease, or illness from which there is no reasonable probability of recovery

and which, without treatment, can be expected to cause death; or a per-

sistent vegetative state characterized by a permanent and irreversible con-

dition or unconsciousness (45). In determining whether the patient has

a terminal condition or may recover capacity, or whether a medical con-

dition or limitation referred to in an advance directive exists, the patient’s

attending or treating physician and at least one other consulting physician

must separately examine the patient (46). The findings of each physician

must be documented in the patient’s medical record and signed by each

physician before life-prolonging procedures may be withheld or with-

drawn. Evidence of the examining physician’s signed documentation in

the patient’s medical record establishing the existence of any such med-

ical condition establishes a rebuttable presumption that the condition

exists (47).

PROCEDURE IN THE ABSENCE OF A WRITTEN LIVING WILL

A surrogate may rely on oral statements made by the patient while com-

petent to exercise the patient’s right to refuse life-sustaining treatment.

Oral evidence, considered alone, may constitute clear and convincing

evidence.

The decision to withhold or withdraw life-prolonging procedures from

a patient may be made by the designated health care surrogate unless the

designation limits the surrogate’s authority to exclude consent to the

withholding or withdrawing of life-prolonging procedures (48). Before

exercising the patient’s right to forego treatment, the surrogate must be

satisfied that the patient does not have a reasonable probability of recov-

ering competency so that the patient could exercise the right, and the

patient’s physical condition is terminal (49).

Pre-Hospital Do Not Resuscitate Orders

REASON AND RATIONALE

In Florida, emergency medical technicians (EMTs) and paramedics

may not deny pre-hospital treatment or transport for an emergency med-

ical condition, unless the person has an approved DNRO (50). The DNRO

must be on a specific state promulgated form. The DNRO in the state of

Florida is DCFS Form 1896, which must be printed on yellow paper.
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Ethical Considerations, Roles, and Obligations

THE HEALTH CARE PROVIDER’S ROLE AND OBLIGATIONS

In 1986, the American Medical Association and Council on Ethical

and Judicial Affairs stated the following:

For humane reasons, with informed consent, a physician may do what

is medically necessary to alleviate severe pain, or cease or omit treat-

ment to permit a terminally ill patient whose death is imminent to die.

However, he should not intentionally cause death. In deciding whether

the administration of potentially life-prolonging medical treatment is

in the best interest of the patient who is incompetent to act in his own

behalf, the physician should determine what the possibility is for

extending life under humane and comfortable conditions and what are

the prior expressed wishes of the patient and attitudes of the family or

those who have responsibility for the custody of the patient. (51)

Even if death is not imminent but a patient’s coma is beyond doubt

irreversible and there are adequate safeguards to confirm the accuracy

of the diagnosis and with the concurrence of those who have responsibil-

ity for the care of the patient, it is not unethical to discontinue all means

of life-prolonging medical treatment.

Life-prolonging medical treatment includes medication and artifi-

cially or technologically supplied respiration, nutrition or hydration. In

treating a terminally ill or irreversibly comatose patient, the physician

should determine whether the benefits of treatment outweigh its bur-

dens. At all times, the dignity of the patient should be maintained.

Practical Aspects of Informed Consent

Each day, millions of medical procedures are administered to patients

for the diagnosis or treatment of disease or for research purposes. Appro-

priate consent should be sought and obtained prior to each medical pro-

cedure. CPR and emergency interventions are exempt from this process

(52). CPR is undertaken under the doctrine of presumed consent; that in

the absence of clear and convincing evidence to the contrary, it is pre-

sumed that the patient would choose life over death. With minors or

incompetent adults, the power of consent is relinquished to the respon-

sible relative or appointed surrogate under the doctrine of “substituted

judgment” (53).

Informed consent has three legs: full disclosure, patient competence

to choose, and the assurance that the patient’s decision is out of the exer-

cise of free will (54).
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Full disclosure requires the treating physician to explain to his or her

patient details of the proposed procedure including all possible foreseen

(and unforeseen) complications; all alternate ways of treatment and the

merits and risks of each of these alternatives; and the physician’s own

results with the proposed procedure, including success and complication

rates vis-á-vis those of other physicians. Patient competence stipulates

that the patient is able to comprehend and process all available informa-

tion, that the patient is able to evaluate and choose between these options,

and that the patient is allowed to ask any pertinent questions that enable

him or her to make a choice. The exercise of free will, while allowing for

the physician to express his or her own bias regarding the preferred course

of treatment, requires that the patient’s choice of a certain treatment to be

made in a rational, deliberate, calculated, and objective manner. Impor-

tantly, the decision should not be subject to coercion, manipulation, emo-

tional encumbrances, nor undue pleadings or threats.

The truthful reality in medical practice is that the satisfaction of all

these theoretical requirements of the consent process is unimaginable in

practice and implausible, even in theory.

In the first place, most patients are either totally or near totally igno-

rant about most complex medical technologies and the pathophysiology

of disease and its outcomes, let alone the jargon of medical terminologies

(the American Medical Association has an informative physician’s tape

on the subject). Patients’ knowledge about medical issues often derives

from a limited experience with a relative or a friend or from distorted infor-

mation from the news media or the Internet. Even when such informa-

tion is gleaned from authentic medical sources, it is interpreted out of

context by the lay public and tainted by the patient’s own limited per-

sonal experiences.

Second, full disclosure is unrealistic and may be cruel (55). A personal

experience illustrates the peril of full disclosure. During the explanation

of the cardiac catheterization procedure and the litany of all possible

complications to the patient, the patient’s 300 lb., 6- foot tall husband suf-

fered neurocardiogenic syncope, fell unconscious to the floor, and sus-

tained a deep laceration to the forehead. He later complained he did not

desire to hear all the details provided. Physicians have recognized the

flaws of “full disclosure” for centuries. Over the years, the imperative

of informed consent has metamorphasized into a legal formality requir-

ing the patient to sign a lengthy and printed form written in legal jargon

and containing a litany of possible complications whose primary pur-

pose is to protect the physician (and hospital) or to meet legal require-

ments, rather than to duly inform the patient (56).
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But if the consent process is riddled with flaws and misconceptions, is

there a better substitute? For example, what about the substituted judg-

ment standard? This standard stipulates that the patient may relinquish

medical decision-making to a trusted relative or friend. The doctrine

assumes that the chosen surrogate’s decisions are exact replicas of the

patient’s own when the patient is incapable or unable to make his or her

own medical decisions. Unfortunately, such assumptions are more likely

to prove to be wrong than right. Surrogates are often encumbered by feel-

ings of guilt, fear of loss of a loved one, concern about the possibility of

being accused of not doing enough for the patient, or may simply be driven

by self interests and personal gain (57,58). Surrogates who are not fully

informed about the patient’s chances for recovery or have unrealistic

expectations from a medical intervention; those who lack the will to

make tough choices to forgo life-prolonging means; and those who have

agendas of their own further undermine the validity of the substitute

judgment standard.

Because patients cannot fully understand all the medical implications

of health care decisions, it is desirable and possibly even imperative to

have all medical decision making done as a shared exercise between the

physician and his adult competent patient or the patient’s chosen surro-

gate. In practice, such decision making is almost always physician-guided,

and with few exceptions, the physician’s recommendation carries the

day. This fact is especially true the longer and the more trusting the rela-

tionship between a particular patient and his or her chosen doctor. There

are precious few instances in which a patient declines a recommendation

from a physician that the patient has known and trusted for many years.

Under most situations of ill health or an imminent death, there is a one

best medical course of treatment. Experienced physicians should rec-

ommend this one best course after weighing the probability, extent, and

duration of benefit against possible risks, taking into account the extent

of the patient’s illness and physician’s skill and experience.

The Wide Gulf Between What the Dying Patient Wants

and What the Doctor Honors

Peter Singer et al. (59) interviewed 126 patients belonging to three

groups: those maintained on dialysis, sufferers of AIDS, and residents

of long-term care facilities. Patients identified five domains of quality

end-of-life care in the following order of importance:

1. Receiving adequate pain and symptom treatment.

2. Avoiding inappropriate prolongation of dying.

3. Achieving a sense of control.
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4. Relieving the burden on loved ones.

5. Strengthening relationships with loved ones.

These romantic, emotion-based concepts are foreign to physicians who

are accustomed to dealing with probabilities and the results of laboratory

testing and high-tech imaging. It is no wonder that the Study to Under-

stand Prognoses and Preferences for Outcomes and Treatment (SUP-

PORT) showed that many Americans suffer needlessly before dying (60)

and that a recent report showed that 80% of Americans rated their medi-

cal care as excellent or very good, whereas less than 30% of the respon-

dents said the same thing about care for the dying (2).

BARRIERS TO END-OF-LIFE CONVERSATIONS

The most common professional problem in end-of-life care is failure

to make a deliberate, mutual (with patient, family, and other physicians)

decision to make the transition from curative to palliative care, based on

the timely recognition of medical futility. Treatment norms that contrib-

ute to this problem are difficult to change. Not uncommonly, individual

physicians do not fully accept the mortality of themselves or their patients.

Medical futility decisions are among the most emotionally and ethically

difficult, involving issues such as advanced age, dementia, severe brain

injury, disabling stroke, extremely low birth weight, and congenital defects

with severe handicaps and limited life expectancy. At a time when deci-

sions have become increasingly difficult, physicians have felt a sense of

loss of control over patient care, not only from competing autonomy of

patients and surrogates, but also from pressures of third-party payers, man-

aged care, soaring hospital costs, and even practice guidelines imposed

by peers.

Young physicians are trained to fight death and preserve life through

diligent battle with each and every physiological problem. They are often

not trained to recognize or deal with medical futility (61,62). Training

that emphasizes evidence-based thinking, reinforced by objective testing,

does not lend itself to intellectual comfort with the uncertainty of predict-

ing prognosis, much less time of death. Statistical models designed to help

physicians predict prognosis in critically ill patients are not highly predic-

tive for the individual patient (60,63,64). For patient protection, “medi-

cal futility” must be declared very sparingly to avoid overzealous use in

questionably curable patients, erring on the side of aggressive care.

Physicians often have limited knowledge and skill in palliative care and

fail to recognize that discontinuation of futile, curative treatment is often

necessary to allow the best possible palliative care. Instead, medical teams
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frequently inflict CPR, the ultimate invasive and traumatic treatment, on

dying patients as their “last rite.” Medical personnel grossly overesti-

mate the success of CPR (>30%) and the public sees a 67% television

survival rate, whereas actual results are much worse: 10%–20% survival

for in-hospital arrest (3.5% if over 85 years old) and 5% for out-of-hos-

pital arrest (1% in elderly nursing home patients) (65–68). Institutional

policies further discourage futility decisions, such as the requirement to

resuscitate all patients unless a DNRO is written and the written or un-

written requirement to obtain acceptance of DNR status by all family

members before orders can be written (69–72). Vast educational, cul-

tural, ethical, and religious differences exist among patients and physi-

cians that impact attitudes about how to care for such individuals. The

issue of “who should decide” whether to continue life support and cura-

tive efforts in a broad spectrum of medical conditions has led to legal

battles and landmark decisions (73). Major conflicts over end-of-life care,

however, are unusual. Much more commonly, physicians and families

choose to continue aggressive, curative treatment efforts until death rather

than embark on the difficult and emotional journey of seeking and com-

municating the earliest possible recognition and acceptance of medical

futility to allow the earliest, most merciful transition to palliative care.

CONFRONTING THE HISTORICAL
NEAR-IRRELEVANCE OF LIVING WILLS

Teno et al. (74) examined 688 living wills as a part of the SUPPORT

study. The authors noted only a minority of Americans (generally less

than 30%) have living wills. Of those, 50% do not have orders of no CPR

when they asked not to be resuscitated. In 87% of the living wills, gen-

eral statements were used. In only 1 in 30 living wills was there language

specific enough as to apply to the patient’s condition. The conclusion

was that currently used living wills have little relevance to patient care.

Based on our human experience, people have survived almost every

imaginable illness. We tend to reason that almost any illness is potenti-

ally reversible, be it a stroke, a fracture, a cardiac arrest or pneumonia. Liv-

ing wills that speak about terminal illness, irreversible conditions, heroic

measures, or artificial means must be interpreted by the treating physician

and by the patient’s appointed surrogate, who are likely to believe that any

illness is reversible, and are prone to err on the side of continued aggres-

sive treatment. Similarly, physicians find end-of-life decisions, which

are often based on less than absolutely certain data, extremely difficult,

both intellectually and emotionally. As physicians and families protect
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themselves from facing the grief and hopelessness of death, they often

unknowingly transform a potentially peaceful death into a harsh one. Phy-

sicians must learn through the eyes and experiences of their own patients.

They should recognize and communicate to the family when life has per-

manently lost all value and therefore allow a peaceful death.

A properly executed advance directive can be highly effective. Hammes

et al. (75) demonstrated that, given the proper document, timing, educa-

tion and support, almost 90% of individuals choose to execute advance

care plans that become an integral section of the medical chart, and that

in the vast majority of instances the dying patients receive their chosen

treatment. No one can belittle the success achieved by Hammes et al. The

fact that La Crosse, Wisconsin is an enclave of fairly homogeneous people

of northern European descent served by one clinic (Gundersen Lutheran

Medical Center) may provide insight into the unusual success Hammes

documented. Such success offers a challenge to all organizations deal-

ing with end-of-life care to provide a mechanism for ensuring a graceful

exit and a good death.

Project GRACE is a 501(c)3 nonprofit organization located in Clear-

water, Florida. Among other things, its board has developed and tested

an advance care plan that has the following virtues:

1. It is endorsed by numerous medical societies, including the Florida Medi-

cal Association, and is one page, with an additional page that defines most

end-of-life medical conditions and treatment options.

2. It is medical scenario-specific, listing the four most common conditions

that lead to imminent death or permanent loss of what most individuals

would consider quality of life.

3. It allows the potential future patient the option to choose “yes” or “no”

to each of four most common life-prolonging treatment efforts for each

of the four incurable illnesses.

The document is written in simple language, which has been tested for

clarity of understanding among individuals at an eighth grade level. The

Project GRACE Advance Care Plan Document has been adopted by the

majority of hospitals in the Tampa Bay, Florida area (76,77).

THE HIGH COST OF DYING IN AMERICA

Most of the recent innovations in medicine have been employed to

extend the life of people past middle age. Dr. Daniel Callahan, director

of the Hastings Center in New York and outspoken critic of wasteful med-

ical care at the end of life, quotes Dr. Jerome Avorn, health economist

of the Harvard Medical School, who writes, “With the exception of the
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birth control pill, most of medical technology interventions developed

since the 1950s have their most widespread impact on people who are

past their fifties—the further past their fifties, the greater the impact (78).

Over the past three decades, health care costs in America have in-

creased threefold as a percentage of the gross national product (GNP).

Today, America devotes one-seventh of its GNP to health care; most of

these expenditures are spent on the oldest segment of the population.

One of the most widely quoted statistics in medical and economic circles

derives from the 1986 publication from the Center for Health Statistics,

which showed that 30% of Medicare expenditures are incurred during the

last year of life. Furthermore, for the 6% of the elderly Medicare patients

who die each year, 50% of all medical costs are spent during the last 2

months of life, and 40% goes toward care during the last month (79).

According to one of America’s leading economists, Victor Fuchs, “One

of the biggest challenges facing policy makers for the rest of this century

will be how to strike an appropriate balance between care for the dying

and health services for the rest of the population” (80).

IS HEALTH IN THE UNITED STATES
THE BEST IN THE WORLD?

In the United States, we spend more health dollars per citizen than any

other nation on earth, yet we are not healthier and we do not live longer

than people in most civilized nations. Dr. Barbara Starfield reminds us

of the Institute of Medicine’s report “To Err Is Human,” documenting

that 20% to 30% of US patients receive unnecessary surgery or other

interventions and that 44,000 to 98,000 among them die each year as a

result of medical errors (81). Dr. Starfield compares the US health care

system with 12 other distinguished nations: Japan, Sweden, Canada,

France, Australia, Germany, Spain, Finland, the Netherlands, the United

Kingdom, Denmark, and Belgium. The United States ranks 12th (second

from the bottom on overall performance) among this select group of

nations (79).

The Year 2000 World Health Organization’s (WHO) report using dis-

ability-adjusted life expectancy shows similar data. The report ranked

the United States as 15th among 25 industrialized countries (82). The

WHO measured each nation’s overall health system performance by its

achievement of three goals: the provision of good health, responsiveness

to the expectations of the population, and the fairness of the individuals’

financial contribution toward their health care. Health was measured by

life expectancy adjusted for the likelihood of a range of disabilities and

produced the following ranking:
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1. Japan: 74.5 years

2. Australia: 73.2 years

3. France: 73.1 years

4. Sweden: 73.0 years

5. Spain: 72.8 years

6. United States: 70 years

The United States ranked better when judged on attention to indi-

vidual choice and care, ranking first when responsiveness was judged by

a nation’s respect for the dignity of individuals, the confidentiality of

health records, prompt attention in emergencies, and choice of provider:

1. United States

2. Switzerland

3. Luxembourg

4. Denmark

5. Germany

However, when financial fairness was measured by the equal distribu-

tion of the health cost faced by each household, the United States ranked

extremely low:

1. Columbia

2. Luxembourg

3. Belgium

4. Djibouti

5. Denmark

6. United States

The full report is available on the WHO website: http://www.who.int/.

High spending does not necessarily translate into a better health sys-

tem, according to the WHO. Among the 15 top-rated nations, the amount

spent on health care as a percentage of the overall economy and on a per-

person basis varied widely. These differences are shown in Table 1.

Yes, America has the most technologically advanced and most respon-

sive system in the world. It has the best doctors, the best hospitals, and

the best-equipped intensive care units. Also, the relatively poor health

care performance cannot be blamed on the fact that Americans “behave

badly,” (i.e., smoking, drinking and perpetrating violence). This accusa-

tion is not supported by the data. In fact, Americans tend to smoke less

and consume less alcohol than most other Western countries. The rea-

sons for the poor performance of our health care system are no doubt

complex and multifaceted. However, contributing causes may be that

Americans undergo more surgeries, consume more medications and are

hospitalized more often than citizens of other, better-rated nations (83).
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THE FUTILITY DEBATE: FAR FROM FUTILE

More than 750 recent medical publications on medical futility have

failed to bring medical and lay personnel to a consensus, to the point that

the “futility movement” has “fallen” (84). Inability to resolve the “debate”

over ethical, philosophical, and definitional issues has been assumed to

be the primary reason that the futility concept has failed. A review of the

multiple complex forces contributing to futile care at end-of-life de-

scribed earlier, however, suggests that resolution of the debate alone will

not eliminate futile treatment. Searching for consensus on the meaning

of medical futility remains worthwhile, however, and may be necessary

before the other forces can be overcome.

The issues raised in the “futility debate” have centered around dis-

agreements over the following:

1. an acceptable definition of medical futility or even whether it is possible

to define futility;

2. whether or not physicians have the right or obligation to withhold treat-

ments that they judge to be futile; and

Table 1
Health Care Spending Among Top-Rated Nations

Health spending Per capita

Country as percentage of GDP  spending Population

1. France 9.8% $ 2369 59 million

2. Italy 9.3 1855 57 million

3. San Marino 7.5 2257 26,000

4. Andorra 7.5 1368 75,000

5. Malta 6.3 551 386,000

6. Singapore 3.1 876 3.5 million

7. Spain 8.0 1071 39 million

8. Oman 3.9 370 2.4 million

9. Austria 9.0 2277 8.2 million

10. Japan 7.1 2373 126 million

11. Norway 6.5 2283 4.4 million

12. Portugal 8.2 845 9.8 million

13. Monaco 8.0 1264 33,000

14. Greece 8.0 905 10 million

15. Iceland 7.9 2149 279,000

16. United States 13.7 4187 276 million

GDP, gross domestic product. (From ref. 83.)
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3. whether or not patients have the right to demand any form of treatment

if they feel it will be beneficial to them (i.e., the struggle between the

autonomy of patients and the autonomy of physicians).

Numerous authors have offered definitions of medical futility, point-

ing to its recognition since antiquity by Hippocrates and Plato (85,86).

Futile treatments have generally been subdivided into two types:

1. physiological or quantitative futility (very low statistical probability of

achieving the desired physiological response; and

2. qualitative futility (in which treatment may have a physiological effect,

but fails to “benefit” the patient as a whole) (87).

Much of the futility debate has centered around futile CPR (88–91).

A broader, more comprehensive definition of medical futility was pro-

posed by Drane and Coulehan in 1993 (92) as treatment that does not alter

a person’s persistent vegetative state; does not alter diseases or defects

that make a baby’s survival beyond infancy impossible; leaves perma-

nently unrestored a patient’s neurocardiorespiratory capacity, capacity

for relationship, or moral agency; or will not help free a patient from per-

manent dependency on total intensive care support.

We have proposed an operational definition of medical futility (93)

that requires that the physician combine clinical experience and scien-

tific data with the concepts of both qualitative and quantitative futility

through three questions: (a) Is death imminent? (b) If treatment leads to

full recovery, is the best quality of life that can be hoped for undesirable?

(c) Is the statistical probability of recovery extremely low? (See Fig. 1.)

A negative answer to any of these questions indicates that continued

efforts toward curative care are futile. In borderline futile situations, the

potential for continued life-prolonging treatment efforts to cause harm

or prolong suffering must be carefully weighed against their (often mini-

mal) potential for benefit. Examples of the practical application of this

definition are offered through a published list of common futile medical

conditions (Table 2).

Whether “futile” or other terminology is used, most physicians are

fully aware that predictably ineffective “curative” medical care is preva-

lent, is expensive, and contributes immeasurably to the pain and suffer-

ing of many dying patients. Some physicians have attempted to use the

concept of medical futility to justify unilateral decisions to withhold

treatment options or withdraw treatment. Arguments have been based

on the physician’s ethical obligations of beneficence (benefit), nonmale-

ficence (avoid harming), and justice (wise use of resources) versus the

patient’s autonomy (which is the basis of informed consent, personal
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right to accept or reject treatment, and advance care planning) (94). The

patient’s or surrogate’s belief that patient autonomy to refuse treatment

extends equally to the right to demand treatment sometimes results in

inappropriate demands for futile treatment. A counterargument is that

the treating physician’s ethical obligations logically limit the patient’s

autonomous choices to those options the physician can ethically offer

(93). Despite ethical considerations, it is unusual for a physician to with-

draw or withhold treatment over the objections of the patient or family.

Fig. 1. Recommended clinical pathway for determination of medical futility.
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Such disputes are typically settled by “giving in” to futile treatment or

recommending that another physician take over (who will usually pro-

vide the requested treatment).

Actually, unresolved disagreements among patients, surrogates and

physicians are relatively infrequent. The much more common error, how-

ever, is that medical futility is simply never acknowledged by anyone.

In reality, physicians dismiss treatments as “futile,” or simply unlikely

to provide benefit to patients, routinely during medical care. Doctors uni-

laterally make these decisions based upon their unique medical skills and

knowledge. This reality makes the “futility debate” over whether physi-

cians can unilaterally decide to offer specific treatments irrelevant—

doctors simply do and must make these decisions all the time.

The critical issue in the physician’s role in dealing with medical futility

arises when that physician suspects that all curative or life-prolonging

treatment options can no longer benefit the patient. The choice must then

be made between concluding that all further curative care attempts are

futile or continuing with attempts at curative or life-prolonging treatment.

No matter how grave, the physician is typically less than 100% certain

of the prognosis and is personally reluctant to “give up” on the patient.

After acknowledging “medical futility,” the physician must choose to

deliver extremely bad news to the family, then launch into the difficult,

time-consuming process of helping the family deal with anger, grief, and

acceptance. It is no surprise that the physician often continues aggres-

sive, curative care, despite personal recognition of medical futility.

The “futility debate,” thus, ultimately centers around the question of

whether physicians are willing to embrace their unique responsibility as

the professional advocates for patients in recognizing when patients are

“there,” when all reasonable hope of mastery of disease has vanished. Like

all other medical decisions, it is not necessary or possible for all physicians

to agree upon exactly what circumstances must exist in all patient con-

ditions. In fact, the decision should and must be unique to each patient.

What is needed is for all physicians to recognize the compelling obliga-

tion to apply all available data and skill to making the decision that med-

ical futility exists at a specific point in the patient’s life that is neither

before hope for cure has gone, nor after futile treatment has deprived the

patient of the best possible death.

The physician should not feel alone, nor generally attempt to communi-

cate medical futility alone. Communication with and support from physi-

cian colleagues, nurses and, when available, a dedicated palliative care

team is critical to effective communication and acceptance. Though com-

monly overlooked, clergy and other spiritual support can serve as an inval-
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uable resource for the patient and family. When possible, the patient’s

priest, minister, or rabbi should be routinely informed and brought into

discussions and decisions by the health care team. Physicians should

also recognize their own spirituality in making agonizing futility deci-

sions and their own “priesthood” role in the spiritual care of the patient

and family (95).

The question of patient vs physician autonomy or “who should decide?”

remains a critical issue. The answer lies in the question, “who should

decide what?” and must logically and ethically depend on the capabilities

and vested interests of the individuals involved. The physician’s role should

always be to delineate the reasonable spectrum of treatment choices,

from most aggressive to most conservative (including the recognition of

medical futility), while the patient or surrogate must choose among med-

ically plausible and reasonable treatment options, based upon personal

goals and values. In the vast majority of medically futile situations, lack

of benefit of curative treatment efforts is clear to the physician. Given a

choice, the well-informed patient or surrogate will almost always choose

good palliative care over futile, sometimes punishing, “curative” care.

When treatment is not clearly futile, but may offer little benefit with sig-

nificant risk or morbidity, the informed patient or surrogate must make

the decision to accept or reject treatment based upon personal values.

The critical ingredient is communication. Communication often breaks

down when physicians, patients and families choose to continue to pur-

sue false “hopes” of improbable or impossible cure, rather than going

through the painful, sometimes lengthy grieving process of recognizing

and dealing with futility. However, it is only through the timely recogni-

tion and communication that futility exists (by physicians) and the accep-

tance (by patients and families) that curative or life-prolonging treatment

is no longer beneficial that patients and physicians can be freed to rede-

fine “hope” as a comfortable death with dignity, through unrestricted

palliative care.

COMMUNICATION IN THE FACE OF MEDICAL
FUTILITY: PHYSICIANS’ “DOS AND DON’TS”

Communication skills are a vital component of healing, especially

when the physician is the bearer of bad news during the last stages of dis-

ease (96). The temptation to offer a dying patient the option of one more

intervention, even if such an intervention has a low probability of ben-

efiting the patient, is all too great. Physicians fighting death and disease

can sometimes unknowingly inflict great harm. Exaggerated promises
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lead to unfulfilled hopes and unreasonable demands from patients and

families, followed by great disappointments. The medical profession

can never be more greatly impoverished than when the physician’s self-

interests are made to masquerade as altruism; or when unbeneficial,

high-technology intervention is offered to a dying patient in the name of

compassion; or when the physician’s love of technology exceeds his or

her love for fellow man. No wonder many citizens, not groundlessly,

accuse the medical profession of being driven by self-interest, even ava-

rice. Truthfulness and self-restraint dictate prudence in always giving

patients and families realistic expectations. Upholding the primacy of

patients’ self-interest should reign supreme in all medical decisions,

whether the aim is to restore health or ensure a peaceful dying. Table 3

should guide the treating physicians as they talk to their patients and rele-

vant family members about end-of-life medical treatment issues.

EVIDENCE-BASED AVOIDANCE
OR WITHDRAWAL OF INTERVENTIONS

Realistic knowledge of prognosis in cardiac patients is critical in mak-

ing treatment choices. Unfortunately, most prospective studies are sup-

ported by drug or device companies who cherry-pick among patients.

Table 3
Physician’s Guide to Effective

Patient/Family Communication on End-of-Life Care

Dos

• Clearly lay out medical facts, options and consequences.

• Give an accurate and realistic expectation of prognosis to patient and

family as soon into the illness as possible.

• Provide a time frame for probable expectation of improvement and

propose plans for a finite duration of continued aggressive, curative care.

• Openly show compassion, empathy, personal grief, respect, and love for

the patient and family.

• Assure patient and family you will be with them; ensure relief of suffering;

and inform them constantly of ongoing reassessment of the appropriateness

of treatment.

• Regularly communicate your thinking about prognosis and goals of

care to other physicians and nurses through progress notes and direct

communication; encourage/expect the same from colleagues.

• As a consultant, provide information about the impact of severity of illness

in your area of expertise on the overall prognosis.

(continued)
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Table 3 (Continued)

Dos

• Advise against procedures you are requested to perform, if futile.

• Hope for the best, prepare for the worst; communicate that approach to

patient and family.

• Constantly strive to identify new, appropriate, achievable goals.

• Ask “How do you think your loved one would feel about this situation?”

• Ask “What kind of life did he/she live? Was it important to be active/

healthy?”

• Reassure families that “Whatever decision is thoughtfully made in his/her

best interest is the best one, no matter what the (unpredictable) outcome.”

• Clearly communicate that “No Resuscitation” does not mean “No Care”

and make sure it doesn’t!

• Listen, ask, seek to understand, and feedback what you are hearing from

patients and families for confirmation of their fears and wishes.

• Prepare the family for the expected breathing pattern and other

characteristics of dying; assure them the patient is not suffering; and

sedate enough to eliminate even the appearance of suffering.

• Involve and utilize other physicians, clergy, palliative care nurses, social

services, pain management, Hospice, psychology, psychiatry, bioethics

committee.

Don’ts

• Don’t impose your own values or culture on the patient or family.

• Don’t show impatience, condescension, anger, or defensiveness.

• Don’t avoid contact with the patient/family.

• Don’t perform surgery or other procedures on the patient that will not

alter the outcome of the illness or provide comfort care, even if requested

by family or a colleague.

• Don’t avoid recognizing futility by reasoning that you can never be

absolutely sure of the outcome.

• Don’t provide “good news” about improvements in physiologic parameters

when they do not change the overall (poor) prognosis.

• Don’t say “We need this critical care unit bed for another patient.”

• Don’t say “We can’t justify the cost.”

• Don’t say “There’s nothing we can do.”

• Don’t use words such as “futile” when describing the situation or

treatment to patient or family.

• Don’t ask “Do you want us to stop this or do everything?”

• Don’t say “I don’t know about that, you’ll have to ask the other doctor.”

• Don’t criticize others involved in the patient’s care.

• Don’t withhold needed analgesia or sedation in dying patients.

• Don’t give mixed messages from different doctors and nurses.

• Don’t exhibit or lay guilt or blame.

• Don’t allow a significant time of false hope to elapse, then suddenly

deliver bad news when there is no apparent change in condition.
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They often comprise of mostly younger men with a limited number of

chronic diseases (97). The results are then often applied to treating older

patients, most of whom are women who have multiple health problems.

For example, at least half of heart failure patients have impaired renal

function, yet the vast majority of studies exclude such patients (98). Lower

body compression treatments, regular infusion of inotropes, brain pep-

tide infusion, biventricular pacing, automatic implantable cardioverter

defibrillator implantation, and left ventricular-assist devices are routinely

chosen for frail, elderly patients, based on evidence obtained from younger,

healthier patients. There is overwhelming evidence from heart failure

studies that patients with markedly reduced oxygen consumption and left

ventricular ejection fraction, particularly those who have elevated serum

uric acid levels, tend to die during the first year of follow-up, unless heart

transplantation is indicated and undertaken promptly (99–101). Retrospec-

tive analysis of Medicare patients with six or more chronic conditions

have a similar, prohibitively high mortality during the first year of follow-

up (102). Kenneth Rockwood has shown that demented, frail, elderly,

patients who depend on others to carry out the majority of their daily

activities also behave similarly when confronted with an acute complica-

tion such as a fracture, pneumonia, or a stroke (103).

Physicians must also have knowledge of the expected impact of treat-

ment on the individual. In another retrospective study, a 95% increase

in complications occurred from interventions in Medicare patients hav-

ing four or more chronic conditions (104).

 
Yes, people senesce at different rates; persons from rich neighbor-

hoods tend to live longer. They tend to take care of themselves and to seek

medical care sooner (105). However, all end up dying. Interventions that

are attended by a high mortality or morbidity should be generally advised

against. Only procedures that improve life’s quality should be undertaken

in dying patients, such as the removal of a gangrenous limb or treatment

of a painful cystitis, an intractable constipation, or urinary retention. It

is the physician’s sacred duty to fight premature or unexpected dying,

but not to delay expected, imminent death.

THE RULE OF DOUBLE EFFECT

The rule of double effect differentiates between the intent and fore-

seeable result of an action (106). The rule comes into play when large

doses of opiates or more drastic measures, such as unconscious sedation,

are needed to ease the passing of a dying patient. Heavy sedation is espe-

cially needed in patients dying of respiratory failure or when removing

ventilator support from terminally ill patients. Dying patients deserve as
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much medication as necessary to relieve pain; they never “get addicted.”

Sedation to unconsciousness must be resorted to rarely, when the suffer-

ing is intolerable or convulsions can’t be otherwise controlled. The Amer-

ican Medical Association has recommended that every practicing phys-

ician use large enough doses of analgesics and sedatives to alleviate the

suffering of their dying patient, even if that hastens the moment of death.

When physicians are inexperienced or uncertain about sedation of the

dying patient, proper consultation from a specialist should always be

sought.

Allowing nature to take its course is simply not interfering in nature’s

will to end life, once it has lost all meaning. It is ethically, morally, and

legally right to discontinue mechanical ventilation for a patient who will

either never wake up or who cannot be weaned from a ventilator and does

not desire to continue such an existence; in other words, it is right to “let

die,” but not to “make die.” Although the result is the same in both in-

stances, the intent is totally different, thus, the “rule of double effect”

(107). To subject a dying person to needless and punishing suffering is

contrary to the core values of medicine. An injection of potassium chlo-

ride to end a life, on the other hand, is illegal and immoral. To kill your

patient in order to put him or her out of his or her misery is not permissa-

ble by law or ethics (108).

PHYSICIAN-ASSISTED SUICIDE AND EUTHANASIA

Euthanasia is illegal in the United States. Among the US states, phys-

ician-assisted suicide is legal only in Oregon (109). Euthanasia and

physician-assisted suicide are legal in the Netherlands, and more recently,

in Switzerland (110,111). Physician-assisted suicide is always voluntary.

An example is that the doctor prescribes a lethal dose of barbiturates at

the patient’s request, which the patient has the option of taking at the

time it is needed. The patient controls the time of dying. Euthanasia may

be voluntary or involuntary. Voluntary active euthanasia means that the

physician ends the life (and suffering) of the patient by an intravenous

injection (usually of potassium chloride) when asked to do so. Involun-

tary active euthanasia refers to a situation in which the physician in charge

ends the life of the patient at the time and with the method of his choosing

without being asked to do so by the patient; such patients may be very

old, demented, or wheelchair bound. In other words, the doctor views the

patient as a burden to self and society.

In Oregon the “Death with Dignity Act” received a majority vote in

1995 and again in November 1997, allowing for physician-assisted sui-

cide with the following safeguards:
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• The patient’s request must be in writing and must be witnessed.

• A consulting physician must certify that the patient’s condition is terminal.

• A 15-day waiting period must elapse between the patient’s request and

obtaining the suicide prescription.

The physician must ensure that the patient’s decision is voluntary by

providing information about diagnosis, prognosis and other options, such

as hospice care and referral to a state-licensed psychologist or psychia-

trist if there is any suspicion that the patient may be asking for assisted

suicide as a result of depression and not because of suffering caused by

the underlying disease.

The populations of both Oregon and the Netherlands are characterized

as being relatively stable, of northern European extraction, well educated,

and influenced by religion to a limited degree. A comparison between

the experiences of Oregon and the Netherlands has been undertaken by

Willems et al. (112). In Oregon, less than one-third of those who ask for

lethal prescriptions receive it and some of these do not use it; less than

1 in 1000 of those who die do so assisted by physicians; and none receive

physician-assisted suicide primarily because they perceive themselves

to be a burden on others. By contrast, in the Netherlands almost 3% of

those who die, die through euthanasia or physician-assisted suicide, with

euthanasia being the preferred method. Furthermore, being perceived as

a burden on others or society is a common reason for euthanasia in the

Netherlands.

The actual prevalence of euthanasia by health care workers and fami-

lies is unknown, but it is not surprising that a significant number of people

contemplate or actually perform euthanasia or physician-assisted suicide

when faced with the alternative of helplessly watching an agonal death.

A recent survey of 3299 US oncologists indicated that 6.5% “supported”

and 3.7% had performed euthanasia; 22.7% supported physician-assisted

suicide for terminally ill patients with unremitting pain despite optimal

analgesia, and 10.8% had performed or assisted in the death of their

patients (113). This surprising data may be attributed to the unavailabil-

ity of adequate palliative care, even to oncologists, who should have the

most experience and access to resources.

An unforeseen benefit of the passage of the Death with Dignity Act

in Oregon is that terminally ill patients talk to their doctors about medi-

cal care at the end of life. Additionally, fewer Oregonians die in hospitals

or undergo life-prolonging interventions and CPR. Many have an advance

care plan, opt for palliative care and use hospice care (114). The rare fre-

quency of physician-assisted suicide in Oregon suggests that when com-

munication and access to adequate control of pain and suffering is readily

available, extremely few turn to euthanasia or suicide at the end of life.
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COMMUNITY EFFORTS IN END-OF-LIFE CARE

Many communities in America are realizing that end-of-life care should

be a community-wide effort that has many components and one head. The

function of a controlling agency is more important than whether it is affil-

iated with a medical school. Components should include the following:

• Education of medical students, physicians (whether in primary care or

specialty practice), professional and paraprofessional healthcare workers,

ethics councils, and the public-at-large.

• Development and implementation of specific community services, such

as hospital-based primary and secondary palliative care facilities and hos-

pice care.

• Revised legislation regarding management of pain and suffering, CPR

policies in and outside of the hospital, revision/standardization of advance

care plan documentation, and remuneration and indemnity issues.

• Inclusion of end-of-life care initiatives in other, nonmedical organiza-

tions dealing with the elderly, including religious organizations, funeral

homes, financial planners, estate lawyers, and secular community ser-

vice, nonprofit organizations.

• Promotion of research in the most effective process of delivering excel-

lent palliative care, the impact of advance care planning, the limits of

medical interventions, and the discovery of more accurate predictors of

medical prognosis.

HOW TO MEASURE DYING WELL IN AMERICA

In its 2002 report, Last Acts, the largest nonprofit organization deal-

ing with end-of-life issues in the United States, identified the following

goals (2):

• More state policies should support good advance care planning.

• A higher proportion of deaths should occur at home.

• Hospice care must be more widely used.

• Hospitals should offer more pain and palliative care services.

• Fewer elderly people should spend a week or more in an intensive care

unit during the last 6 months of life.

• More nursing homes should better manage their resident’s pain.

• States should enact laws for better pain control.

• More physicians and nurses should be trained and certified in palliative

care.

We would like to fully support these goals, ultimately striving to assure

that more families will feel that their dying loved ones receive the best

possible care; care given with honesty and compassion, with due regard

to the individual’s expressed wishes. As physicians, we must rise above
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the time-driven pressures and technological temptations of our era and

to rejoin the priesthood of medicine, serving our patients as their com-

passionate, loving friends.

After all, “To die well is the height of wisdom of life” (Sören Kierke-

gaard, 1813-1855).
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