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Foreword

As longevity increases, the scope of cardiac disorders extends more
widely in the sixth decade and onward into the seventh and subse-
quent decades.

For example, as a result of effective cardiac surgery in childhood,
congential heart disease is now found with increasing frequency in
adults and not exceptionally in persons over 65 years of age. The
frequency of aortic valve replacement for calcific congenital valve
stenosis in subjects around 70 years of age illustrates the intrusion of
congenital heart disease into the older age range. Thus, the publica-
tion of Cardiology in Old Age will be especially welcome at this time.

The Editors have assembled a formidable galaxy of experts to
present the special problems of epidemiology, pathology, cardiovascu-
lar physiology and function, and of specific cardiac disorders in the
elderly. The chapter on cardiac surgery is particularly appropriate to
many current problems.

The whole subject must be of growing concern to all clinicians
and health workers who have increasingly to deal with older patients
who have cardiovascular disorders. Knowledge of the effects of aging
on the cardiovascular system is therefore of great interest and the
information given in this book undoubtedly will be of value to general
physicians and cardiologists, who may be expected in the future to
work more closely with geriatricians in the care of the elderly.
Continuing research into the problems of aging is clearly also of great
importance especially in the field of cardiovascular medicine.

It gives me great pleasure to wish this important book every
success.

J. F. Goodwin
Professor of Clinical Cardiology
Royal Postgraduate Medical School
Hammersmith Hospital, London



Preface

The increasing life span of modern man and woman has brought with
it many fascinating problems for workers in various disciplines. In
medicine, this longevity has forced doctors to look afresh at health and
illness in later years, and to review previously held opinions. This
necessity to take a new look is particularly true for heart disease, the
commonest cause of death and a major cause of ill health in old age.
The importance of cardiac disorders in the elderly population is
increasingly recognized by cardiologists and physicians with a special
interest in geriatric medicine. Recent work has extended to elderly
patients some sophisticated techniques of diagnosis and treatment not
previously utilized for their benefit, and has clarified many problems.
Major advances have taken place in the description of the numerous
and varied pathological changes that may occur in the heart with
aging, in the application to the older patient of cardiac pacing and
cardiac surgery, and in the understanding of the rational basis of drug
therapy in old age. In the elderly, new, noninvasive diagnostic
methods are finding a place in the investigation of heart disease, and
will without doubt assist in making diagnosis more precise, with
resulting benefit to the patient. The aim of this monograph is to bring
together current views on heart disease in later years, and to combine
the scientific aspects of the subject with advice on the practical
management of elderly patients.

One problem we have encountered results from the varied names
of drugs used in the treatment of heart disease. We have attempted to
resolve the difficulties created on both sides of the Atlantic by
compiling a glossary combining the British and U.S. approved names,
and the trade names, of all drugs mentioned in the text. This glossary
will be found on pages 397-399.

We are most grateful to our contributors for the detailed attention
they have give to the preparation of their contributions, to Mr. Roy
Baker of Plenum Corporation for his help and encouragement, and to

vii
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Mrs. Elizabeth Young and Mrs. Catherine McPhee for their unflagging
secretarial assistance.

Glasgow F.I. Caird
J.L.C. Dall
R.D. Kennedy
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Epidemiology of Heart
Disease in Old Age

F. I. CAIRD and R. D. KENNEDY

Introduction

Study of the epidemiology of heart disease in old age can contribute to
the measurement of the size of the problem. The essential sources of
information are studies of mortality, which are usually based on death
certification, and of the prevalence of heart disease in groups of old
people who have been examined specifically with regard to the
cardiovascular system.

Mortality from Heart Disease in Old Age

Mortality statistics clearly show the importance and significance
of heart disease as a cause of death in old age (Table 1.1; WHO 1974).
In Scotland, death rates from heart disease rise almost exponentially
with age, doubling with approximately every 9 years of age in men
from middle age on, and every 7 in women (Table 1.2). Thus, the
initially lower death rates for women approximate to those of men in
extreme old age. Heart disease is the largest single cause of death over

F.I. CAIRD - University Department of Geriatric Medicine, Southern General Hospi-
tal, Glasgow, G51 4TF, Scotland. R. D. KENNEDY - University Department of Ger-
iatric Medicine, Stobhill Hospital, Glasgow, G21 3UW, Scotland.
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2 F. I. Caird and R. D. Kennedy

TABLE 1.1. Causes of Death Worldwide®

Age
Rank 04 5-14 1544 45-64 65+
1 Accidents Accidents Accidents New growths Heart disease
2 Congenital New growths New growths Heart disease Strokes
3 New growths Congenital Heart disease Strokes New growths
4 Pneumonia Pneumonia Suicide Accidents Pneumonia
5 Enteritis, Heart disease Stroke Chest infection Chronic chest
diarrhea infections
@ WHO (1974).

the age of 65 in both sexes (Table 1.3). The proportion is 36% in
women, and varies little with age; it averages 37% in men, and falls
slightly with age, from 39% at the age of 65-69 to 34% over the age of
85. In contrast, the proportion of deaths certified as due to neoplastic
disease shows a striking decline with age in both sexes.

The predominant importance of ischemic heart disease is immedi-
ately apparent when the main diagnostic categories of heart disease
are considered in relation to each other as causes of death in old age
(Table 1.4; Registrar General for Scotland 1974). Ischemic heart disease
accounts for 88% of cardiac deaths in men over 65, and 80% in
women. In both sexes, the proportions fall with advancing age.
Neither hypertensive nor rheumatic heart disease contributes more
than 5% of cardiac deaths, but other forms of heart disease contribute

TABLE 1.2. Death Rates (per 100,000 per Year) from Heart Disease (I1.C.D.*
390-429) in Scotland, 1973°

Age
Sex 25-34 3544 4554 5564 6574 75-84 85+
Men 12 97 411 1051 2235 4475 8489
Women 5 30 124 407 1095 2931 7269

¢ 1.C.D., International Classification of Diseases.
® Registrar General for Scotland (1974).



Epidemiology of Heart Disease 3

TABLE 1.3. Deaths over Age 65 in Scotland, 1973

Percentage due to:

Cerebro-
Heart vascular Respiratory

disease Neoplasms disease disease

(1.C.D.%: (1.C.D.: (1.C.D.: (1.C.D.:

Total deaths 390-429) 140-239) 430-438) 460-519)

Age M F M F M F M F M F
65-69 5,188 3,412 39 35 26 25 12 17 11 6
70-74 5,506 4,518 37 36 22 20 15 21 13 7
75-79 4,328 5,234 35 36 19 15 17 23 15 9
80-84 3,275 5,121 36 35 16 12 19 24 17 11
85+ 2,609 5,822 34 36 10 8 20 25 17 11
ToTAL: 20,906 24,107 37 36 20 15 16 23 14 9

¢ Registrar General for Scotland (1974).
® 1.C.D., International Classification of Diseases.

a greater proportion. Deaths in this miscellaneous category are mostly
certified as due to ‘““myocardial insufficiency,” ‘‘congestive heart
failure,” or “left heart failure.”” They comprise 4-7% of cardiac deaths
in the 65-69 age group, and 18-20% over the age of 85, the proportions
being higher in women than in men at all ages. The increase with age
is doubtless due to uncertainty in ascribing death from heart disease
to customary categories, especially in extreme old age. Nevertheless,
even over the age of 85, identifiable forms of heart disease are
recorded for 80% of cardiac deaths. It is of interest that although death
rates for ischemic heart disease in the elderly in Scotland have altered
relatively little in the past 6 years, there has been a considerable fall in
death rates from “other’” heart disease (Table 1.5; Registrar General for
Scotland 1969, 1974). This decrease may reflect lessening in the
difficulties and uncertainties of diagnostic categorization, which is
presumably contributed to, at least in part, by more adequate investi-
gation of the elderly.

Heart disease is without a doubt the most important single cause
of death in old age, and the most important form of heart disease is
that due to coronary artery disease.
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TABLE 1.4. Deaths over Age 65 due to Heart Disease in Scotland, 1973¢

Percentage due to:

Hyper-

Rheumatic tensive Ischemic Other

(1.C.D.% (.C.D.: (1.C.D.: (1.C.D.:

Total deaths 393-398) 400-404) 410-414) 420-429)

Age M F M F M F M F M F
65-69 2,028 1,219 1 5 2 4 93 84 4 7
70-74 2,060 1,626 1 3 3 5 90 83 6 10
75-79 1,529 1,896 1 2 3 5 88 82 9 11
80-84 1,173 1,820 1 1 4 5 83 79 12 15
85+ 888 2,078 1 1 3 4 78 75 18 20
ToTtAL: 7,678 8,639 AVG: 1 2 3 5 88 80 8 13

% Registrar General for Scotland (1974).
® 1.C.D., International Classification of Diseases

TABLE 1.5. Death Rates (per 100,000 per Year) from Ischemic Heart Disease
and “Other” Heart Disease over Age 65 in Scotland, 1968 and 1973

Age
6574 75-84 85+
M F M F M F
Ischemic 1968 1962 924 3704 2296 6829 6005
Heart 1973 2038 910 3824 2343 6628 5443
Disease
Change (%) +4.4 -1.5 +3.2 +2.0 -2.9 -93
“Other”’ 1968 162 129 594 507 1752 1909
heart 1973 115 95 457 382 1516 1494
disease
Change (%) -29.0 -26.3 -23.1 —26.6 -13.5 -21.6

? Registrar General for Scotland (1969, 1974).
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Prevalence of Heart Disease in Old Age

Although differing methods and diagnostic criteria make rigorous
comparison difficult, clinical examination of elderly populations has
shown a high prevalence of heart disease (Droller and Pemberton
1953, Acheson and Acheson 1958, Kitchin et al. 1973, Martin and
Millard 1973, Kennedy et al. 1974).

If ischemic heart disease is defined by the presence of angina
pectoris or a history of past cardiac infarction, and/or abnormal Q/QS
patterns in the ECG, its prevalence is about 20% in men and 12% in
women over the age of 65 (Acheson and Acheson 1958, Kitchin et al.
1973, Kennedy et al. 1974). Kennedy and colleagues define hyperten-
sive heart disease as a blood pressure of 180/110 mm Hg or more,

TABLE 1.6. Prevalence (Percentage) of Heart Disease in Elderly People Living

at Home*
Age
65-74 75+
M F M F
(Number: (Number: (Number: (Number

Category of heart disease 102) 167) 79) 153)
“Definite classifiable’”

Ischemic 20 12 20 12

Hypertensive 8 16 13 12

Valvular? 1 5 4 8

Pulmonary 2 0 4 0

Mixed® 2 2 14 12
ToTtALs

“‘Definite classifiable” 32 38 46 42

“Definite unclassifiable’’¢ 8 4 10 8
ToTtALs

‘‘Definite’’ heart disease 40 42 56 51

“Doubtful” heart disease? 8 9 6 8
No heart disease 52 50 38 41

% Kennedy et al. (1974).

%10 cases of mitral, 12 of aortic, valve disease.
¢ Hypertensive and Ischemic.

4 See text for definition.
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together with an ECG showing “probable”” left ventricular hypertro-
phy (i.e., high-voltage R waves and S-T-T changes; Kannel et al. 1970;
Kennedy and Caird 1972). Its prevalence is 8-13% in men and 12-16%
in women (Table 1.6). Over the age of 75, combined ischemic and
hypertensive heart disease is also frequent.

The prevalence of rheumatic heart disease is of the order of 2-3%
(Table 1.6; Droller and Pemberton 1953), a figure in keeping with
estimates from studies of hospital patients (Bedford and Caird 1960).
Aortic stenosis is found in about 4%, and again hospital and autopsy
statistics are in agreement (Bedford and Caird 1960). Pulmonary heart
disease is less common, and virtually confined to men (Table 1.6),
despite a very high prevalence of chronic bronchitis in both sexes in
the population studied (Caird and Akhtar 1972).

There remain two further groups of elderly people with heart
disease, which may be termed “definite but unclassifiable” and
“doubtful.” “Definite unclassifiable”’ heart disease may be said to be
present when there is clear evidence of cardiac abnormality, but a firm
diagnosis cannot be given (e.g., left bundle branch block as an
isolated finding). ““Doubtful’” heart disease may be defined as a
possible abnormality of uncertain significance, such as radiological
evidence of slight cardiac enlargement, or minor ECG abnormality
(e.g., T-wave flattening). Kennedy et al. (1974) found ““definite unclas-
sifiable’” heart disease in 4-8% of subjects aged 65-74, and in a higher
proportion (8-10%) over the age of 75. “Doubtful” heart disease was
present in a further 8-9% at ages 65-74 and in 6-8% over age 75.

These clinical studies thus show a very high prevalence of
undoubted heart disease in relatively fit old people, approximating
to 40% between the ages of 65 and 74, and 50% or more over age 75.
Further evidence is provided by investigations of the ECG in the
elderly. Studies of groups of elderly hospital patients or residents in
institutions (Wosika et al. 1950, Fisch et al. 1957, Taran and Szilagyi
1958, Mihalick and Fisch 1974) are of less value in this context than
studies of old people living at home (Ostrander et al. 1965, Kennedy
and Caird 1972, Kitchin et al. 1973, Martin and Millard 1973, Cullen et
al. 1974, Campbell et al. 1974). There are great advantages in the
application of standardized methods of electrocardiographic reporting,
such as the Minnesota Code (Blackburn et al. 1960, Rose and Black-
burn 1968, Kennedy and Caird 1972).

The findings in the four studies set out in Table 1.7 derive from
three continents, but are nevertheless in general agreement. Q/QS
patterns are found in approximately 10% of elderly men and 5% of
women; the correlation between these changes and the demonstration
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8 F. I. Caird and R. D. Kennedy

of past cardiac infarction at autopsy is reasonable (Kurihara et al. 1967,
Horan et al. 1971). There is some variation in the reported frequency
of T-wave changes, which are often of uncertain significance. Patterns
indicative of left ventricular hypertrophy are found more commonly in
women than in men, probably reflecting the higher mean blood
pressure of elderly women (Hamilton et al. 1954, Master et al. 1958,
Anderson and Cowan 1959). Criteria for right ventricular hypertrophy
are difficult to define (see Chapter 10). Campbell et al. (1974) used the
criteria of Goodwin and Abdin (1959) and found evidence of right
ventricular hypertrophy in only 1.4% of men and 0.3% of women.

First-degree atrioventricular block is not uncommon (3% or so),
but higher degrees of block, in contrast, are rarely encountered. The
prevalence of second- and third-degree block together has been
estimated as 0.03% at age 65-69, 0.04% at 70-74, and 0.11% over the
age of 75 (Shaw and Eraut 1970). Ventricular conduction defects are
common. Right bundle branch block has usually been found to be
more common than left in old people at home (see also Edmands
1966); the contrary view (Bjornberg 1960) is based on the study of old
people in the hospital. Left anterior hemiblock with or without right
bundle branch block is found in 4% of men and 1% of women
(Campbell et al. 1974) and is probably the most frequent conduction
defect (Kitchin et al. 1973).

The most common disorder of rhythm is frequent ectopic beats.
Atrial fibrillation is found in 1.7% of subjects of both sexes aged 65—
74, and in 4.8% over the age of 75 (Campbell et al. 1974).

These studies thus complement the clinical investigations in
demonstrating a very high prevalence of heart disease. There is
electrocardiographic evidence of cardiac abnormality in from 40 to
60% of apparently fit old people (Campbell et al. 1974).

Morbidity of Heart Disease in Old Age

There is relatively little information on the morbidity of heart
disease in old age, although the incidence of cardiac failure is known
to rise with age (Table 1.8; Klainer et al. 1965, McKee et al. 1971), and
tends to be greater in men than in women (McKee et al. 1971). The
same is true of congestive heart failure, as reflected in admissions to a
geriatric unit (Bedford and Caird 1956); 14% of all such admissions
had clinical signs of congestive heart failure, although this was not
necessarily the principal reason for admission. Further evidence is
provided by a study of disability in randomly selected old people
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TABLE 1.8. Incidence of Cardiac Failure (per 1000 White Population per 6
Months) in Two U.S. Counties®

Montgomery County, North

Carolina, 1962 Caledonia County, Vermont, 1963

Age Population Rate Population Rate

0-14 4287 0 7134 0
15-24 1987 0.5 2776 0
2544 3489 1.1 5251 0.6
45-64 2794 12.2 4769 9.4
65-74 875 45.7 1686 43.9
75+ 388 108.2 1142 95.4

@ Klainer et al. (1965).

(Akhtar et al. 1973). Of 229 elderly people whose disability was such
that they were unable to live at home without help, 20% had clinical
evidence of heart disease that was considered to be a contributory
cause of their disability, and affected their capacity for independent
existence in the community.
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Pathology of the
Myocardium and Valves

ARIELA POMERANCE

Introduction

The abnormalities found in the elderly heart include virtually every
condition occurring in younger adults, in addition to those peculiar to
the geriatric population. A full account of all these pathological
processes is clearly beyond the scope of this chapter; readers requiring
further information on any of the many abnormalities common to all
age groups are referred to standard textbooks on cardiac pathology.
Hudson (1965, 1970) summarizes the literature up to 1969; more recent
advances, up to 1975, are included in Pomerance and Davies (1975).
This chapter will concentrate only on conditions found exclusively or
predominantly in people over 65 years of age, and on certain aspects
of others that are characteristically associated with the elderly; it will
briefly mention some uncommon conditions that occur, but tend not
to be considered in this age group.

Many cardiac abnormalities, when considered in isolation, appear
to be of clinical significance only when very well marked. The
functional effects in most cases of aortic valve or mitral ring calcifica-
tion, amyloidosis, or mucoid degeneration of the mitral valve, for
example, seem insufficient to produce cardiac failure. Multiplicity of
abnormalities is a feature of cardiac pathology in the elderly, however,

ARIELA POMERANCE - Pathology Department, Harefield Hospital, Harefield,
Uxbridge, Middlesex, UB9 6JH, England.

11



12 Ariela Pomerance

as it is of the pathology of this age group generally, and the majority
of cases of cardiac failure have more than one abnormality in the heart
(Pomerance 1965, Linzbach and Akuamoa-Boateng 1973). It seems
likely that even the lesser degrees of these changes do affect cardiac
function to some extent, and if the changes are multiple, their
cumulative effect then becomes sufficient to precipitate failure.

The Normal Heart in Old Age and Normal Aging Changes

Most of the findings generally regarded as typical of the elderly
heart are not expressions of normal senescence, but of pathological
processes that show increasing incidence with age. The normal stand-
ard for any age group should be set by the least degree of abnormality
found. All pathologists with extensive autopsy experience are well
aware that age cannot be reliably assessed from inspection of the
heart. Many nonagenarians and even centenarians have coronary
arteries almost free from atheroma, normal-sized hearts and valves,
and endocardium showing no more thickening than cases half a
century younger.

Despite the known decline in cardiac efficiency in old age, few
changes attributable to biological aging alone can be seen; this
absence probably reflects the limitations of current techniques. Quan-
titative changes in myofiber enzymes with aging have been demon-
strated experimentally (Limas 1971), but the only constant myofiber
change noted in man is an increase in lipofuscin (Strehler et al. 1959).
This substance appears as yellow-brown granules at the poles of
myofiber nuclei in routinely stained sections and is autofluorescent
under UV light. It is not found in childhood, but is universal in the
elderly and is unrelated to sex, race, other cardiac pathology, or
myocardial function. This accumulation of lipofuscin is responsible for
the brown color noted in atrophic hearts (brown atrophy). The
frequent findings of small atrophic hearts in the elderly, however, is
merely related to the high incidence of death from diseases associated
with generalized wasting and is not an expression of senescence. In
the absence of hypertension or ischemic or valve disease, heart weight
remains proportional to body weight.

In the atria, there is an increase in interstitial elastic, collagen, and
fat, and a decrease in muscle (McMillan and Lev 1962, Davies and
Pomerance 1972). Occasionally, the increase in fat may mimic a tumor
and be associated with arrhythmias (Page 1970).

Aging changes in the cardiac skeleton consist of increasing
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density and sclerosis of the collagen. Fine foci of calcification are
common (Sell and Scully 1965).

The endocardium of the atria and the atrial surface of the
atrioventricular valves thickens progressively with age (McMillan and
Lev 1959). Histology shows increased collagen and elastic fibers. These
changes seem to be an irritational hyperplasia in response to blood
flow.

In the valves, the effects of repeated contact and flexion are seen
as nodular thickenings on the closure lines of the atrioventricular
valves and palpable ridges along the attachments of the aortic cusps
(McMillan and Lev 1964, Pomerance 1967). Hemodynamic factors are
also responsible for the appearance of lipid in the collagenous layer
(fibrosa) of both aortic and mitral cusps. This is seen macroscopically
in the anterior mitral cusp as yellow plaques on the aortic surface (see
Fig. 2.27); the size of these plaques increases with age.

Congenital Abnormalities

Congenital abnormalities other than bicuspid aortic valves are
naturally uncommon in the elderly; they consist mainly of minor
anatomical variations, such as quadricuspid semilunar valves, intra-
cavitary cords, and small atrial septal defects. These are usually of no
functional importance. Although unexpected survival with malforma-
tions such as Fallot’s tetralogy, patent ductus, or coarctation of the
aorta are occasionally reported (Fontana and Edwards 1962, Perloff and
Lingren 1974a,b; see also Fig. 2.12 in this chapter), the only major
abnormalities seen with any frequency in the elderly are atrial septal
defects. The oldest case seen personally died at the age of 87 with the
defect occupying two-thirds of the septum secundum.

Myocardial Pathology

Cardiac Hypertrophy

The causes of ventricular hypertrophy in the elderly are the same
as in other adults. Most cases of left ventricular hypertrophy are due to
systemic hypertension, ischemic heart disease, or aortic stenosis.
Lesser degrees of hypertrophy may occur with chronic anemia, thyro-
toxicosis, myxodema, and most of the conditions listed as secondary
cardiomyopathies (see pp. 23-24). Right ventricular hypertrophy is
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comparatively uncommon, and almost invariably associated with
chronic obstructive airway disease.

Ischemic Heart Disease

Although this disease can no longer be regarded as almost
synonymous with geriatric heart disease, it is undoubtedly the most
important single cardiac abnormality in this age group in functional
terms. In this hospital, as in a similar investigation a decade earlier,
ischemic myocardial pathology was found in about half the geriatric
patients dying in cardiac failure (Pomerance 1965, Pomerance and
Hodkinson 1976), and was the only cardiac lesion present in 22%. As
would be expected, the proportion is higher in cases of sudden death
not in the hospital. Of a personally reviewed series of 380 sudden
deaths in people over 65 years, 62% were due to coronary artery
disease. An interesting observation, but perhaps not a surprising one,
has been the lower incidence in extreme old age; in the tenth and

Figure 2.1. Large fibrous aneurysm of the left ventricle. From a 90-year-old blacksmith,
fit and active until his sudden death. No suggestion of myocardial infarction in his past
history.
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eleventh decade, ischemic heart disease was found in only one-third
of subjects in the combined hospital and coroner’s autopsies.

Apart from the case of sudden death in which severe coronary
artery narrowing is found without visible myocardial changes, the
clinically significant lesions are usually relatively large areas of recent
necrosis or fibrous scarring. The small foci of myocardial fibrosis
common in elderly hearts are found with equal frequency in patients
with and without cardiac failure. These lesions, the incidence of
which increases with age, correlate poorly with coronary atheroscle-
rosis (Schwartz and Mitchell 1962). They are probably the end result of
the small foci of myocardial inflammation commonly noted in a variety
of causes of death.

The aspects of ischemic myocardial pathology that are particularly
characteristic of the elderly reflect the well-recognized atypical or
absent symptoms in this age group. Autopsies are likely to reveal a
high incidence of clinically unsuspected ischemic pathology unless
ECGs are routinely performed. The figure in most series has been
about 20% (Gjol 1972).

Large fibrous aneurysms, as illustrated in Fig. 2.1, are seen
mainly in elderly subjects; often, there is no history indicating past
infarction, although these lesions are clearly a consequence of exten-
sive transmural necrosis. The aneurysm walls consist of fibrous tissue,
often heavily calcified; the cavities may be filled with laminated
thrombus, which, however, rarely seems to give rise to emboli.

External cardiac rupture (Fig. 2.2) is an uncommon complication
of myocardial infarction except in the elderly. Its incidence has been
calculated as increasing by 3.6% per decade (Sievers 1966). The reason
for this increase is obscure. Aging alone does not cause thinning,
muscle loss, or fatty infiltration of the left ventricle and, although it
has been suggested that age-related alterations in cement lines and
intercalated discs might increase the liability of myofibers to fragmen-
tation (London and London 1965), there is at present no actual
evidence for this relationship.

At autopsy, the most striking feature of rupture is the tense
purple pericardial sac, distended by blood clot. The rupture site
appears as a ragged tear, most often on the anterior wall of the left
ventricle. Sectioning shows a ragged transmural hemorrhagic track,
the appearances suggesting that the process is one of gradual dissec-
tion, rather than of a “blowout.”” Although rupture is always through
or at the edge of an area of infarction, this area may be surprisingly
small, as may the size of the occluded coronary artery. Rarely, the rate
and extent of hemorrhage are restricted by fibrous intrapericardial
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Fig. 2.2. Ruptured heart. There is an irregular tear in the anterior wall of the left
ventricle (arrow). The heart is surrounded by clotted blood that filled the pericardial sac.
From a previously well 82-year-old woman who died suddenly.

adhesion, and a false aneurysm forms. Successful repair is then
possible (Van Tassell and Edwards 1972).

In most recent reviews, external cardiac rupture has been found in
from 7 to 9% of fatal cases of myocardial infarction. The incidence was
highest in medicolegal autopsies and in elderly psychotics. It was
much commoner in women, and the most constant predisposing
factors were postinfarction hypertension or physical activity and
absence of previous ischemic episodes. Personal experience agrees
with these findings. It appears that past ischemia has a protective
effect in this context, because of the resulting increase in fibrous
tissue.

Transseptal and papillary muscle rupture also occur in the elderly,
but these complications, unlike external cardiac rupture, are no more
frequent than in younger patients.
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Cardiac Amyloidosis

As in younger patients, cardiac involvement may occasionally be
found due to secondary or myeloma-associated amyloidosis, and
rarely in the “typical”’ disseminated primary form with massive
cardiomegaly. Amyloid is very common in the elderly, however, in
the form of senile cardiac amyloidosis. This form of apparently
primary amyloidosis is, for all practical purposes, confined to the
heart, and its distinctive age and pathological distribution have
justified its separate consideration. First recorded by Soyka (1876),
amyloid has shown a subsequently reported frequency ranging from 2
to 83%. This enormous variation is clearly due to differences in
sampling and staining techniques. Currently available methods for
identifying amyloid are inversely related in respect of sensitivity and
specificity. In our experience, using a new technique that has proved
both specific and highly sensitive (Pomerance et al. 1976), amyloid
was seen in 42% of over 300 geriatric autopsies. The deposits were
minor and limited to the atria in 20%, however, and heavy ventricular
involvement was present in only 5%. The early deposits were not
associated with arryhthmias or digitalis sensitivity, and were clearly of
no clinical significance. Patients with marked ventricular involvement
had usually been in cardiac failure, but other cardiac pathology had
often also been present, as in other recent studies (Serentha et al. 1973,
Wright and Calkins 1975). Heart block and sino-atrial arrhythmias
may be found with heavy ventricular infiltration, but seem to occur in
only a minority of such cases.

In our material, senile cardiac amyloidosis as a whole was more
common in women (51% compared with 33% in men), but when only
well-marked ventricular involvement was considered, the frequency in
men was over twice that in women. This finding suggests that
although women are more prone to develop amyloid in the heart, they
may be more resistant to its progression to clinically significant
severity.

Grossly, the heart is usually of normal size. Microscopy shows
deposits of material with the staining reactions and ultrastructure
currently accepted as characteristic of amyloid, i.e., metachromasia
with methyl or crystal violet, green birefringence with Congo red and
polarized light, fluorescence with thioflavine T, positive reaction for
tryptophan, and green color with sulphonated alcein blue. The earliest
deposits are seen in the atrial capillaries and as fine interstitial strands
between atrial myofibers. More advanced cases show broad bands
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Fig. 2.3. Senile cardiac amyloidosis showing numerous small, closely set grayish
nodules of amyloid in the left atrium. Mitral ring calcification is also present. From a 72-
year-old woman who died in congestive cardiac failure.

surrounding and often compressing myofibers and nodular masses of
amyloid in atrial endocardium, which can be seen macroscopically as
minute translucent foci (Figs. 2.3 and 2.4). In the ventricles, early
deposits appear as delicate networks around small, widely separated
groups of myofibers. These deposits increase progressively in num-
ber, size, and thickness, finally resulting in compression atrophy of
the myofibers (Fig. 2.5). Endocardial involvement is not a feature. In a
minority of cases medium-caliber and small vessels are involved;
rarely, this pattern may predominate. The myofiber atrophy accompa-
nying increasing amyloid deposition accounts for the lack of cardiac
hypertrophy. Usually the only naked-eye indications of even severe
cardiac amyloidosis are the minute atrial nodules, and these may

easily be overlooked.
Minor extracardiac involvement is found in about a third of cases

with severe cardiac involvement, but this most often affects the lungs
only, and amyloid is rarely visible in the usual biopsy sites. Clinical
diagnosis is unsatisfactory at present since the total amount of
amyloid is too small to influence the Congo Red test, electrocardi-
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ographic changes, in our experience, are varied and inconsistent
(Raftery, personal communication), and the only biochemical abnor-
mality found has been an elevated serum alkaline phosphatase (Hod-
kinson and Pomerance 1974).

The pathogenesis of senile cardiac amyloidosis remains obscure.
The condition also occurs in certain strains of other species (Thung
1957, Schwartz 1970), and all studies agree that it is found only in the
elderly and that its incidence increases with age. The sex differences
and known existence of familial forms of amyloidosis suggest that
genetic factors may be concerned. It is now generally accepted that
amyloidosis is related to immunological dysfunction (Franklin and
Zucker-Franklin 1972, Glenner et al. 1973), and senile amyloid may
therefore be an expression of the immunological alterations occuring
with senescence (Walford 1969). No correlation with serum protein or
immunoglobulin levels has been demonstrable, however, in our
material (Williams and Maughan, personal communication). At pres-
ent, the disease is regarded as a form of primary amyloid, and there
was no association with chronic infection or malignancy in our 120

Fig. 2.4. Section shows dark-staining areas of amyloid in atrial endocardium and
surrounding myofibers in the atrial septum. (S.A.B., X 80, approx.).
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Fig. 2.5. Ventricular myocardium showing bands of dark-staining amyloid deposition
surrounding myofibers. A group of fibers (upper right) have completely atrophied and
been replaced by amyloid (S.A.B., x180)

cases. Rosenthal and Franklin (1975), however, have recently reported
an age-associated increase in a serum factor related to secondary and
some familial forms of amyloidosis. It is clear that further studies of
senile amyloidosis, using these sensitive techniques, are needed.

Cardiomyopathies

Both hypertrophic and congestive primary cardiomyopathies oc-
cur in the elderly.

Hypertrophic Obstructive Cardiomyopathy (HOCM, idiopathic hy-
pertrophic subaortic stenosis, asymmetric septal hypertrophy) is not a
common disease at any age, and is more familiar to pathologists than
clinicians, since many cases seen at autopsy were clinically silent.
Once regarded as a disease of young adults, it is now well recognized
as not rare in the elderly; between 7 and 32% of patients in several
recent large clinical series were over 60 years of age (Whiting et al.
1971, Pomerance and Davies 1975). The pathology differs in several
respects from that typically found in younger patients. The hearts tend
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to be heavier, and hypertrophy of the free wall of the left ventricle is
usually present, obscuring the classic asymmetrical septal hypertro-
phy. The typically short, thick, abnormally branched and orientated
myofibers can still be found histologically, however, if sufficient
blocks are examined. A striking and diagnostic macroscopic feature is
a subaortic septal fibrous band (Fig. 2.6), which was present in 11 of
the 15 cases over 60 years studied personally. Characteristically, the
lower part of this band is a mirror image of the aortic aspect of the
anterior mitral cusp, and it has clearly formed as a result of the systolic
contact between cusp and septum that occurs in this condition. Once
formed, the band remains, even if the ventricle dilates and the
obstructive element is lost. It is therefore a useful indicator of the
correct diagnosis in an age group where the possibility of hyper-
trophic cardiomyopathy might otherwise be overlooked.

Congestive Cardiomyopathy is a diagnosis rarely made in the
elderly, since it demands exclusion of atheromatous myocardial dis-

Fig. 2.6. Hypertrophic cardiomyopathy (HOCM) in an 84-year-old woman who died of
gastrointestinal hemorrhage associated with acute on chronic bronchitis. The heart
shows hypertrophy, most obviously of the anteroseptal wall; the cavity is relatively
small, and there is a well-defined fibrous band high on the outflow tract of the left
ventricle, corresponding to the lower edge of the anterior mitral cusp (AMC). A mild
degree of ballooning deformity of the posterior mitral cusp (PMC) can also be seen.
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Fig. 2.7. Congestive cardiomyopathy in an 82-year-old woman with a history of angina
and congestive cardiac failure. The heart is globular, with dilated left ventricular cavity
and small white foci of endocardial fibrosis. The coronary arteries were widely patent,
showing mild atheroma only.

ease. Such cases are occasionally seen (Fig. 2.7), however, and Roberts
and Ferrans (1975) describe an example in a woman aged 96. In
contrast to the appearances in hypertrophic cardiomyopathy, the heart
in congestive cardiomyopathy is strikingly globular, with a large,
dilated left ventricular cavity. Small areas of endocardial fibrosis may
be seen in both ventricles, together with small thrombi adherent to the
interstices of the cavities. The coronary arteries are notably free from
atheromatous narrowing. Histological features are nonspecific, as
might be anticipated in a condition that is probably the common end-
stage of various etiologies.

Secondary Cardiomyopathies

As in other age groups, the heart may be involved in many
systemic diseases, of which only the genetically determined neuro-
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muscular and metabolic diseases need not be considered in the
elderly.

Myocarditis (Fig. 2.8) may occur in a large number of virus and
rickettsial infections (Gore and Saphir 1947, Kline et al. 1962), of which
Coxsackie B is probably the most frequently encountered in Western
Europe and the North American continent (Br. Med. ]. 1971). Small foci
of myocardial inflammatory cells, which do not justify diagnosis as
myocarditis, are also not uncommonly seen in patients dying with a
wide range of noninfective diseases. Myocarditis with giant cells as a
conspicuous feature occurs in sarcoidosis and tuberculosis, as well as
in the idiopathic form. Unsuspected tuberculosis remains a compara-
tively common condition in the elderly. Myocardial granulomas simi-
lar to the subcutaneous lesions may occur in patients with severe
rheumatoid disease. Syphylitic gummas have become one of the least
common types of cardiac pathology, but the occasional cases encoun-
tered are mainly in elderly patients. These last two lesions often form
in the upper interventricular septum, causing heart block.

Fig. 2.8. Focal acute myocarditis. Numerous polymorphs and chronic inflammatory cells
present between the myofibers. From an 81-year-old man with ulcerative colitis and
suppurative pyelonephritis. (Hematoxylin and eosin X80)
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Metabolic Diseases affecting the heart are, in general, rare in the
elderly. A notable exception is diabetes mellitus, which is a well-
recognized risk factor in atheroclerosis (Robertson and Strong 1968),
and so is associated with an increased incidence of ischemic heart
disease. Primary hemochromatosis is an occasional cause of cardiac
failure, and patients are often in the geriatric age group (Di Giorgio 1973).
Pathologically, the heart is strikingly brown, and histology shows
large amounts of brown pigment in myofibers, interstitial connective
tissue, and conducting tissue; this pigment stains blue-green with
acid ferricyanide. Changes that are pathologically indistinguishable
from those of primary hemochromatosis may develop in patients with
long-standing anemia following multiple transfusions. Oxalosis from
chronic renal failure may also affect the heart, provoking myocardial
fibrosis (Salyer and Hutchins 1974).

Nonspecific Myocardial Changes are seen in many diseases associ-
ated with cardiac failure. These changes usually appear insignificant
in relation to the degree of cardiac dysfunction. The diseases com-
monly encountered in the elderly include thyrotoxicosis, myxedema,
anemia, and chronic alcoholism. In all these conditions, small foci of
myofiber degeneration and vacuolation may be present. In addition,
interstitial fibrosis is often present in alcoholic heart disease (Schenk
and Cohen 1970), fatty degeneration of myofibers is common in
anemia, and myxedematous hearts may show an unusually well-
marked degree of basophilic mucoid degeneration of myofibers (Haust
et al. 1962); a mild degree of this change is very common in the elderly
and has no diagnostic connotation (Rosai and Lascano 1970).

Cardiac Tumors

Most tumors found in the heart are metastatic. Careful examina-
tion in patients dying with disseminated malignant disease has shown
cardiac metastases in a surprisingly high proportion of cases (see
Davies 1975). Pancreatic, mammary, renal, and pulmonary tumors are
the most frequent primary sites in the elderly.

Primary cardiac tumors are rare, although no less so than in
younger ages. The most common are atrial myxomas. Hudson (1965)
illustrates a case of a woman age 95. Myxomas usually form rounded
masses attached to the margins of the foramen ovale (Fig. 2.9); with
large tumors, the appropriate atrioventricular valve cusps are usually
thickened. Myxomas are distinguished from large thrombi by their
firm attachment, often by a distinct pedicle, and by the absence of
rheumatic deformities or true stenosis of the mitral valve macroscopi-
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Fig. 2.9. Myxoma of right atrium. A pedunculated tumour showing superficial ulcera-
tion is arising from the atrial septum. The heart is atrophic, with gelatinous epicardial
fat and tortuous coronary arteries, and the myocardium was noticeably brown. From a
67-year-old man with progressive generalized debility.

cally, and by the presence of the characteristic lepidic cells in the
myxomatous stroma on microscopy.

Valve Pathology

Degenerative calcification is the most common single pathological
abnormality found in the elderly heart. From personal experience,
about a third of patients over 70 years of age have at least some degree
of macroscopically identifiable calcification of either aortic or mitral
valves. Mostly, this calcification is minor and of clinical significance
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Fig. 2.10. Incidence of common types of cardiac pathology in 305 patients over 65 years
of age (Northwick Park Hospital, 1972-1975).

only in generating murmurs; however, all forms of degenerative valve
pathology predispose to thrombotic, and therefore to infective, endo-
carditis.

Aortic Sclerosis

This somewhat imprecise term has been applied to all forms of
valvular thickening, from the palpable basal ridge that is almost
universal by middle age to extensive calcification that is not quite
sufficient to immobilize the cusps. Microscopy (Fig. 2.11) shows
amorphous areas of calcification in the cusp fibrosa, usually most
extensive in the basal part and not involving the free edge. This
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Fig. 2.11. Degenerative aortic calcification. Section through aortic cusp and base of
aorta, showing nodular masses of calcification in the fibrous plate of the cusp and
ulcerating into the aortic sinus.
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Fig. 2.12. Degenerative aortic stenosis (A). Three separate, equal-sized aortic valve
cusps are present, with nodular calcification of cusps and in aortic sinuses. A mild
degree of congenital pulmonary valve (P) stenosis is also present. From an 82-year-old
man, known to have had heart disease since childhood. (Specimen by courtesy of Dr. R.
Balcoln.)

calcification appears to be a form of dystrophic calcification, and to be
related to the repeated flexion and mechanical stress of normal valve
action.

Aortic Stenosis

This condition is found in about 4-6% of elderly patients (see
Bedford and Caird 1960, Pomerance 1965, Pomerance and Hodkinson
1976). Monckeberg (1904) is generally credited with the first attempt to
determine its etiology. Over the next half century, a voluminous
literature accumulated, in which the merits of degenerative and
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inflammatory etiologies were debated (see Roberts 1970), but the
possible importance of the congenitally bicuspid valve was unaccount-
ably ignored. The erroneous conclusions reached by most of the early
investigators clearly arose from failure to separate isolated aortic
stenosis from that associated with mitral valve disease, and from
acceptance as evidence of past rheumatic carditis of lesions now
recognized as nonspecific. We now know that isolated aortic stenosis
may be due to degenerative calcification alone, to degenerative calcifi-
cation superimposed on a congenitally bicuspid valve, or to past
valvulitis, rheumatic or nonrheumatic. In individual cases, the etiol-
ogy can usually be easily determined by simple inspection of the
unopened valves from above, since each pathology results in a
distinctive orifice shape. Stenosis due purely to degenerative calcifica-
tion occurs in an otherwise normal three-cusped valve. No commis-
sural adhesions are present, nor is cusp retraction; the orifice is

Fig. 2.13. Aortic stenosis due to degenerative calcification in a congenitally bicuspid
valve. A calcified raphe divides the congenitally fused cusps (top), and the single cusp is
also heavily calcified. The slitlike lumen is further obstructed by thrombotic endocardi-
tis (NBTE).
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therefore triradiate (see Fig. 2.12). This form of aortic stenosis differs
only quantitatively from the calcification in aortic sclerosis, and is
found only in the oldest patients. It is, however, by far the most
common type in patients over 75 years of age (Pomerance 1972).
When stenosis is the result of degenerative calcification in a
congenitally bicuspid valve, two almost equal-sized cusps are present
(the larger having a fibrous ridge or raphe on its aortic aspect), and the
orifice therefore forms a transverse or slightly crescentic slit (Fig. 2.13).
The calcification is also of the same degenerative type as in the purely
““senile’” aortic stenosis, but has developed prematurely because of the
abnormal mechanical stresses occurring in this deformity. Congeni-
tally bicuspid valves are not inherently stenotic, and calcification is

Fig. 2.14. Postinflammatory aortic stenosis. All three commissures of the originally
equal-sized cusps are fused, and there is calcification of the commissures and cusp
edges.
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Fig. 2.15. Incidence of mitral ring calcification in relation to age (45 cases).

not invariable; uncomplicated examples are seen even in the elderly.
The congenital nature of the fusion can be confirmed histologically in
elastic van Gieson-stained sections. Normal valve architecture is
absent from the ridge, in contrast to the picture in acquired valve
fusion, where the remains of normal collagen and elastic layers are
demonstrable even in heavy calcification (see Pomerance 1975 for
illustrations).

In postinflammatory aortic stenosis, commissural fusion and cusp
contraction have occurred in a three-cusped valve, and the orifice is
therefore a central triangle or circle (Fig. 2.14). If fusion has not
occurred equally at all commissures, the result is eccentric buttonhole
or angled orifice, the apex of which remains approximately central.
This form of stenosis is the least common type found in the elderly.
The original inflammatory process may have been rheumatic, but
nonrheumatic infections are more likely in the majority of cases.
Isolated aortic stenosis is a well-recognized sequel of brucella and
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rickettsial endocarditis (Peery 1958, Kristinsson and Bentall 1967) and
it is likely that, as in rheumatic-type mitral deformities, other cardi-
otropic infections may be implicated.

Mitral Ring Calcification

Degenerative mitral calcification occurs in the valve ring; the
cusps are involved only when calcified masses distort or ulcerate
through them.

Recognition of mitral ring calcification is generally attributed to
Dewitsky (1910). A historical review is included in the paper by Korn
et al. (1962). It is a common finding in the elderly, reported in up to
10% of autopsies on patients over 50 years of age (Pomerance 1970),
increasing sharply in frequency with increasing age (Fig. 2.15), and
much more frequent in women. Sex ratios have ranged from 2:1 to
3.5:1; all the 14 cases of clinically significant mitral ring calcification
reported by Korn et al. (1962) were women.

The degree of calcification varies from small, localized nodules or

Figure 2.16. Mitral incompetence in eérly ring calcification. The posterior mitral cusp is
distorted by mild ring calcification, and a “jet lesion” (arrow) has formed on the
posterior atrial wall.
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Fig. 2.17. “Caseation” in massive mitral ring calcification. Part of the posterior wall of
the left atrium and ventricle have been cut away to show the large, soft, white mass
involving the mitral ring and adjacent ventricular myocardium. (Specimen by courtesy
of Dr. C.R. Tribe.)

spicules (Fig. 2.16) to transformation of the entire mitral ring to a
rigid, calcified C-shaped bar that effectively prevents the normal
systolic constriction of the mitral orifice. The earliest lesions are
usually at the junction of medial commissure and ventricular wall, and
in the middle of the posterior cusp attachment (Fig. 2.16). In the
former site, they are in close relation to the bundle of His, and so may
be associated with heart block. More extensive deposits frequently
extend into the subvalve angle, often forming a prominent ridge over
which the cusp is stretched and to which the chordae tendinae may
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become adherent. Rarely, encroachment on the mitral orifice is suffi-
cient to cause stenosis. Distortion and upward displacement of part of
the cusp by calcified spurs often occurs even in early or localized
calcification, and results in mitral incompetence (Fig. 2.16). Systolic
murmurs were noted in 73% of cases studied personally, and in one-
half to two-thirds of other large series (Fertman and Wolff 1946, Geill
1951, Simon and Liu 1954). Caseous softening of the calcified bar (Fig.
2.17) is not uncommon, and well-marked examples of this change may
be mistaken for tuberculomas or gummas. Calcified masses may erode
through the atrial surfaces of the valve cusps, but such erosion is
surprisingly infrequent, even with massive calcification. When it does

Fig. 2.18. Infective endocarditis (pneumococcal) on mitral ring calcification. The vegeta-
tions are over calcified masses extending from the ring through the atrial endocardium
of the posterior mitral cusp. From an 81-year-old woman, admitted with a clinical
diagnosis of bronchopneumonia and cerebral thrombosis. Autopsy also showed a
pneumococcal meningitis.
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occur, however, the exposed masses of calcium provide sites for ready
development of thrombotic vegetations and infection (Fig. 2.18).

Microscopically, the calcification appears as amorphous eosino-
philic masses in decalcified sections, often with basophilic granular
areas. Initially, these masses are confined to the fibrous ring, but
when advanced they may extend deeply into the myocardium or into
the subvalve angle. Thin-walled vessels and inflammatory cells are
often seen at the margins of the calcified areas, and are not indicative
of previous valvulitis. Marked inflammatory changes, foreign body
giant cells, and palisaded fibroblastic reactions of “rheumatoid” type
are occasionally seen, as are cartilage and bone.

The pathogenesis of mitral ring calcification seems unrelated to
rheumatic fever, rheumatoid disease, or any known cardiac inflamma-
tory process. An increased incidence has been noted in diabetes
mellitus (Kirk and Russell 1969), osteitis deformans, (Harrison and
Lennox 1948), and hypertension (Kirk and Russell 1969, Pomerance
1970), and the mitral ring is one of the sites affected by metastatic
calcification. No abnormal calcium metabolism has been demonstrated
in most cases, however, and the condition is generally accepted as an
exaggeration of normal aging changes. The reason this should occur in
only a minority of elderly patients and particularly in women remains
obscure.

Mucoid Degeneration of Atrioventricular Valves

Recognition of this condition is comparatively recent (Fernex and
Fernex 1958), and it is to be found in the literature under many names:
Mucoid and myxomatous degeneration describe the microscopic fea-
tures; floppy valve, the operative appearances; and ballooning, billow-
ing, prolapse, and aneurysmal protrusion of the posterior mitral cusp,
the gross pathological and cineangiographic appearances. The condi-
tion also seems to be responsible for many cases of the “late systolic
murmur and click” syndrome (Jerasaty 1973).

Although the condition undoubtedly results in mitral incompet-
ence, this incompetence is usually well tolerated, and many cases have
been known to have murmurs for more than 20 years (Bittar and Sosa
1968, Davis et al. 1971, Allen et al. 1974). The disease clearly has a long
natural history in the absence of complications. For most pathologists,
therefore, isolated mucoid degeneration (i.e., degeneration unasso-
ciated with congenital cardiac or connective tissue disease) is mainly a
disease of the elderly. The average age in 59 consecutive personally
observed autopsy cases was 73.6 years. Several large clinical series
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Fig. 2.19. Mucoid degeneration of mitral valve, most marked in the posterior cusp,
which is expanded and resembles a partly deflated parachute or balloon. Note lack of
commissural adhesions or contracted fused chordae tendinae. From a 68-year-old
woman with a loud apical systolic murmur and thrill.

have now been published, but there are few pathological surveys, and
the true incidence is difficult to assess. Personal experience (Pomer-
ance 1969) and discussion with other pathologists suggest that poten-
tially significant degrees of mucoid degeneration can be found in up
to 7% of elderly hearts. Of 73 patients with mitral systolic murmurs
recently reviewed, 27% showed this deformity (Denham et al. 1976).
Macroscopically (Figs. 2.19-2.22), the abnormality is usually con-
fined to the mitral valve, the posterior cusp being affected more often
and more severely than the anterior. The tricuspid valve may also be
involved, but the changes are comparatively minor. The most striking
feature is expansion of the affected cusp; the posterior leaflet may be
up to twice the depth of the anterior, instead of the normal half to
two-thirds. The cusps are voluminous, opaque, and white, resembling
a partly collapsed parachute or deflated balloon. In systole they
overshoot and prolapse into the atrium. Morphological evidence of
mitral incompetence in the form of marked atrial dilatation and jet
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lesions of the atrial endocardium is often visible. The voluminous
cusps are easily traumatized by normal valve movements, and small
areas of ulceration and thrombus deposition on the atrial aspect are
common. The chordae tendinae are long, and often taper from slightly
thickened leaflet insertions. They are not fused or contracted, but may
become adherent to areas of mural endocardial fibrosis that result from
friction between chordae and posterior left ventricular wall when the
normal anatomical relationships are altered. The combination of these

Fig. 2.20. Mucoid degeneration of mitral valve, seen from the left atrium. Both cusps are
expanded, thick, and white, and prolapse into the atrial cavity. A ruptured chorda
tendina can be seen (arrow). From an elderly man with “irregular heart” for 2 years,
who died suddenly. Only minimal coronary atheroma was present.
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friction lesions with clearly abnormal mitral cusps may lead to an
erroneous diagnosis of rheumatic valve disease by those unfamiliar
with mucoid degeneration. The two conditions are, however, quite
distinct, both macroscopically and microscopically; the differentiating
features are summarized in Table 2.1.

Microscopically, areas of loose, spongy tissue are seen replacing
the normal dense collagen of the cusp fibrosa, and may also be seen in
the chordae tendinae (Fig. 2.23). The anatomical layers of the cusp

Fig. 2.21. Mucoid degeneration with rupture of chordae tendinae. The lateral half of the
posterior mitral cusp shows ballooning deformity, and two chordae are ruptured
(arrow). Well-marked jet lesions are present on the anterior mitral cusp and atrial
septum.
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Fig. 2.22. Infective endocarditis (pyocyaneus) on mucoid degeneration. A large vegeta-
tion is present in the anterior mitral cusp, and a row of smaller vegetations on the
posterior cusp, which also shows ballooning deformity. From a 73-year-old woman,
admitted with congestive heart failure, a systolic murmur, and pyrexia following a
dental abscess, who failed to respond to treatment.

TABLE 2.1. Features of Mucoid Degeneration Compared with Rheumatic
Valve Disease

Mucoid degeneration

Chronic rheumatic valve disease

Degenerative process
Fibrosa affected only
Cusp expands (loss of density)

Commisures not adherent

No calcification (apart from any coexistent
mitral ring deposits)

Chordae thin, or showing friction changes
only

Cusp anatomical layers remain distinct
microscopically

No vascularization

Inflammatory process

All valve layers involved

Cusp contracts (fibrosis following
inflammation)

Usually commissural adhesions

Often calcified

Chordae usually thick, fused, contracted
Fibrous disorganization of cusp

architecture microscopically
Vascularized cusps usual
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Fig. 2.23. Section through posterior mitral cusp from Fig. 17. Much of the normally
dense collagen is replaced by loose connective tissue. The contrast between normal and
degenerate collagen is well demonstrated in the central chorda tendina. (Hematoxylin
and eosin, X5.)

remain distinct, and there is no vascularization or other evidence of
past inflammation. The loose tissue stains metachromatically, and
histochemistry indicates that it is a complex mucoprotein or acid
mucopolysaccharide. Ultrastructure studies have shown loss of the
normal orderly arrangement and cross-banding of collagen fibers, and
increased translucency of extrafibrillary ground substance (Kern and
Tucker 1972). A variable, often marked degree of fibroelastic prolifera-
tion is seen on the atrial surface. Small areas of hemorrhage, ulcera-
tion, and thrombus are common, and are probably responsible for the
susceptibility to infective endocarditis (Lachmann et al. 1975).
Rupture of the chordae tendinae (Figs. 2.20 and 2.21) is not
uncommon, and death due to mucoid degeneration alone is usually
attributable to this complication; this was the case in 8 of the 59 hearts
personally examined. The exact mechanism is variable. Excessive
tension resulting from the prolapse and loss of normal support from
cusp apposition appears to be the only factor in some cases; in others,
mucoid degeneration in the chordae is also present. The other compar-
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atively frequent complication of mucoid degeneration is infective
endocarditis (Fig. 2.22), which develops either on the affected cusps
themselves or on mural or valvular jet lesions. Sudden death has also
been reported in a few cases (see Jerasaty 1973), with no pathological
basis for its occurrence.

The pathogenesis of mucoid degeneration is still unknown. Its

Fig. 2.24. Rheumatic mitral stenosis and incompetence. The mitral valve cusps are thick
and contracted, the commissures mildly fused, and the chordae tendinae fused and
contracted. Gross atrial dilatation is present. From an 85-year-old woman complaining
of dysphagia and breathlessness for several years. She had chorea at 9 years of age.
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similarity to the valve changes in the Marfan syndrome and occasional
familial incidence in younger patients suggest that genetic factors may
be concerned. The higher incidence in the elderly and the occurrence
of a similar age-related lesion in dogs (see Whitney 1975) suggest that
aging may be a factor. Lesser degrees of myxomatous change have
been found in association with a variety of etiological processes in
surgically excised valves (Kern and Tucker 1972). At present the most
plausible hypothesis is that mucoid degeneration is a nonspecific
change and may result from a number of causes, including aging.

Rheumatic Valve Disease

Rheumatic-type mitral deformities may be found in about 5% of
elderly patients at autopsy (Bedford and Caird 1960, Pomerance 1965,
Pomerance and Hodkinson 1976). The pathology does not differ
fundamentally from that in younger patients, and ranges from minor
cusp scarring and commissural adhesions to grossly thickened, dis-
torted cusps with adherent, thickened, and contracted chordae tendi-
nae (Figs. 2.24 and 2.25). Calcification is common, and usually
involves the fused commissures. Microscopically, the normal valve

Fig. 2.25. Rheumatic mitral stenosis seen from left atrium. The commissures are fused,
the anterior cusp contracted, and calcification is present in cusps and commissures. A
large papillary “tumor” is present on the anterior cusp, and there are atrial jet lesions.
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Fig. 2.26. Section of chronic rheumatic-type valve showing fibrous thickening, disor-
ganization, and vascularization. A thrombus (T) is attached to the atrial surface.
(Hematoxylin and eosin, x10)

architecture is disorganized by irregular fibrosis affecting all layers of
the cusp, and small, thick-walled vessels are usually present (Fig.
2.26). Small filiform fibroelastic structures (Lambl’s excrescences) are
common, and fibrin deposits in various stages of organization are
generally seen on the surface. Progression of the valvular thickening
and deformity is due to this continuing process of deposition of
thrombus and its transformation to fibrous tissue, not to continuing
inflammatory activity.
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Although these macroscopic and microscopic appearances are
widely accepted as pathognomonic of rheumatic valve disease, they
are actually nonspecific sequelae of severe valvulitis and thrombus
deposition, and their relationship to rheumatic carditis is now being
increasingly questioned. It is well known that the proportion of
patients with past histories of rheumatic fever is low in the elderly. A
rheumatic history had been recorded in less than one-fifth of cases
with rheumatic type mitral disease personally studied, and even in Bed-
ford and Caird’s (1960) careful clinical study a rheumatic history
was obtained in only 38%, a similar figure to that of Limas (1972).
Although poor memory may partly account for these figures, there is
also increasing evidence for nonrheumatic origins in many cases. The
decline in chronic rheumatic valve disease following the introduction
of antibiotics has been in those cases with histories of rheumatic or
scarlet fever (Vendsborg et al. 1968); those without rheumatic histories
have not declined. Many infective agents are known to affect the
myocardium and pericardium, and there seems to be no reason the
valves should be peculiarly exempt. Indeed, routine sectioning of
mitral valves from unselected autopsies not infrequently shows a mild
focal valvulitis. In Britain and the U.S.A., Coxsackie B, ECHO,
psittacosis, mycoplasma, and poliomyelitis are the most likely etiolog-
ical agents (Lancet 1971, Burch et al. 1970), and all have been
demonstrated in excised deformed valves (Ward and Ward 1974).

Infective Endocarditis

Following the introduction of antibiotics and the declining inci-
dence of rheumatic fever, infective endocarditis has changed from a
disease predominantly of young adults with rheumatic heart disease
and is increasingly becoming a disease of elderly patients with no
known previous valve pathology (Hughes and Gauld 1966, Lerner and
Weinstein 1966, Lancet 1971, Applefeld and Hornick 1974, Thell et al.
1975). The changing pattern is due not only to antibiotics, but also to
the survival of increasing numbers of patients to ages at which
degenerative valve abnormalities and urogenital, biliary and gastroin-
testinal, and pulmonary diseases become common, and diagnostic and
surgical procedures provoke bacteremia.

Figures for the incidence of infective endocarditis vary with the
date of a study and the type of material. Reviews based on autopsies
will inevitably include a greater proportion of elderly patients. Even
with a high index of clinical suspicion, atypical presentation is likely
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to delay or obscure the diagnosis, and the infecting organism in this
age group is likely to be a virulent one.

In the elderly, the organism is most likely to be a staphylococcus
or enterococcus, although Streptococcus viridans is still isolated in a
high proportion of cases. Fungal infections are increasing in fre-
quency, usually associated with steroid therapy, long-term antibiotics,
or treatment of malignant disease. In many cases, blood cultures are
negative. The negative finding is often due to prior antibiotics, but
uremia, prolonged infection, or inadequate bacteriological techniques
may also be responsible (Tumulty 1967, Shinebourne et al. 1969).

Grossly, the characteristic pathological features are the vegeta-
tions, which consist of nodular masses of fibrin and red blood cells
with varying numbers of inflammatory cells and microorganisms.
They are usually found on the atrial surfaces of the mitral valve and
the ventricular surfaces of aortic valves, along the lines of closure.
Vegetations may also form on the mural endocardium at sites of jet

Fig. 2.27. Infective endocarditis (Staphylococcal) on previously normal valves. Vegeta-
tions are seen on the ventricular surfaces of three aortic cusps, and there is a perforation
(arrow) through the anterior mitral cusp under a further vegetation. From a 76-year-old
woman admitted in congestive cardiac failure with a pansystolic murmur, bundle
branch block, but no pyrexia.
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lesions. Endocarditis affecting the right side of the heart is uncommon
in the elderly. The vegetations vary in size from pinhead to large
friable masses almost obstructing the orifices. Very large vegetations
are characteristic of fungal infections. Marked inflammatory changes
and necrosis of the underlying valve are often present, and perfora-
tions of the cusps are not uncommon (Figs. 2.27 and 2.28). These
findings are most often associated with Staphylococcus pyogenes and
pneumococcal infections. Rupture of the chordae tendinae occurs if
they become involved in the inflammatory process, and extension of
infection into the valve rings will result in abscesses of the rings
(Sheldon and Golden 1951) (Fig. 2.28). The myocardium frequently
contains abscesses ranging from microscopic to several centimeters in
diameter (Perry et al. 1952). Involvement of fibrous rings or upper
interventricular septum is likely to result in heart block.

Infection may develop on rheumatic-type deformities, as in
younger patients (Fig. 2.28), or on degenerative valve pathology (see
Figs. 2.18 and 2.22), but most often no preceding abnormality is found
(Pankey 1962, Uwaydah and Weinberg 1965, Burnside and De Sanctis

Fig. 2.28. Staphylococcal endocarditis on chronic rheumatic heart disease. There is a
perforation (P) through an aortic cusp, and an abscess (A) of the aortic ring. There is
moderate thickening and contraction of aortic and mitral cusps. From a 72-year-old
woman with rheumatic fever in childhood and typical clinical signs of infective
endocarditis.
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1972, Applefeld and Hornick 1974, Thell et al. 1975). In 19 cases of
bacterial endocarditis in patients over 65 examined personally, 3 had
developed on rheumatic-type deformities, 4 on mitral ring calcifica-
tion, and 3 on mucoid degeneration; 9 had apparently previously
normal cusps. Minor postinflammatory changes can often be seen on
careful inspection of infected valves, and it is possible that such
changes may have been present but destroyed or overlooked in some
valves described as normal. Even allowing for this possibility and the
probability that mucoid degeneration was unrecognized in early
studies, however, infective endocarditis in the elderly undoubtedly
does arise on previously normal cusps in many cases. In such cases,
present evidence suggests that predisposing valve pathology resulted
from stress. Valvular swelling and edema can be induced experimen-
tally by various stimuli, including surgery, infections, and hormones
(Oka et al. 1968). Similar lesions can often be seen, as minute
translucent nodules along the closure lines, on the mitral and aortic
valves of patients dying in the hospital. The endocardium over these
valves is easily damaged, and small nonbacterial thrombi form on the
damaged areas. If bacteremia occurs, the thrombi are colonized and
develop into bacterial vegetations. These stages in the evolution of
infective endocarditis can also be observed in human valves.

Nonbacterial Thrombotic Endocarditis (NBTE)

This condition also appears in the literature as terminal, malig-
nant, or marantic endocarditis; thrombendocardiosis; and degenera-
tive verrucal endocardiosis. It is a frequent finding in the elderly
because of its association with disseminated malignancy and other
wasting diseases. It has most often been found in carcinoma of the
pancreas, stomach, and lung (see Pomerance 1975 for detailed refer-
ences).

Like infective endocarditis, NBTE is characterized pathologically
by vegetations on the lines of closure of the mitral and aortic cusps
(Fig. 2.29). These vary in size, color, and consistency, and are
macroscopically indistinguishable from infective vegetations. Micro-
scopically, they differ in that microorganisms and inflammatory reac-
tion are absent. Vegetations are often endothelialized, and organiza-
tion and calcification are occasionally seen. Minor postinflammatory
scarring and rheumatic-type deformities are often present in the
underlying valve; the reported incidence has ranged up to 85%
(Eliakim and Pinchas 1966).

In most elderly patients, NBTE is a clinically unimportant aspect
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Fig. 2.29. Thrombotic endocarditis with multiple small myocardial infarcts. Thrombotic
vegetations are present on the ventricular surfaces of all aortic cusps and on the aortic
surface of the left coronary cusp (cut) LC, left coronary ostium. Multiple small areas of
infarction are visible in the slice of left ventricle below. Marked degenerative valve
calcification is distorting the aortic cusps and is seen in the mitral valve ring.

of terminal disease. Systemic emboli are common, however, and have
been found in between 14 and 60% of reported series. The spleen,
kidney, and brain are the organs most often affected, and NBTE is an
important cause of cerebral symptoms in patients with malignant
disease; indeed, its signs may be the first signs of carcinoma (Ashen-
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hurst and Chertkow 1962, Bryan 1969). Coronary emboli are also
frequent (Fig. 2.29), but as in infective endocarditis, macroscopic
myocardial infarction can rarely be seen.

Valvular Pathology in Systemic Diseases and Isolated Aortic
Incompetence

Rheumatoid Disease. In this disease, the heart valves, and in
particular the aortic valve, are among the extraarticular sites affected
(Fig. 2.30). Rheumatoid granulomas develop in the fibrous core and
progress to fibrous thickening and contraction of the cusp (Carpenter
et al. 1967). Thrombi are not a feature of the active lesion; thus, no
commissural adhesions are formed, and functionally there is pure
aortic incompetence.

Rarer collagen diseases with valvular involvement are ankylosing
spondylitis (Graham and Smythe 1958, Bulkley and Roberts 1973) and
Reiter’s disease (Paulus et al. 1972). The aortic incompetence that may
develop in both these conditions is due to degenerative changes in the
aortic media; the valvular changes are secondary to the resulting
dilatation of the aortic ring. The aortic valve cusps appear opaque and

Fig. 2.30. Rheumatoid aortic incompetence. The aortic valve cusps are thickened and
contracted, but without commissural adhesions. From a 67-year-old woman with severe
rheumatoid disease who died of phenacetin nephropathy.
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Fig. 2.31. Isolated aortic incompetence. The aorta and particularly the aortic sinuses are
dilated, and the cusps show cordlike thickening of the free edges. From a woman of 77
known to have had aortic incompetence for 5 years.

contracted, the commissures are widened, and the free edges of the
cusps show narrow cordlike thickening. Macroscopically and micro-
scopically, the features closely resemble those of syphilitic aortitis,
with endarteritis of vasa vasorum, focal fibrous scarring of aortic
media, and superficial fibroelastic thickening without inflammatory
changes in the aortic valve cusps.

Syphilitic Aortic Incompetence is now rare even in the elderly. The
classic retracted cusps with rolled edges and widened commissures
are now recognized as nonspecific changes—the first two merely
reflecting the mechanical effects of dilatation of the ring, which
stretches the cusps and allows the free edges to be traumatized by the
regurgitant stream. The appearances once regarded as diagnostic of
syphilis are more likely to be seen today in the collagen diseases
described above or in nonspecific aortopathy.

Less extreme forms of the same valve pathology may be seen in
the isolated aortic incompetence of the elderly (Fig. 2.31). This
incompetence now seems to be a comparatively uncommon finding. It
was found in less than 1% of approximately 300 geriatric autopsies
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reviewed over the past 5 years (Pomerance et al. 1976), in contrast to
the 4.4% incidence in Bedford and Caird’s study (1960). The underly-
ing aortic pathology is probably multifactorial. In many cases, the
aorta shows no distinctive features macroscopically, and the incompe-
tence appears to be due to hypertension and dilatation of the aortic
ring with aging (Gouley and Sickel 1943). Microscopically, there is
only minor focal loss of elastica and small areas of cystic change. Other
cases may show varying and sometimes extensive focal destruction
and fibrous replacement of media, but without vasa vasorum changes
(Fig. 2.32). Rarely, cystic medionecrosis and localized dissection in-
volving the aortic ring may be responsible.

Uncommon Valve Abnormalities

Carcinoid Heart Disease affects the right-sided heart valves, which
are thickened and contracted, with resulting stenosis and incompet-
ence. Fibrous plaques may also be present in the right atrium and

Fig. 2.32. Section of aorta from Fig. 2.31, showing fragmentation and destruction of
elastic and small fibrous scars in aortic media. (hematoxylin and eosin, X36)
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extending on to the ventricular endocardium from the involved valve
cusps. The microscopic appearances are distinctive, consisting of loose
connective tissue applied to the surface of the affected cusps, from
which it is sharply demarcated.

Papillary Endocardial Tumors (see Fig. 2.25) may be found on any
valve, but are most commonly found on the aortic and mitral cusps.
Reported cases and those seen personally have been mainly in elderly
patients (Pomerance 1961, Nasser and Parker 1971). They are related to
the filiform excrescences present on almost all elderly or damaged
valves and are not true neoplasms. They are a common finding, but
most examples are less than 2 mm in diameter; only occasionally do
they reach 1 cm or larger. Most of these lesions are of no clinical
importance, but occasionally they may be responsible for angina or
sources of embolism.

Isolated Valvular Amyloid is a rare but striking pathological curios-
ity. Two of the three cases studied personally and the single recently
reported case (Jacobovitz and Dustin 1974) were in patients over 70
years of age. The condition seems to be of no apparent clinical
significance. The deposits are limited to the valve, appearing as
nodular masses distorting the cusps, which are translucent on section.

Prosthetic Valve Pathology

With recent advances in cardiac surgery, increasing numbers of
patients with prosthetic valves are reaching the geriatric age group;
valve replacement in patients over 65 years of age is now also a
common procedure. In this age group, the replacement valve is likely
to be of the ball or disc-and-cage type, the main late complications of
which are infection, thrombosis, and mechanical dysfunction.

Infective endocarditis in general has already been discussed. The
artificial valve is a foreign body and thus predisposes to infection. The
organism is often a fungus. Pathological examination shows throm-
botic masses, usually growing on the margins of the ring or struts of
the cage; histology shows that these masses contain microorganisms.

Thrombosis may occur on any type of prosthetic valve, and may
result in emboli to the brain or the coronary circulation. Large
amounts of thrombus may impede ball or disc movement, causing
stenosis; rarely, the whole valve orifice becomes occluded by a pannus
of thrombus. The recent introduction of cloth-covered prostheses has
reduced the incidence of thrombosis.

Mechanical dysfunction can result from wear of the ball or disc,
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which may jam in either the open or the closed position, shrink, or
fragment, with consequent sudden stenosis or incompetence. These
complications are also becoming less frequent with continuing devel-
opments in prosthetic valve design.
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Pathology of the Conduction
System

M. J. DAVIES

Introduction

Any review of the pathology of the conduction system in old age can
only begin with the changes that are so universal as to be regarded as
“normal.” These changes are so striking in the conduction system that
it seems likely they form the background to those age-related ECG
changes that do not alter life expectancy recorded in clinical studies
(Caird et al. 1974, Golden and Golden 1974).

Age Changes in the Conduction System

Sinus Node. This node lies in the anterior segment of the sinoatrial
ring as the crest of the atrial appendage is crossed. In essence, it is an
oval mass of small muscle fibers embedded in dense fibrous tissue
(Fig. 3.1), arranged around a small central artery. With special stains,
it is easy to show, in the young adult, that over 50% of the node is
comprised of these muscle fibers, i.e., the P or pacemaking cells
(James et al. 1966). With age, the number of P cells falls, this trend
becoming pronounced by 60 years of age, and many patients over 75
years of age have less than 10% of P cells in the node (Fig. 3.2). These

M. J. DAVIES - Department of Histopathology, St. George’s Hospital Medical School,
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Fig. 3.1. Human sinoatrial node. The node (arrows) lies around the central artery (A)
and consists of dense fibrous tissue containing small muscle fibers. Male, age 49, in
sinus rhythm. (picro-Mallory)

data now seem to be incontrovertible; first noticed as a subjective
assessment by Lev (1954), they were quantified by Davies and
Pomerance (1972) and Sims (1972), with more recent confirmation by
Théry (1975). The loss of P cells with age must be a significant factor in
the ease with which atrial arrhythmias occur in geriatric patients. The
cause of this loss remains conjectural, but no vascular basis has ever
been demonstrated.

Internodal Atrial Myocardium. The question of aging changes in
this area is more controversial. Difficulty arises in morphological
studies, because even if these paths are electrophysiologically special-
ized, they do not have any specific histological features (Janse and
Anderson 1974). If the atrial myocardium in the interatrial septum is
examined histologically, however, the amount of fibrous tissue in-
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creases with age, and the number of muscle fibers decreases (Davies
and Pomerance 1972). In addition, considerable amounts of adipose
tissue infiltrate between and separate the muscle fibers (Prior 1964). A
further factor is the occurrence of small deposits of amyloid within the
atrial septum in a proportion of geriatric patients (Pomerance 1975).

Fig. 3.2. Human sinoatrial node. The node (arrows) is recognizable as a mass of fibrous
tissue around an artery (A). The fibrous tissue contains virtually no muscle fibers.
Female, age 79, in atrial fibrillation. (picro-Mallory)
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A-V Nodal Area. Recent embryological and anatomical studies
have somewhat altered views on this area (Anderson et al. 1975). The
node lies just beneath the right atrial endocardium, immediately
anterior to the coronary sinus, and posterior to the membranous
interventricular septum as it is crossed by the insertion of the
tricuspid valve. The node has a deep portion with two components, a
mitral and a tricuspid branch, separated by the nodal artery. A more
superficial transitional or junctional area of node overlies the deep
portion. Atrial fibers sweep down the septum to join the superficial
portion and to some extent the posterior aspect of the deep node. The
deep node gives rise to the bundle of His, and when completely
enclosed within the central fibrous body, the penetrating main bundle
is regarded as beginning. The main bundle passes through the central
fibrous body to reach the upper border of the muscular interventricu-
lar septum and is normally the only electrophysical connection be-
tween atria and ventricles. The arrangement of muscle fibers in the A-
V node is characteristically that of an interweaving mass of small
fibers (Fig. 3.3). This arrangement passes into the more parallel

Fig. 3.3. Human A-V node. The node (arrows) consists of interweaving small fibers
adjacent to the central fibrous body (F). An artery (A) and vein (V) are present.
(hematoxylin and eosin)
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Fig. 3.4. Human penetrating main bundle in transverse section (arrows). The bundle lies
within the central fibrous body (F) and consists of bundles of parallel muscle fibers.
(hematoxylin and eosin)

arrangement of the main bundle (Fig. 3.4). Normally, the A-V node is
completely separated from the ventricular muscle by the dense colla-
gen of the central fibrous body. In children, some accessory muscle
bundles (Mahaim tracts) often cross this zone, but are almost inevita-
bly obliterated in the adult, and certainly by geriatric age.

Age-related changes in the A-V node are not pronounced and not
recorded. Some attenuation of connections between the atrial muscle
and superficial node is often apparent, especially when fatty infiltra-
tion is marked (Prior 1964). Sclerosis of the collagen of the central
fibrous body occurs, but appears to have no real effect on the node or
penetrating bundle.

Anatomy of the Bundle of His and Its Branches

The main bundle first gives rise to the numerous small branches
(fascicles) of the left branch (Fig. 3.5), and then continues as the more
solid and discrete right branch (Fig. 3.5). The main bundle here is
referred to as the bifurcating bundle of His. Anatomical relations are
important: the bifurcating bundle lies on the crest of the muscular
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Fig. 3.5. Human bifurcating bundle. The right branch (R) is a solid muscle bundle; one
of the anterior left fascicles (arrows) runs between the endocardium of the LV outflow
(E) and the apex of the upper IV septum (S). Considerable fibrosis of the upper septum
is present. (hematoxylin and eosin)

interventricular septum at the inferior border of the membranous
interventricular septum; thus, the anterior cusp of the mitral valve and
the noncoronary cusp of the aortic valve are very close. As the left
bundle branch fascicles leave the main bundle, they run in a narrow
cleft between the collagen of the upper interventricular septum and
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Fig. 3.6. (Top) Human left bundle branch in the septum (mid third). The fibers cut in
cross section (arrows) are larger and more vacuolated than contractile fibers (Myo).
(Bottom) Human right branch in upper septum (arrows). The branch is a single muscle
bundle. Calcification due to aging in adjacent fibrous tissue (S). (hematoxylin and eosin)
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the endocardium of the left ventricular outflow. They pass down in the
septum immediately beneath the endocardium.

There is considerable controversy over the anatomy of the left
bundle branch in the ventricular septum. Rosenbaum (1970) has
claimed the left branch to be bifascicular, with an anterior and
posterior division. The concept is based on gross dissection, however,
and actual reconstruction at the histological-microscopic level by
Demoulin and Kulbertus (1972) and Kulbertus (1975) has shown
considerable variation from subject to subject. The left branch is a
complex network in which a middle segment is frequently present, in
addition to anterior and posterior divisions. Personal study suggests
the branch to be multifascicular, with free communication between
anterior and posterior fascicles by fibers running transversely in the
septum.

In the middle and lower third of the septum, the conduction
fibers of the left branch become larger, with a pale vacuolated
appearance on light microscopy (Fig. 3.6). These cells are the
closest morphological equivalent in man to the very much larger pale
cells in the bundle branch of the pig described by Purkinje (e.g., see
Matousek and Posner 1969). Ultrastructural studies (Benscome et al.
1969) show these fibers to have very scanty myofibrillary contractile
elements and specialized intercellular connections to allow rapid
conduction. There is no certain knowledge of the connections between
Purkinje cells and the contractile myocardium, although a steady
transition between the two fiber types has some electrophysiological
and morphological evidence for its support (Mendez et al. 1969, Truex
and Smythe 1964).

The right bundle branch runs as a single muscle strand down the
septum to reach the base of the anterior papillary muscle of the right
ventricle. In animals, but very rarely in man, it crosses the cavity of
the ventricle in the outflow tract in the moderator band. From the base
of the papillary muscle, the bundle branches into an anastomotic
network of conduction fibers throughout the ventricle immediately
beneath the endocardium.

Age-Related Changes in the Bundle of His

Bifurcating Main Bundle. Distinct age-related changes occur in this
region. Loss of a proportion of the left bundle fascicles at their origin
is universal over 60 years of age, and loss of over 50% of fibers not
unusual (Fig. 3.7A,B). The mechanism of this loss has been the subject
of some interest. Lev suggests that mechanical strain on the area of the
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upper interventricular septum produces increasing fibrosis, followed
by sclerosis and microcalcification, and the left fascicles are subject to
compression and distortion as they run through this area (Lev 1964,
Lev et al. 1974). He has termed this process “‘sclerosis of the left side of
the cardiac skeleton” and considers any cause of left ventricular
hypertrophy, particularly hypertension to accelerate the process. In
addition, the blood supply of the bifurcating bundle is by arteriolar
vessels running in the main bundle; any degree of arteriosclerosis
would potentiate the damaging effect of mechanical strain (Van der
Hauwaert et al. 1972, Lev et al. 1974).

Distal Bundle Branches. These branches in the ventricles show
some increase in fine fibrous tissue and elastic with increasing age.
Detailed morphometry by Demoulin and Kulbertus (personal commu-
nication) has shown that, in addition, a small but real decrease in the
number of conduction fibers occurs with age.

The age related changes occurring in the conduction system can
therefore be summarized as (1) a loss of P cells in the sinus node, and
(2) loss of the proximal connections of a proportion of the left fascicles
to the main bundle.

Less morphologically striking but still demonstrable changes oc-
cur in the internodal atrial myocardium, in the atrial/A-V nodal
junction, and in the distal conduction networks in the left ventricle.
All these changes thus involve a loss of conduction and nodal
specialized tissue that cannot definitely be ascribed to any pathologi-
cal process, but appears to be simply an expression of age.

Blood Supply of the Conduction System

The sinus node is arranged around a small central artery, from
which arterioles run into the node itself. The nodal artery is the
termination of the main arterial supply to the atria; it is derived from
the proximal right coronary in 50-60% of subjects and from the left
circumflex in the remainder (Rombhilt et al. 1968).

The artery to the A-V node is constantly derived from the origin
of the posterior descending coronary artery, this being from the right
in 90% and from the left circumflex coronary artery in 10% of normal
subjects (Romhilt et al. 1968). There is no relationship between the
blood supply of the two nodes. The A-V nodal artery passes in an
anterior direction through atrial muscle without any branching before
supplying arterioles to the node itself. It then penetrates the central
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Fig. 3.7.A. The bifurcating main bundle (MB) gives rise to one left fascicle, which is
bowed (arrows) across a mass of fibrous tissue in the upper septum (S).

fibrous body to reach and supply a small segment of the upper portion
of the muscular interventricular septum. The main bundle is supplied
by parallel arterioles running in the long axis of the bundle from the
node (Clarke 1965, Kennel and Titus 1972, Van der Hauwaert et al. 1972).
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Fig. 3.7.B. A section more anterior to Fig. 3.7.A. Here, there is loss of continuity
between the main bundle (MB) and left branch (L) at the area marked by the arrows.

The bundle branches receive arterioles from long, penetrating septal
branches of the left anterior descending coronary artery, and there is a
“watershed” where this supply abuts onto the long arterioles running
in the main bundle. A small portion of the posterior aspect of the left
bundle branch in the midseptum receives blood from the short,
penetrating septal branches of the posterior coronary artery.

With age, hyalinization and fibrosis of the media of arteries and
arterioles within the nodes and the main bundle becomes almost
universal. Some authorities regard these changes as being responsible
in part for the loss of conduction tissue with age. Microradiographic
studies have not supported these views, showing that loss of luminal
filling is not present (Kannel et al. 1973).
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Pathology of Specific Conduction Abnormalities in Old Age

Atrial Arrhythmias

The pathology of sino-atrial disease, including sinus bradycardia,
sinus arrest, and sinoatrial block, remains a poorly explored field, and
electrophysiological studies of nodal function in life have far out-
stripped conventional morphological studies at autopsy. Clinical study
of living patients (Rasmussen 1971; Shaw, personal communication)
reveals very little of etiological significance, but does confirm a
marked geriatric bias in these arrhythmias.

Pathological studies have shown that occasional cases of sino-
atrial disease are due to vascular occlusion of the nodal artery
(Lippestad and Marton 1967), but two series (Warembourg et al. 1974,
Théry 1975, Brownlee et al. 1975) comprising 16 cases in all emphasize
that the usual picture is a severe partial or even total loss of muscle
fibers and P cells in the sinus node. The sinus node may be very small
and distorted, or completely replaced by fibrous tissue, suggesting a
process of exaggerated aging atrophy, possibly superimposed on
congenitally small sinus nodes. A small number of cases result from
amyloid replacing the sinus node. Detailed postmortem angiography
down to small vessels (Brownlee et al. 1975) shows no vascular basis
for nodal destruction. It is therefore probable that clinically significant
cases of sino-atrial disease represent the extreme end of a spectrum of
muscle-fiber loss occurring with age. Patients who have a congenitally
small node or who suffer any condition in life producing loss of
conduction cells, such as diphtheria, may reach the threshold for
clinical symptoms even earlier.

Atrial Fibrillation

Transient atrial fibrillation is often associated with dilatation of
the atria following pulmonary embolism or with pericarditis. The
latter affects the sinus node area because of its subepicardial location.

Established atrial fibrillation is usually associated with varying
combinations of P cell loss in the sinus node, fibrosis of internodal
atrial myocardium, and chronic atrial dilatation (Davies and Pomer-
ance 1972, Sims 1972, Théry 1975). The natural aging changes are
already advanced in this direction, and any condition accelerating
these factors—such as ischemic disease, chronic rheumatic valve
disease, or senile cardiac amyloid—will precipitate fibrillation in
geriatric patients.
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TABLE 3.1. Commor: Causes of Chronic A-V Block: Autopsy Study of 177

Cases
Idiopathic bilateral bundle branch fibrosis 69 (33.3%)
Ischemic (coronary artery disease) 30 (16.8%)
Cardiomyopathy 25  14.0%)
Calcific A-V block 17 (9.5%)
All other causes 36 (20.3%)

177

Chronic A-V Block

Clinical studies of ckronic A-V block confirm the marked geriatric
bias of this conduction abnormality. Of 177 patients with chronic A-V
block personally autopsied, 68% were over 65 years old. Personal
study of this large autopsy series shows the common causes to be four
disease entities (Table 3.1), of which two—idiopathic bilateral bundle
branch fibrosis and calcific A-V block—have a marked predilection for
old age. The major anatomical site of damage to the conduction system
lies in the bifurcating main bundle and bundle branches (Table 3.2).

Idiopathic Bilateral Bundle Branch Fibrosis. This name is a cumber-
some yet descriptive one for an entity characterized by slowly progres-
sive loss of conduction fibers in the bundle branches without demon-
strable myocardial or vascular disease. The loss of conduction fibers
leads to replacement fibrosis, thus marking the original outline of the
bundle branches.

TABLE 3.2. Site of Anatomical Destruction of Conduction
System in Chronic A-V Block: Autopsy Study of 177

Cases
Prenodal 3 (1.7%)
A-V node 12 (6.8%)
Node/penetrating bundle 11 (6.2%)
Penetrating bundle 32 (18.1%)
Bifurcating bundle/LBB 31 (17.5%)
RBB/LBB 88  (49.1%)

177
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Fig. 3.8. Lev type bundle branch fibrosis. Female, age 78, with complete A-V block. The
main bundle (MB) contains very scanty muscle fibers only at the upper pole. No fibers
remain in the left branch over a long area (arrows) until lower in the septum (LB). Very
extensive fibrosis of the upper septum (S) with early calcification.

The entity has been known for many years, being well described
by both Aschoff and Monckeberg, but has come to be appreciated as
far from rare only with the advent of cardiac pacing. Within the
disease complex, two distinct forms are highlighted in the literature.
Lev (1964) has emphasized a type in which loss of conduction fibers in
the proximal left bundle and adjacent bifurcating bundle occurs (Fig.
3.8). Damage to the distal branches is minimal, and he stresses the
very focal nature of the conduction damage. In contrast, Lenégre (1964)
describes a diffuse disease affecting the middle and distal portions of
both bundle branches (Fig. 3.9A,B). While both authors describe
entities that appear pathologically different and have evoked use of
the terms “Lev’s disease”” and “Lenégre’s disease,” our own studies of
sex incidence, age incidence, and pathology suggest considerable
merging of the two disease patterns. Our own autopsy series of 69
cases of bundle branch fibrosis shows a mean age of 70 at death
overall, with a mean age for the Lev form of 74 and for the Lenégre
form of 67. The Lev form is more common in women; the Lenégre
form, in men.
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Fig. 3.9. (A) Left branch (arrows) in Lenégre form bundle branch fibrosis. The section,
which is an identical plane and site to Fig. 6 and shows virtual complete loss of
conduction fibers while adjacent contractile myocardium is unremarkable. (B) Right
branch (arrows) in Lenégre bundle branch fibrosis. No conduction fibers are present,
and only a fibrous strand of tissue remains. Adjacent myocardium normal.
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Views on the etiology and pathogenesis of the damage to the
conduction system in idiopathic bundle branch fibrosis are diverse. It
seems unlikely that the condition is a homogeneous entity; it probably
represents the end-stage of several processes or of a combination of
processes. Lev emphasizes the very focal destruction of the bifurcating
main bundle as an exaggerated or accelerated aging change. He
describes the sclerosis and microcalcification of the fibrous tissue of
the upper interventricular septum that occurs with age as extending
into the bifurcating bundle. Two factors are ascribed in the pathogen-
esis of this process—mechanical strain and arteriosclerosis of the long
vessels running from the node through the main bundle to the
bifurcating bundle.

In contrast, no such simple explanation can fit the diffuse periph-
eral conduction fiber loss of the Lenégre form. Lenégre himself
considered the disease a primary degeneration or cardiomyopathy of
condution fibers, but this hardly explains the disease at a cellular
level. Demonstration of antibodies with specificity against Purkinje
fibers in patients with bundle branch fibrosis and an association of A-
V block with other autoimmune diseases may point to a possible
pathogenetic mechanism (Fairfax, personal communication).

Previous myocarditis has been evoked as a possible etiological
factor (Hudson 1965), with diphtheria the most common form consid-
ered. The demonstration of age-related loss of conduction fibers in the
bundle branches (Demoulin and Kulbertus, personal communication)
suggests that patients with a lower reserve of conduction tissue,
perhaps following severe diphtheria, could become symptomatic in
the seventh decade of life.

Coronary atherosclerosis of major epicardial arteries has never
been clearly implicated, and detailed autopsy analysis, including
angiography, confirms the normality of the coronary artery tree in
most cases of bundle branch fibrosis (Davies 1971). Small-vessel
disease at the arteriolar level has been implicated (James 1967, Knier-
ium 1974), but is difficult to prove short of complex injection and
microradiographic techniques, which have rarely been performed. In
addition, arteriosclerosis is almost universal at the age range being
studied. It seems likely that decreasing arteriolar blood supply in the
main bundle plays a contributory role in some cases of the Lev form of
bundle branch fibrosis, but small-vessel disease remains otherwise
unproved as an important pathogenetic mechanism (Kennel et al.
1973).

Whatever the etiology and pathogenesis of bundle branch fibro-
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sis, it can be seen as the end-stage of a slowly progressive process
culminating in A-V block in patients mainly over 65 and often over 75
years of age. The pathology runs a spectrum from only very focal
destruction of the bifurcating bundle to widespread loss of conduction
fibers in the Purkinje networks of the ventricles. Our own experience
suggests that no clear distinction between the ends of the spectrum is
possible clinically.

Myocardial function is usually good in patients with bundle
branch fibrosis, but in the group overall, diffuse myocardial scarring
is more pronounced than in control subjects (Davies 1971, Knierium
1974). In addition, considerable left ventricular hypertrophy is seen,
although this condition may simply reflect a response to the slow heart
rate; cardiac failure does occur often, however, without other discerni-
ble cause. Our own data suggest this to be more common toward the
Lenégre end of the spectrum, and an occasional case of this type of
bundle branch fibrosis culminates in frank congestive cardiomyopa-
thy.

Destruction of the Penetrating-Bifurcating Bundle by Large Calcific
Masses. This is the second common cause of chronic A-V block
associated with old age. In contrast to the microcalcification of Lev’s
disease, these calcific masses are visible on screening of the heart in
life, and can be easily seen by the naked eye at autopsy. The calcific
masses arise in the mitral valve ring or from the aortic valve sinuses
and involve the main bundle because of its close anatomical relation-
ship. Senile mitral valve ring calcification is relatively common,
occurring to some degree in up to 10% of patients over 50 years of age.
When calcific deposits are massive, they may extend into the membra-
nous septum, compressing and then transecting the main bundle (Fig.
3.10A,B). The association of massive mitral ring calcification with A-V
block was well documented by Rytand and Lipsitch (1946), with
subsequent series by Korn et al. (1962) and Pomerance (1970) confirm-
ing the association. Senile aortic ring and sinus calcification with or
without stenosis exterids into the septal area less commonly, but may
do so (Table 3.3). Nongeriatic causes of aortic calcification, such as
bicuspid calcific aortic stenosis, are also associated with the occasional
occurrence of chronic A-V block. Paget’s disease of bone in old age is
described as a potentiating factor in massive mitral ring calcification,
inducing A-V block (King et al. 1969).

Other Causes of Cironic A-V Block. Many other causes of chronic
A-V block may be seen in old age, but are equally or even more
commonly seen in younger subjects. Cardiomyopathies of the conges-
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TABLE 3.3. Calcific Chronic A-V Block: 17 Cases at

Autopsy
Aortic stenosis Bicuspid 4
Senile tricuspid 3
Rheumatic 1
Aortic sclerosis Senile 4
Massive mitral ring calcification Senile 4
Senile + Paget’s 1

disease of bone

tive form are associated with an incidence of chronic A-V block, heavy
involvement of the left bundle branch in the disease process usually
being the striking feature at autopsy. Hypertrophic obstructive car-
diomyopathy has very little association with A-V block. Primary
amyleidosis involving the heart is associated with A-V block, as is an
occasional case of senile cardiac amyloid. Amyloid is deposited within
the internodal atrial myocardium, both nodes and main bundle, rather
than the bundle branches, and atrial arrhythmias are more common
than A-V block.

Ischemic heart disease produced chronic A-V block when the
conduction system is destroyed within areas of old myocardial infarc-
tion. The most common morphological picture is destruction of both
bundle branches in an extensive anteroseptal infarct or series of
anteroseptal infarcts over a period of time. Rarely, a posterior infarct
extends sufficiently forward into the septum to destroy the bundle
branches; even more rarely, posterior infarction is associated with
thrombosis extending into the nodal artery itself with infarction of the
A-V node. The pattern of ischemic disease producing chronic A-V
block is essentially similar, whatever the patient’s age.

Congenital A-V block due to absence of a focal segment of the
conduction system either at the atrial-A-V node junction or the main
bifurcating bundle (Carter et al. 1974, Lev 1972) is usually regarded as
a disease of children or young adults. Clinical studies do show,
however, the remarkably good prognosis of this condition (Campbell
and Emanuel 1967), and we have encountered an occasional example
in our autopsy series running into the age-65 group.

Other rare causes of chronic A-V block include both primary
benign tumors, such as the mesothelioma of the A-V node (Davies
1975, Kaminsky et al. 1967); malignant primary sarcomas arising in the
right atria; and the occurrence of secondary deposits in, or adjacent to,
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the A-V node or main bundle. Carcinoma of the bronchus is most
common, although isolated case reports record virtually every primary
site in association with A-V block.

When the heart is involved, collagen diseases are frequently
associated with chronic A-V block, due to the rich connective tissue
support of the conduction system. Ankylosing spondylitis with an
aortitis and aortic regurgitation is associated with a very high inci-
dence of A-V block (Buckley and Roberts 1973, Liu and Alexander
1969), reflecting the proximity of the node to the aortic root. Rheuma-
toid granulomata may transect the main bundle (Hoffman and Leight
1965, Gallagher and Gresham 1973). The small-vessel ““arteritic’”” com-
ponent of polyarteritis and disseminated lupus erythematosus appears
responsible for conduction disturbances in these conditions (James
1967).

Posttraumatic and postsurgical A-V block (Davies and Pomerance
1975) play little role in the geriatric age group.

Acute A-V Block Accompanying Acute Myocardial Infarction
(Sutton and Davies 1968)

There is no essential difference in this association in geriatric as
compared with younger subjects. Two distinct pathophysiological
entities exist. In posterior (inferior) infarction, the A-V node is
temporarily inhibited either by anoxia or by metabolites diffusing
from adjacent dead muscle. Pathological study shows actual structural
damage to be very rare. The arterial occlusion always lies proximal to
the origin of the A-V nodal artery, but the time course of onset of
block occurring as it does on the second or third day is rarely
consistent with a simple vascular-anoxia mechanism. Experimental
reproduction of the situation in dogs suggests diffusion of K* ions to
suppress the node. In anterior infarction associated with A-V block, in
contrast, major structural damage to the middle and proximal bundle
branches is often present. Here also, however, considerable recovery
of conduction may occur, suggesting that inhibition of conduction
tissue adjacent to dead muscle also occurs. The prognosis of posterior
infarction with A-V block is significantly better, and the incidence of
residual block low. Anterior infarcts with block, in contrast, have a
poor prognosis and high residual conduction defect risks.

Left Axis Deviation and Left Bundle Branch Block

Rosenbaum has been largely responsible for the concept that
lesions of the anterior radiation of the left bundle branch are responsi-
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ble for marked left axis deviation and that “left anterior hemiblock” is
an acceptable term (Rosenbaum et al. 1970). Detailed morphological
studies (Demoulin and Kulbertus 1972, 1973) suggest, however, that
while the ECG appearances designated as left anterior hemiblock do
represent damage to the left bundle branch, this damage can rarely be
localized exactly and solely in the anterior division of the bundle
branch.

The aging changes in the origin of the left fascicles from the
bifurcating bundle discussed earlier involve varying degrees of loss of
continuity between the main bundle and left ventricular conduction
networks. This loss cannot usually be localized as involving only the
anterior or posterior division, but occurs in scattered foci throughout
the left branch origins. The process often involves over 50% of the left
fascicles in otherwise normal hearts of subjects over 65 years of age
(Davies 1971). As emphasized by Lev, the process is essentially one of
mechanical wear and tear with age, although it is potentiated by
hypertension; by atherosclerosis of the left anterior descending coro-
nary artery, which ultimately supplies arterioles to the left branch; and
by arteriosclerosis of these arterioles. This loss of conduction fibers is
responsible for a spectrum of changes ranging from simple left axis
deviation through left bundle branch block to the Lev form of bundle
branch fibrosis with complete A-V block. These hearts will be macro-
scopically normal, apart, perhaps, from left ventricular hypertrophy,
and are predominantly seen in patients over 65 years of age. Aortic
stenosis is also often associated with marked destruction of the left
fascicles at their origin, as in hypertension. Anteroseptal myocardial
infarction will involve varying proportions of the left branch, depend-
ing on the degree of extension into the septum. Damage occurs in the
proximal and middle third of the branch, and in patients over 65 is
superimposed on the aging changes described above (Grayzel and
Neyshaboori 1975).

Right Bundle Branch Block

Right bundle branch block is much less related to age than left,
and epidemiological studies suggest that right ventricular hypertrophy
in cor pulmonale and ischemic heart disease are important factors
(Edmunds 1966). Morphological studies have shown destruction of the
right branch in areas of old infarction, but the cause of right bundle
branch block following severe right ventricular hypertrophy is still
obscure (Lev et al. 1961).
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Preexcitation Syndromes

The classic view of the conduction system until recent years held
that the only electrical connection between atria and ventricles was by
the main bundle of His, and that the collagen of the central fibrous
body and the mitral and tricuspid valve rings separated atria and
ventricles at all other sites. Recent work (Anderson et al. 1974,
Anderson et al. 1975, Davies and Anderson 1975) has shown defects in
the central fibrous body and valve rings, and the existence of rem-
nants of nodal tissue in both mitral and tricuspid rings of normal adult
hearts. This tissue probably represents persistence of parts of the ring
of nodal fibers normally found in fetal hearts at these sites. These
nodal remnants are clearly the “accessory bundles’ seen by Kent (e.g.,
see Anderson et al. 1974). Numerous pathological studies have now
shown accessory conduction pathways in the right atrium-right ven-
tricle to be responsible for Type B Wolff-Parkinson-White (WPW)
syndrome, and accessory pathways on the left for Type A. Abolition of
the ECG abnormality by transection of the accessory path at operation
is now well established.

That the ECG appearances of the WPW syndrome and its variants
are not excessively rare is now being recognized, and many patients
are not symptomatic. While preexcitation syndromes are usually
considered as diseases of younger subjects, the good prognosis of
some patients means examples will be found in old age. The problem
of the pathology of the preexcitation syndromes is now not whether
accessory paths exist, but why they function only in some subjects and
what factors precipitate clinical symptoms after many years. The onset
of atrial fibrillation associated with aging changes in the atria may be
one such factor.
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Cardiac Output in Old Age

TORE STRANDELL
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To date, the effect of aging on cardiac output has only been estimated
from cross-sectional studies. The first determinations at rest with the
direct Fick principle, i.e., measurements of oxygen uptake and oxygen
difference between arterial and mixed venous blood, were made by
Cournand et al. (1945); after catheterization of the right auricle or
ventricle, these workers measured the cardiac output in 17 normal
males 21-58 years old, and found a definite decrease with rising age.

A more extensive study was performed by Brandfonbrener et al.
(1955), who applied the dye dilution technique with bolus injections
of Evans blue dye through a short catheter in an antecubital vein and
rapid sampling from a brachial artery. Their material consisted of 67
ambulatory male patients 19-86 years old. All had normal electrocardi-
ograms and none had signs or symptoms of cardiovascular disease.
Some were convalescing from respiratory infections or awaiting dis-
charge after admission for orthopedic conditions. A linear decrease in
cardiac output and cardiac index with age, averaging 1.0% and 0.8%
per year, respectively, was found at rest in the supine position (Fig. 4.1).

These findings by Brandfonbrener et al. were reinforced when
Granath et al. (1961, 1964) studied 17 healthy male volunteers 61-83
years old with pulmonary artery catheterization and measurements of
cardiac output according to the direct Fick principle. These values
were compared with data similarly obtained from 25 young men

TORE STRANDELL - Department of Clinical Physiology, St. Eriks Sjukhus, S-112 82
Stockholm, Sweden.

81



82 Tore Strandell

Cardiac output,
1/min
10 ¢

N \\
Lt )
20 40 60 80

Age,years

Fig. 4.1. Cardiac output at rest in recumbent position in relation to age in 67 “’basal”
males without circulatory disorder. From Brandfonbrener et al. (1955).

(mean age 23 years) previously studied in the same laboratory by
Bevegérd et al. (1960) and Holmgren et al. (1960). The 17 elderly men
were invited from a previous Health Survey of the city of Stockholm,
from the Labour Exchange, from old age homes, and from gymnastic
groups for the aged, and were probably more physically fit than the
average healthy subject of the same age. At a mean age of 71 years,
their average cardiac output, at rest in a recumbent position, of 5.8
liters/min was 1.8 liters/min, or about 25%, lower than the correspond-
ing value in the 23-year-old males.

Slightly lower cardiac outputs were observed by the same tech-
nique in 55 male patients, 60-86 years old, studied before prostatec-
tomy (Renck 1969). Not all these patients had normal hearts, however;
some had heart or lung diseases, or both.

Other studies by the direct Fick, or dye dilution techniques—by
Foster et al. (1964) on 16 normal males 16-51 years old, by Malmborg
(1965) on 11 males 39-55 years old, by Julius et al. (1967) on 54
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sedentary males and females 18-68 years old, and by Hansson et al.
(1968) on 75 normal males 2049 years old—have failed to show any
significant effect of age on resting cardiac output in the supine
position. The reason for this finding may be at least partly that the age
ranges studied were too narrow. It is evident from Fig. 4.1 that the
interindividual variation in cardiac output is large, and that age
accounts for only a minor part of this variation. Unless the number of
subjects stuclied and their age range are large, therefore, this decrease
with age will not be shown. Another possibility is that the decrease in
cardiac output with age is not linear, as Fig. 4.1 would suggest, but
that the most marked changes occur after, for example, 50 years of age.

There is no reason to believe that the decrease in cardiac output
with age is different in women than in men, but sufficient data for
proof are not available.

In the sitting position at rest, no significant difference in cardiac
output was observed between old and young men (Granath et al. 1961,
1964; Julius et al. 1967), and no age change was recorded in the
standing positicn (Hansson et al. 1968). This lack of differences with
age is explained by the less marked decrease in cardiac output of
elderly compared to young subjects when changing from the supine to
the upright position, the decrease being 0.5 liters/min and 2.0 liters/
min, respectively (Granath et al. 1961, 1964; Bevegard et al. 1960).

Cardiac Output During Exercise

During exercise in the supine position, the increase in cardiac
output with increasing work load and oxygen uptake has been found
to be the same in old and young (Figs. 4.2 and 4.3). At a given oxygen
uptake, the cardiac output was thus lower in the old men, both at rest
and during exercise, the average difference being 2.0 liters/min. With
narrower age spans, no significant age differences in cardiac output
during supine exercise were observed (Foster et al. 1964, Malmborg
1965).

During exercise in the sitting position, the increase in cardiac
output with increasing work load and oxygen uptake was also found
to be the same in old and young (Fig. 4.3). At all levels of oxygen
uptake the cardiac output, like that in the supine position, was lower
in the old men, the average difference during exercise being 1.3 liters/
min. Because the old men had lower maximal oxygen uptakes than the
young men, the calculated maximal cardiac output with exercise was
also lower in old age. Less regular or insignificant effects of age have
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Fig. 4.2. Cardiac output (Q) at rest (open circles) and during exercise (solid circles) in
recumbent position in relation to oxygen uptake in 16 men 61-83 years old. From
Granath et al. (1964).

also been reported (Hansson et al. 1968, Julius et al. 1967, Hartley et al.
1969). With the nitrous oxide method, higher cardiac outputs were
observed with exercise in the elderly men and women studied
(Becklake et al. 1965); in view of the data derived from more direct
methods previously mentioned, methodological errors or differences
in material may be assumed to explain these findings.

There is thus evidence from cross-sectional studies that cardiac
output in elderly men is lower than in young men, both at rest in the
supine position and during exercise in both the sitting and supine
positions.

Causes of Reduced Cardiac Output in Old Age

The exact mechanisms that lead to the decrease in cardiac output
with age are not yet completely understood. In some way, however,
this decrease is related to the structural changes that occur with
advancing age. These changes include increase in thickness and
rigidity of the walls of the larger arteries and veins due to increased
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collagen—elastin ratio, cross-linking, degenerative and sclerotic le-
sions in the endocardium, and increase of the elastic tissue in the
myocardium (see Bourne 1961). There is also a progressive increase of
coronary artery sclerosis with age (Lober 1953). These structural
changes will not be discussed in detail, but it should be noted that it
is impossible to distinguish clearly between degenerative changes and
“normal” physiological alterations with age. Naturally, the reduced
vascular distensibility affects the reflex mechanisms that regulate
cardiovascular function by means of stretch receptors, but the influ-
ence of age on these functions is not yet sufficiently studied.

With increasing age, there is a decrease in lean body mass (Shock
et al. 1953), with a reduction of the muscle mass and the number of
cells in the parenchymatous organs. This change is reflected in a
progressive decrease in basal metabolic rate with age, which reduces
the need for circulatory transport of oxygen. This decrease, however,
does not seem to account for more than about half the decrease in

Fig. 4.3. Regression lines for cardiac output on oxygen uptake in 16 old men (mean age
71 yr, heavy lines) and 25 young men (mean age 23 yr, light lines) in recumbent (solid
lines) and sitting (dashed lines) position. From Granath et al. (1964), Bevegérd et al.
(1960), and Holmgren et al. (1960).
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cardiac output with age, as judged by the estimates of Landowne et al.
(1955) and the observations by Granath et al. (1961, 1964).

Heart Rate

The hypokinetic circulation in elderly subjects with low values for
cardiac output both at rest and during exercise could be due to
reduction in heart rate or stroke volume, or in both. No significant
changes with age, however, have been observed in heart rate at rest or
during submaximal work loads, either in cross-sectional studies of
subjects with similar degrees of physical activity (Robinson 1938,
Astrand 1960, Konig et al. 1961, Hollman 1963, Strandell 1964a) or in
longitudinal studies (Dill and Consolazio 1962).

The maximal heart rate during exercise (Fig. 4.4) on the other
hand, has always been found to decrease with age (Robinson 1938,
Astrand 1960, Kénig et al. 1961, Hollman 1963, Strandell 1964b). In all
these studies, the variability of the maximal heart rate was the same
within the various age groups, and this variation has been found to be
closely related to the level of heart rate at rest and during submaximal
work (Strandell 1964b); i.e., subjects who have low heart rates at rest
and during exercise also have low maximal heart rates.

The reason for this inability to reach high heart rates during
exercise in old age is not clear. It cannot be due to inability of the

Max.heart rate,
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Fig. 4.4. Maximal heart rate during upright exercise in relation to age in 81 normal
nonathletic males. From Robinson (1938).
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heart to beat fast, however, because heart rates far above the maximal
can be recorded during exercise in some apparently healthy old
subjects during short bursts of paroxysmal supraventricular tachycar-
dia during and after exercise (Strandell 1963).

It has long been known that the heart in old subjects reacts with a
smaller rate increase on standing than in younger subjects (Norris et
al. 1953). This finding, however, does not necessarily mean a changed
sensitivity of the heart to sympathetic stimulation. A decline with age
of the sympathetic drive to the heart during exercise has been
suggested, however, by Conway et al. (1971), who observed a smaller
effect of propranolol on heart rate and cardiac output during exercise in
older than in younger subjects. This age difference needs further
study, however, because it seemed to be present only at the highest
work loads and only in the male group.

Stroke Volume

The decrease in cardiac output with age at rest and during
submaximal exercise is thus entirely due to a reduction of stroke
volume (Brandfonbrener et al. 1955, Granath et al. 1961, 1964). On the
other hand, the decrease in the maximal cardiac output with age is
more marked, and also cue to the decrease in maximal heart rate
during exercise. The smaller increase in stroke volume in old com-
pared to young men on changing from rest in the sitting position to
rest in the supine position or to exercise is evident from Fig. 4.5.

The magnitude of the stroke volume is influenced both by factors
related to diastolic filling and initial fiber length, such as filling
pressures and ventricular distensibility, and by factors related to
systolic ejection, such as arterial pressures and myocardial contractil-
ity.

The systolic pressure load of the left ventricle, the systolic arterial
pressure, is the best studied of these variables. Due to the increase in
the rigidity of the walls of the aorta and the larger arteries with age the
function of these vessels as a compression chamber is reduced, and
the arterial pulse pressure increases with age, as does the resistance of
the systemic circulation (Master et al. 1950, Landowne et al. 1955). The
rise during exercise in systolic and mean arterial pressure has been
found to be greater in old than in young subjects (Abboud and Huston
1961, Konig et al. 1962, Granath et al. 1961, 1964). The higher systolic
pressure load of the left ventricle in old compared to young subjects is
therefore still more marked during exercise than at rest.

The distensibility of the pulmonary artery also decreases with
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Fig. 4.5. Mean stroke volumes in relation to oxygen uptake at rest and during exercise in
old (solid circles) and young men (open circles) in recumbent (solid lines) and sitting
(dashed lines) position. From Granath et al. (1964), Bevegard et al. (1960), and Holmgren
et al. (1960).

increasing age (Harris et al. 1965). The pulse pressure at rest is
accordingly increased with age; this increase, however, is due not to
an increase in the pulmonary artery systolic pressure, but to a slight
decrease in the diastolic pressure (Granath et al. 1961, 1964; Gloger
1972). During exercise in both the supine and sitting positions, the
systolic and mean pressures in the pulmonary artery increased about
10 mm Hg more in old than in young subjects (Table 4.1), indicating
an increased flow resistance in the pulmonary vascular bed (Granath
et al. 1961, 1964; Emirgil et al. 1967; Gloger 1972).

Thus, in old age, there is evidence, both at rest and still more
during exercise, of increased impedance to systolic ejection by both
the left and the right ventricle, which could contribute to a decrease in
stroke volume or an increase in filling pressure.

The filling pressures at rest of both the left and the right ventricle,
as judged by the pulmonary capillary venous pressure and the right
ventricle end-diastolic pressure, were found to be the same in old and
young subjects (Granath et al. 1961, 1964). During exercise, however,
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these pressures increased significantly more in the 60-83-year-old
males than in the young ones, with average values about 7 mm Hg
higher in the group of old men (Table 4.1). With a normal distensibil-
ity of the ventricular walls, these increased filling pressures during
exercise in old age would cause a substantial increase in myocardial
fiber length and stroke volume. There was evidence of reduced heart
wall compliance, however, since in some cases the right ventricular
pressure tracings during exercise showed very marked early diastolic
dips (Fig. 4.6), as have been described in conditions with increased
rigidity of the heart wall, such as constrictive pericarditis and endocar-
dial or myocardial fibrosis. The high filling pressures observed during
exercise may therefore be related to increased rigidity of the heart wall
in old age, rather than to myocardial insufficiency requiring an
increased length and tension of the myocardial fibers (Strandell 1964c).

The increased incidence of myocardial fibrosis in old age might
contribute to this heart wall rigidity. Thus, the old men with the
highest filling pressures during exercise were those wiih the most
marked left axis deviation in the frontal plane ECG (Granath and
Strandell 1964) and signs of left anterior fascicular block, which is most
often related to myocardial fibrosis (Grant 1956). Another possibility
might be the greater rigidity of the intercellular collagenous connective
tissue that has been observed in old compared to young hearts (Kohn
and Rollerson 1959). A stiffer heart wall would also increase the
internal friction during contraction, which would affect unfavorably
the relationship between useful and total ventricular work.

The high filling pressures during exercise observed in old age
thus seem to be an adjustment to a reduced distensibility of the heart
wall, which probably also increases the internal frictional losses, and
to an increased impedance to ejection (Strandell 1964c). The decrease
in stroke volume with age may be related both to the changes
mentioned above and to a decrease in the myocardial contractility.
This last factor is difficult to measure exactly, but can be evaluated
indirectly.

It can be argued that the finding of a hypokinetic circulation with
low cardiac output and stroke volume in old age combined with high
filling pressures during exercise indicates myocardial insufficiency.
Many facts, however, contradict such a view. Within the group of
healthy elderly men studied by cardiac catheterization thus far, there
was no relationship between high filling pressures and large heart
volumes or the degree of S-T depression in the exercise ECG (Strandell
1964c). Nor were the lowest values of stroke work observed in the
subjects with the largest hearts and the most marked electrocardi-
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ographic abnormalities, as is the case in patients with arterial hyper-
tension (Varnauskas 1955). On the contrary, the healthy old men with
the highest pulmonary capillary venous pressures during exercise had
the most marked simultaneous increases in cardiac output in relation
to oxygen uptake (Granath and Strandell 1964). They also had the most
marked increases of stroke volume on exercise and the most marked
simultaneous increases in pulse pressure in both the brachial and
pulmonary arteries. The higher filling pressures during exercise were
thus related to a higher stroke work. In addition, those who were
physically most active had the highest filling pressures during exer-
cise.

These healthy elderly men were thus quite different from those
patients with myocardial insufficiency due to previous infarction or
angina pectoris studied with heart catheterization by Malmborg
(1965). His patients with the highest pulmonary capillary venous
pressures during exercise had the lowest cardiac outputs, the smallest
increases of cardiac output with increasing oxygen uptake, and the
lowest exercise tolerance. Thus, high filling pressures seem to be a
prerequisite for an effective response of the central circulation during
exercise in physically fit healthy elderly men; in coronary artery
disease and myocardial insufficiency, on the other hand, high filling
pressures were a compensatory mechanism in the most disabled
patients, who had poor responses of the central circulation to exercise.

Within the group of elderly men studied, there were also signifi-
cant relationships between the filling pressures of the heart and
pulmonary ventilation; the lowest pressures during exercise were
observed in the subjects in whom the highest values for airway
resistance could be expected (Granath and Strandell 1964).

Effect of Digitalization

In order to evaluate further the possibility of myocardial insuffi-
ciency in old age, 5 healthy men 66-80 years old were studied by right
heart catheterization at rest and at two work loads in the supine
position (Strandell 1970). Thereafter, they were digitalized with 1.6 mg
deslanoside (Cedilanid) i.v., and the study was repeated 1} h later. At
rest, the subjects had after digitalization a slightly lower average
stroke volume and a higher heart rate, but unchanged cardiac output,
and slightly lower filling pressures in both the left and the right
ventricle. All these changes, however, could be related to the effect of
the previous exercise. During exercise, the heart rate, stroke volume,
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and cardiac output were the same before and after digitalization. The
filling pressures of the left and right ventricles during exercise were
somewhat lower at the first work load after digitalization, but less so
at the second. It was not possible to state whether or not the slightly
lower filling pressures during mild exercise with unchanged stroke
volume were an effect of digitalization or of the previous exercise
period. In some of the healthy elderly men, however, the high filling
pressures during exercise did not decrease after digitalization.

Thus, although the pumping capacity of the heart decreases with
age, there are no indications that this decrease is related in healthy
subjects to subclinical coronary artery disease or myocardial insuffi-
ciency.

Effect of Physical Activity

The effect of short-term physical training on the central circulation
in old age is not well known. In the group of 61-83-year-old men, the
recent degree of physical activity, as recorded in the case history, was
positively related to the ability to increase the stroke volume during an
increase in work load in the supine position (Granath and Strandell
1964). A positive relationship was also observed between the degree of
physical activity and the pulmonary capillary venous pressure during
exercise in the supine position. Thus, the physically active men had
the largest stroke volumes and the highest pulmonary capillary venous
pressures during exercise. Three of these men took part in intense
physical training for 34 weeks; they increased their maximal oxygen
uptake by 10% and reduced their heart rates at submaximal loads
accordingly. When these men were again studied by right heart
catheterization, no change in the relationship between cardiac output
and oxygen uptake was observed, but the average stroke volume
during sitting exercise and the stroke volume at the highest work load
in the supine position were about 10% higher than before the training
period. At the same time, the average pulmonary capillary venous
pressures and pulmonary artery pressures were about 5 mm Hg higher
at the work load in the supine position.

These changes after training are in agreement with the previous
findings, and indicate that the effect of physical activity and training
on the central circulation, with an increase in stroke volume during
exercise and in the maximal cardiac output, was connected in large
part with regulation of the distribution of the blood volume, and
presumably with the ability to increase the central blood volume
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during exercise. Simultaneously, the heart volume in the supine
position increased after training by an average of about 10%.

The findings in these elderly men were thus similar to observa-
tions in young men, among whom active athletes have higher filling
pressures during exercise than ordinarily trained men (Bevegérd et al.
1963).

Dye dilution studies on the effect of short-term physical training
in men 38-55 years old (Hartley et al. 1969) have shown, as in the
group of elderly men studied, that the increase in maximal oxygen
uptake was due solely to an increase in stroke volume, not to a
simultaneous increase in the arteriovenous oxygen difference, as
occurs in young men. They therefore suggested that changes in the
distribution of blood flow by training are minimized by the aging
process.

The effect on cardiac output of long-term intense physical training
and aging was studied by dye dilution in 9 active athletes 44-55 years
old by Grimby et al. (1966). Higher cardiac outputs in relation to
oxygen uptake were observed at rest and during exercise, in compari-
son to young athletes and to untrained men. Apart from somewhat
low hemoglobin concentrations, which might have been compensated
for by an increased cardiac output, no explanation of these high
cardiac outputs has thus far been found.

From the cross-sectional studies mentioned and the longitudinal
ones of Hollman (1965) and Dill et al. (1967), it is quite clear that the
maximal cardiac output and maximal oxygen uptake decrease less with
increasing age in physically active than in sedentary subjects. Regular
physical activity of suitable intensity and type should therefore be a
good way of maintaining physical working capacity into old age.

Distribution of Cardiac Output in Old Age

The distribution of cardiac output at rest and during exercise in
young subjects has been extensively described by Wade and Bishop
(1962). Exactly how the reduction in cardiac output with age affects the
various regional blood flows is less well known, but in all organs
studied the regional flow resistance increases with age.

Davies and Shock (1950) observed a progressive decrease with age
in renal blood flow, measured as diodrast clearance. The decrease of
flow between the fourth and ninth decades was about 55%, or 0.6
liters/min; it is most probably related to the decrease with age in the
number of active nephrons.
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The cerebral blood flow has also been found to decline with age.
Fazekas et al. (1952), using a modification of Kety’s nitrous oxide
method, compared groups of men between the ages of 34 and 68, and
observed a decrease of about 20% with a slightly greater decrease in
cerebral oxygen uptake.

The effect of aging on the splanchnic blood flow, which is the major
regional flow in the body, is not known in detail. No major decrease
with age has been observed, but it is likely that the blood flow to the
metabolically active liver decreases at least in proportion to the
decrease with age in the basal metabolic rate, or about 15% between
25 and 65 years of age.

No reports on the effect of age on the coronary blood flow in
healthy subjects are available, because of the methodology involved.
No major effects are to be expected, however, since Holmberg et al.
(1971) showed the coronary blood flow at rest and during moderate
exercise to be the same in patients with coronary heart disease and
slightly younger control patients without coronary heart disease. Only
during severe exercise were the coronary blood flow and the myocar-
dial oxygen consumption lower than in the control group. When only
such slight differences can be observed between patients with and
without proven coronary artery stenosis, change with age in appar-
ently healthy subjects is probably slight, except for the expected
decrease of the maximal flow capacity.

Changes in total skeletal muscle blood flow are difficult to assess,
but no significant decline with age in calf blood flow at rest was found
by venous occlusion plethysmography by Allwood (1958). In his
groups of healthy males, ages 18-24 and 70-82, respectively, the
average values were, however, lower in the calf in the older group,
and the vascular resistance was significantly higher in the old com-
pared to the young group. )

Like the renal circulation, the skin blood flow has functions other
than to satisfy the metabolic needs of the tissues, and the arterioven-
ous oxygen difference is high. Since the skin blood flow is an
integrated part of the thermoregulatory system of the body, the range
of normal flow levels is wide even during standard conditions.
Although a somewhat lower average value of the foot blood flow at
rest was obtained in men 70-82 years old, compared to men 18-24
years old, the difference was not significant (Allwood 1958). Low skin
temperatures are a well-known clinical finding in old age even in
healthy subjects, however, and this finding indicates a low skin blood
flow. In some healthy elderly men with low cardiac outputs, the
reduction in blood flow to the lips, nose, and hands can lead to clearly
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visible cyanosis, especially in the erect position, when sympathetic
tone is high. Thus, cyanosis of these parts in old age can be a simple
effect of the normal reduction in cardiac output, and need not signify
cardiac decompensation.

The effect of age on the distribution of cardiac output during exercise
has not yet been studied in detail. That the rise in cardiac output in
relation to oxygen uptake was the same in old (Granath et al. 1961,
1964) and young men (Bevegérd et al. 1960, Holmgren et al. 1960), in
both the supine and the sitting position, favors the idea of a similar
distribution in old and young. Some studies are available of leg blood
flow, which constitutes a major part of the increase in cardiac output
during exercise. No differences in femoral venous oxygen saturation at
rest or during bicycle exercise with one leg were observed by Carlson
and Pernow (1961) between groups of healthy male volunteers 20-37
and 48-56 years old, indicating no significant change in leg blood flow
with age. In a group of 7 healthy, well-trained, athletic men 52-59
years old, the same leg blood flow at rest was found by Wahren et al.
(1974) as in a group of 8 physically fit, healthy men 25-30 years old
(Jorfeldt and Wahren 1971). In both studies, the same constant-rate
intra-arterial indicator infusion technique was applied. During exer-
cise, however, the increase in leg blood flow was less in the middle-
aged athletes, and was largely compensated for by a larger arterioven-
ous oxygen difference. It cannot be stated at present whether this
difference in leg blood flow during exercise is due to age or to the
exceptionally high degree of physical fitness of the older group, which
had more than 10 years’ participation in cross-country running and an
average maximal oxygen uptake of 3.5 litersimin. Because muscie
blood flow measured with the !**Xe-clearance method has been
found to be lower at a given work load in trained subjects than in
untrained ones (Grimby et al. 1967), it is still an open question
whether or not age per se reduces muscle blood flow during exercise.

Limiting Factors for Physical Work Capacity in Old Age

In parallel with the decrease with age in the maximal heart rate
and stroke volume during exercise, and thus in the maximal cardiac
output, physical performance is reduced. The decrease with age
observed in cross-sectional studies of the maximal oxygen uptake (Fig.
4.7), however, is for various reasons less marked than the decrease in
longitudinal studies (Hollman 1965, Dill et al. 1967). It has also been
shown that the decrease in maximal oxygen uptake is more marked in
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Fig. 4.7. Maximal oxygen uptake during upright exercise in relation to age in 81 normal
nonathletic males. From Robinson (1938).

sedentary than in physically active subjects (Hollman 1965, Dill et al.
1967). The question then arises whether or not the reduced maximal
cardiac output in old age is the main cause of the reduced physical
work capacity. As age changes occur simultaneously in other organs,
such as skeletal muscle and the lungs, the limitation might well be
found outside the central circulation. In young subjects, both the
physical work capacity (Kjellberg et al. 1949, Astrand et al. 1963) and
the stroke volume during exercise (Holmgren et al. 1960) are closely
related to cardiovascular dimensions such as heart volume, total
hemoglobin, and blood volume, suggesting that the work capacity is
limited mainly by central circulatory factors (Sjostrand 1960). Among
26 healthy men 61-83 years old (Strandell 1964b), however, there was
no correlation of even probable significance between maximal work
capacity and circulatory dimensions. Within the group of 17 of these
old men (Granath and Strandell 1964) who were studied by right heart
catheterization, the maximal work capacity was not related to any data
on pressure and flow, except slightly to stroke volume at the highest
work load. This relationship was lost, however, when the influence of
age on the maximal work capacity was eliminated. Thus, there are no
indications of a close relationship between maximal work capacity and
central circulatory factors in old age. Nor were there any relationships
in the group of 26 elderly men between maximal work capacity and
lung volumes or measurements of pulmonary ventilatory function
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obtained by static and dynamic spirometry. Ventilatory factors, there-
fore, do not significantly limit the capacity for this type of physical
exercise, but pulmonary limitation may be present in some subjects.
In none of these subjects, however, were signs of pulmonary insuffi-
ciency present during maximal working intensity when arterial oxy-
gen and carbon dioxide tensions were studied.

The closest relationship observed was the negative one between
the maximal work capacity and the lactate concentration in arterial
blood at a given submaximal work load. The maximal work capacity,
representing the aerobic capacity, thus varied with the ability of the
subjects to avoid accumulation of metabolites from anaerobic metabo-
lism, and this ability could be assessed at submaximal work loads. The
maximal physical work capacity was accordingly related to peripheral
factors (Strandell 1964c), as has been suggested earlier in young
subjects (Astrand 1952, Cobb and Johnson 1963), and may have been
associated with the muscular mass engaged in the exercise, the
distribution of muscle blood flow, the diffusion of oxygen from the
capillaries into the muscle cell, and cellular metabolic factors. The
increased oxygen extraction by well-trained muscles has been related
to the marked increase in the activity of oxidative mitochondrial
enzymes and in the number and size of the mitochondria after
physical training (Morgan et al. 1969). To date, however, these factors
have not been studied in detail in old age.
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Blood Pressure and Its
Regulation

R. H. JOHNSON

Introduction

This chapter is concerried with blood pressure regulatory mechanisms
in the elderly and the conditions in which they are disturbed. It is not
intended to be a general review of circulatory physiology and the
disorders that affect it. A full account of the normal circulation is that
of Folkow and Neil (1971); clinical disorders affecting circulatory
regulation are descrived by Johnson and Spalding (1975). Hyperten-
sion in old age is considered in detail in Chapter 7, and is therefore
mentioned only briefly here.

The ability to adjust the activity of the heart and peripheral
circulatory resistance as stresses affect the circulation is maintained
throughout life:

“You are old, Father William,” the young man said,
““And your hair has become very white;

And yet you incessantly stand on your head—
Do you think, at your age, it is right?”

“In my youth,” Father William replied to his son,
I feared it might injure the brain;

But now that I'm perfectly sure I have none,
Why, I do it again and again.”

R. H. JOHNSON - University Department of Neurology, Institute of Neurological
Sciences, Southern General Hospital, Glasgow, G51 4TF, Scotland.
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Fig. 5.1. Systolic and diastolic blood pressures for females and males. The area of each
circle or square is proportional to the number of subjects in each 5-year age group
(Hamilton et al. 1954). There is a wide range of systolic pressure in the elderly, but the
range of diastolic pressure is much less.

Normal Blood Pressure in the Elderly

The normal range of arterial blood pressure between systolic and
diastolic pressures increases with age (Hamilton et al. 1954). Elderly
subjects without disease may therefore have blood pressures that
would be unacceptable in younger age groups (Fig. 5.1). Systolic blood
pressure ranges particularly widely (Master et al. 1958; Anderson and
Cowan 1959, 1972; Caird 1963). The effect of aging on diastolic
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pressure is much less unless weight gain also occurs (Ulrych et al.
1973). In a study of 114 elderly people over 70 years of age in the
community, it was found that diastolic pressures were not signifi-
cantly greater in the older subjects in the series (Martin and Millard
1973). There was a statistically significant increase in electrocardi-
ographic abnormalities when the diastolic pressure was 100 mm Hg or
more, and this figure may therefore be regarded as the acceptable
upper limit in elderly subjects. This conclusion is in agreement with
the conclusions of other workers (Gavey 1949; Master et al. 1958;
Anderson and Cowan 1959, 1972).

Arterial blood pressure shows a diurnal rhythm (Richardson et al.
1964); it also alters widely in relation to exertion (Humphreys and
Lind 1963, Lind and McNicol 1967a,b). It has been suggested that
variability of blood pressure should be considered in the genesis of
vascular accidents, particularly since blood pressure fluctuations are
greater in subjects with hypertension (Zulch and Hossmann 1967). A
series of men with ischemic cerebrovascular disease were therefore
studied by means of automatic blood pressure monitoring over 24 h
(Gross and Marshall 1970). Supportive evidence was obtained that
variance of blood pressure was related to the height of blood pressure.
It did not appear, however, that there was any difference between
those with definite evidence of cerebral infarction and those who had
had transient ischemic attacks.

The arterial blood pressure depends primarily on the cardiac
output and the peripheral resistance. It is kept within due bounds by
a number of mechanisms, particularly the baroreceptor reflex (Hey-
mans and Neil 1958). The chief baroreceptors are in the carotid sinus
near the bifurcation of the carotid arteries and in the arch of the aorta.
The afferent nerve supply for the carotid sinus is in the ninth cranial
nerve; for the arch of the aorta, it is in the vagus. Afferent impulses
reach the cardiovascular centers in the brain stem, eliciting motor
responses that tend to keep the blood pressure constant. The efferent
pathways are parasympathetic through the vagi that slow the heart,
and sympathetic through fibers to peripheral vessels, thus altering
peripheral resistance. Sympathetic fibers also innervate the heart
(Mitchell 1953). Animal experiments have suggested that other vascu-
lar baroreceptor reflexes may exist in the venous or arterial circulation,
or that different central pathways are involved (Sarnoff and Yamada
1959, Beacham and Kunze 1969, Andrews et al. 1971). Nevertheless,
there is no good evidence at present for effective baroreceptor reflexes
except from the carotid sinus and the arch of the aorta.

The baroreceptor reflexes are called into play when the circulation
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is stressed, as when one stands. When a healthy subject stands, the
blood pressure usually changes little. The systolic pressure may fall
10-15 mmHg; the diastolic pressure may rise or fall 5 mmHg (Currens
1948). Change of posture from the horizontal to the vertical results in a
fall in cardiac output to 75-80% of the output when supine (Bickel-
mann et al. 1961, Folkow and Neil 1971). The maintenance of blood
pressure on standing is also associated with an increase in heart rate,
which is usually greater in the young than in the old. In young people,
the increase is about 20 beats/min, whereas in old age the increase is
10-15 beats/min (Hellstrom 1961, Strandell 1964). This difference
illustrates that baroreceptor activity diminishes with age (Bristow et
al. 1969), and details are therefore given below. Any disruption of the
baroreflex arc results in failure of blood pressure homeostasis, and
cerebral perfusion is not maintained. This review therefore continues
with details of cerebral blood flow regulation. Failure of cerebral blood
pressure regulation results in the development of symptoms, begin-
ning with graying of vision. The subject then feels dizzy and will lose
consciousness if the fall in blood pressure is not corrected. Such
episodes may occur intermittently and transiently—"‘syncope”’—or
may develop whenever the subject stands—postural hypotension. This
review therefore concludes with a discussion of disorders in which
there is failure of regulation. The first part of the concluding section
describes causes of syncope in the elderly; the second part considered
chronic causes of failure of blood pressure homeostasis, which results
in orthostatic hypotension.

Baroreceptor Reflex Sensitivity

One method of assessing baroreceptor reflex sensitivity is to
record blood pressure through an intra-arterial cannula and to give
intravenous injections of a pressor agent such as angiotensin (0.25-2.0
pg) or the a-stimulating agent phenylephrine (50-200 ug) (Pickering et
al. 1968, Smyth et al. 1969, Sleight et al. 1971). These drugs cause a
transient rise in blood pressure and reflex bradycardia. The systolic
pressures of successive arterial pulses are plotted against heart rate (or
pulse intervals), and the relationship of change in heart rate to the
alteration in blood pressure is an index of activity of baroreceptor
reflexes from both the carotid sinus and the aorta. This test depends,
on the efferent side, on vagal control of heart rate, and ignores
changes in peripheral vascular resistance. It has been shown, how-
ever, that direct stimulation of the nerve supplying the carotid sinus
produces similar effects on heart rate and on peripheral resistance
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(Carlsten et al. 1958). The test also requires that aortic baroreceptor
activity be similarly affected, and although no evidence is available in
man, some studies in animals point to this being so (James 1972).

The baroreceptor sensitivity increases during sleep (Pickering et
al. 1968; Bristow et al. 7969b) and after B-adrenergic blockade at rest,
but not during exercise (Sleight et al. 1971). These findings suggest
that normally at rest, B-adrenergic sympathetic sensitivity modifies
bradycardia induced by the baroreceptor reflex. Baroreceptor sensitiv-
ity is decreased in exercise in subjects with high arterial pressure and
as age increases, at least up to the age of 65 (Fig. 5.2) (Bristow et al.
1969a, Bristow et al. 1959¢, Sleight et al. 1971, Gribbin et al. 1971).
The change in sensitivity may be due to decreased distensibility of the
arterial wall at the barcreceptor site (Bristow et al. 1969a,c, Sleight
1971), as distensibility of the sinus is essential for the baroreceptors to
be stimulated (Hauss et al. 1949). Studies on necropsy specimens from
the carotid artery have substantiated that its arterial wall and that of
the carotid sinus are less distensible with increasing age (Fig. 5.3)
(Winson et al. 1974).

The effect of baroreflex activity may also be examined by studying
the effect of Valsalva’s maneuver (1707) on blood pressure and heart
rate. In this maneuver, an acute rise in intrathoracic pressure is
obtained by asking the subject to take a deep inspiration and then to

Fig. 5.2. Baroreflex sensitivity pulse interval related to change in blood pressure (msec/
mmHg) related to age in normotensive subjects (O) and subjects with hypertension
(mean arterial blood pressure above 100 mm Hg (@) (Bristow et al. 1969a). Baroreceptor
sensitivity is reduced with increesing age and with hypertension.
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Fig. 5.3. Circumferential extensibility of
the right carotid sinuses (O) and right
common carotid arteries (@) in a 27-year-
old man (- - -) and a 75-year-old woman
( ) (Winson et al. 1974). The carotid
sinus is more rigid than the common
carotid artery in both subjects, and the
vessels of the older subject are more rigid
than those of the younger.

attempt to expire forcibly for at least 7 sec, keeping his nose and
mouth closed. There is an initial rise in blood pressure (Fig. 5.4, phase
I), and then the raised intrathoracic pressure inhibits venous return to
the heart and the blood pressure falls (phase II). After about 5 sec in a
normal subject, the blood pressure levels off and begins to rise (phase
III); this rise is attributed to reflex vasoconstriction. When the intra-
thoracic pressure is released, the blood pressure rises and, in normal
subjects, exceeds the original levels because of the persistence of
vasoconstriction (phase IV). The rise in blood pressure causes brady-
cardia through the baroreceptor reflex. The changes of heart rate and
blood pressure at different stages of the maneuver have been exten-
sively examined and are reviewed by Johnson and Spalding (1974). A
relationship has been suggested between the fall in arterial pulse
pressure during the maneuver and the maximum rise in diastolic
pressure in the seconds after the maneuver (Sharpey-Schafer 1955,
Sharpey-Schafer and Taylor 1960), and it has been suggested that this
relationship is affected by age (Appenzeller and Descarries 1964, Gross
1970). This method of assessing the cardiovascular effects of the
maneuver has not been altogether satisfactory (Corbett 1969, Johnson
and Spalding 1974). Alternative criteria indicating impairment of
circulatory reflexes (Corbett 1969, Johnson and Spalding 1974) are (1)
Absence of a systolic blood pressure overshoot in phase 1V, (2) lower
heart rate in phase II than in phase IV, (3) a fall in mean blood
pressure in phase II below 50% of the resting mean arterial pressure.
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Cerebral Blood Flow in the Elderly

Although it has been suggested that the cerebral blood flow and
cerebral metabolic rate of elderly patients are the same as those of
young healthy controls (Dastur et al. 1963), the consensus is that as age
increases, both cerebral blood flow and cerebral metabolic rate fall
(Fazekas et al. 1952, Purves 1972, Schieve and Wilson 1953, Wang and
Busse 1975). The density of cortical neurons is also reduced with
advancing age (Fig. 5.5) (Brody 1955, Kety 1956, Purves 1972). It is not
known, however, whether the explanation of the reductions with age
is that blood flow is adjusted to metabolic requirements or that

Fig. 5.4. Blood pressure in a normal subject (A) and a patient with orthostatic
hypotension (B) before, during, and after Valsalva's maneuver (Johnson and Spalding
1974). The four phases of the blood pressure response are described in the text. The
patient’s response is blocked.
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cerebral metabolism is regulated by the rate of cerebral perfusion.
Some authors have concluded that there is an inverse relationship
between total cerebral blood flow (and metabolic rate) and the degree
of dementia (Freyham et al., 1951; Fazekas et al., 1953; Lassen et al.,
1957). Reduction in cerebral blood flow in elderly patients appears to
be related to the severity of cerebrovascular disease (Yoshida et al.
1975). Subjects with low blood flow through the gray matter of the
brain have lower scores on intellectual testing, especially of perform-
ance (Table 5.1) (Wang and Busse 1975). Lower blood flow through the
gray matter was found in subjects with lower mean arterial blood
pressure (Table 5.2). It may be that the elevation of blood pressure in
the normal range found with old age (see Fig. 5.1) is related to the
maintenance of adequate cerebral blood flow. This maintenance may
in turn allow cerebral metabolism to continue normally and intellec-
tual function to be retained. The change in cerebral blood flow may be
a consequence rather than a cause of cerebral cell loss, however,
depending on the nature of the disease.
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The cerebral blood flow changes with hyper- or hypocapnia are
reduced with advancing age (Fazekas et al., 1952; Schieve and Wilson
1953). In a study of three groups of elderly subjects (a) normotensive
but with arteriosclerosis, (b) hypertensive without arteriosclerosis,
and (c) hypertensive with arteriosclerosis, it was found that the first
group had a smaller response of cerebral blood flow to hypercapnia
than the other two groups (Novack et al., 1953). It was concluded that
these responses are related to the extent of vascular disease.

Failure of Blood-Pressure Regulation in the Elderly

Any fall in blood pressure may result in failure of normal cerebral
perfusion and the development of symptoms associated with cerebral
hypoxia. If the fall is slight, the patient experiences dizziness or visual
blackout, and there may be altered consciousness. If the fall is rapid
and considerable, the patient loses consciousness. It is useful to
consider disorders that may present with episodic loss of conscious-
ness—syncope—because this is a clinical problem, and also to consider
conditions in which there is a more continuous failure to maintain
blood pressure, particularly in response to the upright posture—
orthostatic hypotension. There is overlap between such classifications,
however, since patients with orthostatic hypotension may present
with syncope.

TABLE 5.1. Comparison of Intellectual Test Results” in 24
Elderly Subjects with High and 24 with Low Gray Matter
Cerebral Blood Flow

Gray matter blood flow (ml100 g per

min)
Intellectual scores High flow Low flow
Verbal 60.3+20.9 52.5%21.3
Performance 31.8+13.7 23.7+11.4°
Full 92.1%+33.7 76.9+32.2

¢ Wechsler tests: means*SD.
® There was a significantly lower performance scale in those with low
flows (P < 0.05). (Wang and Busse 1975)
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TABLE 5.2. Relationship between Mean Arterial Blood Pressure and Mean
Gray Matter Blood Flow (=SD) in Elderly Patients”

Mean arterial blood pressure (mm Hg)

94 or less 95-114 115 or more
Number of patients 10 29 9
Gray matter blood flow (ml/100 g per
min)” 42.3*44 47.5*+10.0 52.5+11.5

“ Wang and Busse (1975).
”Mean gray matter blood flow is significantly greater in the highest than in the lowest blood
pressure group (P < 0.02).

Causes of Syncope

An important differential diagnosis is epilepsy, and it is not
uncommon for such patients to present at a neurological clinic for
investigations of attacks of unconsciousness or convulsions, or both.
The cardiac causes of syncope (Fig. 5.6) are considered in detail in
other chapters. It may also develop with overactivity or paralysis of
the reflex arc from baroreceptors subserving blood pressure regula-
tion. Those that are particularly likely to occur in the elderly due to
active reflexes are described below. Others, such as emotional fainting
and reflex hypotension from visceral stimulation, although they may
occur in any age group, usually occur in younger people. Such
conditions are reviewed in detail by Johnson and Spalding (1974).
Disorders related to paralyzed reflexes from baroreceptors are dis-
cussed in the later section on orthostatic hypotension.

Cough Syncope. Loss of consciousness after coughing (Charcot
1876) was not widely recognized until recently (Whitty 1943, Baker
1949). In adults, it has usually been reported in those who smoke.
After a bout of coughing, there may be momentary loss of conscious-
ness, in which the subject falls to the ground and may twitch. Less
severe symptoms are dizziness and temporary mental clouding. These
symptoms are circulatory in origin, due to an acute reduction of
supply pressure of blood to the brain (Sharpey-Schafer 1953a,b)
similar to the changes that accompany Valsalva’s maneuver (see Fig.
5.4). Venous return is impeded, and the cardiac output and arterial
blood pressure fall. The reflex response is an increase in peripheral
vascular resistance, which results in an overshoot of arterial blood
pressure when the paroxysm stops. Some patients cough intermit-
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tently and repeatedly, and in them another factor enters into the
syncope. The coughing produces large pressure transients within the
chest, which are transmitted to the aorta and thence along major
arteries. These arterial pressure transients stimulate baroreceptors and
result in a reflex fall in peripheral vascular resistance, and hence in
arterial blood pressure (Sharpey-Schafer 1953a,b; Gastaut et al. 1959).
Treatment depends on reducing or stopping coughing; in particular,
the patient should give up smoking. Although the circulatory explana-
tion probably accounts for most cases, it may be that some are
epileptic (Whitty 1943).

Carotid Sinus Syncope (or Syndrome). This condition occurs in
middle-aged or elderly patients, usually men who suffer from symp-
toms due to a hypersensitive carotid sinus reflex (Weiss and Baker

Cardiopulmonary disease Arrhythmias
Paroxysmal tachycardia
Ventricular fibrillation
Atrioventricular block
Sinoatrial block
Stokes—Adams attacks
Coronary artery disease
Angina pectoris
Myocardial infarction
Obstructive disease
Congenital cyanotic heart disease
Myxoma and ball valve thrombus
Hypertrophic obstructive cardiomyopathy
Pulmonary hypertension
Pulmonary embolism
Reflex circulatory disorders Active reflexes
Emotional fainting
Voluntarily induced syncope
Micturition syncope
Cough syncope
Carotid sinus syncope
Reflex from viscera, eyeballs, or swallowing
Paralyzed reflexes
Neurogenic causes of orthostatic hypotension
(see Fig. 5.8)
Alcohol and drug toxicity
Other Hypoglycemia
Hyperventilation
Anemia

Fig. 5.6. Causes of syncope.
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Fig. 5.7. (A) Effect of carotid sinus stimulation on heart rate and arterial blood pressure;
(B) the same study carried out in the same patient after atropine (1 mg) intravenously
(Hutchinson and Stock 1960). Carotid sinus stimulation caused asystole and hypoten-
sion. The degree of hypotension was similar after atropine, implying a vasodilator
component of the reflex.

1933, Hutchinson and Stock 1960, Heron et al. 1965). The condition
has been called carotid sinus syncope, but only about a third lose
consciousness, though some of those have convulsions. Other major
symptoms are vertigo, mental confusion, and focal disturbances such
as unilateral sensory symptoms or clonic movements of a limb (Hutch-
inson and Stock 1960). The focal symptoms have been attributed to
concomitant cerebrovascular disease. An attack may be provoked by
turning the head to one side, particularly with a tight collar; tying a
tie; or exertion. Part of the mechanism underlying the attacks was
described by Parry (1799), who noted slowing of the heart rate on
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pressure on one of the carotid arteries. Stimulation of the carotid sinus
by external pressure in these patients produces not only cardiac
slowing via vagal activity, but also peripheral vasodilatation (Fig. 5.7).
The tendency for carotid sinus syncope to occur mainly in elderly
men may be related to a greater severity and frequency of bradycardia
in response to carotid sinus stimulation in old men (Mankikar and
Clark 1975). The diagnosis may be assisted by pressure over the
carotid sinus and observation of the heart rate. It is essential to listen
to the heart or watch an ECG and to cease stimulation as soon as
bradycardia begins (Arenberg et al. 1971), for death can occasionally
occur with carotid pressure (Nelson and Mahru 1963). Although it has
been recommended that the test should not be carried out on patients
over 75 years of age (Lown and Levine 1961), Mankikar and Clark
(1975) found the investigation safe in their 386 patients, of whom 248
were 80-104 years old. Treatment consists of atropine by mouth to
block the vagal effects of the reflex. Spontaneous remission may occur,
but if attacks persist, even with medical treatment, denervation of the
carotid sinus may be considered (Hutchinson and Stock 1960).
Micturition Syncope. This condition (Proudfit and Forteza 1959) is
said to occur in patients who faint at the end of or soon after
micturition. It is particularly likely to be misdiagnosed as epilepsy
(Coggins et al. 1964), and it is a disorder predominantly of men of all

Cerebrovascular disease
Idiopathic orthostatic hypotension

Multiple-system degeneration, including Parkinsonism, postganglionic
autonomic degeneration, deficient catecholamine release

Parkinson’s disease (idiopathic paralysis agitans)
Spinal Cord Lesions

Tabes Dorsalis

Polyneuropathy

Acute polyneuropathy
Chronic polyneuropathy
Diabetes mellitus
Amyloidosis
Carcinoma
Chronic renal failure
Alcoholism

Drug complications

Fig. 5.8. Disorders in which paralysis of baroreceptors may occur in elderly subjects,
resulting in orthostatic hypotension.
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ages, often, however, of young adults. It is rare in the elderly. Loss of
consciousness is abrupt, and recovery rapid and complete (Lyle et al.
1961). In most cases, it occurs only occasionally, though in a few it is
recurrent (Coggins et al. 1964, Lukash et al. 1964). The physiological
explanation appears to be that a full bladder tends to cause peripheral
vasoconstriction (Carmichael 1950), although such vasoconstriction
usually does not cause arterial hypertension, since the tendency for
hypertension to occur is counteracted through the baroreceptor re-
flexes. In micturition syncope, a full bladder is emptied quickly, the
vasoconstriction gives way to dilatation, and in a few subjects the
dilatation and the erect posture are enough to lower the blood
pressure sufficiently to cause a faint (Lukash et al. 1964). In most
subjects, however, other factors are required that also tend to lower
the blood pressure. These factors include a change from the recumbent
to the erect posture, as in getting out of bed; vasodilatation due to the
warmth of the bed or a hot room; and alcohol (Lyle et al. 1961). Rarely,
syncope may also occur during defecation (Pathy, 1975). The mecha-
nism is probably similar to that in Valsalva’s maneuver (Littler et al.
1974).

Causes of Orthostatic Hypotension

Patients with orthostatic hypotension (see Fig. 5.8) have a pro-
gressive fall of blood pressure when they sit or stand (Fig. 5.9). Many

Fig. 5.9. Blood pressure with change in posture in a normal subject (A) and in a patient
with orthostatic hypotension (B) from intermediolateral column degeneration (Johnson
et al. 1966). The patient has a progressive fall of blood pressure when his posture is
changed.
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TOTAL REFLEX ARC

Orthostatic hypotension, “blocked”” blood pressure response to Valsalva’'s
maneuver or to subatmospheric pressure to the lower part of the body

AFFERENT LIMB OF ARC EFFERENT LIMB OF ARC
(from baroreceptors)

Abnormal tests of total reflex, No blood pressure rise or vasconstriction in
arc function, but normal hand to loud noise, mental concentration, or
tests of efferent limb of arc ice pack

No vasodilatation to radiant heating of trunk.
Increased sensitivity of blood pressure to drug
infusions

(No sweating to raised central temperature)

Preganglionic pathway  Postganglionic pathway

Brain Cervical Dorsal Peripheral
spinal spinal fibers
cord cord
Abnormal tests of Gasp reflex absent
efferent limb of arc, Acetylcholine axon
but acetylcholine axon  reflex absent
reflex normal Failure of catecholamine
release

Fig. 5.10. Indications of failure of sympathetic circulatory activity.

causes must be considered. These include loss of circulating blood
volume, as may occur with hemorrhage, either external or internal, or
dehydration. Failure of hydration can occur from inadequate fluid
input or from excessive fluid loss, as with diarrhea, profuse sweating,
diabetes insipidus, and diabetes mellitus. Orthostatic hypotension
also occurs in disorders in which there is paralysis of reflexes from
baroreceptors subserving blood pressure. This paralysis may occur in
many neurological disorders and as a toxic effect of drugs. Those that
are important differential diagnoses in the elderly are considered
below. Unfortunately, there is no single test to determine the site of
autonomic block. Localization of lesions affecting the circulatory
system requires several tests to be carried out, and additional informa-
tion may be gained examining other autonomic activities. The indica-
tions of failure of sympathetic circulatory activity are summarized in
Fig. 5.10, those of failure of parasympathetic activity, in Fig. 5.11. The
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TOTAL REFLEX ARC

Absence of heart rate change during hypo- or hypertension induced by change of
posture, drug infusions, Valsalva’s maneuver or subatmospheric pressure to
the lower part of the body. No bradycardia with carotid sinus pressure

AFFERENT LIMB OF ARC EFFERENT LIMB OF ARC
(from baroreceptors) (vagus)
Abnormal tests of reflex arc function, No increase in heart rate with
but normal tests of efferent limb of atropine
arc No variation in heart rate on deep
breathing

(No secretion of acid in stomach after
injection of insulin)

Fig. 5.11. Indications of failure of parasympathetic circulatory activity.

reader is referred to detailed descriptions by Johnson and Spalding
(1974), who also give details of original work.

Cerebrovascular Disease. Orthostatic hypotension is more common
in the elderly than in younger age groups. This section is relevant to
those patients in whom it develops with evidence of cerebrovascular
disease. Other diseases in which it occurs as a complication are
described in subsequent sections. In one series, 11% of ambulatory
residents in an old people’s home had falls in systolic blood pressure
of 20 mmHg or more on standing, and 4% had a systolic fall of from 40
to 62 mm Hg (Rodstein and Zeman 1957). Nevertheless, symptoms of
weakness, dizziness, and headaches were not related to appreciable
falls in blood pressure. In a series of 100 elderly inpatients in a
geriatric hospital, 17% had falls of more than 20 mm Hg systolic blood
pressure, and 5% had falls in excess of 40 mmHg (Fig. 5.12) (Johnson
et al. 1965). In this series, it was found that symptoms could be related
to the hypotension, as some patients developed dizziness and one had
transient loss of consciousness. In 9 of these patients with orthostatic
hypotension, blood pressure was measured through an intra-arterial
cannula, and evidence of blocked reflex activity from baroreceptors was
obtained (Fig. 5.13). Efferent sympathetic activity was present, how-
ever, and there was therefore no evidence of degeneration affecting
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peripheral sympathetic nerves or the spinal cord; the lesion causing
the disorder was presumed to be in the brainstem.

Not all patients, however, have other evidence of neurological
deficit. Some patients with a minor degree of orthostatic hypotension
have hyponatremia, which responds to treatment with sodium chlo-
ride. The improvement was attributed to increased plasma volume
(Fine 1969). Potassium depletion has also been found in elderly
patients with orthostatic hypotension, and clinical improvement oc-
curred with replacement therapy (Cox et al. 1973). Such changes may
be related to hyperaldersteronism, but the endocrine changes in such
patients remain to be clarified.

Other nonneurological disorders are frequent in elderly patients
with orthostatic hypotension. Many patients with systolic falls of
blood pressure in excess of 20 mm Hg have varicose veins (50%) or
thrombophlebitis (18%) (Rodstein and Zeman 1957). In another series
of nearly 500 people 65 years of age or more living at home, orthostatic
hypotension of at least 40 mmHg systolic blood pressure was again
found in 5% (Caird et al. 1973). Compared with those in whom there

Fig. 5.12. Postural fall in systolic blood pressure in 100 elderly patients in a geriatric
unit. Falls of less than 20 mm Hg are not shown (Johnson et al. 1965). Orthostatic fall in
blood pressure was frequent.
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Fig. 5.13. Arterial blood pressure in a 74-year-old female with cerebrovascular disease
on change of posture from supine to 60° feet down and during Valsalva’s maneuver
(raised intrathoracic pressure) (Johnson et al. 1965). The patient had orthostatic hypo-
tension and a blocked response to Valsalva’s maneuver.

was no fall, there was no significant difference in the frequency of
various factors when taken singly (Fig. 5.14). Combinations of two or
more of these factors, however, were significantly more frequent in
those with orthostatic hypotension. The cause of orthostatic hypoten-
sion in elderly people is therefore likely to be multifactorial.

Idiopathic Orthostatic Hypotension and Multiple-System Disease.
Some patients develop autonomic failure with no evidence of other
neurological deficit. In a few of these patients, there is evidence of
pure autonomic peripheral neuropathy or failure of catecholamine
release (see below), but in others the lesion appears to be central.
There is uncertainty about whether these patients are early cases of
multiple-system disease in which degeneration occurs in other parts of
the nervous system, or whether it is a separate condition (Bannister
1971). Patients with multiple-system disease are usually middle-aged or
elderly men, and the autonomic nervous system may fail as a whole
over years or decades, the symptoms progressing through loss of
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sweating, impotence, sphincter disturbance, and orthostatic hypoten-
sion. The orthostatic hypotension results from a defect of reflex
vasoconstriction in both resistance and capacity vessels (Johnson et al.
1966, Bannister et al. 1967). Johnson et al. (1966) reported two patients
with autopsy findings of marked cell loss in the intermediolateral
columns of the spinal cord. They attributed the orthostatic hypoten-
sion to this cell loss, and subsequent reports have supported this
view. In many cases, autonomic failure is accompanied by multiple-
system degeneration elsewhere in the nervous system, notably olivo-
pontocerebellar atrophy and similar syndromes (Welte 1939, Rosen-
hagen 1943, Greenfield 1954), and Parkinsonism (Shy and Drager 1960,
Lewis 1964, Johnson et al. 1966, Nick et al. 1967, Schwarz 1967,
Graham and Oppenheimer 1969, Thomas and Schirger 1970). Such
patients may have degeneration of corticobulbar, corticospinal, extra-
pyrimidal, and cerebellar tracts. A syndrome has been reported in
which the condition was familial (Lewis 1964).

There is also the possibility that in multiple-system disease,
lesions in structures other than the intermediolateral cell columns may
be involved in causing autonomic failure. There is evidence that the
afferent or the brainstem part of circulatory reflex arcs may be
involved (Bannister et al. 1967). Two patients with idiopathic ortho-
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Fig. 5.14. A study of 496 patients, all 65 years old or more, living at home, in which a
comparison of the frequency of a series of factors was made between (M) a group of 46
subjects with a drop in systolic pressure of 30 mm Hg or more on standing, and (O) a
matched group without such a drop (Caird et al. 1973). No factor was statistically
significant alone, but a combination of factors was significantly more frequent (p <
0.01) in those with orthostatic hypotension.
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static hypotension have been described who had evidence of postgan-
glionic degeneration (Love et al. 1971). In a number of subjects with
severe idiopathic orthostatic hypotension, catecholamine excretion has
been normal (Johnson et al. 1966, Johnson et al. 1971, Love et al. 1971).
Two patients with idiopathic orthostatic hypotension have been
described however, as having a deficiency in catecholamine release
(Luft and von Eular 1953). Other patients with orthostatic hypotension
and low excretion of cetecholamines have since been reported (Sundin
1958, Hickler et al. 1959, Goodall et al. 1967). Another possible cause of
idiopathic orthostatic hypotension, therefore, is a decreased ability of
sympathetic nerves to form catecholamines, due either to a failure of
production by nerve endings or to absence of secretory impulses.

Parkinson’s Disease. As stated above, orthostatic hypotension oc-
curs commonly in patients with Parkinsonism associated with multi-
ple-system disease. It may also occur in idiopathic paralysis agitans
(Barbeau et al. 1969, Aminoff and Wilcox 1971, Appenzeller and Goss
1971), but its frequency is much less. Autonomic dysfunction may be
related to damage of autonomic structures centrally. Peripheral in-
volvement may also occur, as Lewy inclusion bodies have been
reported in sympathetic ganglion cells (Appenzeller 1970).

Spinal Cord Lesions. After an acute lesion of the spinal cord above
T6, orthostatic hypotension is the rule. It may be severe and can easily
cause loss of consciousness; great care must therefore be taken to
avoid raising the patient’s head above the horizontal. Although
evidence of autonomic dysfunction may be present in patients with
chronic incomplete spinal cord lesions, e.g., signs of Horner’s syn-
drome in cervical spondylosis, orthostatic hypotension is very rare,
but may occur.

Tabes Dorsalis. Loss of circulatory reflexes and orthostatic hypo-
tension may develop in tabes dorsalis. The loss of circulatory reflexes
is attributed to interruption on the afferent side of the reflex arc from
baroreceptors as part of the deep sensory loss characteristic of this
disease (Sharpey-Schafer 1956).

Peripheral Neuropathy. In acute polyneuropathy (polyradiculoneu-
ropathy, Guillain-Barré syndrome), the normal circulatory reflexes may
be lost, resulting in orthostatic hypotension. The degree of autonomic
failure that occurs in patients with acute polyneuropathy is variable
and loosely related to the extent of muscular paralysis or sensory
involvement (Johnson 1966). Some patient who are completely para-
lyzed and receiving artificial respiration have apparently normal blood
pressure control. Others have almost complete vasomotor paralysis,
while still retaining some skeletal muscle power.
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Patients with chronic or recurrent polyneuropathy are also liable
to autonomic disturbances, including orthostatic hypotension (Yama-
moto 1967). One common disorder in which orthostatic hypotension is
a complication is diabetes mellitus (Sharpey-Schafer and Taylor 1960,
Béarany and Cooper 1956, Appenzeller and Richardson 1966). Primary
amyloidosis may rarely present with orthostatic hypotension, 10 in a
series of 138 having this dysfunction (Kyle et al. 1966), although other
patients with amyloid infiltration of autonomic ganglia may be
asymptomatic (Appenzeller and True 1967). Bronchial carcinoma has
been reported in association with an autonomic polyneuropathy,
giving profound orthostatic hypotension (Ivy 1961, Siemsen and
Meister 1963). The orthostatic hypotension appears to be a nonmeta-
static consequence of the carcinoma, for, in one patient, irradiation of
the primary neoplasm improved chest symptoms, and orthostatic
hypotension disappeared (Park et al. 1972). Autonomic failure with
loss of circulatory reflexes, impotence, and inability to sweat has also
been reported in association with carcinoma of the pancreas (Thomas
and Shields 1970). Acute or chronic alcoholism may also disturb the
circulation, and circulatory reflexes may be impaired. When alcohol is
combined with dehydration, or with drugs such as barbiturates or
psychotropic drugs, profound hypotension can occur, even when the
patient is in the supine position (Richards 1944; Barraclough and
Sharpey-Schafer 1963). The symptoms improve when alcohol is with-
drawn, and may occur without peripheral neuropathy. The circulatory
disturbances are therefore partly a direct toxic manifestation, though
peripheral neuropathy, if it is present, may also play a part. Alcohol
normally causes an increase in catecholamine excretion, but in alcohol-
ics their excretion is significantly decreased, and this decrease may
be among the causes of the hypotension (Wartburg et al. 1961,
Schenker et al. 1967).

Drug Complications. A number of drugs, some of which are used
frequently in the treatment of the elderly, interfere with circulatory
reflexes. They include chlorpromazine, meprobamate, monoamine
oxidase inhibitors, and barbiturates (Barraclough and Sharpey-Schafer
1963), and many other tranquilizers and antidepressives, as well as the
drugs used to control arterial hypertension. Even when the drugs are
used in therapeutic doses, severe arterial hypotension may occur if the
patient’s circulation is already imperfectly controlled because other
conditions, such as cerebrovascular disease or peripheral neuropathy.
When patients with such disorders who are receiving these drugs are
first set up in bed or in a chair, postural syncope may occur, and it is
important to appreciate that it may be in part iatrogenic. Severe acute
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poisoning with these drugs results in arterial hypotension, while the
limbs remain warm and the veins dilated. The clinical picture is
therefore distinguishable from that of “shock,” in which the effect of a
fall in cardiac output is compensated by powerful activity of resistance
and capacity vessels, resulting in cold limbs with intensely constricted
veins.

Management of Orthostatic Hypotension

Investigations should be directed to the cause of the orthostatic
hypotension in order to determine whether it is secondary to a
treatable disorder. The most convenient method of treating orthostatic
hypotension is to use mechanical means to prevent pooling. These
include full-length elastic stockings in combination with a firm elastic
abdominal support. A more effective way is for the patient to wear a
pair of trousers with inflatable compartments that compress the legs
and abdomen, but still allow joint movement. These trousers, how-
ever, may be inconvenient for elderly people. The patient may also
benefit by progressive adoption of a foot-down position (MacLean and
Allan 1940); sleeping in a footdown position may sometimes be
helpful (Stead and Ebert 1941). There is evidence that this position
may be of value in elderly patients with orthostatic hypotension
related to cerebrovascular disease (Johnson et al. 1965). The mecha-
nism for the improvement may be related to increased renin release,
which has been observed in patients with idiopathic orthostatic
hypotension and cervical cord transection who are tipped from the
supine to the vertical position several times (Love et al. 1971, Johnson
and Park 1973). The value of postural training of the circulation,
however, requires further study.

Two forms of drug therapy may be of value, i.e., blood-volume
expanders and vasoconstrictors. Because orthostatic hypotension re-
sults from too large a proportion of the blood volume pooling in
dependent capacity vessels, drugs that expand the blood volume may
be of value. Fludrocortisone (Florinef), 0.5-2.0 mg/day in divided
doses, has been found most effective, and has largely supplanted other
drugs such as deoxycorticosterone acetate (DOCA) (Bannister et al.
1969). Drugs that cause vasoconstriction may also be tried. These
drugs include ephedrine and phenylephrine, but care must be taken to
avoid complications such as urinary retention in elderly men. Re-
cently, the combination of a monoamine oxidase inhibitor with
tyramine has been introduced (Lewis et al. 1972, Frewin et al. 1973,
Nanda et al. 1975). It has proved successful in some patients under 70
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years of age with idiopathic orthostatic hypotension. In older patients,
drug therapy should be used with caution, and the mechanical means
of improving the circulation described above are likely to prove of
more value.
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Clinical Examination and
Investigation of the Heart

F. I. CAIRD

Introduction

It is well established that symptoms of heart disease are often
modified in the elderly. Cardiac pain, both that of angina pectoris and
that of cardiac infarction, may be either greatly reduced in intensity,
or overshadowed by the simultaneous development of mental confu-
sion, presumably because of reduction in cardiac output and cerebral
blood flow. The dyspnea of cardiac failure is replaced as a leading
symptom by fatigue, though patients in whom this occurs appear
objectively to be as breathless as those who do complain of dyspnea.
This frequent relative insignificance of the major symptoms of heart
disease in the elderly makes proper and detailed clinical examination
and investigation the more important. There are, however, numerous
problems of interpretation, both of physical signs and of the results of
investigations, that are particular to the cardiology of old age. Knowl-
edge of these problems is essential in arriving at an accurate and
complete cardiological diagnosis, which is often a crucial part of the
overall assessment of the elderly patient.

F.I. CAIRD - University Department of Geriatric Medicine, Southern General Hospi-
tal, Glasgow, G51 4TF, Scotland.
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Clinical Examination

Arterial Pulse

The principal value of examination of the arterial pulse in the
elderly is to establish heart rate and rhythm. A palpable arterial wall is
of no significance, since it reflects only Monckeberg’s medial sclerosis,
and is totally unrelated to disease elsewhere in the cardiovascular
system. The form of the pulse wave can be felt better and more easily in
the brachial artery than in the radial.

The slowly rising pulse of severe aortic stenosis and the collapsing
pulse of aortic incompetence can often be correctly identified. The
former, however, may be masked by the age-related increase in rate of
rise of the arterial upstroke, consequent on increased stiffness of the
vessel wall (Wiggers 1932, Freis et al. 1966).

Blood Pressure

Recording of the arterial blood pressure in the elderly presents no
particular problems. It is important to record the blood pressure, in
any patient who is fit enough, in both the lying and the standing
position. The demonstration of a postural drop in pressure may
provide a diagnosis for symptoms such as dizziness or difficulty in
standing or walking. About one-fourth of old people at home show a
drop in pressure of 20 mm Hg or more (Caird et al. 1973a), but for a
diagnosis of clinically significant postural hypotension, the standing
systolic pressure is more important than the postural drop. The
diagnosis should not usually be accepted unless the standing systolic
pressure is below 110 mm Hg.

Venous Pressure and Pulse

Because the venous pressure and pulse are made more clearly
visible by atrophy of the skin and subcutaneous tissue of the neck,
they are often easier to observe in the elderly than in the young.

The venous pressure in the left jugular and subclavian veins may
be higher than that in the right, when the left innominate vein is
compressed in systole between the enlarged aorta of old age and the
back of the sternum (Sleight 1962). The difference is abolished by deep
inspiration, and if a disparity in venous pressures in the two sides of
the neck is observed, the effects of deep inspiration should always be
noted. The true central venous pressure must always be the lowest
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demonstrable pressure on full inspiration. Very occasionally, this
pseudo-obstruction may occur on both sides of the neck, when it can
obviously give rise to difficulty in the diagnosis of congestive heart
failure, but it is still abolished by deep inspiration.

Examination of the venous pulse wave is of value when the large
positive systolic wave of tricuspid incompetence is present, because it
may then clarify the nature of a regurgitant systolic murmur, or when
the cannon waves of atrioventricular dissociation can be used in the
bedside diagnosis of ventricular tachycardia and of complete heart
block. Less striking changes, such as an increased a wave due to right
atrial hypertrophy, are demonstrable only in relatively rare cases.

Hepatojugular reflux is an important physical sign, unduly ne-
glected recently because its improper performance leads to difficulties
in interpretation (Matthews and Hampson 1958). The liver must be
compressed during inspiration, so that the normal rise in central
venous pressure during expiration is not mistaken for a positive reflux
sign. A positive hepatojugular reflux is valuable confirmatory evi-
dence of true elevation of the central venous pressure, and therefore of
the presence of cardiac failure.

Cardiac Impulse

Increase in heart size is a classic indicator of the presence of heart
disease, but in the elderly, kyphosis or scoliosis, or both, frequently
make clinical assessment of heart size very difficult. Certainly if the
spine is straight, the cardiac apex should not be palpable outside the
midclavicular line, but if there is spinal deformity, it is often impossi-
ble to know where the cardiac impulse should lie.

The increased rigidity of the chest wall in the elderly may
emphasize the ease with which the apical impulse can be felt, and
unless obesity is gross, it is almost always possible to detect left
ventricular hypertrophy or dilatation. It follows that the feel of the
cardiac impulse is more important than the site of the apex beat as
evidence of cardiac abnormality. The feel of the sustained impulse of a
powerful hypertrophied left ventricle—or that of a dilated ventricle,
which is less powerful but covers a wide area of chest wall—can be
correctly identified (see Figs. 6.2 and 6.3). Presystolic outward move-
ment of the ventricle associated with increased left atrial contraction is
a further important sign of left ventricular disease (see Figs. 6.2 and
6.5).

The clinical diagnosis of right ventricular hypertrophy is much
more difficult, since only relatively slight degrees of hypertrophy are



130 F. I. Caird

common in the elderly, and the heart is often hidden behind ex-
panded lungs. In rheumatic mitral disease and in atrial septal defect,
however, increased pulsation at the left sternal edge can often be
detected.

Cardiac Auscultation

Heart Sounds. The problems of cardiac auscultation in the elderly
present some difficulty, but less than the necessary attention is often
paid to the correct identification of heart sounds.

Variable intensity of the first heart sound occurs in atrioventricu-

Fig. 6.1. Right bundle branch block in an 85-year-old woman. (Top trace) ECG Lead II;
(2nd trace) low-frequency phonocardiogram from left second space, showing fourth and
widely split second sound; (3rd trace) apexcardiogram; (bottom trace) external arterial

pulse trace; dicrotic notch corresponds to first (aortic) component of second sound (time,
10 and 50 msec).
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Fig. 6.2. Left ventricular hypertrophy in a 74-year-old man with high blood pressure.
(Top trace) ECG Lead II; (2nd trace) low-frequency phonocardiogram from internal to
apex, showing fourth sound; (3rd trace) apexcardiogram, showing prominent atrial
component and marked late systolic outward movement of apex; (bottom trace) external
arterial pulse trace (time, 10 and 50 msec).

lar dissociation, and also in atrial fibrillation; it cannot be used to
distinguish the latter from multiple ectopic beats, because these also
produce a first heart sound of widely varying intensity. Reverse
splitting of the second heart sound (Gray 1956) is often difficult to
demonstrate in the elderly because they cannot carry out the necessary
respiratory maneuvers. When it can be clearly identified clinically, it
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Fig. 6.3. A 78-year-old man with left heart failure. (Top trace) ECG Lead lI; (2nd trace)
low-frequency phonocardiogram from internal to apex, showing third heart sound,
coinciding with rapid filling wave on apexcardiogram; (3rd trace) apexcardiogram
showing late systolic outward movement of apex, and rapid filling wave; (bottom trace)
external arterial pulse trace (time, 10 and 50 msec).

bears the same significance as in younger people, of embarrassment of
the left ventricle, and delay in or prolongation of left relative to right
ventricular ejection. Wide fixed splitting of the second heart sound in
right bundle branch block can be more readily demonstrated at the
bedside (Fig. 6.1).

A fourth heart sound is a sign of ventricular abnormality in old
age, just as it is in younger people (Fig. 6.2), and a third heart sound
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is a sign of ventricular failure (Fig. 6.3). Inspiratory accentuation will
demonstrate the right-sided origin of third and fourth heart sounds,
and can be used to support a diagnosis of pulmonary heart failure,
rather than failure due to left heart disease.

Heart Murmurs. Systolic murmurs are very common in old age.
Bruns and van der Hauwert (1958) and Bethel and Crow (1963) record
frequencies of around 60%. Thus, there is a temptation to attribute
such murmurs to aging, and not to attempt a diagnosis. In the great
majority of cases, it is possible to assign the murmur to one of
relatively small number of categories, and an appropriate diagnosis to
each.

The initial distinction is between regurgitant and ejection mur-
murs (Leatham 1958), the latter being considerably more common in
old age (Bethel and Crow 1963, Davison and Friedman 1968). Regurgi-
tant murmurs may be either pansystolic with onset during the first
heart sound, or late systolic, but in both cases they run with increas-
ing or at least undiminished intensity up to the second heart sound.
Ejection murmurs show midsystolic accentuation and late systolic
decrescendo.

The next stage is to distinguish between left- and right-sided
murmurs. Left-sided regurgitant murmurs in the elderly are heard at
the customary site, the apex, and radiate around the left side of the
chest. Rarely, they may also be heard at the base of the heart (Movitt
and Gerstl 1953); on occasion, expiratory accentuation can be clearly
demonstrated. Right-sided regurgitant murmurs are heard with maxi-
mum intensity near the left sternal edge, usually show clear inspira-
tory accentuation, and are accompanied by a large positive systolic
wave in the venous pulse.

Virtually all ejection murmurs in the elderly are derived from the
left side of the heart (Bruns and van der Hauwert 1958, Bethel and
Crow 1963, Davison and Friedman 1968). The only exception is the
pulmonary ejection murmur of atrial septal defect, which is heard in
the left second and third spaces, does not radiate widely, and is
usually accompanied by clear evidence of right ventricular hypertro-
phy.

Left-sided ejection murmurs arising from the aortic valve may be
heard both at the base of the heart and at the apex, but their maximum
intensity is usually at the base. In old people, however, the apical
component of an ejection murmur may be louder than that at the base;
Roberts et al. (1971) have suggested a number of reasons why this may
be so. Increase in the anteroposterior diameter of the chest and
systemic hypertension (with a reduction in the magnitude of the



134 F. I. Caird

systolic gradient across the aortic valve) will both reduce the intensity
of the basal murmur. Differing pathologies in the aortic valve may
result in different patterns of murmur. A rigid calcified valve with
commissural fusion may produce a high-velocity jet into the ascending
aorta, with a more intense basal murmur. By contrast, a tricuspid
stenotic aortic valve without fusion of the commissures might produce
a spray rather than a jet effect, with consequent reduction in intensity
of the basal component of the murmur; separate vibration of the three
cusps tends to produce a pure-tone murmur, which is demonstrable in
the left ventricular cavity, and so may be better transmitted to the
apex. In general, soft ejection murmurs are not associated with
significant stenosis of the aortic valve, but rather with aortic valvular
sclerosis. Louder murmurs of grade 2/4 or 2/6 or more in intensity, on
the other hand, are usually associated with evidence of significant
obstruction to ejection (Davison and Friedman 1968). The diagnosis of
aortic stenosis depends, however, on features other than the mur-
mur—in particular, the presence of left ventricular hypertrophy and of
depression and reverse splitting of the second sound at the base. As
with other aspects of cardiac auscultation in the elderly, attention to
detail and to the whole pattern of physical signs is the key to rational
diagnosis.

By contrast with systolic murmurs, diastolic murmurs are always
evidence of significant heart disease in old age. An apical middiastolic
murmur indicates mitral stenosis; this is true in general, even when
an Austin Flint murmur is suspected because aortic incompetence is
also present (Bedford and Caird 1960). An early diastolic murmur
indicates aortic incompetence; as in younger people, it is best heard at
the left sternal edge, with the patient sitting up, and if possible in
held expiration. Pulmonary incompetence should be diagnosed only
very rarely (see Chapter 11).

Electrocardiography

The ECG is without a doubt the most valuable simple method of
clinical investigation of the heart in old age. As in younger people, it
provides the diagnosis of cardiac arrhythmias, ischemic heart disease,
and ventricular hypertrophy, and clues to important noncardiac disor-
ders such as potassium depletion and hypothyroidism. Many abnor-
malities of the ECG are so common in old age, however, that
interpretation is made difficult.

Clinical experience, backed by studies of survival rates (Caird et
al. 1974), suggests that it is reasonable to regard as insignificant purely
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positional abnormalities—such as left axis deviation without evidence
of left anterior hemiblock, counterclockwise rotation, and minor de-
grees of clockwise rotation, insufficient to give rise to an rS complex in
lead V;. Incomplete right bundle branch block and infrequent ectopic
beats, which are as often atrial as ventricular (Kennedy and Caird
1972), are also unimportant.

There is uncertainty about the significance of first degree atrio-
ventricular block, which is found in a variable but sizable proportion of
“normal” old people (see Table 1.7, page 7). The P-R interval tends to
lengthen with increasing age (Harlan et al. 1967), and it may be that
some instances of first degree block in old age can be regarded as
normal. In many old people, however, first degree block is accompan-
ied by evidence on His-bundle electrography of disorder in other parts
of the conducting system (Narula et al. 1971).

The significance of the voltage changes of left ventricular hyper-
trophy when encountered alone is also uncertain, since they are not
associated with any excess mortality, whereas if 5-T-T changes are
present in addition, mortality is increased (Caird et al. 1974). The
problem may merely reflect the difficulty in establishing voltage
criteria alone as firm electrocardiographic evidence of left ventricular
hypertrophy (Romhilt et al. 1969).

By contrast, there is no doubt whatever that other electrocardi-
ographic changes encountered in old age must be regarded as signifi-
cant, however common they may be. These include Q/QS abnormali-
ties, which correlate with evidence of cardiac infarction at autopsy in
the elderly as well as in the young (Kurihara et al. 1967); left
ventricular hypertrophy patterns with S-T-T as well as voltage changes
(Caird et al. 1974); all conduction defects other than incomplete right
bundle branch block and possibly first degree A-V block; all arrhyth-
mias other than occasional ectopic beats; and all T-wave changes,
including T-wave flattening. Such isolated changes in the T waves
have been clearly shown to carry an excess mortality, and to be
precursors of more definite evidence of cardiac ischemia (Ostrander
1966, 1970; Caird et al. 1974).

Two additional electrocardiographic techniques may have some
value in special situations in old age: His bundle electrography and
continuous telemetric monitoring.

His-Bundle Electrography. This technique has been used to demon-
strate the nature of the abnormalities in first degree atrioventricular
block (Narula et al. 1971), and the frequency of abnormal H-V
intervals in right bundle branch block with left anterior hemiblock
(Denes et al. 1975), when a prolonged H-V interval was found to be
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Fig. 6.4. Telemetric electrocardiogram from an 80-year-old man. (Upper trace) at 1 mm/
sec, showing 5 episodes of supraventricular tachycardia; arrow indicates ventricular
ectopic beat, followed by pause (time marker, 1 min); (lower trace) at 25 mmi/sec,
showing one complete paroxysm.

associated with a worse prognosis. The practical value of this invasive
procedure in the elderly has, however, not yet been established. The
recent demonstration that His-bundle potentials can be recorded by a
noninvasive method (Hishimoto and Sawayama 1975) may prove
valuable.

Continuous Telemetric Monitoring. This technique can demonstrate
paroxysmal arrhythmias (Fig. 6.4), and has been used in an attempt to
demonstrate episodic digitalis toxicity in old people (Taylor et al.
1974). Again, however, the practical value of this technique in estab-
lishing that paroxysmal changes in heart rate and rhythm are a cause
of an individual old person’s symptoms remains to be shown (see
Chapter 18).
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Radiology

Radiology has an important part to play in cardiac diagnosis in
the elderly, although again there are frequent difficulties in interpreta-
tion, many of which derive from the effect on the cardiac silhouette of
abnormalities of the shape of the chest.

Cowan (1959, 1960, 1965) has shown that in elderly women the
cardiothoracic ratio is related to the degree of thoracic kyphosis, and
that values for the cardiothoracic ratio somewhat above the conven-
tional upper limit of 50% can be found when the heart is clinically
normal. Even greater difficulty results when scoliosis is also present. It
may then be virtually impossible to decide what shape the cardiac
silhouette should have, since scoliosis may be upper or lower dorsal in
site, and to the left or to the right; there are many chest X rays in the
elderly to which the term “‘straight’ is totally inapplicable.

Despite these difficulties, enlargement of the cardiac chambers
can often be correctly identified, with the help of barium in the
esophagus if necessary, and the interpretation of most radiological
changes, when they can be definitely identified, is essentially the
same as in younger people.

The demonstration of unfolding of the aorta is of no significance
in old age, and dilatation of the ascending aorta and arch is often
difficult to assess. Calcification of the aortic knuckle is of no signifi-
cance. It is present in about 30% ot old people, tends to increase in
frequency with age, and is more common and more severe in women

TABLE 6.1. Percentage Prevalence of Calcification of the Aortic Knuckle in
Old Age*

65-69 Years of 70-74 Years of  75-79 Years of 80+ Years of
age age age age

M (54)® F (82) M (41) F(66) M (45) F (69) M (29) F (56)

Calcification®
Grade 1 28 23 27 35 29 38 28 46
Grade 2 4 6 2 11 7 12 10 13
Grade 3 0 0 0 0 0 0 0 5
TOTAL: 32 29 29 46 36 50 38 64

¢ Kennedy, Caird, and Andrews (unpublished).

® Number of cases in parentheses.

¢ Grade 1, calcification confined to one quadrant; Grade 2, calcification in two quadrants only; Grade
3, calcification in three quadrants.
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than in men (Table 6.1). There is little relationship between such
calcification and any other cardiovascular phenomenon. Calcification
in the ascending aorta is, however, an important sign of syphilitic
aortitis which preserves its value into old age (Thorner et al. 1949).
The calcification is characteristically thinner and more regular than
that due to atheroma, which is no doubt the more common lesion.

Calcification in the cardiac valves is evidence of significant
valvular disease, and in the aortic valve is more easily seen by image-
intensification than by conventional procedures. Calcification in the
mitral annulus may be of clinical significance in relationship to mitral
disease and to heart block (see Chapters 2 and 3); calcification can also
occasionally be identified in the myocardium (after a major infarct); in
the pericardium; in the coronary arteries; and, in mitral disease, in
thrombus in the left atrium. Interpretation may be rendered difficult,
particularly by calcification in costal cartilages and in the tracheobron-
chial tree.

The radiological changes in the lungs in heart disease in the
elderly are seldom marked. In particular, Kerley’s lines are compara-
tively rare, even in patients in whom pulmonary venous hypertension
is very likely. Enlargement of vessels to the upper lobes may be
apparent in left heart failure and in mitral disease. Pleural effusions
are common in cardiac failure.

Other Investigations

Phonocardiography

There have been several excellent studies of the phonocardiogram
in old age (Aravanis and Harris 1958, Bruns and van der Hauwert
1958, Bethel and Crow 1963). The findings in 103 people over the age
of 80 are summarized in Table 6.2 (Bethal and Crow 1963). Normal
values for the various time intervals have been shown to be essentially
the same as in younger people (Aravanis and Harris 1958).

The phonocardiogram may be of diagnostic value when a third
heart sound has been queried (see Fig. 6.3), or when there is
uncertainty between a fourth heart sound and splitting of the first
sound (see Fig. 6.2). It is valuable in the distinction between obstruc-
tive and nonobstructive lesions of the aortic valve (Aravanis and
Luisada 1957), since the length of the murmur and the time taken for it
to reach its peak are related to the degree of obstruction (Fig. 6.5).
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Fig. 6.5. A 74-year-old women with aortic stenosis. (Top trace) ECG Lead II; (2nd trace)
phonocardiogram from right second space, showing ejection systolic murmur with late
peak (250 msec after onset of QRS); (3rd trace) apexcardiogram, showing clear atrial

component; (bottom trace) external arterial pulse trace (carotid), showing slow upstroke
(time, 10 and 50 msec).

Combination of phonocardiography with other records such as apexcar-
diography and an external arterial trace greatly increasesits value (Benchi-
mol et al. 1961, Caird et al. 1973b).

Apexcardiography

This relatively simple technique has been little exploited in the
elderly. An adequate apexcardiogram can be recorded only when the
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TABLE 6.2. Phonocardiographic Findings in 103 People over 80 Years of Age®

Number
shown by
phono-
Finding cardiography Comments
Fourth heart sound 59 42 heard clinically; 2 recently in cardiac failure
Third heart sound 27 12 heard clinically; 10 recently in cardiac failure
Systolic click 16 14 ejection type (10 aortic, 4 pulmonary)
Systolic murmur 60
Grades 1 or 2
Grade 3 48 47 ejection, 1 regurgitant
Diastolic murmur 12 All ejection
1 Aortic diastolic

“ From Bethel and Crow (1963).

apex is clearly clinically palpable, and the patient not unduly restless
(Caird et al. 1973b). The qualitative changes that result from left atrial
hypertrophy, and from left ventricular hypertrophy and dilatation, can
be displayed (see Figs. 6.2 and 6.3), while the combination of apex-
and phonocardiography can be used to elucidate the physical signs of
mitral disease (Nixon and Wooler 1963).

Quantitative information derived from the study of time intervals
in the apexcardiogram has yet to find a place in diagnosis in old age.
Baragan et al. (1968) showed that four types of mechanical abnormality
may underlie the single electrocardiographic pattern of left bundle
branch block. This has been confirmed (Caird et al. 1973b), but the
significance of the subdivision, in terms of etiology, pathology, and
prognosis, is still quite uncertain.

Systolic Time Intervals

The external arterial pulse trace can be used to measure systolic
time intervals. Normal values have been established for the elderly
(Willens et al. 1970), and the corrections necessary for heart rate
calculated. As Weissler has shown (Lewis et al. 1974), in nonvalvular
heart disease, the ratio of the pre-ejection period to the left ventricular
gjection time is related to the stroke volume. Although the correlation
is not close enough to enable accurate prediction of stroke volume in
an individual, it seems likely that this noninvasive method will be of
value in demonstrating the hemodynamic consequences of heart
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disease in groups of elderly subjects (Caird, Roberts, and Al Badran,
unpublished) and the changes in individuals that take place in
changing situations, such as, for instance, in recovery from anemia.

Echocardiography

Despite its attractiveness as a noninvasive technique, echocar-
diography seems to have been little exploited in the elderly. Its main
value would seem to lie in the diagnosis and assessment of rheumatic
mitral disease (see Feigenbaum 1972, Gibson 1973, Popp and Harrison
1974), and in the diagnosis of mitral valve prolapse (Dillon et al. 1971,
Popp et al. 1974). Although aortic valve movement can be visualized
(Gramiak and Shah 1970), technical difficulties make the use of
echocardiography in aortic valve disease of considerably less value.

The demonstration that echocardiography can be used to measure
left ventricular volumes, and also, though less reliably, stroke volume
and regurgitant volume (Popp and Harrison 1970, Pombo et al. 1971,
Feigenbaum et al. 1972), is of great interest, and may prove to have
important applications in the elderly.

Other Investigative Techniques

Cardiac catheterization and angiocardiography are justifiable in
the elderly only if there is a serious consideration of cardiac surgery,
and it is necessary to provide quantitative hemodynamic data or
confirmation of the nature of anatomical and functional abnormalities.
Other techniques such as ballistocardiography and isotope cardiogra-
phy do not appear to have been exploited in the elderly.
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Blood Pressure and the
Development of

Cardiovascular Disease in
the Aged

WILLIAM B. KANNEL

Introduction

Prospective epidemiological investigations of population samples at
Framingham and elsewhere have produced a body of data that
emphasize the importance of hypertension as a contributor to the high
incidence of cardiovascular morbidity and mortality in affluent parts
of the world (Kannel et al. 1969, Paul 1970, Page and Sidd 1972,
Intersociety Commission for Heart Disease Resources 1970, Tibblin
1967, A.H.A-N.H.I. 1965). In particular, the impact of each compo-
nent of the blood pressure and its net and joint contribution to
cardiovascular disease as an ingredient of a cardiovascular risk profile
have been ascertained (Kannel 1974).

At all ages, in each sex, hypertension is among the most readily
and objectively detected risk factors promoting cardiovascular disease.
Theoretically, it is an easily controllable contributor to cardiovascular
disease. It can be detected early in its course, and there are available a
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variety of antihypertensive pharmaceuticals with tolerable side effects
that, if skillfully used, can normalize most elevated blood pressures.
There is now convincing evidence that when this is done, even in
persons of middle age and beyond with fixed diastolic hypertension
and target organ involvement, a considerable reduction in cardiovas-
cular morbidity and mortality ensues, and within a relatively short
period of time (Freis 1971).

Because cardiovascular disease is an even more prominent cause
of death and disability in the aged, a detailed examination of the role
of blood pressure in cardiovascular disease in relation to age and the
factors that affect its impact and the indications and need for treatment
is warranted.

The Framingham Study

This chapter will rely heavily on data from the Framingham
Study, in which a cohort of 5,209 men and women originally 30-62 years
of age has been followed biennially for the development of cardio-
vascular disease in relation to their antecedent blood pressure status
determined every two years. The net and joint effects of hypertension

Fig. 7.1a. Average age trends in systolic blood pressure levels for cross-sectional and
cohort data (Framingham Study, Exams 3-10).
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Fig. 7.1b. Average age trends in diastolic blood presssure levels for cross-sectional and
cohort data (Framingham Study, Exams 3-10).

are examined, taking other contributors to the incidence of cardiovas-
cular disease into account by comparing univariate with multivariate
regression coefficients, using the method of Walker and Duncan
(Walker and Duncan 1967, Shurtleff 1974). The criteria and methods
employed in the Framingham Study have been published in detail
elsewhere (Shurtleff 1974).

Because of the focus on the impact of hypertension in older
persons, the effect is examined in the 65-74 age group in particular, as
well as in younger age groups. During the 18 years of follow-up, there
were enough people who reached this age range to provide 2,872
person-years of experience in men and 4,382 in women. In the period
of follow-up, they developed 190 cardiovascular events, 86 in the men
and 104 in the women. The cardiovascular sequelae examined include:
coronary heart disease, atherothrombotic brain infarction, congestive
heart failure, and intermittent claudication. There were also 132 deaths
in men and 103 in women, of which 72 in men and 66 in women were
from cardiovascular causes.

Age Trends in Blood Pressure

Prevalence data make it clear that blood pressure increases with
age in most population samples, except possibly in primitive, isolated
cultures (Page and Sidd 1972, Gordon and Devine 1966, P.H.S. 1964,
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Lovell 1967, Feinleib et al. 1969, Miall 1969, Maddocks 1961). Longitu-
dinal data are required, however, if a clear picture of age trends is to
be obtained (Gordon and Shurtleff 1973, Dawber et al. 1973). In cross-
sectional data, both systolic and diastolic pressures increase with age
in adult life, with systolic pressures continuing to rise into the 80’s in
women and into the 70’s in men (Figs. 7.1a,b). Diastolic pressures
tend to level off sooner and, in men, to decline precipitously beyond
age 56. The pressures start lower in women and rise more steeply with
age until they equal those of men at about 50 and then increasingly
exceed those in men. This crossover in pressures is observed for both
the systolic and the diastolic component.

Longitudinal data, which reflect pressures in the cohort as they
actually age, reveal diastolic pressures that are essentially parallel in
the sexes, with women’s pressures persistently lower than men’s.
These cohort data show systolic pressures of women initially lower
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than those of men, converging on those of men by age 60, but never
exceeding them. The data indicate that there is a disproportionate rise
in systolic pressure in advanced age (relative to diastolic pressure),
presumably due to progressive loss of arterial elasticity.

The reason for the difference in the picture of age trends obtained
cross-sectionally and longitudinally is not entirely clear, but could well
be due to differential mortality in the two sexes in relation to
hypertension.

Age, Blood Pressure, and Cardiovascular Risk

Although it is clear that blood pressure (particularly systolic)
tends to rise with age, and continues to do so into advanced age, it is
not clear that this rise is inevitable. It is certainly detrimental to
cardiovascular health. It is sometimes implied that because blood
pressure commonly increases with age, the increase is physiologic and
may even be necessary to compensate for progressive stenosis of the
arterial circulation by maintaining adequate flow to vital organs.
Those who hold this point of view would argue that the excess
cardiovascular risk associated with high pressures in the aged is really
a product of the underlying vascular stenosis, of which hypertension
is more a sign than a cause.

Rigidity of vessels, as determined from the depth of the dicrotic
notch in pulse wave recordings in the Framingham cohort increases
precipitously with age (Dawber et al. 1973). In males, the proportion
with normal prominent dicrotic notches has dropped to less than 50%
by age 45-54, and by age 65-74, less than 10% are normal. Since the
prevalence and incidence of cardiovascular disease is proportional to
the degree of rigidity of the arterial circulation so assessed (Fig. 7.2),
and because this rigidity is independent of the associated blood
pressure level (Dawber et al. 1973), it is suggested that loss of elasticity
per se is associated with increased risk.

This association does not mean, however, that the disproportion-
ate rise in systolic pressure with age is merely an innocuous accom-
paniment of aging inelastic vessels. If this were so, the risk gradients
associated with systolic pressure should become progressively atten-
uated with advancing age. Instead, they are observed actually to
increase (Fig. 7.3), even in persons otherwise at low risk of cardiovas-
cular disease. Although higher pressures are characteristic of older
persons, an examination of cardiovascular disease incidence reveals
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Fig. 7.3. Probability of cardiovascular disease in 8 years according to systolic blood
pressure at specified ages in each sex (Framingham Study: 18 year follow-up, low-risk
subjects).

prominent gradients of risk proportional to blood pressure at all ages
(Fig. 7.3). Thus, hypertension is a distinct threat to life in the old as
well as in the young, in terms of both relative and absolute risk.

The impact of blood pressure on cardiovascular disease incidence
could be to some extent an intrinsic aging phenomenon. It is clear
from age-specific analysis, however, that at any age those who have
higher pressures are at considerably greater risk than those in the
cohort with lower pressures. In the age range 45-74, less than 10% of
the risk gradient according to blood pressure is accounted for by age,
as can be judged from a comparison of univariate coefficients, includ-
ing age as well as blood pressure. This comparison reveals, only a
modest reduction of the coefficients in the bivariate case (Table 7.1).

Comparison of mortality in hypertensives versus normotensives
reveals that it is more than doubled, and that the difference increases
with age for overall mortality (Table 7.2), for cardiovascular mortality
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TABLE 7.1. Regression of Systolic Blood Pressure on Cardiovascular Disease
Incidence, Taking Age into Account in Men and Women 45-74 (Framingham
Study: 18-Year Follow-Up)

Regression coefficients®

Congestive heart

Atherothrombotic

Total C-V disease failure brain infarction
Men Women Men Women Men Women
Univariate 0.0208 0.0221 0.0278 0.0262 0.0324 0.0288
Bivariate 0.0182 0.0180 0.0247 0.0225 0.0290 0.0262

Intermittent Cardiovascular

Coronary heart disease claudication mortality

Men Women Men Women Men Women
Univariate 0.0174 0.0219 0.0137 0.0229 0.0198 0.0216
Bivariate 0.0151 0.0183 0.0101 0.0187 0.0156 0.0163

¢ Univariate, systolic blood pressure. Bivariate, age and systolic blood pressure.

TABLE 7.2. Overall Mortality According to Hypertensive Status by Age and
Sex in Men and Women 45-74 (Framingham Study: 18-Year Follow-Up)

Men Women
Age in years: 45-54 55-64 65-74 45-54 55-64 65-74
Blood pressure status Five-year incidence per 100 at risk
Normotensive 3.55 7.05 12.15 1.95 3.50 5.35
Borderline 3.55 8.10 18.45 2.30 4.20 9.35
Hypertensive 7.65 14.40 23.75 4.00 4.55 12.40
Regression coefficient 0.369 0.371 0.359 0.351 0.131 0.401
HBP vs. Normotensive
Risk ratio 2.15 2.04 1.95 2.05 1.30 2.32
Difference in risk 4.10 7.35 11.60 2.05 1.05 7.05
Attributable risk (%) 53.6 51.0 48.8 51.3 23.1 56.9
t Value 3.22 4.08 3.10 2.53 1.10 2.85
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TABLE 7.3. Cardiovascular Mortality According to Hypertensive Status by
Age and Sex in Men and Women 45-74 (Framingham Study: 18-Year

Follow-Up)
Men Women
Age in years: 45-54 55-64 65-74 45-54 55-64 65-74

Five-year incidence per 100 at risk
Blood pressure status y P

Normotensive 1.45 3.90 3.90 0.45 1.20 1.25

Borderline 2.00 5.30 11.30 0.50 2.25 5.35

Hypertensive 4.75 10.80 13.00 1.90 2.75 9.95
Regression coefficient 0.608 0.534 0.527 0.725 0.390 0.851

HBP vs. Normotensive

Risk ratio 3.28 2.77 2.41 4.22 2.29 7.96

Difference in risk 3.30 6.90 7.60 1.45 1.55 8.70

Attributable risk (%) 69.5 63.9 58.5 76.3 56.4 87.4
t Value 3.85 4.74 2.81 2.90 2.27 4.28

(Table 7.3), and for cardiovascular morbidity (Table 7.4). These find-
ings suggest that the yield in lives saved and in cardiovascular illness
avoided by treating hypertension could be, if anything, greater in
older hypertensives. Examination of the attributable risk (hyperten-
sive mortality minus normotensive mortality divided by hypertensive
mortality) reveals that for morbidity and mortality alike, a sizable
proportion of each age group’s death and illness is attributable to
hypertension (Tables 7.2-7.4). About 69-75% of the morbidity and
more than half the mortality in the elderly is attributable to their
hypertension. The absolute risk of cardiovascular disease conveyed by
hypertension increases with age. Proportionally, even considering
other causes of death that might increase more rapidly with age,
hypertension still accounts for almost as many deaths in the old as in
the young (Table 7.3). In women, the relative risk for cardiovascular
disease and for cardiovascular mortality (as well as for overall mortal-
ity) does not decrease with age (Tables 7.2-7.4). In men, it appears to
do so for mortality, but not for morbidity.

The etiology of essential hypertension is as.obscure in the aged as
in the young. In both the aged and younger members of a cohort,
what is regarded as normal and “hypertensive” is actually part of a
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continuum of pressures without any discernible critical value demar-
cating the hypertensive from the normotensive. Except on a priori
statistical grounds, there is no logical basis for choosing normal limits
of pressure for each decade of age. Some other basis for determining
the acceptable or optimal values is required, rather than the usual
values found in each age group. An examination of the cardiovascular
morbidity and mortality in relation to blood pressure in persons 65-74
years old should provide the best guide to the ideal pressure in this
age group. This examination reveals that the risk varies linearly in
proportion to the blood pressure, so that, in general, the lower the
pressure the better (Fig. 7.3.) Computations reveal that, on the
average, there is a 30% change in risk for each 10% change in pressure
(Kannel and Sorlie 1974). Pressures average higher in the elderly than
in the young, but at any level of pressure, both the absolute and the
relative risk is greater in the elderly.

Impact in the Sexes

Since the risk of cardiovascular sequelae is proportional to the
height of the blood pressure in the “hypertensive,” the aforemen-
tioned regression coefficients based categorically on “hypertensive
status” could be misleading. The average ““hypertensive” 65-74 years

TABLE 7.4. Incidence of Cardiovascular Disease According to Hypertensive
Status by Age and Sex in Men and Women 45-74 (Framingham Study: 18-Year

Follow-Up)
Men Women
Age in years: 45-54 55-64 65-74 45-54 55-64 65-74

Five-year incidence per 100 at risk
Blood Pressure Status

Normotensive 4.15 7.75 8.20 1.20 3.10 4.15

Borderline 7.33 14.65 15.95 2.50 7.10 12.45

Hypertensive 11.70 22.20 26.15 4.45 11.35 16.60
Regression coefficient 0.534 0.554 0.613 0.662 0.639 0.579

HBP vs. Normotensive
Risk ratio 2.82 2.86 3.19 3.71 3.66 4.00
Difference in risk 7.55 14.45 17.95 3.25 8.25 12.45
Attributable risk (%) 64.5 65.1 68.6 73.0 72.7 75.0
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old could have higher pressures than those 45-54 years old. An
examination of the regression of cardiovascular disease incidence on
blood pressure per se, however, yields similar information; the impact
of high blood pressure, systolic or diastolic, is about the same at all
ages. In men, the relative impact may be less pronounced in the oldest
age group, although there is no clear trend.

The relative impact in women is just as great as in men; for older
women, it may be even greater than for older men. The absolute risk
for men is about double that of women at all ages, but this is true even
for normotensives (Table 7.4). There is a clinical impression that
postmenopausal women tolerate hypertension well, but prospectively
obtained data do not support this contention. Compared to normoten-
sive women the same age, the liability incurred by women who
develop hypertension is just as great as the disadvantage incurred by
men (Tables 7.1-7.5). True enough, the absolute risk for women is
lower at any level of blood pressure, but it is far from negligible. The
attributable risk, however, is even higher in women than in men. The
relative risk (risk ratio) for cardiovascular morbidity (Table 7.4), for
cardiovascular mortality (Table 7.3), and for mortality in general is, if
anything, larger for women than for men. Thus, there is no justifica-
tion for withholding treatment from elderly hypertensive women.

Systolic vs. Diastolic Pressures

Because the disproportionate rise in systolic pressure in the
elderly (see Fig. 7.1a) is often considered inevitable and an innocuous
accompaniment of aged, inelastic vessels, only diastolic hypertension
is considered worthy of treatment. An examination of the risk of each
of the major cardiovascular sequelae of hypertension in persons
followed over 18 years in relation to their systolic and diastolic
pressures, however, reveals little to suggest that diastolic pressures are
more closely linked to cardiovascular incidence, particularly in the
aged (Table 7.5). There is no consistent pattern in the regression
coefficients favoring one over the other. To judge from the t values
(which have the effect of adjusting for the different range of values for
the two components of the pressure), systolic pressure appears to be,
if anything, uniformly more closely related to cardiovascular disease
incidence of any variety than diastolic pressure (Table 7.5).

Other studies of isolated systolic hypertension (Colandrea et al.
1970) have shown that even in the elderly, such hypertension is
associated with an increased morbidity. In addition, life insurance



153

isease in the Aged

Blood Pressure and Cardiovascular D

‘aInrey Heay 3Ansa3uod ‘JHD ‘UoyedIpne JUSHIWLIIUT ‘D] UOTPILJUT UTeIq DOqUOIYI0IdYIe ‘[gVy ‘seasip Jeay A1euoiod ‘qHD »

16°0 01°e ¥9°0 0S'1— 0L¢ [ZA0 LT sT'e ¥.—99

S0°S 98¢ 19 0€0 8LV T6'S €5Y vy ¥9-sS

121 £€9°¢ 09°¢ 170 9¢'e STl 69°¢ 8L°¢ 7
aInssal poo[g dIoiserq

Iy 98°C 9’1 ¥0'0— 6v'¢c 8v'C wy w1 ¥.—99

or's 1wy 81'¢ 60°¢ £9°S 16°S 9T’L £9°9 ¥9—<s

96°'C 91’9 [724 €80 8€'¢C 6¥'¢C €y Yy 4l 4
21nssal ] poolg o1[03s4g

sanfep 7}

Z10°0 820°0 010°0 £20°0— 6¥0°0 ¥10°0 ¥20°0 020°0 ¥.—99

8%0°0 £20°0 £€0°0 €000 860°0 €070 87070 ¥20°0 ¥9-¢S

€€0°0 8%0°0 8%0°0 £00°0 £S0°0 8700 €€0°0 9700 414
aInssar ] pooyg dIjoiser(y

€20°0 810°0 010°0 0000— €200 120°0 810°0 600°0 459

€20°0 00 810°0 S10°0 620°0 S€0°0 6100 £10°0 ¥9-a¢

€20°0 0%0°0 €00 8000 920°0 £20°0 810°0 910°0 414

aInssal] poojg d1[01sAg
SJUSIDIIF0D UOISSAIZIY
USWOA U USWOAL U USWOAA REN USWIOA Ua]N aldy
»JHD 201 s[4V »dHD

(dn-mogrog reax-gr :Apms ureySururery) §/-Gp USWIOA

pue UdAl ur xag pue 33y 03 Surpi0d>y 21NssaIJ poolg uo e[anbag rernaseaorpie)) Jo dUIPIdUT Jo UOISSAIZY ‘S'L IIVL



154 William B. Kannel

TABLE 7.6. Correlation of Systolic Blood Pressure
Between Biennial Examinations in Men and
Women (Framingham Study: 18-Year Follow-Up)

Exams Men Women
1,2 0.750 0.802
1,3 0.695 0.767
1,4 0.677 0.742
1,5 0.602 0.704
1,6 0.583 0.684
1,7 0.568 0.643
1,8 0.521 0.609
1,9 0.482 0.588
1,10 0.466 0.554

data have shown that mortality is proportional to systolic pressure at
either high or low diastolic pressures (Gubner 1962).

The emphasis on diastolic over systolic pressure appears to stem
from three misconceptions: (1) that the diastolic component better
reflects the increased peripheral resistance, (2) that the evil conse-
quences of hypertension derive entirely from the diastolic component
of the pressure (Page and Sidd 1972), and (3) that the benefits of
treatment necessarily derive entirely from lowering the diastolic pres-
sure. There is little evidence to support any of these contentions.

Casual Blood Pressures

Most physicians are reluctant to commit patients to prolonged
antihypertensive therapy on the basis of casual office blood pressures.
Such pressures are often regarded as unreliable and hence misleading,
so that treatment based on them is ill-advised. Since about 40% of the
elderly have some degree of hypertension, however, it is not feasible
to obtain basal pressures in the hospital or even with prolonged
monitoring.

Examination of casual office blood pressures as a predictor of
cardiovascular sequelae reveals nothing to suggest that they are often
misleading. The pressure is fairly reproducible from one office visit to
the next, and such office pressures correlate highly with each other
even after extended periods of observation (Table 7.6), so that they are
fairly characteristic of persons. More important, the risk of cardiovas-
cular events is decidedly and strikingly related to these casual values
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(Tables 7.1-7.6). It is evidently not even prudent to ignore casual
elevations that subside under basal conditions. Even excluding those
whose basal pressures are closer than 20 mm Hg to the casual
pressures, risk is still strikingly related to the casual office blood
pressure. With reasonable care, a series of casual office pressures can
be used to select patients who are in jeopardy of a cardiovascular
catastrophe because of elevated blood pressure. The risk gradients
associated with the highest of three office pressures are surprisingly
similar to those obtained using the lowest (Fig. 7.4).

In taking casual office blood pressures, the question often arises
as to how many pressures are needed to arrive at a reasonable
assessment of the pressure status. The data are based on single casual
pressures, and it is clear that even such a single casual pressure is

Fig. 7.4. Risk of cardiovascular disease for the lowest vs. the highest systolic blood
pressure (mm Hg) at each exam (Framingham study: 18-year follow-up).
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TABLE 7.7. Association of Trends in Systolic Blood
Pressure and Incidence of Cardiovascular Disease
(Framingham Study: 18-Year Follow-Up)

Regression®
Sex Age Value x> (1 D.F.)
3544 0.436 3.48
Men 45-54 0.750 11.45
55-62 1.246 12.29
3544 0.262 0.50
Women 45-54 -0.071 0.07
55-62 0.418 1.00

¢ Analyzed by the method of Truett and Sorlie (1971).

highly related to subsequent morbidity and mortality (Tables 7.1-7.5).
It is not unreasonable, however, to expect that multiple observations
of pressure over a period of time would more accurately select those
likely to get into trouble. Analysis of blood pressure data at Fra-
mingham has indicated that not much is gained by remeasuring
pressures over a prolonged period of time. Multiple measurements
during one or more office visits are all that is required if further
refinement of the casual pressure is desired.

Changes in Blood Pressure

Analysis of data from the Framingham cohort indicates that the
change in pressure observed over a long period of observations is
another matter.

Blood pressure information from 10 biennial examinations
showed that in men, but not in women, a pressure rising more rapidly
than average is associated with a greater than average risk. This risk is
more pronounced at older ages. Thus, not only is an established high
pressure ominous in older people, but a rapidly rising pressure in
men augurs ill as well (Table 7.7).

Direct Sequelae

Hypertension directly affects cardiac performance, renal function,
and cerebral blood flow, and also directly precipitates rupture and
dissection of aortic aneurysms and cerebral vascular bleeding.
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The rate of development of cardiac enlargement or hypertrophy,
as judged from X-ray and ECG, was distinctly and strikingly related to
the blood pressure level in the Framingham cohort in both sexes,
especially at advanced ages (Fig. 7.5). Congestive failure was a
common and lethal sequela of this sequence of events (Table 7.8).

Aortic Dissection. Although aortic dissection is a highly lethal
consequence of hypertension, it is relatively uncommon. There is little
prospective population-based data, but clinical studies reveal that
hypertension accompanies 52-78% of dissecting hematomas of the
aorta, and that an enlarged heart or electrocardiographic left ventricu-
lar hypertrophy (ECG-LVH), presumably reflecting hypertensive heart

Fig. 7.5. Prevalence of LVH by ECG (A) or cardiac enlargement by X ray (B) according to
initial systolic and diastolic blood pressure in men 30-62 years of age at entry
(Framingham study).
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TABLE 7.8. Incidence of Congestive Heart Failure According to X-Ray and
ECG Finding of Heart Enlargement in Men and Women 65-74 (Framingham
Study: 18-Year Follow-Up)®

Five-year incidence per 100 at risk

Degree of Cardiac enlargement by X-ray ECG-LVH
abnormality at
biennial exam Men Women Men Women
Negative 1.25 1.45 2.80 2.60
Possible 3.60 3.05 4.30 4.65
Definite 10.45 5.85 17.85 17.70
t Value 4.54 3.35 3.88 4.38

¢ Framingham monograph No. 30.

disease, is present in 64% (Levinson et al. 1950, Hume and Porter
1963). Dissecting aneurysm in the aged is most frequently associated
with atherosclerosis, as well as hypertension, and may result either
from an intimal tear or from hemorrhage from the vasa vasorum with
expanding interluminal hematoma. Untreated, it is associated with an
83% mortality by one month from onset, and prognosis is especially
poor in the aged, particularly where it is accompanied by severe
hypertension and lesions in the ascending aorta. It seems likely that
treatment of hypertension will reduce the incidence of this hyperten-
sive catastrophe.

Intracerebral Hemorrhage. This is another highly lethal direct
sequela of hypertension that can very likely be avoided by sustained
control of hypertension. Subarachnoid hemorrhage, which is also
more frequent in hypertensives, should likewise be reduced in fre-
quency by antihypertensive treatment. It is important to recognize,
however, that the predominant kind of stroke in the hypertensive, as
in the nonhypertensive, is an atherothrombotic brain infarction. In the
elderly, 55% of strokes are of this variety.

Nephrosclerosis. This is a frequent finding at necropsy in either
mild or severe hypertensives (Smith et al. 1950). Usually, the pathol-
ogy encountered is incidental, the patient having succumbed to the
more lethal hypertensive cardiovascular sequelae. Renal insufficiency
culminating in a uremic death is usually encountered in accelerated
hypertension, accompanied by severe grades of hypertensive retino-
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pathy. In common with the other sequelae of hypertension, the
severity of postmortem nephrosclerosis is better correlated with sys-
tolic than with diastolic blood pressure (Goss et al. 1969). Even in
those who exhibit azotemia, it has been found that further deteriora-
tion of renal function can be retarded by lowering blood pressure
(Page and Sidd 1972).

Accelerated Atherogenesis

The direct sequelae of hypertension are undoubtedly lethal, but
an even greater toll is exacted by the accelerated atherogenesis
promoted by hypertension. It is likely that the atherogenic effect
prevails in moderate hypertension, while the more direct effects,
which acutely damage vessels and overwork the heart, predominate in
severe grades of hypertension.

Hypertension is a powerful member of an atherogenic triad of risk
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factors that also includes hyperlipidemia and impaired glucose toler-
ance. Risk of major atherosclerotic diseases, such as brain infarction,
and coronary disease mounts in proportion to the number of these
traits persons exhibit (Fig. 7.6).

Only in intermittent claudication is there no clear-cut relation-
ship. Blood pressure must play a critical role in atherogenesis. Athero-
mata almost never develop in the low-pressure segments of the
circulation, such as the pulmonary arteries or veins, even though they
are bathed by the same lipid-laden blood as the systemic arterial
circulation, where atherosclerosis simultaneously abounds. This ab-
sence of atheromata is not a consequence of a different vascular
anatomy, since atheromata will appear when veins are grafted to
bypass coronary arteries, or when pathology produces pulmonary
hypertension. Although atheromata do occur in “normotensive’” per-
sons, there are evidently pressures below which they are exceedingly
rare. Whether hypertension accelerates atherogenesis primarily by
damaging the vessel wall or by enhancing filtration of lipid into the
vessel is a matter of some controversy. It seems likely that both
processes are involved. Whatever the mechanism, and whether hyper-
tension is only a contributor or a direct cause, elderly hypertensives
are at increased risk of brain infarction, coronary heart disease, and
possibly peripheral arterial disease (Table 7.9)—diseases that are
unequivocally atherosclerotic in nature.

In addition to promoting occlusive atherosclerotic disease, hyper-
tension promotes saccular aneurysms of the aorta, also believed to be
on an atherosclerotic basis. This condition is particularly likely to
affect the elderly hypertensive.

Variable Impact on Cardiovascular End Points

Blood pressure is a major risk factor for cardiovascular disease in
the elderly. It is distinctly more important as a precursor of brain
infarction and of congestive failure, on a relative scale, than it is for
coronary heart disease and intermittent claudication (Table 7.9). Be-
cause coronary heart disease is much more common on an absolute
scale, however, it is still the most frequently encountered vascular
complication in the hypertensive elderly (as it is in the normotensive
in this age group).

Hypertensives 65-74 years of age develop a clear excess of myocar-
dial infarctions, in particular (Table 7.10). The impact on other clinical
manifestations of coronary heart disease is less consistent in the



161

Blood Pressure and Cardiovascular Disease in the Aged

L1 11 'y 68 —_ 0s I's 8¢ oner Ysry
(Vid S 9. 88 001 08 I8 $9 (%) su a|qeInquny
ST 0Z'0 06'€ S8’/ S6'¢ 08T ore 0S'6 SHI UT 3dUdIdHIQ

dAISUdjOWLIOU

'sa aaIsuatadAy

€Ul [ANES 69T 8¢ 86'C 01e w6¢ 86'C anfep
JU31JJ30D)

1¥€°0 $€0°0— 8040 €Il FP0'T 16270 8740 8050 uoISSaI33Y
68T 08°€ SIS 06'8 S6°¢ 0S¢ 0€'1L S8l aarsuapadAy
Sh'l 68T S9'C 68T GI'e SIe 669 SS1L aurprapiog
04T 09°¢ STl S0'T E— 020 0T 6e's SAISUIJOWLION

NSty 18 001 1od aouaprour Teak-aAT]

snjeys ainssaxd poorg

UdWOAA VEIN U3WOoAA VEYN UIWOAM REIN USWOA NEIN]

UOREIIPNED JUIPTWISU]  3In[Ie] Heay 3Ansaduo) uornpIeul urelg aseasIp Jeay Areuolro))

(dn-mojpog reax-gr :Apmg

weydurwery) $,-59 USWOA| Pue UIJA ur snjelg aarsuairdd Y 03 Surpioddy aseasi(q Ie[nISeAOIpIR)) JO DUIPDU] *6°L d[qeL



William B. Kannel

162

96 €1 8¢ 901 01 9y SY ones ysn]
001 28 ST €L I 4 8L 8 (%) AsH J[qeInqLny
0T'L G8'1 SI°0 0r'L (0% 4 S0°0 T GL'S S Ut 3dUaIajiIg
3AISUdIOUWLIOU
‘SA aarsuaadAyg
€9'1 PS'1L ST0 80°L 9¢ £0°0— R4 59T anjeA §
oLl 164°0 FA4N) 84570 €140 €¢0°0— 8480 9€9°0 1URD1JI0D UOISSAIBAY
0C'1 jTare 090 0s'1 SLY 56T STy 0v'L aarsuapiadApy
0s°0 ST1 0S°0 Tl S9'¢ S0°¢C o 004 duIpIeplog
0’0 S¥o 0¥°0 S¥°0 06°C 060 991 SAISUIJOWION
smyeys ainssaxd poojg
sy 1e 001 19d dousprour teak-aar]
USWOA USIA UDWOM BE)N UDWOAA Ua USWOA [PEY/N¢
yjeap uappng Aouaygnsur A1euolo)) stopad eurduy uorpIeyur [erpIedokn

(dn-mojqiog 1eax-g1 Apmg weySurwer]) §/-69 USWOA| PUB UIJA UT UOReUTWEeX] [eruudrg
yoeq je smelg dasuapadAy 03 Suipioddy aseasiq HMedH AI1euoIo) Jo SUONeISFIURIA [EDIUI]D) JO 3dUIPHUT *01°Z 14V.L



163

Blood Pressure and Cardiovascular Disease in the Aged

-9>g pue ‘Aep 1ad sapaxedn ‘aouerajo} as00n[3 ‘[0193$3[OYD WNIIS

snid ‘a8e pue ainssaxd poojq ySiy :d1eLIRALNA

"HAT

a3e pue ainssaxd pooiq y3ry :ajetrearq ,

44T 60'¢ ££€°0 §92°0 Is'q 99's S08°0 16€°0 ofeleAniN
60°G ¥59 G849°0 6150 L L £19°0 970 ajeLrearq
99°L VA 8¢8°0 ¥846°0 v'e €L°L ¥82°0 L6V°0 9jelIeAIUN)
USWO M e UWOA I USWOAA US| UWOAA Us
anfep 7 JUSDIJJO0D UOISSAIZIY anjep 1 JUSIDIJJO0D UOISSIIZIY
Ajieliow senosesorpre)) aseasIp ueay Areuolo))
88°¢ [4: 4 818°0 860 8¢ 01°¢ §95°0 LLT°0 ofelieAlnN
S0°S JARS 820°1 090°L 6v'c 68°C ¥$9°0 $9¢°0 ojeliealq
619 126 L1T1 8IL'T 06'v 8€'€ §98°0 w0 ojelieArun)
USWOA U3 USWOM UdN USWop UsN USWOM EIN]
an[eA ¢ JUIIDIJJI0D UOISSAIZY anfep 1} JUSIDIJJO0D UOISSAIZY
uondIeJUI UTelq dIJOqUOIYI0IdIY uonedIpne JUIN TULIU]
16'¢ (48] 9€9°0 8€4°0 6C'9 £8°L £8%°0 870 ojeLreAnny
L6V vo'4L ¥94°0 £96°0 0€'8 676 609°0 45NV SjerIeAlg
w9 Ly L 2660 (41N A 1¢ot 684°0 88470 ofelieAruf)
USWO M UaN USWOA REIN] USWOAL UsIN UWO A Us snjeig

anfeA 1

JUSID1JJI0D UOISSI3Y

anfen ¢

JUIIDIJJO0D UOISSaIZY

ainjrej j1eay aansaduo))

9SBISIP IR[NISEAOIPIED [2)0],

»(dn-morog 1eax-gL :Apmig wreySunuery)
FL-GP USWOA PUB U UI Snje}s 2A1suajptdadA[ uo aseasi(] 1e[ndseaoIpIe)) JO DUIPU] Jo uorssaiSay "I1°Z A19VL



164 William B. Kannel

Framingham cohort, probably owing to a paucity of data in this
elderly age group.

Multivariate analysis designed to assess the net effect of hyperten-
sion on the cardiovascular sequelae of hypertension indicates that its
contribution is unique and not mediated to any great extent through,
or dependent on, the existence of other risk factors. This finding can
be demonstrated by a comparison of the size of bivariate coefficients,
adjusting only for age, with multivariate coefficients, adjusting for all
the major risk factors as well (Table 7.11). For men, there is an 87% net
effect; for women, 80%. Thus, hypertension is a potent independent
contributor to the incidence of cardiovascular disease.

Cardiovascular Risk Profiles

Although the risk of cardiovascular sequelae in the elderly hyper-
tensive is high, it is far from uniform and depends to some extent on
the dose of other risk factors (Fig. 7.6). If any one factor were to be
chosen to identify high-risk candidates for cardiovascular disease in
the elderly, it would be hypertension. Using blood pressure alone to
detect persons at high risk of a stroke would be reasonably effective.
Some 57% of the incidence of brain infarction arises in the 19% of the
population having systolic pressures exceeding 160 mm Hg. The
statistics for congestive heart failure are quite similar.

The screening efficacy for candidates for cardiovascular disease in
the aged hypertensive can be further improved, however, by consider-
ing other risk factors and treating blood pressure as one ingredient of
a cardiovascular risk profile. Major contributors to cardiovascular
disease incidence can be synthesized quantitatively into a composite
risk score, using a multiple logistic formulation. This synthesis pro-
vides an estimate of the conditional probability of any of the major
cardiovascular diseases for any set of risk factors (McGee 1973). An
efficient set of variables for this purpose, in addition to blood
pressure, is a glucose and cholesterol determination, an ECG, and a
cigarette history. The risk associated with any combination of these
can be displayed in handbooks (McGee 1973).

These variables have a varying impact on the incidence of
particular cardiovascular events in the elderly. The impact of choles-
terol and cigarettes wanes markedly with advancing age, particularly for
coronary heart disease (Shurtleff 1974). The combined risk factors will,
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however, appreciably enhance risk assessments in the hypertensive
for intermittent claudication (Table 7.12), for brain infarction (Table
7.13), and for congestive heart failure (Table 7.14). For coronary heart
disease in this age group, risk-profile handbook tabulations can only
estimate risk over a 6-fold range, compared to the 40-fold range for the
other cardiovascular endpoints.

Organ Damage

While it is apparently not common knowledge that the risk in the
hypertensive varies depending on the associated cardiovascular risk
profile, it is well recognized that hypertension is more dangerous
when accompanied by evidence of organ damage. This increased
danger is present even if the patient is asymptomatic. The rate of
development of cardiac impairments such as ECG-LVH, intraventricu-
lar conduction disturbances, nonspecific ST-T wave abnormalities,
and cardiac enlargement on X-ray is strikingly related to blood
pressure level. The excess risk associated with each of these blood
pressure-related findings is substantial (Table 7.15), and at any level
of hypertension, those with such impairments are substantially worse
off (Shurtleff 1974).

Awaiting organ damage before instituting treatment would seem,
however, most imprudent. Fully half the cardiovascular morbidity and
mortality in hypertensives in the Framingham cohort occurred prior to
evidence of organ damage. Thus, more often than not, a stroke or
coronary attack is the first evidence of organ damage in the hyperten-
sive.

In the elderly hypertensive, ECG-LVH, in particular, is an ex-
tremely ominous finding. Within 5 years, 50% will develop a cardiov-
ascular event, and from 40 to 60% will be dead (Table 7.16). The bulk
of the cardiovascular mortality is not from coronary heart disease, but
from stroke and congestive failure.

Albuminuria is associated with hypertension. Its occurrence even
in asymptomatic patients is associated with a distinct increase in
cardiovascular as well as renal disease incidence (Shurtleff 1974). In
those 65-74 years of age, there is almost a 3-fold increase in cardiovas-
cular as well as overall mortality (Table 7.17).

Thus, in addition to the height of the blood pressure—systolic or
diastolic, at all ages, in either sex—there is a greater penalty for the
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TABLE 7.16. Mortality According to ECG-LVH Status at Biennial
Examination, in Men and Women 65-74 (Framingham Study:
18-Year Follow-Up)*

Five-year mortality per 100 at risk

CHD death C-V death Overall mortality
ECG-LVH Men Women Men Women Men Women
Negative 1.9 1.5 6.9 4.3 14.1 7.6
Doubtful 18.3 5.8 23.1 14.9 34.6 19.1
Definite 16.4 6.3 47.4 34.6 63.2 40.7
t Value for trend 4.32 2.36 7.30 7.53 6.99 6.97

@ Source: Framingham monograph No. 30.

hypertensive who is allowed to progress to the stage where he exhibits
evidence of even presymptomatic involvement (Shurtleff 1974).

Preventive Implications

Perhaps as insidious as hypertension itself is the confusion and
the misconceptions that have retarded its treatment and control.

TABLE 7.17. Risk of Mortality According to Albuminuria Status at
Biennial Examination in Men and Women 65-74 (Framingham Study:
18-Year Follow-Up)

Five-year mortality per 100 at risk

Overall mortality Cardiovascular mortality

Albuminuria Men Women Men Women
Absent 16.1 9.1 8.8 5.9
Present 39.5 27.1 21.1 15.1
Factor of increased risk 2.5 3.0 2.4 2.6
t Value 3.37 3.19 2.36 2.05
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TABLE 7.18. Percent on Antihypertensive Therapy
According to Systolic Blood Pressure in Men
and Women 65-74 (Framingham Study:
18-Year Follow-Up)

Percent on treatment

Systolic blood pressure Men Women

140-149 1.7 6.0
150-159 7.0 8.0
160-169 7.0 9.5
170-179 14.8 16.1
180-189 14.3 20.3
190-199 17.4 26.9

200+ 20.8 32.3

Effective drug treatment has been shown to control hypertension and
to substantially reduce the amount of illness and death it causes (Page
and Sidd 1972, Freis 1971). Even so, hypertension remains the greatest
contributor to cardiovascular disease, the greatest killer of persons
over 65.

Hypertension is easy to detect, even in its asymptomatic stage,
yet it is permitted to exact its toll in cardiovascular morbidity and
mortality, undetected and uncontrolled more often than not. Even in
the Framingham cohort, no more than 21% of men and 32% of women
receive treatment in the age group 65-74, despite systolic blood
pressures of 200 mm Hg or greater (Table 7.18). As a result, treatment
often begins too late, after the occurrence of organ damage or a
cardiovascular catastrophe that could have been delayed or prevented
by prudent treatment.

Reduction of this unnecessary toll of death and disability would
appear to require increased professional understanding of recent
developments in hypertension control and better public awareness, to
ensure compliance in long-term detection and treatment programs.
Until recently, hypertension was not considered a public health
problem, since it is not a contagious disease. It must now be so
considered, because it has been demonstrated to be the most powerful
contributor to cardiovascular disease (Shurtleff 1974) and a condition
that afflicts 27% of men and 48% of women 65-74 years of age.
Furthermore, this common and serious disease process is one for
which effective treatment is available; yet, for some reason, treatment



Blood Pressure and Cardiovascular Disease in the Aged 175

is not helping more than a fraction of those who need it. In hyperten-
sion, as in communicable disease, we are confronted with a problem
of bringing care to people who do not know they are at risk and
cannot act in their behalf to protect themselves. Also, particularly in
the elderly, the cardiovascular sequelae of hypertension impose an
enormous economic and social burden on the family and the commu-
nity, and a huge drain on the medical resources available to cope with
the problem.
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High Blood Pressure and Its
Management

R. D. KENNEDY

Introduction

For the clinician, the definition of hypertension in older people
presents some problems. If WHO guidelines are used, a high propor-
tion of the elderly can be regarded as being hypertensive, with blood
pressures in excess of 160/95 mm Hg.

Master et al. (1958) collected information from 5,000 physicians
regarding blood pressure of those 65 years old and over. Their data
demonstrated that while there is relatively little increase over the age
of 65, the range of values is wide, and that the middle 80% of the
range includes diastolic pressures up to 100 mm Hg in both sexes, and
systolic pressures up to 185 mm Hg in men and 190 mm Hg in women
(Table 8.1). Anderson and Cowan (1959) assessed the blood pressure
in 546 men and women 60-89 years old selected as healthy by strict
criteria, excluding those with gross adiposity. They showed that both
mean systolic and diastolic blood pressures increase gradually with
age, the increase being greater for the systolic values. At all ages,
females showed a higher mean value than men. They confirmed the
wide range of blood pressure, particularly systolic, with advancing
years (Table 8.2).

Anderson and Cowan (1972) attempted to correlate the levels of

R. D. KENNEDY - University Department of Geriatric Medicine, Stobhill, Hospital,
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TABLE 8.2. Range of Blood Pressure in Clinically Healthy Old People®

Number Systolic (mm Hg)® Diastolic (mm Hg)?
Age Male  Female Male Female Male Female
6064 44 48 151 £ 2.8 158 = 2.7 85 + 1.2 86 = 1.2
65-69 63 42 154 = 2.8 163 * 3.3 85 = 0.94 86 = 1.2
70~74 69 54 164 = 2.4 168 = 2.6 86 = 0.97 87 = 1.1
75~79 59 35 168 £ 2.7 179 £ 4.2 86 + 1.2 88 + 1.9
80-84 50 35 171 = 2.9 187 * 4.1 88 = 1.2 89 + 2.1
85-89 21 26 173 £ 5.6 189 = 5.0 87 2.9 92 = 2.0

2 Anderson and Cowan (1959).
® Mean =+ SE.

arterial pressure with detectable vascular abnormalities in an elderly
population; they chose the presence or absence of abnormal findings
on ophthalmoscopy, palpation of the radial artery, and palpation of
the foot pulses. The population surveyed was otherwise considered to
be healthy. When all three criteria examined were normal, the upper
limits of systolic blood pressure were found to be 185 mm Hg at 60
years and 200 mm Hg at 85 years of age for both sexes. When all three
were abnormal, the upper limits of systolic blood pressure were 204
mm Hg for men and 211 mm Hg for women at 60 years, and 218 mm
Hg for men and 225 mm Hg for women at 85 years. The diastolic blood
pressure was uninfluenced by age for either sex, and only in women
were the vascular abnormalities related significantly to the diastolic
pressure level.

The effects of hypertension in the elderly population were further
studied by Bechgaard (1946), who followed up 1,000 hypertensive
patients attending a general outpatient department in Copenhagen.
All these patients had blood pressures in excess of 160/100 mm Hg at
their first attendance. Reexamination was carried out at 10 and 20
years after admission to the survey, and if possible, a third examina-
tion was carried out. Of those who survived to this third examination,
80% had lived beyond the age of 60. The mortality in elderly women
was not increased unless the systolic blood pressure was in excess of
200 mm Hg. Further evidence suggesting that the elderly female can
sustain increased levels of blood pressure without any great increase
in mortality can be found in the study of Miall and Chinn (1974). In
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this study, raised systolic or diastolic pressures were not associated
with any increase in deaths due to cardiovascular causes among
women 65-74 years old. The same did not hold true for men in the
same age group.

There is considerable evidence, however, to suggest that the
elderly person with either systolic or diastolic hypertension has an
increasing risk of cardiovascular or cerebrovascular complications
(Chapter 7), though possibly to a lesser degree than his younger
counterpart. The findings of the Chicago Stroke Study suggest that
28% of the total incidence of strokes in persons 65-74 years old may be
attributable to hypertension (Shekelle et al. 1974). The increasing risk
of cardiovascular disease and congestive cardiac failure in association
with raised pressure levels has been demonstrated by Kannel and his
colleagues (Chapter 7, Kannel et al. 1971, Shurtleff 1970), suggesting
that the absence of symptoms or signs of target organ involvement is
no guarantee against a sudden vascular catastrophe when hyperten-
sion is present. While there is evidence to suggest that asymptomatic
hypertension is of adverse influence with regard to atherothrombotic
brain infarction, congestive cardiac failure, and possibly coronary
artery disease in later years, it seems less so with regard to peripheral
vascular disease, in the absence of other pathology. The systolic blood
pressure in the elderly is frequently labile, which in itself may be of
adverse significance. Colandrea et al. (1970) investigated a retired
“leisure” community in the United States and showed that in this
elderly population, isolated systolic hypertension was a relatively
infrequent and labile condition; it was associated, however, with an
increased risk of developing cardiovascular complications.

The effect of raised blood pressure on the cardiovascular systems
of elderly people has been demonstrated in a population survey of the
ambulant elderly (Kennedy 1974). Of this population, 65 years of age
and over, 21% had pressures in excess of 180/110 mm Hg. Hyperten-
sive heart disease was diagnosed in the presence of left ventricular
hypertrophy, left bundle branch block, an arrhythmia noted in the
absence of valvular or ischemic heart disease, or an increase in the
cardiothoracic ratio. Of those with elevated blood pressures, 62% of
men and 55% of women showed evidence of direct cardiac involve-
ment, though symptoms in relation to this involvement were infre-
quent.

While these statistics point to the influence of high blood pressure
as a risk factor in cardiovascular conditions in old age, the circum-
stances of the affected patient must be borne in mind. It has been
shown that in some instances, untreated hypertensives with no
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evidence of target organ involvement will fare well in comparison with
those treated (Stewart 1971). The difficulty lies in the identification of
such groups, especially with regard to the elderly.

Etiology

The cause of hypertension in the elderly, as in the younger
person, is frequently elusive. Malignant hypertension with papil-
ledema is rare in those over 70 (Kincaid-Smith et al. 1958). Hypertension
of renal origin does occur in older patients, but with no greater
frequency than in younger subjects. When the blood pressure of an
elderly person on no relevant drug therapy has risen rapidly over a
period of several months, hypertension of renal origin may be
implicated. This hypertension can be due to structural damage such as
renal artery occlusion, but is more likely to result from chronic
pyelonephritis.

Bacteriuria is a not infrequent finding in the elderly. It is more
common in women than in men, and has an incidence of upward of
10% in the total elderly population (Sourander 1966, Brocklehurst et al.
1968). Only one-third of these with bacteriuria also have pyuria
(Akhtar et al. 1972), and when the blood pressures of those elderly
people in the community with a urinary tract infection are compared
with those who are infection-free, no significant elevation is noted in
either group.

Occult or reactivated pyelonephritis is probably the most common
renal cause of hypertension in later years. There may also be endo-
crine causes, but they are infrequent. Primary aldosteronism, Cush-
ing’s syndrome, or pheochromocytoma occur as rarities. Most in-
stances of raised blood pressure in the elderly are classified as
essential or primary, a diagnosis reached by exclusion of known
causes. Many factors have been suggested as contributing to this
situation. Salt intake has been suspected for a considerable time of
having some influence on blood pressure levels. The evidence for this
influence remains conflicting, but the renal handling of sodium is
abnormal in hypertension, and patients with high blood pressure may
have a higher taste threshold and appetite for salt (Wotman et al.
1967).

Emotion and stressful situations can result in the elevation of blood
pressure. This elevation may occur as a result of increased catechola-
mine secretion in susceptible individuals, leading eventually to sus-
tained hypertension (Nestel 1969).
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Interaction between renal and nervous effects on the circulation
has demonstrated the important role of the kidney in arterial pressure
control. The role of renin in patients with either primary or secondary
hypertension continues to provoke interest and controversy. About
one-third of patients found to have essential hypertension have
subnormal renin levels; a small percentage have raised values; in
most, plasma renin is normal. Low plasma renin levels in association
with essential hypertension, however, appear in some to be related to
increasing age. It has been postulated that plasma renin has fallen in
these circumstances as a result of the long-term effect of raised blood
pressure on the kidney (Padfield et al. 1975).

Pathology

With age, structural changes occur in the kidneys, affecting renal
function. The changes include a reduction of renal mass corresponding
to the general decrease in the size and weight of most organs with
advancing years. Microscopically, there is reduction in the number of
nephrons and in the size of each nephron. Vascular changes initially
involve smaller arteries and arterioles, with a consequent diminution
in the renal arterial tree. This diminution has been demonstrated by
angiography, which shows changes in the intrarenal arterial pattern in
the normotensive elderly similar to that found in the hypertensive
younger patient (Davidson et al. 1969). Pathological lesions attributed
to hypertension in young and middle-aged patients are not necessarily
due to the same cause in the elderly. The degree and incidence of
renovascular damage in elderly subjects with moderate hypertension
has been noted to be approximately the same as that in comparable
age groups who are normotensive (McKeown 1965). Decreasing renal
glomerular and tubular function occurs with advancing years as a
result of these structural changes in the kidney (Davies and Shock
1950, Shock 1968). These functional, age-related changes may be
confused with hypertensive effects where arterial pressure is only
moderately raised.

Renal lesions caused by the vascular changes of aging may coexist
with chronic infective scarring in kidneys that have been the seat of
chronic pyelonephritis. Care must be taken that such changes are not
wholly ascribed to the pyelonephritic process.

The influence of hypertension on cardiac pathology has been
mentioned in Chapter 2. While myocardial hypertrophy is the usual
cardiac result of sustained hypertension, several studies have shown
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that such hypertension in the elderly is not necessarily associated with
an increase in heart weight (Pomerance 1968, McKeown 1965).

Hypertension as a causative factor in major-vessel atherosclerosis
has been dealt with in Chapter 7. It is unusual for arteriolar wall
damage of a severe nature, such as fibrinoid necrosis, to be found in
the elderly, who rarely suffer from malignant hypertension (Kincaid-
Smith et al. 1958). It is often difficult at autopsy to determine whether
the arteriosclerotic cerebral vessel changes are related to age or to
hypertension (McKeown 1965). Microaneurysms of the cerebral perfo-
rating arteries—the état lacunaire and état criblé described by Marie
and Vogt—are common in elderly and hypertensive patients (Cole and
Yates 1968), and are not necessarily implicated in the occurrence of
clinical strokes (Dayan 1973).

Intracerebral cellular degeneration occurs commonly in later years.
This degeneration may be associated with small-vessel disease, caus-
ing cystic softening in brain tissue in association with arteriosclerosis,
which itself may be related to hypertension or may occur in normoten-
sive individuals as an aging process. McKeown (1965) has described
medial fibrosis in large and smaller cerebral vessels, and capillary
fibrosis that can possibly be attributed to hypertension in later years.
It has been suggested by some that this fibrosis forms the basis for
vascular dementia, by an association with the clinical picture of
gradual and progressive impairment of mental function, though ob-
viously factors other than hypertension may well be involved. Older
people with severe diastolic hypertension show significant intellectual
decline over a set span of time when validated intelligence ratings are
used. In the setting of moderate diastolic hypertension (i.e., 96-105
mm Hg), however, no such impairment was found, and some individ-
uals even showed an increase in rating scales (Wilkie and Eisdorfer
1971).

Clinical Manifestations

Minor complaints such as headaches, dizziness, poor memory,
and impairment of concentration are often attributed incorrectly in the
elderly to raised blood pressure. Such symptoms are often present in
old people with normal blood pressure.

Secondary hypertension may give rise to characteristic clinical
pictures. Cushing’s syndrome, extremely rare in old age, causes
weight increase and redistribution of body fat with striae, hirsutism,
and carbohydrate intolerance. Polyuria, thirst, fatigue, and muscle
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weakness may be present with Conn’s syndrome. Sweating, glyco-
suria, and paroxysmal hypertension occur in the presence of a pheo-
chromocytoma. Renal causes may be associated with hematuria,
dysuria and pyuria, and rapidly accelerating hypertension. In contrast,
essential hypertension is usually symptomless until organ involve-
ment is marked, the patient’s well-being then being compromised.

Hypertensive heart disease may cause left heart failure with
pulmonary edema, signs of cardiac stress, and cerebral anoxia. My-
ocardial ischemia, with or without cardiac pain, may be present. At all
ages, cerebral infarction and, particularly, cerebral hemorrhage are
associated with increased blood pressure, though this risk may dimin-
ish in later years (Miall and Chinn 1974, Cole and Yates 1968).

Management

Where a remediable lesion has been detected, treatment should be
directed to it, provided the current state of health of the patient is fully
considered. Where a renovascular cause has been found, conservative
management may often be in the patient’s best interests. The diagno-
sis of chronic pyelonephritis requires prolonged treatment in its own
right with sulfonamides or antibiotics. In the rare instances where
an endocrine cause has been discovered, appropriate drug therapy or
surgical intervention should be considered, depending on the state of
the patient’s health.

The management of high blood pressure in the elderly, however,
is basically the management of essential hypertension. Antihyperten-
sive therapy is indicated where there is definite evidence of target
organ involvement. Thus, appropriate drug therapy should be em-
ployed where congestive cardiac failure has occurred, either solely or
partly as a result of hypertensive heart disease. The situation with
regard to patients over the age of 65 with stroke is different from that
for younger subjects, for there is no good evidence yet that antihyper-
tensive therapy prolongs life or reduces the recurrence rate in the
elderly (Adams and Merritt 1961, Barham Carter 1970). Hypertensive
cerebrovascular disease with diffuse cerebral signs of dementia is
generally regarded as a contraindication to therapy, because further
deterioration in intellectual capacity frequently results when drugs are
employed (Hughes et al. 1954, Caird 1963).

Many physicians with experience in treating elderly patients find
difficulty in determining whether the symptom-free but hypertensive
old person merits antihypertensive treatment and, if so, at what
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pressure levels. Possible reasons for this uncertainty are that epide-
miological surveys have included very few elderly subjects; that
clinical trials of antihypertensive therapy have concentrated on the
young and middle-aged; and that in the elderly, the risks of such
therapy are increased in the presence of multiple pathology, and of
mental changes, which are frequently unrecognized. The older person
may be at risk from enhanced drug activity or unwanted side effects as
a result of alterations in the body’s capacity to metabolize and excrete
the prescribed agent or its metabolites.

In the absence of definite contraindications, antihypertensive
therapy should be considered in the setting of symptomless hyperten-
sion when the diastolic pressure is persistently in excess of 110 or
possibly 105 mm Hg, especially where there is documented evidence
of previous left ventricular failure. It is more difficult to decide at what
systolic level such therapy should be employed in older subjects, and
the decision must await the results of further controlled clinical trials.

Certain considerations with regard to the elderly must be
stressed. If there is an element of mental confusion, the question of
antihypertensive therapy requires very full appraisal. The frequently
encountered situation of a patient with diminished renal function
requires careful monitoring of drug dosage. The ability of the patient
and his relatives to cope with the complex drug regime required for
several conditions may modify the therapeutic approach. Treatment of
the raised pressure may be of less relevance in the light of the patient’s
other conditions. Furthermore, many elderly people suffer a consider-
able drop of blood pressure on standing (Caird et al. 1973), which may
be potentiated by hypotensive agents.

General measures include weight reduction to not more than 25%
in excess of standard weight for height and age, and a complete
review of the subject’s current therapy. Salt restriction has little part to
play in the control of blood pressure in elderly subjects, on several
grounds: the degree of salt restriction required to lower blood
pressure satisfactorily is such that patient cooperation is unlikely, and
more suitable measures are currently available. For an elderly person,
the ideal drug is one that has a mild and consistent action, and no
postural side effects, and needs to be taken only once daily. There are
few hypotensive agents that meet these requirements. There are
certain drugs, however, that seem more applicable to the treatment of
hypertension in the elderly (Kennedy 1975). The thiazide diuretics are
widely employed, and probably act by decreasing both peripheral
arteriolar resistance and plasma volume. Other diuretics have a
hypotensive action, but that of the thiazide group is more prolonged
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than that of the “loop” diuretics, such as frusemide (Lasix) or
ethacrynic acid (Edecrin). Bendrofluazide (Neonaclex), given in a dose
of 5-10 mg daily, is suitable. The hypotensive effect is not dose-
dependent, so that further increase in dosage does not provide further
benefit.

Diuretics may cause hypokalemia, which is much more likely to
occur in older than in younger patients (Judge and Macleod 1968).
Supplementation with a suitably palatable oral potassium preparation
in appropriate dosage is often necessary. Combined thiazide and
potassium preparations may be inadequate to maintain satisfactory
potassium balance in some elderly patients who may already be
potassium-depleted before starting therapy (Dall et al. 1971). Alterna-
tively, a potassium-sparing agent such as triamterene (Dytac) or
amiloride, alone or in combination with a thiazide (e.g., Dyazide or
Moduretic), may be effective (Kennedy and MacFarlane 1973). Spiron-
olactone (Aldactone) conserves potassium due to its action on the
distal tubule, but is a relatively weak hypotensive agent. It can be
given in combination with a thiazide, such as Aldactide. Long-term
treatment with thiazides may increase 5-fold the chance of developing
diabetes mellitus (Caird 1967); it is less commonly associated with
hyperuricemia, giving rise to acute gout only infrequently.

B-Adrenergic blocking agents cause a sustained and moderate fall
in blood pressure that is little influenced by postural changes. In the
United Kingdom and elsewhere, these drugs are frequently employed
in this role. They are all chemically related, but often differ in
pharmacological activity and in metabolism. Their hypotensive action
may be due to a reduction in cardiac output (Frohlich et al. 1968), to a
lowering of plasma renin levels (Ganong 1972), and to a possible
central depressant effect on general sympathetic activity (Dollery et al.
1973). Not all B-adrenergic blocking agents act by similar pathways.
The absence of any postural effect increases the value of these drugs in
elderly subjects. The action of B-adrenergic blocking compounds on
myocardial function, however, may precipitate cardiac failure in
patients so predisposed, and also induce bradycardia. As the drugs
can also increase airway resistance, care must be shown where there is
chronic bronchitis or a history of bronchial asthma.

A satisfactory response is obtained in upward of 50% of old
people with 40-120 mg propanolol (Inderal) t.i.d. or q.i.d.; pindolol
(Visken), 5-15 mg t.i.d.; oxprenolol (Trasicor), 80-160 mg b.i.d.; or
other allied agents. Apart from the contraindications already men-
tioned, side effects are slight, consisting mainly of gastrointestinal
intolerance. An exception is practolol (Eraldin), which has recently
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been associated with the development of keratitis, retroperitoneal
fibrosis, sclerosing peritonitis, and a psoriasiform skin condition in a
few instances. When these drugs alone prove inadequate, the addition
of a thiazide diuretic may allow satisfactory control of blood pressure.

Of the more potent antihypertensive agents, methyldopa (Al-
domet) is widely used in elderly people. This drug was originally
thought to compete in the normal synthetic pathways with pressor
amines. Further work (Coupar and Turner 1970) has cast doubt on this
sole mode of action, however, and it may be that the drug has a
significant effect on the central nervous system (Finch and Haeusler
1973). It is rapidly absorbed from the gut, and about 50% is excreted
in the urine within 24 h. Maximum hypotensive effect is achieved
6-8 h after ingestion.

Although methyldopa is widely used, it is not free from disadvan-
tages. Elderly subjects require very careful dose adjustment, particu-
larly if renal function is impaired. The dose should start at no more
than 250 mg daily in divided doses, and increase gradually every 3 or
4 days by 125 mg until control is achieved, or a maximum of 2 g daily
is reached. Amounts in excess of this maximum are infrequently
required; if they are, the addition of a thiazide diuretic or 8-blocking
agent may produce the required effect. The literature on unwanted
side effects of this drug is extensive. The most common is drowsiness,
which may merge into stupor, particularly in the old. This side effect
renders the subject liable to other illnesses, such as infections, or to
home accidents. The most disturbing in the older patient is the
precipitation or deepening of a depressive state that may be unrecog-
nized. Other effects include drug rashes, autoimmune hemolytic
anemia, and a hepatitis-like syndrome. Various forms of eczema may
occur or worsen due to methyldopa (Church 1973).

The rauwolfia alkaloids and, in particular, reserpine (Serpasil)
have a moderate hypotensive effect and appear to act by depleting
peripheral adrenergic nerve endings, as well as by reducing the
amines in the adrenal medulla and central nervous system. The usual
dose of reserpine is 0.20-1 mg daily in two or three divided doses, and
the lowest dose compatible with satisfactory blood pressure control
should be sought. This action is not usually evident for 3-6 days after
starting the drug; also, since the drug has a cumulative effect, care
must be taken when the dosage is being increased. Postural hypoten-
sion is unlikely, but side effects often seen with therapeutic doses
include depression and fluid retention; Parkinsonism may occur with
very high dosage.

Hydrallazine (Apresoline), a vasodilator, was formerly used exten-
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sively in the treatment of hypertension, but fell into disrepute when a
lupus erythmatosus-like syndrome was ascribed to it (Morrow et al.
1953). It is well absorbed, however, and metabolism is rapid, but high
plasma levels are found in the presence of renal failure, indicating the
need for caution. Side effects of hydrallazine include tachycardia,
headache, and flushing, which may be abolished by B-adrenergic
blockers.

Other vasodilators currently of value in treating hypertension
include minoxidil, which has a prolonged duration of action despite
rapid metabolism, and also requires B-adrenergic blocking agents to
counteract some of the changes consequent on vasodilation. It may
also cause fluid retention, requiring diuretic therapy. Diazoxide is also
thought to act by vasodilatation. It also causes fluid retention and may
induce hyperglycemia, thus severely limiting its role in the elderly.

Postganglionic sympathetic blocking agents and related com-
pounds have little place in the treatment of the elderly hypertensive.
They generally have a short half-life, and therefore require administra-
tion two or more times daily. All produce postural hypotension, which
can be enhanced in the elderly with dangerous results. Other side
effects include alimentary upsets such as diarrhea. Impaired renal
function may result in unexpected and severe hypotension as a result
of drug accumulation. Such powerful agents should be reserved for the
severely hypertensive elderly subject with evidence of target organ
involvement who does not respond to more gentle medication. Be-
cause such elderly patients are rare, the need for such drugs is
correspondingly rare.

The aim of therapy should be to reduce the diastolic pressure to a
level below 110 mm Hg without producing unpleasant side effects.
Blood pressure should be estimated with the patient in the standing
position, and preferably after gentle exercise. Iatrogenic disease in the
elderly due to overzealous administration or haphazard ingestion of
antihypertensive therapy is not infrequent. Many elderly patients will
be rendered housebound or chairfast if drug therapy is directed
toward achieving the statistically ideal pressure, rather than the
therapeutically feasible.

Drug interactions with antihypertensive therapy are frequent, for
many elderly people are taking several drugs. Such a situation de-
mands extra vigilance (Table 8.3). Postural hypotension is a frequent
occurrence in the elderly; 24% of the ambulant elderly show a systolic
drop of 20 mm Hg or more, 5% a drop of 40 mm Hg or more (Caird et
al. 1973). Misapplied antihypertensive therapy can dangerously en-
hance this decrease in an old person, with the consequent possibility
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TABLE 8.4. Commonly Used Drugs Likely
to Cause Postural Hypotension

Antihypertensive agents
Methyldopa
Reserpine
Ganglion-blocking agents
Thiazides and other diuretics
Phenothiazines
Tricyclic antidepressants
Tranquilizers, especially Diazepam
Chlormethiazole
Anticholinergic drugs for Parkinsonism
Levodopa
Barbiturates
Antihistamines

of incapacity, or indeed injury. Hypotensive drugs are not alone in
causing postural hypotension; other drugs that may have this effect
are listed in Table 8.4.

Every therapeutic regime should be accompanied by explanation
and reassurance about the patient’s future mode of life. Time is well
spent explaining to the patient and his relatives the value of regular
drug therapy, and the need to prevent unnecessary “‘risk’ situations,
with particular reference to abrupt postural changes. Antihypertensive
therapy is not justified if the patient is less well after the institution of
therapy than before. Even so, the often erroneous fear of the complica-
tions of hypertension in the minds of many older people often ensures
that antihypertensive drugs are the last rather than the first to be
discontinued when harmful side effects occur.

Apparent resistance to antihypertensive therapy is occasionally
postulated, but in the elderly, this “resistance’” usually means failure
to take the prescribed drugs. Where patient compliance is doubtful,
potent antihypertensive therapy should not be prescribed without
adequate supervision. The need to treat the patient, not just the blood
pressure, is even more important in the older person than in his
younger colleagues.
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Clinical Features of Ischemic
Heart Disease

M. S. PATHY

Introduction

Coronary heart disease is essentially due to coronary atherosclerosis,
though at times the rare exceptions of syphilitic involvement of the
coronary ostia, polyarteritis nodosa, giant cell arteritis, coronary
embolism, and coronary aneurysm may demand critical attention.
Although the term ischemic heart disease is reasonably used as
synonymous with coronary heart disease, it would logically also cover
the clinical situation of angina pectoris due to aortic valve disease or
severe anemia.

Pathologically, the degree of coronary atherosclerosis increases
progressively until the age of 60 in men (White et al. 1950) and 80 in
women (Ackerman et al. 1950). The Registrar General’s figures for
deaths from ischemic heart disease in England and Wales (Registrar
General 1969) showed a fall in the male preponderance from 67.4% in
the quinquennium 65-69 to 40.6% in those 80-84 years of age. The
incidence of myocardial infarction is difficult to determine, particu-
larly in the elderly, in whom the condition may produce few or no
symptoms and be discovered only at autopsy.

Assessment of the clinical features of disease in old age is
meaningful only if it is viewed as part of an overall assessment of the
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sick person. More than one etiological factor may be operative before a
diseased heart produces symptoms. Hypertension or severe anemia
may precipitate or exacerbate cardiovascular symptoms in the pres-
ence of coronary heart disease of modest severity. Anemia can induce
subendocardial ischemia (Master et al. 1950) and infarction (Elliott
1934), even in the absence of significant coronary artery disease, and
is of more serious import in the presence of coronary atheroma
(Hoffman and Buckberg 1975).

Symptoms of Chronic Coronary Heart Disease

Symptoms of coronary heart disease are often insidious in onset
and ill-defined in character. Multiple small myocardial infarcts are
surprisingly common in old age, and often result in diffuse myocardial
damage. Historical evidence—fallible as this can be in old age—of
focal cardiac lesions is commonly absent. Ultimately, the residual
functional myocardium is inadequate to sustain the restricted physiol-
ogical demand of later life, and signs of heart failure supervene,
frequently insidiously, but sometimes accelerated acutely by a super-
imposed infection, often respiratory. Thus, gradually developing
congestive heart failure most frequently characterizes coronary is-
chemia. The failure is often mild in degree and responds readily to
treatment. Increasing exertional dyspnea may be initially accepted as
an expected symptom of aging by the elderly. If associated disease
severely limits mobility, dyspnea may not be obvious until heart
failure has reached an advanced stage. Left ventricular failure may
herald myocardial infarction; as a recurrent phenomenon, it is a
common feature of coronary heart disease in the absence of infarction.
Left heart failure may disturb sleep for minutes due to short-lived
dyspnea or for most of the night because of persistent cough or acute
and frightening attacks of intense breathlessness, which leave the
victim fearful for future nights; they may persuade him to spend each
night in a chair. The combination of left and right heart failure with
gross evidence of systemic venous engorgement, hepatic enlargement,
peripheral edema, and left or bilateral pleural effusions is common
experience.

Angina Pectoris

This clinical syndrome may be the only manifestation of ischemic
heart disease in the history. It is a symptom complex that diminishes
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progressively in frequency after the age of 80. Using the Rose
questionnaire (Rose 1962, Rose and Blackburn 1968), Kitchin et al.
(1973) noted that a history of angina was admitted by 10% of a random
sample of subjects 62-90 years old in a defined area of Edinburgh.
Severe anemia, tachyarrhythmias, hypoglycemia, and the overenthu-
siastic use of L-thyroxin in the treatment of hypothyroidism may
precipitate pain in asymptomatic coronary heart disease. Aortic valve
disease and syphilitic aortitis can give rise to intractable angina in the
absence of coronary heart disease.

Pain, frequently accompanied by apprehension, is the hallmark of
angina, but the picture varies from a sense of substernal oppression to
severe, dull, constant gripping or choking pain behind the sternum.
Pain may extend more widely across the chest, up to the neck and jaw,
or radiate a variable distance down the left arm or both arms.
Occasionally, pain is limited to the wrists, with a denial of chest
discomfort. Chest pain may be accompanied by a sensation of giddi-
ness or followed by a syncopal episode, possibly due to transient
arrhythmias. Typically, pain is induced by a known amount of
exertion, and is rapidly relieved by rest and glyceryl trinitrate (Trini-
trin) tablets, but in cold, frosty, or windy weather, minimal activity
can produce angina.

Angina precipitated by exercise rarely persists for more than a few
minutes after resting. If rest pain continues for more than 30 min, it is
strongly suggestive of a myocardial infarction. A small group of
patients with acute myocardial infarction give a clearly defined history
of recurrent attacks of chest pain of progressive severity and duration
over the two or three weeks preceding the major ischemic insult.
Prolonged rest pain in the absence of infarction may result from
uncontrolled tachyarrhythmia, bradyarrhythmia, or persistent emo-
tional stress, or may follow severe blood loss.

Cardiac Arrhythmias

Cardiac arrhythmias are commonly associated with coronary heart
disease, though they are not specific to the condition. Left bundle
branch block, or right bundle branch block with or without left
anterior hemiblock, may draw attention to possible coronary heart
disease in an asymptomatic patient, but Lewis et al. (1970) and Haft et
al. (1971) consider that coronary heart disease accounted for only 50%
of cases of left bundle branch block. Atrial fibrillation is common,
particularly in the presence of heart failure, but rarely gives rise to
symptoms of palpitation. Ventricular ectopic beats are common, but if
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present in coupled form in the absence of digitalis administration, are
suggestive of coronary heart disease. Multiple ventricular ectopic beats
is the arrhythmia most prone to produce a sensation of palpitation in
old age. Heart block may announce itself by symptoms of weakness,
unsteadiness of gait, confusion, or recurrent syncope, but it is an
infrequent manifestation of coronary heart disease. Bilateral branch
fibrosis affecting both bundles and of unknown etiology is the most
common cause of heart block (Chapter 3).

General Symptoms

Diminished cardiac output associated with arrhythmias or with
mild unsuspected heart failure may express itself by complaints of ill-
defined fatigue, loss of energy, or undue tiredness and weakness by
the early afternoon. Preexisting renal impairment is sometimes aggra-
vated. Anorexia, weight loss, and postprandial gaseous abdominal
distension with frequent eructations may subside following treatment
of marginal heart failure. Episodic confusion or a history of faints and
falls may be associated with the transient arrhythmias of coronary
heart disease.

Coronary heart disease produces few physical signs, and in a
typical case, none is found. Left ventricular hypertrophy is occasion-
ally noted: A third heart sound is audible relatively frequently, and
signs of mitral regurgitation are to be found if dysfunction of the
papillary muscles occurs.

Coronary Artery Occlusion and Myocardial Infarction

The pathological and clinical sequelae of sudden coronary artery
occlusion depend on several factors. In general, acute, complete
occlusion of the proximal segment of one of the main coronary arteries
results in major cardiac infarction or sudden death. Obstruction of a
small distal branch may be associated with little or no necrosis of
cardiac muscle. The gradual atherosclerotic narrowing of coronary
arteries seen in later life may enable anastomotic vessels to enlarge
sufficiently to obviate the effect of final arterial occlusion. Though
functional anastomoses may develop, the results of coronary artery
occlusion must depend on the integrity of the remaining vessels. If
coronary artery perfusion is already critical due to gross generalized
atherosclerotic narrowing or to previous arterial occlusions, sudden or
even gradual obstruction of a small artery may precipitate infarction.
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In a meticulous histopathological study, Roberts (1974) found that 80%
of thrombi were totally occlusive in patients with fatal transmural
infarctions, and the remainder were partially occlusive. In contradis-
tinction, coronary artery thrombi were absent in 9 fatal cases of
subendocardial infarction. Roberts maintains that coronary artery
thrombosis is consequential to myocardial infarction, and not causal.

In old age, coronary atherosclerosis is widespread, and areas of
myocardial fibrosis are often irregularly disposed throughout the
myocardium, particularly in the subendocardial region. At this age,
infarction of the myocardium is to be seen as but a phase in the course
of coronary heart disease. The area of necrosis may be small and
subintimal or massive and transmural. It is therefore understandable
that the accompanying symptoms may range from the insignificant to
the catastrophic.

The presence of cardiac hypertrophy from long-standing coronary
heart disease or hypertension often magnifies the effect of acute
coronary occlusion.

Symptoms

Myocardial infarction may produce few or no symptoms and be
discovered only at necropsy. Barnes and Ball (1932) found necropsy
evidence of myocardial infarction in 4.9% of hearts; Gould and
Cawley (1958) noted one or more healed cardiac infarcts in 3.5% of
5,000 consecutive autopsy examinations. In clinicopathological stud-
ies, Lee et al. (1957) and Johnson et al. (1959) estimated, respectively,
that 10% and 50% of anatomically proved myocardial infarctions gave
rise to no diagnostic clinical symptoms in life. The collation of
pathological findings with retrospective documentary clinical data,
frequently culled from notes of other observers, may be inaccurate
with respect to the incidence or disease symptoms, and should be
interpreted with caution.

Since Hammer (1878) clinically diagnosed myocardial infarction,
substernal pain with characteristic qualities and radiation of variable
extent has for long been accepted as a cardinal symptom of acute
infarction of cardiac muscle. Chest pain is indeed a major presenting
symptom in the very old, as in younger persons, but the frequency
with which pain marks the occurrence of infarction decreases with
advancing age. Pain may be mild and brief in duration, lasting for
about an hour, or agonizing and persisting for several hours to one or
two days. Prolonged pain may be intermittent over one to three or
more days. The pain is dull and compressing in quality, and the
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patient sometimes graphically likens it to being constricted in a vise or
compressed by a heavy weight. At times, the complaint is one of
substernal discomfort or a sense of choking or oppression. The pain or
discomfort may be limited to the retrosternal region, but frequently
spreads across both sides or the anterior chest: It may radiate to the
neck, jaw, or down one or both arms. If limited to one side, the pain is
usually on the left. Occasionally, the pain is epigastric and ascribed to
indigestion.

Symptoms associated with the pain of infarction are common and
include breathlessness, nausea or vomiting, faintness, sweating, pal-
pitation, and a sense of marked weakness. The dominance of these
symptoms in the clinical picture of myocardial infarction in the elderly
has not always received due emphasis. In old age, myocardial infarc-
tion, in common with many diseases, may give rise to vague, ill-
defined, or multiple symptoms of a general character that cannot be
profitably classified.

The presenting clinical features in a group of patients 65 years of
age and over with a myocardial infarction confirmed by defined
electrocardiographic and, in fatal cases, histopathological criteria are
shown in Table 9.1 (Pathy 1967). Due to the strict serial electrocardi-
ographic criteria laid down for accepting a diagnosis of recent myocar-
dial infarction, patients with localized subintimal infarction had to be
excluded with unavoidable selectivity. Within the limits of any study
conforming to specified criteria, the data in the table make it clear that
the presenting symptoms of infarction of the myocardium in the
elderly are protean.

The frequency with which symptom complexes present are often
biased in hospital-orientated data due to admission policy and selec-
tivity. Nevertheless, the frequent absence of pain in reliable elderly
witnesses with unequivocal infarction and the cardinal importance of
the many other presenting features is undeniable. The factors that
determine absence of the pain of infarction have been the subject of
considerable speculation. In his original classic paper, Herrick (1912)
considered gradual atherosclerotic narrowing of the coronary arteries
to be significant, though later (1931) he postulated that involvement of
“silent areas’”” of myocardium might give rise to painless infarction.
Libman (1919), Keefer and Resnik (1928), and Carr (1935) proposed
hyposensitivity to pain as a possible explanation. Wearn (1923) and
Hamman (1934) noted that pain might be absent if infarction super-
venes on preexisting heart failure; Hay (1933) similarly considered
pain to be less common if a previous infarction had been experienced.
A degree of coronary ischemia insufficient to induce pain, but of
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TABLE 9.1. Clinical Presentation of Myocardial Infarction and Acute
Coronary Occlusion in 597 Patients 65 Years of Age and Over”

Number of

Group Mode of presentation cases %
1 Sudden dyspnea or exacerbation of heart failure 119 19.9
2 Onset with chest pain 115 19.3
3 Acute confusion 69 11.6
4 Sudden death 42 7.0
5 Syncopal attacks 39 6.6
6 Strokes 38 6.4
7 Limb ischemia 28 4.7
8 Giddiness or vertigo 27 4.5
9 Palpitation 26 4.4
10 Weakness 19 3.2
11 Renal failure 18 3.0
12 Recurrent vomiting 16 2.7
13 Pulmonary embolus 12 2.0
14 Uncontrolled diabetes 11 1.8
15 Restlessness 9 1.5
16 Cough 5 0.8
17 Sweating 4 0.7

a Pathy (1967).

adequate duration to cause infarction, was proposed by Snow et al.
(1956). Evans and Sutton (1956) stressed the importance of dyspnea,
hypertension, and arrhythmias as factors influencing absence of pain.

The sudden onset of intense dyspnea often dominates the clinical
scene of acute infarction of the myocardium in old age. Pulmonary
edema may result from a rise of pulmonary venous pressure conse-
quential on the elevation of ventricular end-diastolic pressure. The
pressure rise responsible for hypoxia and metabolic acidosis need not
be great enough to induce sufficient engorgement of the pulmonary
veins to cause dyspnea at rest, nor flood the lungs with fluid.
Evidence of left ventricular failure with breathlessness, cough, appre-
hension, and variable cyanosis is common. If wheezing is marked, the
symptoms may be mistaken for true asthma, though this rarely occurs
for the first time in the elderly. The sputum is often frothy, copious,
and white, though exceptionally it may have the classic pink appear-
ance. Fine crepitations are audible over the chest, or in mild cases at
the lung bases, but may be obscured by loud respiratory wheezes.
With less intense symptoms, recurrent episodes of dyspnea on recum-
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bency or with activity or a disturbing nocturnal cough may denote
otherwise symptomless infarction. Right heart failure may follow left
heart failure at a variable interval. Rapid intensification of signs of
preexisting mild congestive heart failure may mark the supervention
of myocardial infarction. Boyd and Werblow (1937) noted that the
syndrome of painless myocardial infarction was represented most
commonly by the occurrence of unexplained dyspnea during the
course of congestive cardiac failure. Parkinson and Bedford (1928),
Bedford and Simpson (1939), Lewis (1946), Gilchrist (1951), Herrman
(1952), Papp (1952), Roseman (1954), Friedberg (1956), Evans and
Sutton (1956), and Ebert (1965) commented that pain may be oversha-
dowed by intense dyspnea. In an autopsy examination of the hearts of
370 patients 75 years of age and over, Pomerance (1965) found
evidence of ischemic heart disease in 48% of subjects with a record of
heart failure, and in 18% of the nonfailure group. Much of the
difference was due to recent infarction, which was present in 23% of
those in failure, but in only 0.5% of others.

It is common for infection, metabolic disorders, and traumatic
interludes to be overtly announced in old age by acute confusion. The
unexpected development of noisy, restless agitation with disorienta-
tion in a previously fit old person may be the only symptomatic
expression of myocardial infarction. An infraction is readily over-
looked if it exacerbates preexisting confusion. Rodstein (1956) attrib-
uted the confusion to cerebral anoxia, but it is common experience
that an acute ischemic change in a lower-limb digit in later life is at
times symptomatically ushered in by confusion, which often intensi-
fies as the tissue necrosis increases.

Sudden death is reportedly the first clinical manifestation of acute
myocardial infarction in 20-25% of all cases. A joint committee of the
American Heart Association and the International Society of Cardiol-
ogy has defined sudden death as death occurring within 24 h of the
onset of acute symptoms and signs. In our study, the term was used
only for abrupt death occurring within seconds and without preceding
symptoms. Paul and Schatz (1971) recorded that 49% of coronary
deaths in their study occurred within 15 min of an acute ischemic
episode in middle-aged men. The 7% of patients recorded in Table 9.1
as dying suddenly were without electrocardiographic or clinical evi-
dence of a myocardial infarction during the previous month. The
incidence of sudden death among hospital patients with known recent
infarction is considerably higher. The histochemical method used to
indicate and date infarction (Mallory et al. 1939) in our survey does not
show diagnostic histological changes for at least 10 h. Electron micros-
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copy and more recent histochemical techniques provide much earlier
characterization of cellular ischemic changes (Jennings et al. 1965,
Shnitka and Nachlas 1963). Thrombi were frequently absent, but
severe and widespread atherosclerosis with gross luminal narrowing
was a major feature. The presence of histological evidence of infarction
between 10 and 48 h old in a few subjects suggests that silent
infarction may at times occur, with sudden death coming many hours
later. It is probable that most sudden coronary deaths are due to an
acute dysrhythmia, probably ventricular fibrillation. Cardiac rupture
may cause sudden death, but was noted in only 3 of our 42 cases.

Syncope is frequent in older people with cardiac infarction.
Frequently, it is accompanied by more diagnostic symptoms, espe-
cially severe chest pain (Garland and Phillips 1953). At times, syncope
may be the presenting symptom (Pollard and Harvil 1940, Cookson
1942, Gilchrist 1951, Pathy 1967). Characteristically, sudden loss of
consciousness lasting 5-30 min is noted, and pain is absent before and
after the syncopal episode. Transient heart block, or bradycardia,
tachyarrhythmias, or hypotension, are possible factors. With marked
postinfarction hypotension, attempts to sit up in bed may result in
repeated transient faints, but these are to be distinguished from
isolated syncopal attacks.

Distal Embolization

Thromboembolism varies in incidence from 6% (Doscher and
Poindexter 1950) to 60% (Garvin 1942) and is a significant cause of
death from cardiac infarction, though embolic episodes are not always
fatal. Distal emboli occur most frequently from the second to third
week and involve, in order of frequency, lungs, kidney, spleen, brain,
extremities, mesentery, carotids, and aorta (Bean 1938). Hellerstein
and Martin (1947) suggested that distal embolization was the cause of
death in 12% and a contributory cause in 15% of subjects examined at
autopsy.

Parkinson and Bedford (1928) drew attention to the coexistence of
cerebrovascular accidents and silent myocardial infarction. Levine con-
sidered that sudden hemiplegia may be due, in some instances, to a
cerebral embolus secondary to a symptomless myocardial infarction.
Subsequent studies have confirmed that the symptoms and signs of a
stroke may overshadow the coexisting myocardial infarction (Bean and
Read 1942, Race and Lisa 1945, Fisher and Zuckerman 1946, Bean et al.
1949, Rogers 1955, Gupta et al. 1965, Heron and Anderson 1965). In a
study of the relationships between coronary thrombosis and cerebral
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lesions, Dozzi (1937) reviewed 1,000 consecutive autopsies; 41 had a
myocardial infarction, and 12 (29%) of these were associated with a
cerebral embolus or thrombosis. We noted a stroke to be the sole
presenting feature in 38 patients with confirmed infarction of the
myocardium. Carter (1964) suggested that cardiac infarction was
responsible for embolic strokes as frequently as mitral stenosis.
Wright et al. (1954) found that 64% of all arterial emboli from cardiac
infarction involved arteries of the brain.

Strokes subsequent to cardiac infarction are by no means always
due to cerebral embolic incidents. In our experience, the cerebrovascu-
lar episodes commonly occur either within the first 24 h or between 8
and 14 days following the myocardial infarction. If cerebrovascular
disease is present, a marked fall in blood pressure might impair
cerebral artery perfusion, with resulting cerebral infarction (Stiirup
1952, Rogers 1955). Conversely, the possibility must be entertained
that in the presence of extensive coronary artery disease, infarction of
the myocardium could be subsequent to hypotension due to the stroke
(Bean and Read 1942, Wilson et al. 1951). Hypertensive subjects are
particularly prone to cerebral infraction following abrupt falls of blood
pressure (Low-Beer and Phear 1961).

Where the only clinical manifestation of myocardial infarction is
the complicating stroke, electrocardiographic changes must be criti-
cally appraised. Byer et al. (1947) described T-wave abnormalities in
the ECG in intracranial hemorrhage. In a valuable study, Burch et al.
(1954) described the electrocardiographic pattern in cases of cerebro-
vascular accidents without heart disease. Fentz and Gormsen (1962)
found 16% of subjects with cerebrovascular accidents to have abnor-
mal ECGs in the absence of heart disease. Abnormal electrocardi-
ographic patterns in subarachnoid hemorrhage are well documented
(Levine 1953, Shuster 1960, Cropp and Manning 1960, Koskelo et al.
1964, Shrivastava and Robson 1964). Careful scrutiny of serial ECGs
will distinguish these T-wave and S-T segment changes from those of
myocardial infarction, though exceptionally this distinction is impos-
sible to make (Menon 1964).

Embolic occlusion of arteries of the limbs may mask other evidence
of the causal cardiac infarction, or may present as a unique feature of a
heart attack. Severe pain and ischemic changes progressing to gan-
grene of digits or limb are usually indicative of embolic arterial
occlusion. Where the ischemic change is less severe, spontaneous
resolution may occur.

Acute limb ischemia complicating myocardial infarction is not
always due, however, to embolic phenomena. A fall in cardiac output
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in the presence of extensive peripheral arterial disease may reduce
perfusion in the extremities of the lower limbs sufficiently to precipi-
tate severe ischemic changes in the feet or legs. In our survey, 39
patients had ischemic limb complications following a myocardial
infarction, but in 28 cases, the limb symptoms formed the cardinal
presenting features. Two cases with extensive transmural infarcts
presented with rapidly progressive gangrene, in the distal third of
both lower limbs in one case, and in approximately the distal half of
both upper and lower limbs in the other. No evidence of peripheral
embolism was obtained following detailed autopsy examination. Ja-
cobs (1959) found that a myocardial infarction was responsible for 9 of
122 embolic incidents involving the limbs. Reviewing 100 cases of
sudden arterial occlusion of a limb artery, Allen et al. (1962) recorded
coronary artery disease in 21 cases, of whom 20 had symptoms of
peripheral arterial disease. Of Bean’s (1937) 300 cases of myocardial
infarction, 4 presented with arteriosclerotic gangrene.

Massive pulmonary embolism complicates myocardial infarction
less frequently than when prolonged immobolity was the cornerstone of
management of the disease. Pulmonary embolism may present with
acute breathlessness or with sudden death. Rapid circulatory failure
with peripheral cyanosis, syncope, or the development of right heart
failure may characterize pulmonary infarction. When infarction is less
extensive, cough with pleuritic pain or hemoptysis, tachycardia, and
mild dyspnea are more frequent.

The reported incidence of pulmonary embolus complicating my-
ocardial infarction varies widely. Evans (1964) recorded an incidence
of 15%; Eppinger and Kennedy (1938), of 23%. The clinical features of
pulmonary infarction may be the only overt picture of a recent
myocardial infarction.

The interpretation of both symptoms and serial ECGs is often
equivocal. In our survey, 12 patients with confirmed myocardial
infarction presented with features of a pulmonary infarction.

Arrhythmias and disorders of conduction and rate are almost invaria-
ble following acute myocardial infarction. Often evanescent, and
occurring most frequently within the first 2 or 3 h following the
ischemic insult, disorders of rate and rhythm may be overlooked.
Sinus tachycardia, sinus bradycardia, and nodal arrhythmias are
frequent, early, and usually transient findings. Atrial fibrillation and
flutter may be more persistent and increase the likelihood of heart
failure and subsequent embolic phenomena. Ventricular ectopic beats
are common and normally benign, but if they are frequent or multifo-
cal, they may be associated with unstable ventricular rhythm, and
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ventricular tachycardia or fibrillation may supervene. The aging heart
is unable to tolerate ventricular tachycardia, and signs of heart failure
appear readily if the rapid heart rate is protracted. Ventricular fibrilla-
tion is probably the cause of most sudden deaths, but response to
immediate DC shock is surprisingly good in older subjects, except for
those currently in heart failure or cardiogenic shock. Bradycardia due
to second degree heart block, nodal block, or complete heart block may
emerge as an early and transient symptom, or as a later and often more
persistent feature of infarction. Heart block may manifest itself as
weakness, giddiness, syncope, or confusion. Cardiac arrhythmias
following myocardial infarction may give rise to palpitation, but this
symptom is frequently submerged by more dominant features. Evans
and Sutton (1956) found palpitation to be a significant symptom in
30% of cases with an average age of 59 years. Palpitation was the
cardinal presenting symptom in 4.4% of our patients.

Progressive renal failure marked by the rapid onset of increasing
lethargy, lassitude, and anorexia associated with a rising blood urea
was the overt clinical expression of acute infarction of the myocardium
in 18 of our elderly subjects. In a study of 142 patients, Kennedy (1937)
records that 5 had uremia. Reduced glomerular perfusion due to
prolonged hypotension or a fall in cardiac output may be significant.
Studies of renal function in old age show a decrease in glomerular
filtration (Shock 1946, 1952; Olbrich et al. 1950) and tubular activity
(Miller et al. 1952). The interplay of diminished renal function,
increased metabolic stress, and decreased cardiac output may induce
postinfarction uremia.

Vomiting has long been recognized as a frequent accompaniment
of myocardial infarction. Where it is the dominant feature, diagnostic
difficulties arise. Vomiting or nausea may be induced by administra-
tion of opiates for pain or by digitalis therapy. Pollard and Harvill
(1940) and Evans and Sutton (1956) observed that sudden vomiting
might be the cardinal symptom of myocardial infarction.

Herrick (1912) observed marked weakness to be a symptom of
coronary occlusion. General weakness is particularly seen in elderly
patients (White 1951), may be a presenting feature (Boyd and Werblow
1937), and is often very striking, even when there are but few other
symptoms (Levine 1958). A complaint of weakness, often profound,
was the outstanding feature in 19 patients with myocardial infarction.
The sense of weakness, limpness, and exhaustion may last for up to 6
weeks and tends to fluctuate in intensity. The complaint of weakness
may seem at times to overwhelm the patient, who may respond by
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marked depressive symptoms. Muscle hypotonia may be present, and
in some cases is so striking as to give rise to a “rag doll”” state.

Giddiness or unsteadiness is among the most frequent symptoms
expressed by the elderly. It is a common associated feature of myocar-
dial infarction, but may at times occur acutely as a distressing and
disturbing presentation of underlying infarction. It is readily explica-
ble where there is marked hypotension or a dysrhythmia, but intense
giddiness or true vertigo is frequently present in the apparent absence
of these features. Continuous monitoring indicates that some cases are
indeed due to transient dysrhythmias or conduction defects. A reduc-
tion of previous hypertension to normotensive levels in the presence
of widespread cerebrovascular or vertebral artery atherosclerosis may
be causal, particularly if cardiac output also falls.

An uneasy restlessness in which the subject feels compelled to flex,
extend, and rotate his arm, his leg, and his neck, and to shrug or
retract one or the other shoulder at irregular intervals throughout the
day or night, forms a peculiar and uncommon manifestation of
myocardial infarction. Leydon (1884) recorded restlessness as a symp-
tom of coronary occlusion. Bean (1938) noted that restlessness was
present in 44% of his patients, though in none was it noted as the sole
or even the predominant symptom.

Troublesome cough may be an early symptom of left ventricular
failure; we have seen it as the presenting feature of 5 patients with
acute myocardial infarction. In each instance, cough represented an
early sign of left heart failure consequent on the acute ischemic
incident.

Sweating is common in cardiac infarction. Bean (1938) found it to
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