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Preface 

In 1909 a short contribution entitled "Geriatrics" was published in the 
New York Medical Journal. According to this article, old age represents a 
distinct period oflife in which the physiologic changes caused by aging are 
accompanied by an increasing number of pathologic changes. We now 
know that the organs of the body age neither at the same rate nor to the 
same extent and that physiologic alterations are indeed superimposed by 
pathologic changes; as a result of the latter phenomenon the origins and 
course of illnesses in the elderly can present unusual characteristics. The 
frequency of concurrent disorders in the elderly entails the danger of 
polypragmatic pharmacotherapy, i.e., the use of various drugs to combat 
various disorders while neglecting the possibly adverse combined effects 
of these drugs. To obviate this danger, special knowledge in the field of 
geriatrics, the medical branch of gerontology, is necessary. 

Geriatrics is constantly increasing in importance owing to the near 
doubling of life expectancy over the past 130 years and to the improved 
diagnostic and therapeutic techniques made available by medical pro
gress. The rapid recent development of experimental gerontology has 
played an essential role in enabling us to understand the special features of 
geriatrics. This progress has, however, been accompanied by such a vast 
increase in the volume of literature on the subject that specialists in the 
field can scarcely maintain an overall perspective of new publications. 
Remarks such as "we, too, treat old people" are factually correct, but fail 
to reach the heart of the matter: rather they very strikingly emphasize the 
need for a comprehensive interdisciplinary presentation of geriatrics. This 
need is met at an international level for the first time by this three-volume 
series, which should facilitate the daily work of physicians in various 
specialties. 

At this point I would like to thank all those who have collaborated 
on this series for their painstaking work. Special thanks are owed to 
Springer-Verlag, who by publishing this work in English have underlined 
the importance of geriatrics at an international level. 

Winter 1981/82 DIETER PLAIT 
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Epidemiology of Heart Disease, 
High Blood Pressure and Cardiovascular 
Disease 

R.D. KENNEDY 

A. Mortality and Morbidity of Heart Disease in Old Age 

Eighty years ago, the writing of a chapter concerned with cardiac disease in the el
derly would have seemed at least indulgent, if not positively wasteful. At that time, 
the percentage of the population surviving to 65 years was less than 10% in indus
trialised countries. Acute and chronic infections were a major cause of death in old 
people, which was frequently ascribed to that non-specific entity, senescence. Even 
then, however, after infectious fevers, gastro-enteritis and tuberculosis, heart dis
ease was the most frequent cause of death (McKEOWN 1965). 

Heart disease is now the major cause of death amongst the elderly in indus
trialised countries (Table 1). Several reasons for this change have been advanced. 
Improved public health measures and the development of antimicrobial agents 
have diminished many previously major causes of mortality. Diagnosis has become 
more accurate, an example being the establishment of coronary thrombosis as a 
clinical entity, dating from 1912, following HERRICK'S classic description of this 
condition in the medical literature (HERRICK 1912), although an earlier account 
had been published by LEYDEN in 1884. 

Another factor to consider is the changing age structure of the population in 
industrialised nations. At the beginning of the twentieth century the average expec
tation of life was 34 years. This has more than doubled in these countries. 

Life expectancy for a male child born in the United Kingdom is 69.6 years and 
for a female child 75.8 years. The expectation of life for a 65-year-old man today 
is a further 12 years and 16 years for a woman of the same age. Population projec
tions suggest that the percentage of elderly people in the total population of indus
trialised countries will continue to increase into the next century. The projected in-

Table 1. Causes of death in ten industrialised countries in order of frequency. (WHO 1974) 

0-4 5--14 15--44 45-64 65+ 

1. Accidents Accidents Accidents New growths HEART 
DISEASE 

2. Congenital New growths New growths HEART Stroke 
DISEASE 

3. New growths Congenital HEART Stroke New growths 
DISEASE 

4. Pneumonia Pneumonia Suicide Accidents Pneumonia 
5. Enteritis and HEART Stroke Chest infection Chronic chest 

diarrhoea DISEASE infections 
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Table 2. Estimated increases in the elderly population III the United 
Kingdom (1971-2011) and France (1970-2000) 

United Kingdom France 

Age group 

60-74 
75-84 
85 and over 

Percentage increase Age group 

3.13% 
22.56% 
62.34% 

65 and over 
80 and over 
85 and over 

Table 3. Percentage increase in the elderly popula
tion in various world regions. ANDERSON et al. 1981 

Region and age 

Latin America 
All ages 
80 and over 

North America 
All ages 
80 and over 

East Asia 
All ages 
80 and over 

Europe 
All ages 
80 and over 

USSR 
All ages 
80 and over 

Percent change 1970-2000 

+ 119.0 
+ 215.5 

+ 30.8 
+ 96.2 

+ 47.8 
+ 176.2 

+ 17.5 
+ 62.4 

+ 29.8 
+ 142.6 

Percentage increase 

29% 
42% 

122% 

R. D. KENNEDY 

crease ranges from over 15% of the total population for Western European coun
tries to just over 10% for the United States and Australia. Women predominate, 
particularly in the very old age groups. It should be appreciated that this increase 
will occur primarily among those aged 75 years or more (Table 2). In other parts 
of the world, including the non-industrialised regions, improved public health 
measures and control of infectious disease along with a high birth rate again sug
gest that there will be a dramatic increase in the total number of elderly by the 
year 2000 (Table 3). In these countries also, cardiac diseases will increasingly be 
diagnosed as the principal cause of death in old age. 

Apart from cardiac abnormalities, the major physical disorders of old age are 
those affecting the musculoskeletal system, the nervous system and malignant con
ditions. While arteriosclerosis is often thought of as a natural and universal com
ponent of ageing, that may not be necessarily so. ROLLESTON (1922) observed that 
arteriosclerosis was an inconstant finding in the elderly, an observation which has 
been confirmed several times since. In recent years pathological studies have amply 
confirmed the major role of heart disease as the principal cause of death in old age. 
These have required the pathologist to differentiate between the effects of ageing 
and the effects of pathology in old age, just as the physician in geriatric medicine 
must unravel the symptoms and signs of disease superimposed on the ageing pro-
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cess from the ageing process itself. ASCHOFF (1938) stressed that arteriosclerosis 
was common in the population over 65. GRODDECK (1939) found that cardiovascu
lar pathology, including cerebrovascular accidents, accounted for 37% of all 
deaths in his series of patients aged 80 years or over, and commented that coronary 
artery disease was not inevitable in this age group. MONROE'S monograph (1951) 
on the clinical and pathological findings in 7,941 elderly persons aged 60 and over 
noted that cardiovascular pathology was present in 72% of those subjects on 
whom a post-mortem was performed. 

While the high incidence of cardiac pathology in later years is undoubted, it is 
often difficult at post-mortem to demonstrate the exact role of the cardiac abnor
mality in the causation of death. The older person is frequently found to have sev
eral diseases coexisting at the same time, and these may be interrelated, or entirely 
independent of each other in their clinical effects. Illness or death may occur from 
the summation of these varied causes and this should be remembered when ascrib
ing death to one sole cause in old age. 

I. Mortality 

In those aged 65 or over, heart disease accounts for one-third of all deaths. Initially 
women have a lower incidence of cardiac mortality due to the lesser frequency of 
fatal coronary artery disease in younger women. With advancing years this differ
ence is gradually abolished, and the death rate from heart disease for very old wom
en approximates to that for men of the same age (Table 4). The proportion of 
deaths due to heart disease in women over the age of65 is approximately 37% and 
varies little with further years. In men, however, heart disease as a cause of death 
occurs in 37% over the age of 65 years and falls slightly with age from 39% for 
those aged 65-69, to 34% over the age of85 (CAIRD and KENNEDY 1976). The death 
rates from heart disease increase twofold for men and threefold for women for ev
ery 10-year increase in age. 

Table 4. Death rate from heart disease 
per 100,000 population. (Scottish 
Health Statistics 1978) 

Age 

25-34 
35-44 
45-54 
55-64 
65-74 
75-84 
85+ 

Men 

12 
83 

383 
974 

2,209 
4,367 
8,266 

Women 

5 
31 

107 
378 

1,134 
2,708 
6,705 

When the various cardiac causes of death are examined, the importance of isch
aemic heart disease is immediately apparent. It is the major cause of cardiac death 
in old people in industrialised nations. In Scotland, it accounts for 80% of cardiac 
deaths in the elderly (REGISTRAR GENERAL for SCOTLAND 1978). The mortality 
from ischaemic heart disease in the 65-74 year old age group of females is only half 
that for men in the same age range, but this increases until it approximates to the 
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Fig. I. Death rate from ischaemic 
heart disease per 100,000 population, 
Scotland, 1978. Note semi-logarith
mic scale. (Scottish Health Statistics 
1978) 

Table 5. Deaths in the elderly from heart disease, 1978. Rate per 100,000 population. 
(Scottish Health Statistics 1978 and 8th review I.C.D.) 

Ischaemic Hypertensive Rheumatic Other 
I.C.D.410-414 I.CD.400-404 I.C.D. 393-398 forms 

Age M F M F M F M F 

55-64 908 316 16 14 25 32 25 17 
65-74 2,030 988 51 37 37 44 91 66 
75-84 3,684 2,246 88 105 56 58 360 299 
85+ 6,852 5,232 184 227 97 65 1,135 1,181 

male rate at the age of85 (Fig. 1). Hypertensive heart disease, rheumatic heart dis
ease, and "other" forms of heart disease are much less frequent (Table 5). Where 
the classification of heart disease is "other," the death certificate usually states 
"myocardial insufficiency," "congestive heart failure" or "left ventricular failure." 
The annual reports of the Registrar General for Scotland have shown that the 
death rate from heart disease classified as "other" has fallen considerably in recent 
years. This decrease may well indicate a lessening in the uncertainties in reaching 
a definite diagnosis in the elderly, with a consequent improvement in identifying 
and diagnosing cardiac disease correctly. 

II. Morbidity and Prevalence 

As would be expected, the morbidity of heart disease in industrialised countries is 
high in old age. Pathological studies have confirmed the high incidence of abnor
mality in the elderly heart (McKEOWN 1965; POMERANCE 1976). In the elderly at 
home, the high prevalence of heart disease has been confirmed by several observers 
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Fig. 2. Prevalence of heart disease 100 
in the elderly at home, in the 102 167 79 153 No. 
West of Scotland 

80 

VI 
t; 

60 <II 
"is' heart disease 

::;) 
VI 

'0 40 <II 
0) 
0 c: 
<II 

- Definite heart disease i: 20 
cf. (classifiable) 

Sex M F M F 
Age 65-75 75+ 

(DROLLER and PEMBERTON 1953; ACHESON and ACHESON 1958; KITCHIN et al. 1973; 
MARTIN and MILLARD 1973; CAIRD and KENNEDY 1976), though comparability be
tween these series is .affected by differing methods and diagnostic criteria. 

KENNEDY and colleagues (unpublished work) investigated an elderly popula
tion, randomly selected and living at home. Heart disease was classified as "definite 
classifiable" where a complete cardiac diagnosis could be made; "unclassifiable" 
where this was not possible, though there was evidence of cardiac abnormality, as 
shown by chest radiograph or electrocardiogram; or "doubtful" where there was 
a minor electrocardiographic or radiological abnormality of uncertain signifi
cance. Only 50% of those under 75 had no evidence of cardiac abnormality, and 
the percentage free from cardiac disorders fell to 40% in those aged 75 and over. 
Moreover, this older group may well have contained patients with occult heart dis
ease which was not manifest at the time of the survey, for example, cardiac amy
loidosis, a diagnosis unlikely to be made in life but found with increasing frequency 
at autopsy in subjects aged 80 years or more. 

The major proportion of cardiac disease detected in the elderly can be given a 
satisfactory diagnostic label. In the 65-74 year old age group, 32% of men and 
38% of women were found to have definite classifiable heart disease rising to 46% 
in men and 42% in women in those aged 75 and over (Fig. 2). Definite unclassifi
able heart disease occurred in 4 %-8 % of subjects aged 65-74, and between 8 % and 
10%, according to sex, in those over the age of75. Doubtful heart disease occurred 
in a small percentage of elderly, being present in 8%-9% of those aged 65-74 and 
6%-8% over the age of 75 (Table 6). 

The effect of this high incidence of cardiac disease is reflected in the mortality 
statistics from many industrialised nations. What is more difficult is to determine 
the extent to which such cardiac disorders contribute to morbidity in the elderly. 
AKHTAR and colleagues (1973) investigated the causes of disability and dependency 
at home in a randomly selected group of people aged 65 years and over. Disability 
was defined as inability to exist at home without help and dependency as a further 
degree of impairment in self-care. Of those who were found to be unable to live 
at home without help, 22% had evidence of cardiac disease, and this was consid-
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Table 6. Prevalence (percent) of heart disease in elderly people living 
at home. CAIRD and KENNEDY 1976 

Age 65-74 75+ 

Sex M F M F 
No. 102 167 79 153 

Ischaemic heart disease 20 12 20 12 
Hypertensive heart disease 8 16 13 12 
Valvular heart disease a 1 5 4 8 
Pulmonary heart disease 2 0 4 0 
Mixed heart disease b 2 2 14 12 

Total "Definite classifiable" 32 38 46 42 
"Definite unclassifiable"c 8 4 10 8 

Total "Definite" heart disease 40 42 56 51 
"Doubtful" heart disease C 8 9 6 8 

No heart disease 52 50 38 41 

a Ten cases of mitral, twelve of aortic, valve disease 
b Hypertensive and ischaemic 
C See text for definition 

ered to be at least a contributory factor to their disability. A further 18% had car
diorespiratory disorders contributing to their dependency. The effect of definable 
cardiac pathology on morbidity and mortality with advancing age has been amply 
demonstrated. 

B. Prevalence of Heart Disease in Old Age 

I. Ischaemic Heart Disease 

1. Incidence 

Ischaemic heart disease is the commonest form of cardiac disorder encountered in 
the elderly of both sexes. When defined as a history of angina pectoris or of a pre
vious myocardial infarction and/or the presence of abnormal Q/QS patterns on the 
electrocardiogram, myocardial ischaemia was found in approximately 20% of men 
and 12% of women over the age of 65 (KENNEDY 1974). 

Pathological studies of the elderly have demonstrated an even higher incidence 
of ischaemic heart disease. In a series of 1,500 post-mortems on elderly patients, 
McKEOWN (1965) found that coronary atheroma increased with age even in the 
very late decades. She found a frequency of 72% in men and 68% in women aged 
70-80 years, and 85% in men and 71 % in women aged 80-90 years. She correctly 
stresses that coronary atheroma, however, is not an inevitable accompaniment of 
old age and demonstrated its absence in 15% of men and 29% of women in the 
80-90 year old age group, and in four patients in the 10th decade. It should be re
membered that in many of these patients the presence of coronary atheroma was 
a coincidental autopsy finding. In her autopsy series of patients aged over 70 years, 
13% died from coronary heart disease and a further 6% showed the scars of a 
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healed myocardial infarction. McKEOWN also found that the increase in the inci
dence of ischaemic heart disease at post-mortem fell in patients aged 80 or over. 

In another autopsy series, POMERANCE (1965) found that 48% of patients over 
the age of 75 had evidence of ischaemic myocardial changes. Both authors stress 
that such changes are often a coincidental finding in those without clinical evidence 
of cardiac disease and this is supported by the incidence of myocardial ischaemia 
found in community surveys of the elderly who are not thought to be unwell. The 
hospital mortality of myocardial infarction increases with age (BJORCK 1962; NOR
RIS et al. 1969). However, this may reflect selective admission of the more severe 
and readily diagnosed cases, as routine electrocardiographic (KENNEDY and CAIRD 
1972) and post-mortem studies (McKEOWN 1965) show a prevalence of unsus
pected myocardial infarction of at least 5% in the elderly. 

2. Complications 

The complications of myocardial infarction also appear to increase with age. An 
increasing incidence of cardiac rupture secondary to infarction, especially in the el
derly female, has been noted by ZEMAN and RODSTEIN (1960), and SIEVERS and col
leagues (1961), but this was during the era of anticoagulant therapy. Rupture of 
the interventricular septum, a rare complication, again increases with age (EDMON
SON and HOXIE 1942). However, cardiac aneurysm, as a result of myocardial infarc
tion, does not appear to increase with old age (McKEOWN 1965; PARKINSON et al. 
1938). 

3. Risk Factors 

The defined risk factors for coronary artery disease undergo changes in later years. 
Male sex is recognised as the most important risk factor in the young and middle
aged (JOINT WORKING PARTY 1976), but this is not so marked in the elderly, in 
whom the prevalence rate in men exceeds that in women by only 10%-20% 
(KncIDN et al. 1973). Divergence of opinion as to the influence of the commonly 
accepted risk factors has arisen. The significant association between cigarette 
smoking and ischaemic heart disease as a risk factor is carried over into old age 
(KENNEDY et al. 1977), and this applies either to current or total cigarette consump
tion. This agrees with the data from the Framingham study (KANNEL 1976), but 
is not supported by a study from Edinburgh (KITcmN et al. 1973) of elderly people 
staying at home. KENNEDY in Glasgow and KITCIDN in Edinburgh were unable to 
confirm the importance of high blood pressure as a significant risk factor for isch
aemic heart disease in old age, and both of these studies included many subjects 
aged 75 and over. Neither blood glucose nor serum cholesterol was associated with 
the presence of ischaemic heart disease in these two surveys in contrast to the find
ings of KANNEL (1976). In the Glasgow survey, the presence ofischaemic heart dis
ease was highest in those women whose serum cholesterol was in the middle tertile 
of the range. A similar finding was noted by CARLSTON and BOTTIGER (1972) in a 
prospective study. They found that the highest incidence of episodes of ischaemic 
heart disease occurred in elderly men whose serum cholesterol was in the middle 
frequency of distribution. Despite the predominance of coronary artery disease as 
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the major cardiac cause of death and morbidity, the usually accepted risk factors 
appear much less dominant in old age, apart from cigarette smoking. 

The long-term survival of old people with a myocardial infarction is better than 
that of younger patients relative to their natural expected mortality. CAMPBELL and 
colleagues (1974) found that, in an elderly population at home, the difference in 
mortality between those with an abnormal electrocardiogram and that expected 
for the whole group was similar to that for elderly patients discharged from hos
pital following an acute myocardial infarction (BJORCK et al. 1958; LIBRACH et al. 
1976). The Swedish workers recorded that the ratio of actual to expected mortality 
in men discharged from hospital after a myocardial infarction was 4.6 in the 6th 
decade and 1.3 in the 9 tho There is, thus, a factual basis for some optimism when 
considering the long-term prognosis of myocardial infarction in later years. It has 
been noted that an abnormal electrocardiogram carries an excess mortality in old 
age, rather than the symptoms of angina with a normal electrocardiogram (KEN
NEDY et al. 1977; CAMPBELL et al. 1974). 

II. Hypertension 

A rise of blood pressure is seen in all Western societies with advancing age. This 
is not paralleled in primitive or non-urbanised societies, nor in those with low di
etary salt consumption. Obesity of 25% or more is related to an elevated blood 
pressure in the elderly (ANDERSON and COWAN 1959), and this is not entirely depen
dent on arm girth. There is evidence that the blood pressures of relatives of hyper
tensive patients are higher than those of non-hypertensive members of the general 
population. Monozygotic twins have a stronger correlation between blood pres
sure levels than dizygotic (STOCKS 1924). 

HAMILTON, PICKERING and colleagues conclude that "arterial pressure is in
herited as a graded character through the ranges hitherto described as normal 
blood pressure and hypertension" (HAMILTON et al. 1954). The quantifiable com
bination of environmental and hereditary influences remain in dispute. 

Black populations in America and in the United Kingdom tend to have higher 
blood pressures than white populations of the same age group. But this may also 
be due to cultural and social differences. In Europe the Scots, and particularly 
those living in the west of Scotland, have the unenviable distinction of having a 
higher incidence of hypertension, strokes and heart attacks than other Europeans. 
In general, southern Europeans tend to have lower blood pressures than northern
ers. These features are carried over into immigrants, the first generation of Scots 
emigrating to Australia having a higher blood pressure than native-born Aus
tralians, and Italian immigrants to Australia having the lowest prevalence of hy
pertension of all groups. 

Epidemiological surveys suggest that the height of the blood pressure repre
sents a degree of risk appropriate to its level. Thus, there is difficulty in establishing 
a firm dividing line indication "hypertension" or "normotension." (KANNEL et al. 
1976; MIALL and CmNN 1974). 

Hypertension can be defined as a systolic pressure of 160 mmHg or more and 
a diastolic pressure of 95 mm Hg or more. Epidemiological surveys have consis
tently shown that many elderly people, both in hospital and in the community, 



Epidemiology of Heart Disease, High Blood Pressure and Cardiovascular Disease 11 

Table7. Blood pressure in people aged over 65 years. MASTER et al. (1958) 

Range of blood pressure in people over 65 years 

Systolic blood pressure (mm Hg) Diastolic blood pressure (mmHg) 

Age No. Mean±SE Upper Upper Mean±SE Upper Upper 
examined 80% limit 95% limit 80% limit 95% limit 

Men 
65- 69 911 
70- 74 694 
75- 79 534 
80- 84 385 
85- 89 325 
90- 94 124 
93-106 25 

Women 
65- 69 856 
70- 74 682 
75- 79 464 
80- 84 344 
85- 89 263 
90- 94 122 
95-106 28 

143±26 191 
145±26 193 
146±22 186 
145±26 192 
145±24 190 
145 ± 23 188 
145±28 196 

154±29 207 
159±26 207 
158±26 206 
157±28 208 
154±28 205 
150±24 197 
149±24 192 

195 
198 
190 
196 
193 
192 
198 

212 
211 
210 
213 
210 
198 
197 

83± 10 
82±15 
81± 13 
82±1O 
79±15 
78±12 
78±13 

85±14 
85±15 
84±13 
83± 17 
82±12 
79±13 
81± 15 

101 
110 
105 
100 
106 
100 
101 

110 
113 
108 
115 
104 
102 
108 

103 
113 
107 
102 
109 
102 
103 

113 
116 
110 
109 
107 
105 
110 

Table 8. Range of blood pressure in clinically healthy older people. (ANDERSON and 
COWAN 1959) 

Number 

Age 

60-64 
65--69 
70-74 
75-79 
80-84 
85-89 

Male 

44 
63 
69 
59 
50 
21 

Female 

48 
42 
54 
35 
35 
26 

Mean±SE 

Systolic (mm Hg) 

Male 

151 ± 2.8 
154± 2.8 
164± 2.4 
168± 2.7 
171± 2.9 
173± 5.6 

Female 

158±2.7 
163±3.3 
168±2.6 
179±4.2 
187±4.1 
189±5.0 

Diastolic (mm Hg) 

Male 

85± 1.2 
85±0.9 
86±0.9 
86± 1.2 
88± 1.2 
87±2.9 

Female 

86± 1.2 
86± 1.2 
87± 1.1 
88± 1.9 
89±2.1 
92±2.0 

have pressures in excess of these levels. MASTER et al. (1958) showed that there is 
relatively little increase in blood pressure over the age of65, but the range of values 
widens. The middle 80% of the range included diastolic pressures up to 100 mm Hg 
in both sexes and systolic pressures of up to 185 mm Hg in men and 190 mm Hg 
in women (Table 7). The blood pressures of a group of elderly people aged between 
60 and 89 selected as healthy by strict criteria were investigated by ANDERSON and 
COWAN (1959). They confirmed that the mean systolic and diastolic blood pres
sures increase with age, the rise being greater for the systolic values. At all ages, 
females showed a higher mean value of blood pressure than men. With advancing 
years, the range of blood pressure, particularly systolic, widened (Table 8). ANDER
SON and COWAN (1972) attempted to correlate the level of arterial pressure with de-
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tectable vascular abnormalities in their elderly population. When blood pressure 
was related to abnormal findings on ophthalmoscopy and on palpation of the 
radial artery, and also to the absence of foot pulses, it was noted that the upper 
limits of systolic pressure were 204 mm Hg for men and 211 mm Hg for women at 
60 years, and 218 mmHg for men and 255 mmHg for women at 85 years, if all 
these vascular abnormalities were present. In the absence of such abnormalities, 
the upper limits of systolic pressure for both sexes were 185 mm Hg at 60 years and 
200 mm Hg at 85 years. Diastolic pressures were uninfluenced by age in either sex, 
and only in women did the diastolic pressure appear to be related significantly to 
vascular abnormalities. 

BECHGAARD (1946) followed up 1,000 hypertensive patients who had blood 
pressures in excess of 160/100 mmHg at their first attendance at a general medical 
clinic in Copenhagen. Re-examination was carried out at 10-year intervals there
after. Of those who survived to a third examination, 80% had lived beyond the age 
of 60. He noted that mortality in elderly women did not increase unless the systolic 
pressure was in excess of 200 mm Hg. There is also evidence to suggest that the ab
solute risk of raised blood pressure is worse for elderly men than women from stud
ies carried out in South Wales and Framingham, United States (MIALL and CmNN 
1974; KANNEL 1976). 

That raised systolic blood pressure is associated with a definite effect on the car
diovascular systems of elderly people has been demonstrated (COLANDREA et ai. 
1970; KENNEDY et aI., unpublished work). The former study showed that in the el
derly population residing in a retirement community in the United States, isolated 
systolic hypertension occurred in almost 14% and was frequently labile, but was 
associated with an increasing risk of developing cardiovascular complications. 
KENNEDY and colleagues (unpublished work) found that 21 % of an ambulant el
derly population aged 65 years and over and living at home had pressures in excess 
of 180/110 mmHg. Hypertensive heart disease was classified as electrocardio
graphic changes of "probable" left ventricular hypertrophy (KENNEDY and CAIRD 
1972) in the setting of these pressure levels. It was present in 8% and 16% of men, 
and 13 % and 12 % of women, in the age groups 65-74 years and 75 years and over. 

Atherothrombotic brain infarction was found by KANNEL et ai. (1976) to be 
seven times more frequent in those aged 45-74 years with hypertension than 
without. In studying the role of raised blood pressure in stroke, SHEKELLE et ai. 
(1974) found that 43% of the population studied had a systolic blood pressure 
equal to or in excess of 160 mmHg and that 28% of the strokes in this age group 
(65-74) could be attributed to hypertension. In middle-aged adults, hypertensive 
patients with congestive heart failure have an extremely poor prognosis (KANNEL 
et al. 1972), with one in five of men and one in seven of women dying within 1 year 
of diagnosis. Whether this trend is confirmed in patients aged 75 or over remains 
to be seen. 

In summary, blood pressure rises with age, particularly systolic blood pressure. 
In the elderly aged 65-74 this has been shown to be associated with increasing risk 
of atherothrombotic cerebrovascular occlusions, and an increasing frequency of 
myocardial infarction and of fatal congestive cardiac failure (McKEE et al. 1971). 
The high incidence of morbid events associated with a graded increase in blood 
pressure in old age is a feature of the male more than the female sex. 
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Malignant hypertension is rare in those over 70 years (KINCAID-SMITH et al. 
1958). Where it occurs, a vascular lesion affecting the kidney, or polyarteritis no
dosa should be suspected. Renal hypertension of any kind is uncommon in old age 
and when found, chronic pyelonephritis or analgesic nephropathy may be incrimi
nated (CAIRO and DALL 1979). Bacteruria on its own is not associated with raised 
blood pressure in the elderly (AKHTAR et al. 1972). 

III. Hypotension 

Orthostatic or postural hypotension is frequent in old age and symptoms are often 
ascribed to it (ROOSTEIN and ZEMAN 1957; JOHNSON et al. 1965; CAIRO et al. 1973). 
On standing, 17% of elderly patients in hospital showed a systolic drop of 
20 mmHg or more and 5% a drop of 40 mmHg (JOHNSON et al. 1965). Elderly 
people at home are also prone to orthostatic hypotension. CAIRO et al. (1973) in
vestigated the postural drop in systolic pressure in 494 people aged 65 or more liv
ing at home, and noted a fall of 20 mmHg or more in systolic pressure in 24%, 
of 30 mm Hg in 9 % and of 40 mm Hg or more in 5 % . The frequency of such a drop 
of pressure on standing increases with advancing age. No association with organic 
brain disease, heart disease, absent ankle jerks, varicose veins, anaemia, urinary in
fections, low serum sodium concentration or the taking of potentially hypotensive 
drugs was noted in those whose pressures fell on standing when compared with 
those whose pressures were unaffected (Fig. 3). Where two or more of these factors 
were present, however, there was a greater likelihood of a severe postural fall in 
pressure occurring. The elderly are more subject to disorders of the neurological 
mechanisms which normally control blood pressure on standing (JOHNSON et al. 

Fig. 3. Fall in systolic blood pressure in the elder
lyon standing. (CAIRO et al. 1973) 
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1965). Other factors which may be involved in causing postural hypotension in this 
age group include acute infections, reduction in blood volume or of cardiac output, 
varicose veins (RODSTEIN and ZEMAN 1957), hyponatraemia and a wide variety of 
commonly used drugs. 

IV. Valvular Heart Disease 

Pathological studies have increasingly emphasised the presence of valvular lesions 
in elderly patients. These reports have attempted to determine the site of the lesion, 
and where possible, the aetiology of the lesion. An incidence of 3.5% for valvular 
heart disease was found in the general elderly population, women being affected 
twice as frequently as men (KENNEDY et aI., unpublished work). 

1. Rheumatic Heart Disease 

In an analysis of autopsies on over 1,200 patients whose ages ranged from 50 to 
90 years, MEDALIA and WHITE (1952) found rheumatic heart disease in 5% of 
patients in the 6 th decade, a similar incidence in the 7 th, 3.5% in the 8 th, and 2.5% 
in the 9 tho HARGREAVES (1961), in a series of 2,086 autopsies on patients over 
50 years of age, found mitral valve disease in 3.1 % and McKEOWN (1965) and 
POMERANCE (1965) have suggested a figure of 4% for the post-mortem incidence 
of mitral stenosis. 

In clinical practice, rheumatic heart disease was found in 4% of patients admit
ted to a geriatric unit in Oxford (BEDFORD and CAIRD 19(0), and in 2.3% of the 
general elderly population. These authors comment that only about 40% of elderly 
patients with signs of rheumatic heart disease can recall an appropriate antecedent 
illness. 

2. Aortic Valve Disease 

Abnormality of the aortic valve is extremely common with old age. An aortic ejec
tion systolic murmur is present in over two-thirds of patients aged 70 years or more 
(BRUNS and VAN DER HAWERT 1958) and this is frequently associated with calcific 
aortic stenosis. The high incidence of this condition has been confirmed by autopsy 
studies (POMERANCE 1972) and the prevalence in geriatric hospital patients is ap
proximately 4% (BEDFORD and CAIRD 1960). 

V. Pulmonary Heart Disease 

Pulmonary heart disease varies in frequency according to the place of domicile of 
the population studied and their smoking habits. Currently, it occurs almost exclu
sively in men, with an incidence of 6%-7%. It is infrequent in older women, is very 
rarely seen over the age of 85 (KENNEDY et aI., unpublished work) and in indus
trialised countries is associated with chronic obstructive airway disease. The inci
dence and sex preponderance may alter with the changing smoking habits of vari
ous populations. 
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Pulmonary embolism is common in old age. It has been found in 30% or more 
of routine autopsies in old people (TOWBIN 1954). 

VI. Miscellaneous Forms of Heart Disease 

Certain forms of cardiac disease show a changing age incidence, or are found al
most exclusively in older patients. 

1. Subacute Bacterial Endocarditis 

The incidence of this condition, and the bacterial organisms involved, have been 
changing. In the immediate post-war years the highest incidence was in the 4 th de
cade. Now, the peak incidence occurs in the 6th and 7th decades (SHINEBOURNE 
et al. 1969), and men are affected more than women. With this increase there has 
also been a rise in the number of sufferers who have no previously known heart 
disease. In these elderly patients the aortic valve is most often involved. Mortality 
is also higher in later years (Fig. 4) (LOWES et al. 1980). 

2. Cardiac Amyloidosis 

The finding of cardiac amyloidosis at post-mortem increases dramatically with age. 
POMERANCE (1976) reported that cardiac amyloid deposits were seen in 42% of over 
300 geriatric autopsies. Series from other countries have shown a lower frequency 
of2%-15% in their elderly population. Cardiac amyloidosis increases in the very 
old and is found more frequently in women than men. 

Fig.4. Mortality in relation to age in 
patients with infective endocarditis 
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Vll. Congestive Heart Failure 

Mortality statistics reflect the basic underlying causes of death, rather than the 
symptom complex these initiate. Therefore, it is difficult to assess the true incidence 
of congestive heart failure although it is known to rise with age (KLAINER et al. 
1965). It occurs more frequently in men than in women, and has a correspondingly 
higher mortality in men (McKEE et al. 1971). 

BEDFORD and CAIRD (1956) found that 14% of admissions to a geriatric unit 
had signs of congestive cardiac failure, although that condition was not necessarily 
the principal reason for admission. That appropriate management has much to of
fer the elderly is shown by their finding that only one-third of those admitted with 
congestive cardiac failure died from it, or with it present. 

VIII. Electrocardiographic Abnormalities 

The application of the Minnesota Code (BLACKBURN et al. 1960) to the electrocar
diographic data from several series has allowed detailed comparison of the inci
dence of electrocardiographic abnormalities in the elderly. Earlier studies involved 
old people in hospital or residential institutions (WOSIKA et al. 1950; FISCH et al. 
1957; TARAN and SZILAGYI 1958; MIHALICK and FISCH 1974), and demonstrated 
a high incidence of electrocardiographic abnormalities. Of more value are the find
ings from various community surveys which are summarised in Table 9 and are de-

Table 9. Percentage prevalence of electrocardiographic abnormalities in unse1ected old people 

Sex Men Women 

Study No.8 1 2 3 4 2 3 4 

Age 70+ 62+ 70+ 65+ 70+ 62+ 70+ 65+ 
Number 127 214 213 872 162 268 190 1,382 
Q/QS patterns 9.5 7.9 9.4 10.0 3.1 7.4 7.4 4.0 
T wave changes 36.2 23.3 24.0 19.2 32.0 29.8 15.7 12.6 
Left ventricular 8.7 3.7 12.6b 6.7 b 12.9 14.5 1O.5 b 1O.3 b 

hypertrophy 
Right ventricular 1.4 0.3 

hypertrophy 
First degree heart 10.2 3.7 5.2 1.5 7.4 3.0 4.7 0.6 

block 
Left bundle branch 0 1.4 1.4 1.6 3.1 0 3.7 1.2 

block 
Right bundle branch 4.7 2.3 3.3 2.7 1.9 2.2 2.1 1.2 

block 
Frequent ectopic 11.8 4.2 4.0 3.1 2.6 2.5 

beats (1 in 10) 
Atrial fibrillation 3.1 2.3 5.2 2.1 4.3 2.6 3.2 2.4 

8 Study No.1, OSTRANDER et ~. (1965); 2, KITCIDN et al. (1973); CULLEN et al. (1974); 
4, CAMPBELL et al. (1974) 

b Includes Minnesota Codes 3.1 and 3.3; others include 3.1 only 



Epidemiology of Heart Disease, High Blood Pressure and Cardiovascular Disease 17 

rived from three continents (OSTRANDER et al. 1965; KITCHIN et al. 1973; CULLEN 
et al. 1974; CAMPBELL et al. 1974). Abnormal Q/QS patterns are found in approx
imately 10% of elderly men and 5% of similarly aged women. That there is reason
able correlation between these electrocardiographic abnormalities and a previous 
myocardial infarction has been demonstrated at autopsy by KURIHARA et al. 
(1967). 

T wave changes, often of uncertain significance, show some variation in report
ed frequency. Patterns of left ventricular hypertrophy are common in men. The 
criteria for right ventricular hypertrophy are more difficult to define. Using those 
of GOODWIN and ABDIN (1959), KENNEDY and CAIRD (1972) found right ventricu
lar hypertrophy in 2% of both men and women aged 65 and over in the commu
nity, while CAMPBELL and colleagues (1974) found it present in 1.4% of men and 
0.3% of women. 

The most common codable rhythm abnormality is frequent ectopic beats, 
though many more show only the occasional ectopic, a non-cod able feature. Atrial 
fibrillation occurred in 3% of KENNEDY and CAIRD'S subjects, and CAMPBELL and 
colleagues noted that it was more frequent over the age of 75 years, being present 
in 1.7% of subjects aged 65-74 and in 4.8 % over 75 years. The incidence of atrial 
fibrillation in old people in hospital is much higher, being estimated at 10%-15% 
(WOSIKA et al. 1950). 

First degree atrioventricular block is not uncommon, with an incidence of at 
least 2%-3% (KENNEDY and CAIRD 1972), but higher degrees of block are much 
less frequently encountered. SHAW and ERAUT (1970) have estimated the preva
lence of second and third degree block together as 0.03% at 65-69, 0.04% at 70-74 
and 0.11 % over 75 years. Ventricular conduction defects are common. Left anterior 
hemiblock with or without right bundle branch block was found in 4 % of men and 
1 % of women in the community studied by CAMPBELL and colleagues (1974) and 
is probably the most frequent conduction defect. 

There is, therefore, electrocardiographic evidence of cardiac abnormality in 
many apparently fit elderly people. KENNEDY and CAIRD (1972) found that only 
42% of their subjects had normal electrocardiograms, a fact confirmed by CAMP
BELL et al. (1974), who demonstrated abnormal electrocardiograms in 40%-60% 
of elderly people living in the community. 

Together with the clinical studies already mentioned, these findings stress the 
high prevalence of cardiac disease, known or unknown, in the elderly population. 
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Conduction System 

A.E .. TAMMARO 

A. Introduction 

In recent years improved means of research, especially in the electrophysiological 
field, have made possible thorough examination of the mechanisms underlying 
normal function and defects of intracardiac conduction. Thus, major pathogenetic 
and clinical aspects of conduction disorders have been clarified. However, as also 
emphasized recently (KULBERTUS and DEMOULIN 1977), the changes evoked by age
ing in the conduction tissue have scarcely aroused physiologists' and pathologists' 
interest. Therefore only poor and fragmentary information exists on the anatomi
cal and functional aspects of this system in elderly people. 

B. Age-Related Anatomical Changes 

In order to understand the pathogenesis of some dromotropic disorders, a knowl
edge of the normal anatomy of the conduction system is essential. For this purpose 
the structure and topography of the components of the conduction system will be 
briefly reviewed. 

I. Sinus Node 

The sinus node is situated in the conjunction point between the superior vena cava 
and the side edge of the right atrium. It has been shown (JAMES et al. 1966) that 
over 50% of the sinus node is composed of small pale scarcely striated cells, with 
well-colored nuclei, embedded in a network of elastic, collagenous, and reticular 
fibers. 

These cells, named P or pacemaking cells, are supposed to act as a pacemaker. 
With advancing age a change in the relationships between the muscular and the 
connective components of the sinus node occurs. As early as 1954, LEV observed 
that starting from 40 years of age muscle cells tend to decrease in number while 
here is an increase in elastic and reticular and, to a lesser extent, in collagenous 

Iibers as well as fatty infiltration inside the node and in the neighboring atrial area. 
From a comparison between findings in people aged under 50 and over 75 

years, DAVIES and POMERANCE (1972) observed that ageing is accompanied by a sig
nificant reduction in muscular tissue percentage, passing from 46% to 27% and 
by an increase in the fibrous component. These changes are thought by the authors 
to begin at about 60 years of age and then to become gradually more pronounced. 
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This study did not support the view that the fatty infiltration of the sinus node is 
a change peculiar to ageing (BALSAVER et al. 1967). SIMS (1972) observed a nonsig
nificant reduction in node cells as well as an increase in the fatty and elastic tissue. 

A particularly marked sinuatrial node fibrosis after 75 years of age has been 
emphasized by BALDI et al. (1977) and a reduction in the number of muscular fibers 
has also been confirmed by other investigators (LEV 1968; ROSSI 1969). Foci ofhy
pertrophic muscle fibers were also found (LEV 1954), which were shown to be par
ticularly evident at the periphery of the sinus node, with cells often presenting in
termediate features between those of the specific tissue and those of the common 
atrial myocardium (VISIOLI and BOTTI 1956). 

II. Internodal Myocardium 

Electrophysiological studies have pointed to the presence of internodal junction 
pathways in the atrial myocardium. However, the morphological evidence of this 
is still under some debate (OSAWA 1959; JANSE and ANDERSON 1974). 

A histological study of the interatrial septum and the atrial myocardium cover
ing the areas crossed by the internodal tracts has demonstrated that in elderly sub
jects there is a significant increase in the fibrous component from 16.7% to 36%. 
The reduction in muscular fibers was shown to be moderate and appreciably less 
marked than that found in the sinuatrial node (DAVIES and POMERANCE 1972). The 
fatty infiltration reported by PRIOR (1964) was not confirmed. 

III. Atrioventricular Node 

The atrioventricular (A V) node is situated beneath the endocardium of the right 
atrium, anterior to the opening of the coronary sinus, behind the posterior contour 
of the membranous interventricular septum, and above the insertion of the septal 
leaflet of the tricuspid valve (TITUS 1973; ANDERSON et al. 1975). The latter authors 
believed the A V node to consist of a compact deep and a transitional superficial 
portion. Furthermore, on the basis of embryogenetic considerations other investi
gators (KULBERTUS and DEMOULIN 1977) regard the node as consisting of three 
kinds of cells: small pale cells at the surface, small star-shaped cells with multiple 
anastomoses in the intermediary area, and larger cells arranged longitudinally at 
depth, parallel with each other and directed toward the bundle of His. 

ERICKSON and LEV (1952) found that with ageing a considerable increase in col
lagenous and elastic fibers as well as a marked fatty infiltration occurs. The fibro
adipose infiltration of the A V node and His system in elderly subjects was shown 
to be variable enough to persuade ROSSI (1960) to regard it as not necessarily at
tributable to ageing. In the specific myocardium there was no lipofuscin storage 
even in the hearts where the common myocardium showed a marked pigment in
filtration. Reticular fibers show no changes if the collagenous component does not 
prevail over the muscular one. Otherwise an increase is observed (ROSSI 1960). 

More recent investigations (ANDERSON et al. 1975) have demonstrated that 
there is progressive fibrosis in the deepest nodal portion as well as fat infiltration 
at the level of the transitional superficial zone which results in attenuation of the 
junctions between transitional cells and deep zone. 
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IV. His's Bundle and Branches 

In agreement with ROSENBAUM et al. (1970) His's bundle may be regarded as com
posed of two segments, i.e., the penetrating and the branching portion. The former 
starts from the distal end of the A V node and penetrates the central fibrous body 
in close proximity to the mitral and tricuspid valve rings and the atrial portion of 
the membranous septum. 

These anatomical relationships are of particular importance in geriatrics as 
they account for the genesis of A V blocks due to sclerocalcific alterations of these 
structures with consequent infiltration, disruption, and/or compression of the 
bundle of His. His's bundle emerges then from the central fibrous body at the level 
of the posterior third of the aortic noncoronary leaflet. At this point the most pos
terior left bundle branch fibers arise. The branching portion extends to the line 
which separates the noncoronary from the coronary aortic cusp, where the right 
bundle branch and the anterior fascicle of the left bundle branch originate. 

The branching portion is in close relationship with the lower part of the mem
branous interventricular septum and the aortic valve ring. It is because of these 
anatomical relationships that the branching portion is the most vulnerable part in 
the conduction system. The sclerocalcific alterations of these structures, which are 
particularly frequent and marked in elderly people, underlie the conduction disor
ders localized in the right bundle branch and in the anterior fascicle of the left 
bundle branch. 

According to ROSENBAUM et al. (1970) the conduction system has a trifascicular 
structure, consisting of the right bundle branch and of both (anterosuperior and 
posteroinferior) fascicles of the left bundle branch. According to more recent data 
there is also a third conduction fibers system lying in the middle portion of the sep
tum, characterized by considerable individual variability (HECHT et al. 1973; DE
MOULIN and KULBERTUS 1972, 1973). 

Collagenous and elastic fibers have been found to increase with ageing. A 
marked lipid infiltration has also been observed, which was found to be mainly lo
calized at the proximal level (ERICKSON and LEV 1952). In the proximal portion of 
the left fascicles a constant loss of fibers was noted, which sometimes may even be 
over 50%. Distal portions, and in particular the left distal portions, may also show 
this process, albeit to a lesser extent (DEMOULIN and KULBERTUS 1972; DAVIES 
1976). 

As regards Purkinjes' network, investigations carried out on cattle have dem
onstrated that these cells increase gradually in volume with ageing. The long myo
fibrils continue to increase in number and in very advanced age invade the central 
sarcoplasma, which appears markedly hydrated. When myofibrils are very numer
ous the limits between the cells tend to disappear and cells join to form long streaks 
(BERTOLINI et al. 1962). 

C. Age-Related Functional Changes 

A survey of the cardiologic and geriatric literature gives but few indications on the 
functional changes provoked by ageing in the conduction system. 

It has been shown that ageing results in a significant reduction in the spon
taneous contraction frequency in rat atrial tissue (CAVOTO et al. 1974). It has been 
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demonstrated in dogs and man that the positive chronotropic response to isopro
terenol decreases significantly with advancing age (YIN et al. 1976). These authors 
think that this fact is due to the reduced number of atrial chronotropic beta-recep
tors. 

By recording the transmembrane action potential, CAVOTO et al. (1974) found 
that a reduction in upstroke velocity, an increase in plateau duration, and a rise 
in the time required to reach 95% repolarization occur with increasing age. These 
changes were found to be statistically significant and independent of heart rate. 
The amplitude of the action potential and the resting potential level were unaltered. 
As the reduced upstroke velocity of the action potential is accompanied by de
pressed conductivity, a similar change at the level of the A V node and the His-Pur
kinje system could underlie an increase in the P-R interval as observed in the ECG 
tracing of many elderly subjects (MORPURGO 1961; CARDUS and SPENCER 1967; 
HARRIS 1976). 

A prolonged repolarization gives no evidence of possible changes in refractori
ness, which is thought by HARRIS (1976) to undergo no alterations with ageing. 

The sinus node recovery time is a parameter generally used for studying the 
sinus node function. A mean recovery time of 1,100 ms was calculated from a 
group of subjects aged between 50 and 72 years (KULBERTUS et al. 1975). In older 
subjects (69-88 years) a mean value of 1,363 ms was obtained (OKIMOTO et al. 1976) 
while the mean value obtained by BREITHARDT et al. (1978 a) on young subjects was 
1,026 ms and those recorded by other investigators did not differ substantially. 

The value of the sinus node recovery time cannot therefore be regarded as es
sentially modified in advanced age. This is in agreement with the observations of 
BREITHARDT et al. (1978 a, b), who found a rising tendency in elderly subjects only 
in the presence of evident sinus node disfunction. 

The study of sinoatrial conduction time on elderly subjects without signs of 
sinusal dysfunction has highlighted no substantial differences compared with 
values regarded as normal (VEDA et al. 1977), this being 97.5 ms in elderly subjects 
against 82 and 110 ms in young and adult persons (SEIPEL and BREITHARDT 1975; 
SCHEINMAN et al. 1973). 

In my knowledge and in agreement with CAIRD'S views (1976), the practical 
value of His-bundle electrography in geriatrics has not yet been clearly established. 
Also ROSEN et al. (1978) pointed to the paucity of studies on the electrophysiologi
cal alterations induced by ageing on myocardial cells. By studying the action poten
tial of Purkinje cells in dogs of various ages these authors have demonstrated that 
in more advanced age classes there is a significant reduction in maximum upstroke 
velocity and in the action potential amplitude without changes in the duration of 
the action potential, as well as a slowing of repolarization. These changes, which 
could be due to alteration in calcium ion uptake inside the cell, need to be further 
investigated especially in order to discover any possible pathophysiological impli
cations. 

D. Age-Related Changes in the Blood Supply 

The sinuatrial node is supplied by an artery which runs along its longitudinal axis 
and gives rise to numerous branches. The sinus node artery derives from the initial 
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portion of the right coronary artery in about 60% and from the left circumflex ar
tery in about 35% of subjects. In about 5% of cases, branches deriving from both 
these arteries join to develop an arterial ring around the node. VISIOLI and BOTTI 

(1956) observed that the sinus node artery appeared to be surprisingly intact from 
an anatomical point of view in elderly people, even in subjects with marked ar
teriosclerotic involvement of the main coronary branches. By comparing sinus 
node arteries in subjects under 50 and over 75 years old, DAVIES and POMERANCE 

(1972) found a reduced thickness of the intima and the media as well as an increase 
in the caliber of arterial lumen. 

The A V node is supplied by the ramus septi fibrosi, starting from the posterior 
descending artery in about 90% of cases and from the left circumflex artery in re
maining subjects. The His bundle and the proximal portion of the right bundle 
branch are usually supplied by the A V node artery and by the first septal branch 
of the anterior descending artery, while the distal portion of the right bundle 
branch is supplied by the anterior septal arteries (FRINK and JAMES 1973). The an
terior and middle-septal fibers of the left branch are supplied by the anteroseptal 
branches of the left anterior descending artery; the posterior fascicle is supplied by 
the A V node artery and by perforating septal branches deriving from both the an
terior and posterior coronary area (FRINK and JAMES 1973; KULBERTUS and DE

MOULIN 1977). 
With ageing, hyalinization and fibrosis of the media has been found to occur, 

with a slight caliber reduction of the first millimeters in the A V node artery. 
Beyond this site the artery appears either intact or only negligibly compromised 
and the blood supply is constant and abundant (KENNEL et al. 1973). This pattern 
does not vary considerably even in the presence of marked coronary arteriosclero
SIS. 

In conclusion, ageing is not associated with an important reduction in the blood 
supply to the conduction system. 
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Cardiac Output 

T. STRANDELL 

A. Resting Conditions 

Determinations of cardiac output at rest with the direct Fick principle, i.e., 
measurements of oxygen uptake and oxygen difference between arterial and mixed 
venous blood, were first made by COURNAND et al. (1945). After catheterization of 
the right auricle or ventricle, these workers measured the cardiac output in 17 nor
mal males, 21-58 years old, and found a definite decrease with rising age. 

The dye dilution technique was applied by BRANDFONBRENER et al. (1955), in 
a larger cross-sectional study. They used 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 with normal electrocardiograms and none with signs or symptoms of car
diovascular disease. Some were convalescing from respiratory infections or await
ing discharge after admission for orthopedic conditions. A linear decrease in car
diac output and cardiac index with age, averaging 1.0% and 8.0% per year, respec
tively, was found at rest in the supine position (Fig. 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 pulmo
nary 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 (mean age 23 years) previously studied in the same laboratory 
by BEVEGaRD et al. (1960) and HOLMGREN et al. (1960). The 17 elderly men (mean 
age 71 years) 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. Their average cardiac output at rest in a recumbent position was 
5.8 liters/min, which was 1.8 liters/min or about 25%, lower than the correspond
ing value in the 23-year-old males. 

By the same technique slightly lower cardiac outputs were observed in 55 male 
patients, 60-86 years old, studied before prostatectomy (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 sedentary males and females 18-68 years 
old, and by HANSSON et al. (1968) on 75 normal males 20-49 years old - have failed 
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Fig. I. Cardiac output at rest 
in supine position in relation 
to age in 67 "basal" males 
without circulatory disorder. 
BRANDFONBRENER et al. (1955) 

to show any significant effect of age on resting cardiac output in the supine posi
tion. 

The reason for this finding may be at least partly that the age ranges studied 
were too narrow. It is evident from Fig. 1 that the inter-individual variation in car
diac output is large, and that age accounts for only a minor part of this variation. 
Therefore, unless the number of subjects studied and their age ranges are large, this 
decrease with age will not be shown. Another possibility is that the decrease in car
diac output with age is not linear, as Fig. 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 dif
ferent in women that in men, but sufficient data for proof are not available. 

In the sitting position at rest no significant difference in cardiac output was ob
served between old and young men (GRANATH et al. 1961, 1964; JULIUS et al. 1967), 
and no age change was recorded in the standing position (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, respec
tively (GRANATH et al. 1961, 1964; BEVEGaRD et al. 1960). 

B. Physical 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. 2 and 3). At 
a given oxygen uptake, the cardiac output was thus lower in the old men, both at 
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Fig. 2. Cardiac output at rest (open circles) and during exercise (solid circles) in supine po
sition in relation to oxygen uptake in 16 men, 61-83 years old. GRANATH et al. (1964) 

Fig.3. Regression lines for cardiac output 
on oxygen uptake in 16 old men (mean age 
71 years, heavy lines) and 25 young men 
(mean age 23 years, light lines) in supine 
(solid lines) and sitting (dashed lines) 
position. GRANATH et al. (1964), BEVEGI:lRO 
et al. (1960), and HOLMGREN et al. (1960) 
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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). 

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. 3). At all 
levels of oxygen uptake the cardiac output, like that in the supine position, was 
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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 also been reported (HANSSON 
et al. 1968; JULIUS et al. 1967; HARTLEyet 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. 

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

C. 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 an in
creased collagen-elastin ratio, cross-linking, degenerative, and sclerotic lesions 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 (Lo
BER 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 influence 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 cardiac 
output with age, as judged by the estimates of LANDOWNE et al. (1955) and the ob
servations by GRANATH et al. (1961, 1964). 

I. 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 1964 a) or in longi
tudinal studies (DILL and CONSOLAZIO 1962). 
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Fig. 4. Maximal heart rate 
during upright exercise in 
relation to age in 
81 normal nonathletic 
males. ROBINSON (1938) 
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The maximal heart rate during exercise (Fig. 4) on the other hand, has always 
been found to decrease with age (ROBINSON 1938; Astrand 1960; Konig et al. 1961; 
HOLLMAN 1963; STRANDELL 1964 b). In all these studies, the variability of the maxi
mal heart rate was the same within the various age groups. Within a certain age 
group the level of the maximal heart rate was 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 ofthe heart to beat fast, however, because 
heart rates far above the maximal can be recorded during exercise in some ap
parently healthy old subjects during short bursts of paroxysmal supraventricular 
tachycardia 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 sympa
thetic 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. 

II. 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 due to the decrease in maximal heart rate 
during exercise. The smaller increase in stroke volume in old compared to young 
men on changing from rest in the sitting position to rest in the supine position or 
to exercise is evident from Fig. 5. 
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Fig. 5. Mean stroke volumes in 
relation to oxygen uptake at 
rest and during exercise in old 
(solid circles) and young men 
(open circles) in supine (solid 
lines) and sitting (dashed 
lines) position. GRANATH et 
al. (1964), BEVEGaRD et al. 
(1960), and HOLMGREN et al. 
(1960) 

The magnitude of the stroke volume is influenced both by factors related to di
astolic filling and initial fiber length, such as filling pressures and ventricular dis
tensibility, and by factors related to systolic ejection, such as arterial pressures and 
myocardial contractility. 

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 com
pression 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 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 1), indicating an increased flow resis
tance in the pulmonary vascular bed (GRANATH et al. 1961, 1964; EMIRGIL et al. 
1967; GLOGER 1972). 

In old age, there is thus 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 pres
sure. 

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 pres
sure, were found to be the same in old and young subjects (GRANATH et al. 1961, 
1964). During exercise, however, these pressures increased significantly more in the 
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Fig. 6 a--c. Marked early-diastolic dip in pressure tracing from the right ventricle (RV), dur
ing supine exercise in a 75-year-old healthy man. a At rest, heart rate 81 beats/min, stroke 
volume 71 ml. bAt 300 kpm/min, heart rate 104 beats/min, stroke volume 88 ml. cAt 
600 kpm/min, heart rate 125 beats/min, stroke volume 103 ml. GRANATH et al. (1964) 

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 1). 

With a normal distensibility of the ventricular walls, these increased filling pres
sures during exercise in old age would cause a substantial increase in myocardial 
fiber length and stroke volume. There was evidence of reduced heart wall com
pliance, however, since in some cases the right ventricular pressure tracings during 
exercise showed very marked early diastolic dips (Fig. 6), as have been described 
in conditions with increased rigidity of the heart wall, such as constrictive pericar
ditis and endocardial 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 insufficien
cy 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 with the most marked left axis deviation in the frontal plane 
EeG (GRANATH and STRANDELL 1964) and signs of left anterior fascicular block, 
which is most often related to myocardial fibrosis (GRANT 1956). Another possibil
ity 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 increase the internal friction during contraction, 
which would affect unfavorably the relationship between useful and total ventric
ular 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 in
creases the internal frictional losses, and to an increased impedance to ejection 
(STRANDELL 1964c, 1976). The decrease in stroke volume with age may be related 
both to the changes mentioned above and to a decrease in the myocardial con
tractility. This last factor is difficult to measure exactly, but can be evaluated in
directly. 

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 
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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 electrocardiographic abnormalities, as is the case in 
patients with arterial hypertension (VARNAUSKAS 1955). On the contrary, the 
healthy old men with the highest pulmonary capillary venous pressure during ex
ercise 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 high filling pressures during exercise in old compared to young men were 
thus related to a higher stroke work. In addition, those who were physically most 
active had the highest filling pressures during exercise. 

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 pulmo
nary 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 ef
fective 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 significant relation
ships 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). 

D. Digitalization 

In order to evaluate further the possibility of myocardial insufficiency in old age, 
five 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 Y2 h later. 

At rest, the subjects had a slightly lower average stroke volume and a higher 
heart rate after digitalization, but unchanged cardiac output, and slightly lower fil
ling 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, and cardiac output were the 
same before and after digitalization. The filling pressures of the left and right ven
tricles during exercise were somewhat lower at the first work load after digitaliza
tion, 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 
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elderly men, however, the high filling pressures during exercise did not decrease af
ter digitalization. 

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

E. Effect of Physical Training 

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 in
crease the stroke volume during an increase in work load in the supine position 
(GRANATH and STRANDELL 1964). A positive relationship was also observed be
tween the degree of physical activity and the pulmonary capillary venous pressure 
during exercise in the supine position. Thus, the physically active men had the larg
est stroke volumes and the highest pulmonary capillary venous pressures during 
exerCIse. 

Three of these men took part in intense physical training for 3-4 weeks; they 
increased their maximal oxygen uptake by 10% and reduced their heart rates at 
submaximalloads 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 maximal cardiac output, is 
connected largely with regulation of the distribution of the blood volume, and pre
sumably with the ability to increase the central blood volume during exercise. Si
multaneously, 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 observations in young 
men, among whom active athletes have higher filling pressures during exercise than 
ordinarily trained men (BEVEGARD et al. 1963). 

Dye dilution studies on the effect of short-term physical training in men 38-
55 years old (HARTLEY et al. 1959) have shown, as in the group of elderly men stud
ied, 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 differ
ence, as occurs in young men. They therefore suggested that changes in the dis
tribution of blood flow by training are minimized by the aging process. 

The effect of long-term intense physical training and aging on the cardiac out
put was studied by dye dilution in nine 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 comparison to young athletes and to untrained men. 
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Apart from somewhat low hemoglobin concentrations, which might have been 
compensated for by an increased cardiac output, no explanation of these high car
diac outputs has thus far been found. 

From the cross-sectional studies mentioned and the longitudinal studies 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. 

F. Distribution of Cardiac Output 

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 
bloodflow, measured as iodopyracet (Diodrast) clearance. The decrease of flow be
tween the 4th and 9th decades was about 55%, or 0.61itersJmin; it is most prob
ably related to the decrease with age in the number of active nephrons. 

The cerebral bloodflow 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 ob
served, 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 ex
pected, however, since HOLMBERG et al. (1971) showed no difference in the coro
nary blood flow at rest and during moderate exercise between patients with coro
nary 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 ar
tery stenosis, change with age in apparently healthy subjects is probably slight, ex
cept for the expected decrease of the maximal flow capacity. 

Changes in total skeletal muscle bloodflow are difficult to assess, but no signif
icant decline with age in calf blood flow at rest was found by venous occlusion 
plethysmography by ALLWOOD (1958). In his groups of healthy males, aged 18-24 
and 70-82, the average values were, however, lower in the calf in the older group, 
and the vascular resistance was significantly higher in the old compared to the 
young group. 
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Like the renal circulation, the skin bloodflow has functions other than to satisfy 
the metabolic needs of the tissues, and the arteriovenous 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 ob
tained 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 visible cyanosis, especially in the erect po
sition, 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 up
take was the same in old (GRANATH et al. 1961, 1964) and young men (BEVEGARn 
et al. 1960; HOLMGREN et al. 1960), in both the supine and the sitting position, fa
vors the idea of a similar distribution in old and young. 

Some studies are available ofleg 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 seven healthy, well-trained, athletic men 52-59 years old, the 
same leg blood flow at rest was found by W AHREN et al. (1974) as in a group of 
eight physically fit, healthy men 25-30 years old (JORFELDT and W AHREN 1971). In 
both studies, the same constant-rate intraarterial indicator infusion technique was 
applied. During exercise, however, the increase in leg blood flow was less in the 
middle-aged athletes, and was largely compensated for by a larger arteriovenous 
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 physi
cal 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 liters/min. Because 
muscle blood flow measured with the 133Xe-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 blood flow 
during exercise. 

G. Limiting Factors for Physical Work Capacity in Old Age 

Physical performance is reduced in old age in parallel with the decrease with age 
in the maximal heart rate and stroke volume during exercise, and thus in the maxi
mal cardiac output. The decrease with age observed in cross-sectional studies of 
the maximal oxygen uptake (Fig. 7), however, is for various reasons less marked 
than the decrease in longitudinal studies (HOLLMAN 1965; DILL et al. 1967). It has 



Cardiac Output 

Fig.7. Maximal oxygen uptake 
during upright exercise in relation 
to age in 81 normal nonathletic 
males. ROBINSON (1938) 
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also been shown that the decrease in maximal oxygen uptake is more marked in 
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 he
moglobin, 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 1964 b), 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 obtained by static and dynam
ic spirometry. Ventilatory factors, therefore, 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 insufficiency 
present during maximal working intensity when arterial oxygen and carbon diox
ide tensions were studied. 

The closest relationship observed among the 26 elderly men 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 accumu
lation of metabolites from anaerobic metabolism, and this ability could be assessed 
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at submaximal work loads. The maximal physical work capacity was accordingly 
related to peripheral factors (STRANDELL 1964c, 1976), as has been suggested ear
lier in young subjects (ASTRAND 1952; COBB and JOHNSSON 1963); it 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 physi
cal training (MORGAN et al. 1969). To date, however, these factors have not been 
studied in detail in old age. 
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Myocardium and Valves 
A. POMERANCE 

A. Introduction 

If our standard for the normal in geriatric patients is accepted as the least degree 
of abnormality seen in this age group, then normal ageing itself causes relatively 
few changes in the heart. Even the almost universal coronary atherosclerosis is a 
disease and not an expression of normal ageing. Pathologists familiar with geriatric 
autopsies are well aware that the heart of a centenarian may be indistinguishable 
from that of a patient 50 years younger. However, in common with other organs 
the heart is increasingly likely to develop abnormalities with increasing age and any 
of the forms of cardiac pathology which occur in younger patients may also be seen 
in geriatric patients as well as several conditions which, for all practical purposes, 
are only found in patients over 70 years old (Fig. I). 

Less than 1'1. 
cord iom)lopathy 
myocarditis 
funct ional aort ic incompetence 
congenital 
syph il is 
rheumatoid 

Central Middlesex Hospital 1952- 65 
carc inoid 
tumours 

370 patients 
_ cor pulmonaleW 

Northwick Pork Hospital 1971-74 
240 pat ients 

f?&I bacterial III 
FI1iI endocardit is II 
~ non-bacterial mn 
~ endocarditis IlliS • 
~ seni le cardiac . 
~ amyloidosIs : . 

~ hypertens ive 

_ischaemic 

30 20 10 Incidence % 10 20 30 

Fig. 1. Cardiac abnormalities found in two series of autopsies on geriatric patients dying in 
general hospitals. The studies were approximately 10 years apart. Both hospitals are within 
in Greater London area 
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B. Normal Ageing Changes 

Changes in heart size with age can usually be attributed either to cardiovascular 
disease or to generalised body wasting. In individuals without cardiovascular dis
ease, heart weight is related to body weight (REINER et al. 1959; REINER 1960). The 
age-related increase in relative heart weight noted by LINZBACH and AKUAMOA
BOATENG (1973 a) was associated with an age-related increase in systolic blood 
pressure and the main condition contributing to increase in heart weight with in
creasing age in HODKINSON et al.'s series (1979) was ischaemic heart disease. 

The quantity of collagen and elastic in the atria increases and the proportion 
of muscle decreases (DAVIES and POMERANCE 1972; McMILLAN and LEV 1962). The 
amount of fat increases, particularly in the interatrial septum and occasionally tu
mour-like masses of adipose tissue may form in the interatrial septum and be as
sociated with arrhythmias (PAGE 1970; REYES and JABLOKOW 1979). A slight in
crease in the amount of collagen in the interventricular septum with age has also 
been reported (LENKIEWICZ et al. 1972). 

The quantity of lipofuscin in the myofibres increases steadily with age (McMIL
LAN and LEV 1962; STREHLER et al. 1959). In routinely stained (haematoxylin and 
eosin sections, lipofuscin appears as yellow-brown intracytoplasmic granules lo
cated at the poles of the myofibre nuclei. It is better demonstrated (Fig. 2) by spe
cial staining methods such as Sudan dyes and is autofluorescent under ultraviolet 
light. It is generally accepted as being derived from lysosomes and recent ultra
structure observations have shown what appear to be mitochondrial remnants in 
the characteristic membrane-bound lipofuscin granules (KOOBS et al. 1978; STREH
LER and MILDVAN 1962). 

Although lipofuscin accumulation is clearly age related, being absent in child
hood and invariably present in the elderly, there are considerable quantitative vari
ations between individuals in the same age group (STEPIEN and BUCZYNSKI 1972). 
STREHLER and his colleagues (STREHLER 1967; STREHLER et al. 1959; STREHLER and 
MILDVAN 1962) found no correlation with sex or race although the highest rate of 
accumulation was in Japanese subjects. There was also no relation with heart size, 
other cardiac pathology or cardiac failure. Vitamin E deficiency and starvation, 
however, appear to accelerate the rate oflipofuscin deposition (KOOBS et al. 1978). 

Lipofuscin accumulation seems to be a true manifestation of biological ageing 
and has generally been regarded as of no functional significance but recently KOOBS 
et al. (1978) have suggested that it may be related to the decline in cardiac efficiency 
of advanced age. Their hypothesis was that it was an indicator of peroxidative 
mitochondrial damage, which could result in impaired intracellular protein synthe
sis and therefore in reduced replacement of myofibre contractile proteins. 

Basophilic myofibre degeneration is another change which is normally present 
to some degree in all elderly hearts. This appears as solid amorphous basophilic 
masses within the myofibres and is best demonstrated by PAS staining (Fig. 3). 
Histochemistry identifies the basophilic substance as an insoluble product of gly
cogen metabolism and the ultrastructure resembles that of nervous system corpora 
amylacea (KOSEK and ANGELL 1970; ROSAI and LASCANO 1970). As with lipofuscin 
the presence of basophilic myofibre degeneration is strongly age associated and has 
no known functional connotations although unusually well-marked basophilic de-
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Fig. 2. Lipofuscin accumulation in myofibres. The pigment granules are most numerous ad
jacent to the myofibre nuclei and in the central part of the fibres. Schmorl's stain, x 360, 
reduced to 70% 

Fig.3. Basophilic myofibre degeneration. Many of the myofibres contain darkly staining 
solid masses of amorphous material. PAS, x 180, reduced to 70% 
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Fig.4. Section of an anterior mitral cusp showing a band of lipid in the fibrosa just deep 
to the endocardium. Elastic van Gieson, x 100, reduced to 70% 

generation is often associated with myxodema or cardiomyopathy (HAUST et ai. 
1962). 

Endocardial ageing changes consist of thickening and increasing opacity of the 
endocardium of the atria and atrial surfaces of the atrioventricular valves with lo
calised endocardial thickenings developing on the closure lines of the valves. Histo
logically the thickened endocardium shows proliferation of elastic and collagen 
progressing to fragmentation, disorganisation, and irregular staining of the elastic 
(McMILLAN and LEV 1959). The thickenings of the valve closure lines consist of 
localised fibroelastic proliferation sometimes with obvious fragmentation of the 
underlying elastic lamina. 

These endocardial changes are clearly the result of mechanical factors, the dif
fuse endocardial thickening being a response to blood flow and those on the valve 
closure lines being caused by repeated impact. 

Yellow areas of lipid appear on the ventricular surface of the anterior mitral 
cusp (see Fig. IS) in the 3rd or 4th decade and increase with advancing age 
(McMANUS and LUPTON 1963; POMERANCE 1967). These are also the result of nor
mal haemodynamic factors, produced by pulsatile blood flow against the ventric
ular surface of the closed cusp. Histology (Fig. 4) shows a fine foamy sudanophilic 
appearance in the cusp fibrosa. The lipids appear identical to those found in un
complicated vascular atheroma but, unlike the latter, thrombosis and secondary 
haemorrhage do not occur and calcification is unusual and always insignificant. 

The collagen of the left side of the cardiac skeleton alters microscopically with 
age. It becomes denser with fewer nuclei and variable staining, the amount of mu-



Myocardium and Valves 47 

copolysaccharide decreases and metachromasia is lost (SELL and SCULLY 1965; 
TORI~ et al. 1965). Lipid begins to appear in the 3 rd decade increasing progressively 
with age and fine powderly calcification usually develops in the aortic cusp bases 
around the 5 th decade and in the mitral ring around the 6 th decade (KIM et al. 
1976; SELL and SCULLY 1965). Electron microscopic studies have shown an age-as
sociated accumulation of residual bodies in the cytoplasm of the fibrocytes, and 
calcium deposition was closely associated with these cellular degradation products 
rather than with collagen or elastic (KIM et al. 1976). 

With the possible exception of lipofuscin accumulation none of the changes 
which seem to be an invariable part of the ageing process appear to have any direct 
functional importance. Changes in myofibre enzymes with ageing have also been 
described in experimental animals (LIMAS 1971) but no similar findings have yet 
been reported in man and at present there seems to be no pathological basis for 
decline in cardiac efficiency which occurs in the elderly. 

C. Myocardial Pathology 

I. Ischaemic Heart Disease 

Although coronary atherosclerosis is undoubtedly the most important and 
frequent cause of heart disease in middle and old age in the Western world, it is 
by no means synonymous with geriatric heart disease. In personally studied hospi
tal autopsy material (Fig. 1) ischaemic myocardial pathology has been present in 
less than one-third of all elderly patients and even in those with cardiac failure the 
incidence was just under 50%. The type of ischaemic lesion present in the cardiac 
failure cases was usually either a recent localised transmural infarct or the more 
diffuse, mainly concentric and subendocardial type of fibrosis associated with three 
vessel coronary disease (Table IJ 

Small microscopic foci of fibrosis are common in elderly hearts and appear to 
be of no clinical significance. They correlate poorly with coronary artery stenosis 
but increase in frequency with age (SCHWARTZ and MITCHELL 1962) and probably 
result from small foci of myocardial inflammation such as those not uncommonly 
observed in a variety of causes of death (DAVIS 1975). 

The incidence of ischaemic heart disease is higher in non-hospital sudden 
deaths. In a personally reviewed series of 380 cases aged over 65 years, 62% had 
died of ischaemic heart disease. In contrast to the hearts of patients dying of 
ischaemic disease in hospital many of the hearts from the sudden death series had no 
infarcts or ischaemic fibrosis although severe coronary artery stenosis was always 
present in these cases. 

Although the pathology of ischaemic heart disease differs little in patients over 
and under 65 years there are some aspects which are particularly associated with 
older patients and which reflect the atypical clinical features often seen in the elder
ly. 

A high incidence of clinically unsuspected ischaemic pathology is likely to be 
found in geriatric autopsies unless ECGs have been routinely performed. In most 
reported series the figure has been about 20% (GJOL 1972) and many patients will 
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Table 1. Ischaemic pathology in patients over 65 years 
dying in hospital 

Cardiac failure No failure 
118 cases 139 cases 

Recent infarction 13% 4% 
Fibrosed infarct 9% 11% 
Recent and fibrotic 11% 2% 
Diffuse fibrosis 12% 5% 

Total ischaemic pathology 45% 22% 

Non-ischaemic fibrosis 6% 10% 

A. POMERANCE 

have died of causes other than cardiac failure (Table 1). Large fibrous infarcts with 
no history suggestive of past infarction are rarely seen except in the elderly. These 
lesions have clearly followed extensive transmural necrosis, the aneurysm walls 
consisting mainly or wholly of fibrous tissue. Calcification is common as is endo
cardial thrombus deposition but embolisation from this source is surprisingly un
common: 

External cardiac rupture is a complication of myocardial infarction which is 
uncommon except in the elderly. It has been calculated (SIEVERS 1966) that the 
frequency increases by 3.6% per decade. In most recent reviews the incidence has 
been between 5% and 12% of fatal infarcts and most cases have been over 65 years 
with an increased prevalence in women. 

There is no satisfactory explanation for the association between external car
diac rupture and advancing age. Ageing alone does not apparently produce any 
morphological changes which could weaken the left ventricle. It has been suggested 
(LONDON and LONDON 1965) that age-related alterations in myofibre cement lines 
and intercalated discs might predispose to myofibre fragmentation but there is at 
present no firm evidence for this hypothesis. An increase in cardiac ruptures has 
been reported following the introduction of external cardiac massage but recent 
studies (CHRISTENSEN and PEDERSEN 1976; RASMUSSEN et al. 1979) agree that these 
resuscitative measures are not responsible for the ruptures. 

At autopsy or, occasionally, surgery the pericardial sac is tense, purple and dis
tended by blood clot (Fig. 5). The rupture site is seen as a ragged tear on the epi
cardial surface, most often on the anterior wall of the left ventricle. On cutting 
through the rupture site an irregular transmural haemorrhagic track can usually 
be identified (Fig. 6) indicating that the rupture is a process of gradual dissection 
and not a "blowout." The rupture always occurs through an area of transmural 
recent infarction, often at its junction with uninfarcted myocardium, but the in
farcted area may be surprisingly small. Complete occlusion of the relevant coro
nary artery is almost invariably present, often without marked underlying stenosis 
(PENTHER et al. 1977). There are rarely any fibrotic ischaemic lesions and it seems 
that fibrosis protects against rupture. 

In most reported series precipitating factors have been postinfarction hyperten
sion or continuing physical activity. These factors suggest that raised intraventricu
lar pressures may be an important factor. However, immobilisation of patients 
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Fig. 5. External cardiac rupture. A ragged tear is visible on the anterior surface of the left 
ventricle near the interventricular groove. The heart is lying on a mass of blood clot which 
had been distending the pericardial cavity. From a previously fit and well 82-year-old wom
an who did suddenly 

Fig. 6. Opened left side of heart with the ventricle cut transversely through an area of infarc
tion. A haemorrhagic tract can be seen running through the infarct at the junction of pos
terior septum with free wall. Note also the nodular thickening of the apposing edges of the 
mitral valve cusps 
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A. POMERANCE 

with known acute infarction failed to lower the incidence of cardiac rupture (RAS
MUSSEN et al. 1979) and in SPIEL et al.'s series (1979) raised blood pressure either 
before or after myocardial infarction could not be implicated as a risk factor for 
external cardiac rupture. 

Transseptal and papillary muscle ruptures also complicate myocardial infarc
tion in the elderly but unlike external cardiac rupture the incidence is no higher 
than in younger groups. 

II. Senile Cardiac Amyloidosis 

Senile cardiac amyloidosis is a form of primary amyloid which can justifiably be 
considered as a separate subgroup because of its distinctive age and pathological 
distribution and because it is immunologically distinct from other forms (DORN
WELL et al. 1978; WESTERMARK et al. 1977). 

It is rare under 70 years but its prevalence increases sharply with age beyond 
this and almost 60% of patients aged over 90 show at least well-defined atrial de
posits of amyloid (Fig. 7). In our most recent study (HODKINSON and POMERANCE 
1977) amyloid was demonstrable in the hearts of over 50% of 244 patients over 65 
years. This was, however, limited to very fine atrial deposits in over half these cases 
and ventricular involvment was present in only 16.5%. 

Senile cardiac amyloid appears to have been recognized first in 1876 (SOYKA) 
but until the second half of the present century relatively few cases had been re
corded. Over the past 30 years many studies have appeared from several countries 
with reported incidences varying from under 2% to over 80% (Table 2). This wide 
range is clearly due to differences in sampling and staining techniques. Since senile 
cardiac amyloid is often limited to the atria and the deposits are relatively fine, 
retrospective studies based on samples from ventricles would clearly show a rela
tively low incidence as would those in which the initial suspicion of amyloid was 
based on routine haematoxylin and eosin-stained sections only. 
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Fig. 8. Opened left atrium and upper ventricle showing numerous small closely set greyish 
nodules of amyloid in the atrial endocardium. Mitral ring calcification is also present. The 
calcified bar can be seen at the incision line at both sides of the left ventricle and causing 
mild distortion of the posterior mitral cusp. From a 72-year-old woman who died in con
gestive heart failure 

Macroscopically there is frequently nothing to suggest cardiac involvment by 
amyloid. The large firm waxy heart of primary amyloid as seen in younger patients 
does not occur in the senile form. In our material there was no correlation what
soever between heart weight and the presence or absence or cardiac amyloid. Care
ful inspection of the atrial endocardium may show tiny semi translucent nodules 
which are easily overlooked in the fresh heart particularly if not numerous. These 
nodules become more conspicuous after fixation (Fig. 8) but are best demonstrated 
by application of an iodine solution. 

Microscopically (Fig. 9) the earliest deposits are seen in the atrial capillaries and 
as fine insterstitial strands between the subendocardial myofibres. Electron micros
copy has confirmed the close relationship between the amyloid deposits and capil
laries (TSENG and LIM 1977). With increasing severity the size and number of foci 
of amyloid deposition increase as does the thickness of the interstitial strands, and 
broad bands of amyloid surround individual myofibres, eventually causing com
pression atrophy. This loss of muscle as the quantity of amyloid increases explains 
the absence of significant cardiac enlargement in even severely affected hearts. 
Nodular deposits of amyloid appear in the atrial endocardium forming the char
acteristic raised nodules which, when present, allow a confident diagnosis of car
diac amyloid macroscopically. 

In severe cases small deposits of amyloid may be visible in valves but this find
ing is uncommon compared with the frequency of valve involvment in other types 



a 

b 

Fig. 9 a-c. Histology of senile cardiac amyloid. a Very early deposites in the atrium. Amyloid 
is seen as small dark foci in the capillary walls and thin dark strands of tissue between the 
myofibres. Sulphonated a1cian blue, x 400, reduced to 70% b Section of atrium with well
marked amyloid. Nodular deposits of amyloid are present in the atrial endocardium and are 
surrounding, compressing, and in places completely replacing the myofibres. Crystal violet, 
x 100, reduced to 70% c Section through upper interventricular septum. The contractile 
myocardium on the right shows several large foci of amyloid. The bundle of His (H) on 
the left is free from amyloid. Sulphonated alcian blue, x 100, reduced to 75% 
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Fig.9c 
(legend see p. 53) 

of cardiac amyloid (BUJA et al. 1970). Conducting tissue is affected late, if at all 
(RIDOLFI et al. 1977) and most cases of severe senile cardiac amyloid observed per
sonally have not shown deposits in the conducting system (Fig.9c). 

Extra-cardiac deposits are often present in patients with severe cardiac involve
ment but have not been seen where amyloid was confined to the atria (HODKINSON 
and POMERANCE 1977; SMITH et al. 1979). The lungs are most frequently and most 
extensively involved, with small nodules of amyloid being present in vessels and al
veolar septa. In other organs the deposits are limited to small foci in small vessel 
walls. Vessels in the usual biopsy sites may be affected but this occurs too rarely 
for rectal or tongue biopsies to be of any practical valve in the clinical diagnosis 
of this type of amyloid. 

Until comparatively recently none of the generally used staining methods for 
identification of amyloid was entirely satisfactory in cardiovascular studies since 
they all showed an inverse relationship between specificity and sensitivity (COOPER 
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1969; WRIGHT et al. 1969; POMERANCE et al. 1976). Personal preference is for the 
sulphonated alcian blue (SAB) method (LENDRUM et al. 1972) which, in the car
diovascular system, combines high sensitivity high specificity and good visual con
trast. The staining reactions of senile cardiac amyloid are those generally accepted 
as characteristic of amyloid i.e. green/orange dichroism with alkaline Congo red 
and polarised light, fluorescence with Thioflavine T or S in ultraviolet light, 
metachromasia with methyl and crystal violet, jade green staining with SAB and 
a positive reaction for tryptophan. Resistance to potassium permanganate diges
tion identifies it as a primary amyloid (RoMHANYI 1972; SMITH et al. 1979; WRIGHT 
and CALKINS 1975). Its electron microscopic appearance is also characteristic of 
amyloid (TSENG and LIM 1977). 

Recently WESTERMARK and his colleagues (CORNWELL et al. 1978; WESTERMARK 
et al. 1977) succeeded in extracting a major amyloid fibroprotein from hearts which 
were severely affected by senile cardiac amyloid. This protein, which they have de
signated protein Asca, appeared to be unique for this type of amyloidosis, differing 
from other primary and secondary amyloid fibroproteins including the senile pan
creatic and cerebral forms. It appeared to be immunologically identical in different 
individuals and could be demonstrated in the amyloid deposits but not in the nor
mal heart tissues. 

1. Age and Sex 

All studies have agreed that the prevalence of senile cardiac amyloidosis increases 
sharply with age. In our most recent study, which used the very sensitive SAB stain, 
no amyloid was found in patients under 65 years but 84% of those over 90 years 
had at least minor atrial deposits and about one-half of these cases also had ven
tricular involvment. Curiously the condition seems to be less common in cen
tenarians. IsclllI and STERNBY (1978) found only eight cases in their 23 cen
tenarians and only one of three centenarians included in our study had cardiac 
amyloid. The reported sex incidence has varied (Table 2). In our material there was 
a significantly higher incidence in women in the series as a whole but when only 
cases with moderate or marked ventricular involvment were considered the ratio 
reversed to 12% of men compared with 8 % of women. This suggests that although 
women are more prone to develop senile cardiac amyloid than men, they are less 
likely to be severely affected. 

2. Clinical Features 

As might be expected the clinical significance of cardiac amyloidosis is related to 
its severity. Small deposits, limited to the atria, appear insignificant, but larger 
amounts are likely to be associated with both atrial fibrillation and cardiac failure. 
In our study (HODKINSON and POMERANCE 1977) both these clinical findings 
showed independent, statistically significant correlations with the degree of senile 
cardiac amyloidosis. 

The high incidence of digitalis sensitivity in the elderly and the reported associ
ation between digitalis sensitivity and cardiac amyloid in younger patients (BUJA 
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et aI. 1970) raises the possibility that senile amyloid may be responsible for digitalis 
sensitivity but we were unable to demonstrate any association between these two 
findings. 

At present there is no satisfactory way of confirming a clinical suspicion of 
senile cardiac amyloid in vivo. Conduction abnormalities and ECG changes sug
gestive of ischaemia may be seen in patients with severe cardiac amyloidosis but 
such findings are inconstant. The sites usually biopsied are rarely involved in the 
senile form of amyloidosis and although the condition is one of those which may 
be associated with a raised alkaline phosphatase (HODKINSON and POMERANCE 
1974), there are many other causes of raised alkaline phosphatase in the geriatric 
age group. 

3. Pathogenesis 

The immunological origin of amyloid is now well established but the exact reason 
for development of the senile cardiac form remains as unclear as that for other 
types of amyloid. Furthermore WESTERMARK'S recent immunochemical studies 
(1979) suggest that there may be two different forms of senile cardiac amyloid since 
the Asca protein could not be demonstrated where amyloid was confined to the 
atria. 

Age-related amyloid is common in many animals (SCHWARTZ 1970; THUNG 
1957) and in some is undoubtedly genetically determined. Genetically determined 
forms of amyloidosis are also well recognized in man but there is nothing so far 
to indicate that the senile form is one of this group. As can be seen from Table 2 
it has been reported in many ethnic groups including Japanese, American Blacks, 
and Ugandan Africans as well as in Europeans and white North American popu
lations. An age-related (SAA) serum protein substance has recently been described 
(ROSENTHAL and FRANKLIN 1975), which suggests that senile amyloid may be a di
rect expression of the immunological changes of senescence, but the subunit fibril 
protein of senile cardiac amyloid is different from the age-related SAA substance 
(WESTERMARK et aI. 1977) and in our material there was no difference in serum im
munoglobulins in patients with and without cardiac amyloid (MAUGHAN et aI., to 
be published). 

Associations with carcinomatosis, malnutrition, and chronic tuberculosis have 
been suggested in some of the earlier studies and we therefore examined these possi
bilities in our cases, together with possible associations with chronic infections and 
hypertension. No correlations were found with any of these factors and indeed the 
incidence of carcinomatosis was higher in the patients without amyloid. 

4. Isolated Valvular Amyloid 

Rarely the valves alone are distorted and thickened by nodules of material with the 
staining reactions of amyloid. Myocardial involvment is minimal or absent. This 
finding is of no clinical significance other than perhaps producing a systolic mur
mur. All three cases personally observed and the cases reported by JACOBOWITZ 
and DUSTIN (1974) were over 60 years. 
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III. Cardiomyopathies 

1. Hypertrophic Cardiomyopathy 

With the introduction of non-invasive diagnostic procedures such as echocardio
graphy, it has become apparent that hypertrophic cardiomyopathy (idiopathic 
subaortic stenosis, asymetrical septal hypertrophy) is not the rarity it was previ
ously thought to be and furthermore that it is not uncommon in the elderly (BER
GER et al. 1979; PENTHER et al. 1970; WmTING et al. 1971). In recent studies from 
general community hospitals, up to 65% of cases diagnosed were over 60 years, 
as were almost one-third of the series of 47 autopsy cases studied by DAVIES et al. 
(1974). Patients have mainly been women and it has been suggested that they may 
have a less severe form of the disease and thus be more likely to survive into old 
age (KRASNOW and STEIN 1978). A high incidence of preceding hypertension was 
noted in PETRIN and TAVEL'S (1979) cases and these authors suggest that long
standing hypertension might induce development of hypertrophy in genetically 
predisposed subjects. 

The diagnosis is not often made clinically in the elderly. Any signs or symptoms 
present are usually attributed to ischaemic or hypertensive heart disease (KRASNOW 
and STEIN 1978). BERGER et al. (1979) stress that failure to recognise hypertrophic 
cardiomyopathy in older patients is more likely to be due to failure to consider this 
diagnosis than to any differences in clinical features in comparison with younger 
patients. Many of the patients with hypertrophic cardiomyopathy diagnosed by 
echocardiography had no relevant symptoms and in our autopsy series almost half 
the elderly cases died of unrelated causes. Correct diagnosis is important since 
drugs used in other cardiac conditions may have an adverse effect while propanolol 
produces symptomatic improvement in a high proportion of cases (BERGER et al. 
1979). 

The pathology of hypertrophic cardiomyopathy in the elderly differs slightly 
from that in younger patients (POMERANCE and DAVIES 1975). The hearts tend to 
be heavier and the septal hypertrophy, although always present, is less conspicious 
because hypertrophy of the left ventricular free wall is usually also present. A char
acteristic subaortic fibrous band (Fig. 10) is visible in a high proportion of cases 
(PENTHER et al. 1970; POMERANCE and DAVIES 1975). This band is a mirror image 
of the aortic face of the anterior mitral cusp and is a form of friction lesion, caused 
by the systolic contact of cusp and septum. The band is diagnostic of hypertrophic 
cardiomyopathy and once formed does not regress even if the heart dilates and ob
struction is no longer present. For pathologists it is, therefore, a valuable indicator 
of the correct diagnosis in an age group where hypertrophic cardiomyopathy might 
well otherwise not be considered. 

Microscopically the foci of hypertrophied abnormally branched and orientated 
myofibres characteristic of hypertrophic cardiomyopathy are present but are 
usually less easy to find than in the hypertrophied septa of younger patients. 

2. Congestive Cardiomyopathy 

Since diagnosis of congestive cardiomyopathy demands exclusion of all possible 
causative pathology including coronary atherosclerosis, it is rarely made in the ge-
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Fig. 10. Hypertrophic cardiomyopathy (idiopathic hypertropic subaortic stenosis). Opened 
left side of heart showing the typical small conical left ventricular cavity. The free wall is 
hypertrophied as well as the upper septum and a subaortic fibrous band characteristic of 
hypertrophic cardiomyopathy is present (arrow). The aortic face of the anterior mitral cusp 
shows a corresponding flat fibrous thickening. From an elderly woman who died of conges
tive heart failure. She was known to have had arrhythmias for 2 years and an apical pan
systolic murmur had been present 

riatric age group. However, cases are occasionally seen and an example has been 
reported in a 96-year-old patient (ROBERTS and FERRANS 1975). 

Macroscopically the heart of congestive cardiomyopathy is globular with a 
large dilated left ventricular cavity (Fig. 11) in contrast to the small conical cavity 
typical of hypertrophic cardiomyopathy. Thrombi are often seen in the interstices 
of the trabeculae of the ventricles together with small patches of white endocardial 
fibrous thickening. By definition, valves and coronary arteries must be normal and 
indeed the coronary arteries are usually strikingly free from atheroma. Histology 
is non-specific, usually consisting of myofibre hypertrophy and dilatation changes 
and mild interstitial fibrosis only. 
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Fig.n. Congestive cardiomyopathy. Opened left side of heart showing the typical globular 
dilated ventricular cavity with small patches of endocardial fibrous thickening and thrombi 
in the interstices near the apex. The ventricular wall is hypertrophied. The coronary arteries 
were widely patent with slight atheroma only. From an 82-year-old woman with a history 
of angina who died in congestive heart failure 

Secondary cardiomyopathies are uncommon in all age groups, but with the ex
ception of genetically determined metabolic and neuromuscular conditions all are 
at least as likely to be found in elderly patients as in middle age. 

IV. Myocarditis 

Myocarditis may occur in many virus and rickettsial infections of which Coxsackie 
is probably the most frequent in Europe and the North American continent (ABEL
MANN 1973; DAVIES 1975; KLINE et al. 1978; LANCET 1974). The inflammatory reac
tion is non-specific, consisting of varying proportions of polymorphs, eosinophils, 
chronic inflammatory cells, and histiocytes. 

Occasional small aggregates of inflammatory cells are often found in the myo
cardium of patients dying of a wide range of conditions but they appear too insig
nificant to be of clinical importance and the diagnosis of myocarditis should not 
be applied to these lesions. 

Myocarditis with conspicuous giant cells is seen in miliary tuberculosis and sar
coidosis as well as in an idiopathic form. Unsuspected miliary tuberculosis is still 
a comparatively common finding in the elderly. The myocardium may be involved 
in severe rheumatoid disease with development of granulomas similar to those seen 
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Fig. 12. Gumma. Section through the upper interventricular septum of a 77-year-old man 
showing a large caseous lesion just below the aortic valve ring. Courtesy of Dr. K. Misch 

in subcutaneous tissues. These lesions often develop in the interventricular septum 
and may cause heart block (IVESON and POMERANCE 1977; ROBERTS et al. 1968). 
Gummas (Fig. 12) are now rare, at least in Britain, but the few cases found are 
usually in elderly patients. Myocardial necrosis with or without an inflammatory 
response has also been associated with a wide range of drugs (DAVIES 1975). 

V. Metabolic Diseases 

Apart from diabetes mellitus, which is a well-recognised predisposing factor in 
atherosclerosis (ROBERTSON and STRONG 1968), metabolic abnormalities are un
common in all age groups but no less so in geriatric patients. Primary hemo
chromatosis is an occassional cause of cardiac failure (DI GIORGIO 1973) and a 
pathologically identical condition may develop after multiple blood transfusions. 
Grossly the heart is strikingly brown in colour and histology shows large amounts 
of brown pigment in myofibres, interstitial tissues and conducting system. This pig
ment gives a positive Prussian blue reaction. Chronic renal failure may also occa
sionally produce a sufficiently severe degree of oxalosis to affect the heart (SALYER 
and HUTCHINS 1974). 
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VI. Non-specific Myocardial Changes 

Small foci of myofibre degeneration may be seen in many diseases associated with 
cardiac failure including severe anaemia, thyrotoxicosis, myxodema, and chronic 
alcoholism. Interstitial fibrosis is often also present in alcoholic heart disease 
(SCHENK and COHEN 1970), fatty degeneration of myofibres is common in anaemia 
and myxodematous hearts may have unusually well-marked degrees of basophilic 
myofibre change (see Sect. B). 

VII. Tumours 

Careful examination of the hearts of patients dying of malignant disease has shown 
cardiac metastases in 10%-15% of cases (DAVIES 1975) and metastatic tumours are 
therefore not uncommon in the elderly. Pancreas, breast, lung, and kidney are the 
most frequent primary sites. 

Fig. 13. Atrial myxoma. A large lobulated tumour is attached to the fossa ovale. Its apex 
is ulcerated and the mitral valve thickened. From a 73-year-old woman with a history of 
"heart trouble" for about 30 years 
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Primary cardiac tumours are rare, as at all ages. Most are myxomas, undiag
nosed antemortem although patients often have had a long history of heart disease. 
HUDSON (1962) illustrates a case in a 95-year-old woman. Myxomas usually form 
smooth rounded tumours attached to the margins of the septum secundum 
(Fig. 13). They are distinguished from atrial thrombi by their firm attachment to 
the atrial septum, often by a definite pedicle and by the absence of mitral or tricus
pid stenosis although some degree of mechanically produced valvular thickening 
is usual with tumours that are large enough to impinge on the valve cusps. Histo
logically they consist of characteristic lepidic cells in a myxomatous stroma. 

Fig. 14. Section of aortic valve cusp showing severe degenerative calcification. Solid darkly 
staining masses of calcium are distending the fibrosa. The changes are most extensive at the 
base of the cusp and do not extend to the free edge. No evidence of previous valvulitis is 
present. Haematoxylin and eosin, x 16, reduced to 80% 
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D. Valve Pathology 

Valve disease in the elderly is predominantly the result of degenerative changes af
fecting the fibrosa. In most cases the degenerative process is an exaggeration of the 
normal ageing changes already described and results in aortic sclerosis and stenosis 
and mitral ring calcification. In a substantial minority it consists of mucoid degen
eration with consequent expansion of the valve cusps and mitral systolic prolapse. 

I. Aortic Sclerosis and Stenosis 

In the aortic valve, degenerative calcification affects the fibrosa of the valve cusps. 
Solid masses of calcium develop, usually starting at the bases of the cusps where 
traumatic damage is greatest due to repeated flexion. With increasing severity the 
calcific masses expand along the fibrosa but rarely extend beyond the linea alba 
(Fig. 14). The valvular endocardium and free edges of the cusps are rarely involved 
if at all, a feature which makes for easy distinction from calcification following 
rheumatic or other inflammatory valve disease. Other features which distinguish 
degenerative from postinflammatory calcification are the absence of commissural 
adhesions and distortion ofthe free edges of the cusps in degenerative valve disease 

Fig. 15. Severe degenerative aortic valve calcification with superimposed thrombotic endo
carditis. Nodular masses of calcium are distorting all three aortic valve cusps and veg
etations can be seen on the nodulae Arantii and at the edge of the bisected left coronary cusp. 
Early mitral ring calcification is visible at the junction of membranous and musculature sep
tum with the anterior mitral cusp, and a large plaque of lipid and several smaller plaques 
are also visible on the aortic face of the anterior mitral cusp 
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Fig. 16. Aortic stenosis due to degenerative calcification. The unopened aortic valve is seen 
from above. A large mass of calcium almost fills the non-coronary sinus and multiple 
smaller nodules are distorting the coronary cusps. The cusps show no significant thickening 
of free edges, contraction or commissural adhesions. The orifice is triradiate 

and microscopically the small thick-walled vessels typical of postinflammatory 
valve pathology are absent. 

In most patients the degree of valvular distortion is mild and the clinical effects 
consist of production of the systolic murmur of aortic sclerosis only. However, as 
with all valve deformities, there is an increased risk of endocarditis (Fig. 15). Aortic 
sclerosis appears unimportant in the genesis of cardiac failure. In personally stud
ied cases it was one of the few conditions which was more common in patients who 
had not been in cardiac failure. The incidence of aortic sclerosis in these cases was 
24% compared with 18% in failure cases. 

Degenerative calcification is, however, the cause of most true aortic stenosis in 
geriatric patients. Previously normal three cusped valves may develop sufficiently 
severe calcification to immobilise the cusps (Fig. 16). This is responsible for most 
isolated aortic stenosis in patients over 75 years (POMERANCE 1972). Calcification 
in a congenitally bicuspid valve is the single most common cause of isolated aortic 
stenosis in adults (BACON and MATTHEWS 1959; POMERANCE 1972; ROBERTS 1970). 
The calcium is of the same degenerative type as in the older patients, primarily in
volving the cusp fibrosa and particularly the raphe of the conjoined cusp (Fig. 17). 
It appears about a decade before that in the normal three cusped valves, being ac
celerated by the mechanical stresses resulting from the abnormal anatomy and in
ability to open fully (EDWARDS 1961, 1962). 
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Fig. 17. Aortic stenosis due to degenerative calcification in a congenitally bicuspid aortic 
valve. The valve is viewed from above. The raphe between the congenitally fused cusps 
(below) is heavily calcified and large nodular masses of calcium are also distorting both 
the fused and the single cusp. Thrombotic endocarditis is further occluding the stenotic 
slit-like orifice 

Although degenerative valve calcification is clearly an age-related condition it 
is not clear why it develops to a greater degree in some individuals than in others. 
Although men seem affected more than women the difference is not statistically 
significant (POMERANCE et al. 1978). As deposition of calcium appears related to 
mechanical factors an association with hypertension or cardiac hypertrophy is sug
gested but none has been found. Relevant metabolic factors also need to be con
sidered but no correlation with serum calcium, phosphate or alkaline phosphatase 
has been found and histological comparison of bone density in patients with and 
without degenerative calcification has also shown no correlation (POMERANCE et al. 
1978). 

II. Mitral Ring Calcification 

In the mitral apparatus degenerative calcification affects the valve ring, and cusp 
involvment is usually relatively minor and secondary. The sequence of pathological 
changes is the same as in the aortic cusp fibrosa with focal calcification usually ap
pearing first in the part of the ring where the medial mitral commissure and muscu
lar and membranous septum meet (Figs. 15, 18, 34) and in the centre of the poste
rior cusp attachment. 
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Fig. 18. Very early mitral ring calcification. Section through the interventricular septum 
showing the bundle of His (upper centre). Early calcification is present at the junction of 
the ring fibrosa and ventricular muscle. Haematoxylin and eosin, x 40, reduced to 80% 

Macroscopically the early lesions appear as small nodules and spicules which 
are clearly of no clinical significance. Larger calcified masses, even if localized, of
ten produce sufficient cusp distortion to cause incompetence (Fig. 19). Extension 
in length and thickness eventually transforms the entire intramyocardial ring into 
a rigid C- or J-shaped bar, which may reach 2 cm diameter (Figs. 20 and 21). When 
calcification involves the entire ring the normal systolic contraction of the 
atrioventricular orifice is prevented with resulting mitral incompetence. Extension 
of calcium into the subvalve angle is common and may form a prominent ridge 
over which the posterior mitral cusp becomes stretched and to which the chordae 
tendinae become adherent. Occasionally the calcified bar undergoes central necro-
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Fig. 19. Mild mitral ring calcification with mitral incompetence. There is a spur of calcium 
distorting the posterior mitral cusp adjacent to the cut edge. A patch of endocardial fibrous 
thickening in the atrial wall just above and medial to the spur (arrow) is caused by the in
competent jet 

sis resulting in a caseous looking "abscess", which may reach a considerable size 
(Fig. 22). Such lesions can easily be mistaken for a tuberculoma or gumma. 

Masses of calcium may erode through the atrial surface of the valve cusps 
(Fig. 20) and the exposed calcium provides a site for thrombus deposition. These 
thrombi may reach considerable size and be a source of major emboli (FULKERSON 
et al. 1979; GUTHRIE and FAIRGRIEVE 1963; KORN et al. 1962; POMERANCE 1970). 
Emboli consisting of calcific debris only have also been recorded (FULKERSON et 
al. 1979; RIDOLFI and HUTCHINS 1976). Bacterial endocarditis may result from in
fection of these thrombi. 

Thrombi and infected vegetations based on mitral ring calcification are charac
teristically found at the base of the valve cusps in contrast to the usual site on con
tact margins or jet lesions. A high incidence of ring abscesses has been noted in in
fective endocarditis based on mitral ring calcification (MAMBO et al. 1978). 

Microscopically (Figs. 18 and 23) basophilic solid masses of calcium are seen, 
initially localised to the ring fibrosa but with increasing size encroaching on the fi
brosa of the valve cusp and extending into the septal ventricular myocardium. 
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Fig. 20. Mitral ring calcification associated with hypertrophic cardiomyopathy. A spur of 
calcium has ulcerated through the atrial surface at the medial commissure. A marked degree 
of left ventricular hypertrophy is also seen and a subaortic fibrous band similar to that in 
Fig. 10 was also present 

Rupture through into the subvalve angle is common and surrounding fibrosis is 
often present and may produce a marked degree of thickening in the subvalve 
angle. As in the aortic valve, thin-walled vessels, and mild chronic inflammatory 
cell infiltration are often present at the edge of the calcified areas but again the 
thick-walled small vessels of postinflammatory valve disease are absent. Cartilage 
and even, rarely, bone may be seen although this finding is much less frequent than 
in aortic valve calcification. Acute inflammation and necrosis may be present in 
the overlying cusp or in the adjacent myocardium, as may old or recent hemor
rhage. Calcification may provoke a foreign body type giant cell reaction and occa
sionally a pallissaded fibroblastic reaction with necrosis, similar to a rheumatoid 
nodule, may be seen (POMERANCE 1970). 

Age and Sex. Mitral ring calcification is rare below 70 years and shows a marked 
and statistically significant correlation with advancing age beyond this (POMER

ANCE et al. 1978) although, like senile cardiac amyloidosis, there is a fall in extreme 
old age. ISCHII and STERNBY (1978) observed only four cases amongst their 23 cen
tenarians. The condition is significantly commoner in women, the reported ratios 
varying from 3: 2 to over 4: I (POMERANCE et al. 1978; SIMON and LIU 1954). Mas
sive mitral ring calcification is almost entirely a disease of elderly women (KORN 

et al. 1962; SUGIURA et al. 1977). 
The clinical significance of mitral ring calcification is, predictably, related to se

verity. Minor degrees are usually of no clinical importance but patients with suf-
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Fig. 21. Massive mitral ring calcification (ringed) seen in the lateral view of a barium swal
low chest X-ray 

ficient calcification to cause even localised distortion are likely to have systolic 
murmurs indicating mitral incompetence (DENHAM et al. 1977; FERTMAN and 
WOLFF 1946; GEILL 1951; POMERANCE 1970; SIMON and Lm 1954; SUGIURA et al. 
1977). Mitral stenosis may be present in massive calcification if the calcium extends 
to the base of the valve cusps or forms a prominent subvalvar ring. Such marked 
degrees of ring calcification are easily seen on routine chest X-Rays (Fig. 21); less 
marked ring calcification requires echocardiography (Fig. 24) for clinical diagno
sis. 

Congestive cardiac failure due to massive mitral ring calcification is now well 
recognized (KORN et al. 1962; SUGIURA et al. 1977) but lesser degrees are rarely di
rectly responsible for failure. However, the incidence of mitral ring calcification is 
considerably higher in patients with cardiac failure than without. In our recent 
study (HODKINSON and POMERANCE 1979) the comparative incidences were 26% 
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Fig. 22. Massive mitral ring calcification with caseous necrosis. From a 73-year-old woman 
who died of uraemia. Courtesy of Dr. C. Tribe 

and 12% respectively. It seems likely that even the relatively minor functional im
pairment produced contributes to the polypathic cardiac failure which is so often 
encountered in the elderly. 

Conduction disturbances are common, as might be anticipated from the 
anatomical relationships between the mitral ring and bundle of His (Fig. 18). They 
range from minor degrees of bundle branch block to complete heart block (KORN 
et al. 1962; LEV 1964; POMERANCE 1970; RYTAND and LIPSITCH 1946; SIMON and 
Lm 1954) and FULKERSON et al. (1979) also found evidence of diffuse conducting 
system disease in over half their series of 80 patients with roentgenographically 
proven mitral ring calcification. This series also showed a relatively high incidence 
of embolic complications. 

Infective endocarditis is less frequent than would be expected from the degree 
of valvular deformity often present in this common disease but once developed is 
resistant to treatment (MAMBO et al. 1978). 
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Fig. 23. Section through the posterior left ventricular wall showing a large nodular mass of 
calcium in the valve ring extending into the subvalve angle with a chorda tendina stretched 
over it. Haematoxylin and eosin, x 7, reduced to 80% 

As with aortic valve calcification it is not entirely clear why only a minority of 
elderly patients should develop this exaggerated ageing change although the associ
ation with mechanical factors is stronger for mitral ring calcification. There is no 
correlation with rheumatic, rheumatoid or other inflammatory heart disease. As
sociations with diabetes mellitus (KIRK and RUSSELL 1969) and osteitis deformans 
(HARRISON and LENNOX 1948) have been reported although not present in our ma
terial. Metastatic calcification frequently affects the mitral ring and an increased 
incidence of soft tissue, tracheal, costal cartilage, and aortic calcification was noted 
by ISCHII and STERNBY (1978) in their patients with mitral ring calcification. How
ever, no evidence of abnormal calcium metabolism has been found in degenerative 
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Fig. 24. Echocardiogram of mitral valve calcification showing multiple echoes in the poste
rior mitral leaflet P and slow diastolic closure rate. Courtesy of Dr. R. Pridie 

valve calcification of either type (POMERANCE et al. 1978). Some studies have shown 
an increased incidence of systemic hypertension (FULKERSON et al. 1979; KIRK and 
RUSSELL 1969; POMERANCE 1970) and more recently an association with hypertro
phic cardiomyopathy (Fig. 20) and aortic stenosis have been noted (DROBINSKI et 
al. 1979; FULKERSON et al. 1979; KRONZON and GLASSMAN 1978; SCHorr et al. 
1977). Both these conditions are associated with increased left ventricular systolic 
pressures. A significant correlation with increased heart weight after correction for 
body size was found in our material. These findings all indicate that mechanical 
factors are important in determining whether elderly patients do or do not develop 
significant mitral ring calcification. 

The reason for the striking female predominance remains obscure. There is no 
correlation with parity (POMERANCE 1970). The prevalence of osteoporosis in elder
ly women has suggested the existence of a factor affecting the distribution of cal
cium between bone and soft tissue (BLANKENHORN 1964) but we have found no cor
relation between histologically measured osteoporosis and degenerative valve cal
cification. Possibly the mitral ring reacts differently to injury in women, a sugges
tion supported by the well-known female preponderance of rheumatic mitral 
stenosis although rheumatic carditis is equally common in both sexes. 

III. Mucoid Degeneration - The Floppy Mitral Valve 

This degenerative process also affects the fibrosa but involves mainly the central 
fibrous plate of the mitral valve cusps. In contrast to the rigidity and sclerosis of 
calcific degenerative disease, mucoid degeneration results in softening of the fi-
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Fig.25. Ruptured chorda tendina in mucoid degeneration. The mitral valve is seen from 
above and has been fixed in the systolic position showing prolapse into the left atrium. The 
arrow indicates a ruptured chorda tendina also prolapsing into the atrium 

brosa, with consequent expansion of the cusps and stretching of the chordae 
tendinae and systolic mitral cusp prolapse. It seems probable that most cases ofmi
tral valve prolapse and its numerous synonyms, (see JERESATY 1979) are due to pri
mary mucoid degeneration, which is, therefore, a common condition. Its compar
atively recent recognition is due more to the realisation that not all chronic valve 
disease is congenital or rheumatic rather than to any actual change in its preva
lence. Mitral valve prolapse has been reported in between 6% and 10% of ap
parently healthy young subjects (DARSEE et al. 1979) and a similar figure of 5%-
7% has been recorded for significant primary mucoid degeneration in autopsies on 
patients over 60 years (DAVIES et al. 1978; POMERANCE 1969). Most autopsy cases 
have been in elderly patients; the average age of a personally studied series was 73 
years. DAVIES et al. (1978) found that the incidence tended to increase with age. 

Macroscopically the primary change is usually confined to the mitral valve. Part 
or all of either or both cusps may be affected, the posterior being involved more 
often and usually more severely than the anterior. The most striking feature is ex
pansion of the cusps, the posterior leaflet being up to twice the depth of the anterior 
instead of the normal half to two-thirds. Cusps are white, opaque, and voluminous 
resembling a partly collapsed parachute or balloon. Systolic prolapse can be easily 
demonstrable at post-mortem by gentle pressure on the fluid-filled left ventricle be
fore opening or by fixation in the systolic position (Fig. 25). The mitral ring may 
also be dilated (BULKLEY and ROBERTS 1975; DAVIES et al. 1978). Similar changes 
may be present in the tricuspid valve although these are usually less severe. On sec-
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Fig. 26. Ballooning deformity (floppy valve) of the posterior mitral cusp. There is a large 
friction lesion on the ventricular endocardium below the junction of the two lateral scallops 
and chordae tendinae have become firmly incorporated into this fibrous plaque 

Table 3. Pathology of primary mucoid degeneration compared with that of chronic 
rheumatic valve disease 

Primary mucoid degeneration 

Cusps expanded 
No commissural adhesions 
No calcification 
Chordae thin and tapered 
Ventricular mural friction changes often 

present 

Only fibrosa affected 
Cusp layers remain distinct 
No vascularisation 
Degenerative process 

Chronic rheumatic valve disease 

Cusp contracts (fibrosis following inflammation) 
Commissural adhesions usually present 
Calcification common 
Chordae usually thickened fused and contracted 
No mural friction changes 

All valve layers involved 
Disorganisation of cusp architecture and fibrosis 
Small thick-walled vessels usually present 
Inflammatory process 

tioning, affected cusps often have a rather cartilaginous semi-translucent appear
ance. The chordae tendinae are long and thin, usually tapering from thickened leaf
let insertions. Small areas of ulceration and thrombus are often seen on the atrial 
surfaces of the ectatic cusps, since these are easily traumatised in normal valve 
movement. Morphological evidence of mitral incompetence is often visible as 
marked atrial dilatation or jet lesions of the atrial endocardium. Left ventricular 
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Fig. 27. Section through part of a mitral valve with mucoid degeneration. The normal dark 
staining dense collagen has been largely replaced by a loose connective tissue. Elastic van 
Gieson, x 20, reduced to 80% 

friction lesions are common because the normal anatomical relationships between 
chordae tendinae and posterior ventricular wall are altered by the cusp prolapse 
(SALAZAR and EDWARDS 1970). When well marked these lesions may incorporate 
the chordae tendinae (Fig. 26) and the combination of valve deformity and chordal 
adhesion may mislead those unfamiliar with the pathology of mucoid degeneration 
into a diagnosis of chronic rheumatic valve disease. However, the pathologies of 
these two conditions have little in common (Table 3). 

Microscopically (Fig. 27) a loose spongy myxoid tissue replaces the normally 
dense collagen of the cusp fibrosa. This has the staining characteristics of an acid 
mucopolysaccharide. The chordae tendinae may show similar changes. Some de-
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gree of fibrous thickening of the atrial endocardium is usual and small foci of fibrin 
may be present on, or incorporated near, the endocardial surface. 

Clinically mucoid degeneration is almost always a benign condition unless com
plicated. The long natural history ensures that cases seen at autopsy will be pre
dominantly in elderly subjects and the condition is often clinically unsuspected. Al
though clear morphological and clinical evidence of well-marked mitral incompe
tence is often present, this incompetence appears very well tolerated. Patients have 
been recorded known to have murmurs for over 20 years (ALLEN et al. 1974; BIT
TAR and SOSA 1968; DAVIES et al. 1978; JERESATY 1979; TRESCH et al. 1979) and 
about half the patients included in hospital autopsy series have died of unrelated 
causes (DAVIES 1978; POMERANCE 1975). However, primary mucoid degeneration 
is not infrequently complicated by "spontaneous" rupture of the chordae tendinae 
and it also carries an increased risk of infective endocarditis. It seems that elderly 
patients are probably at greater risk from these complications (TRESCH et al. 1979). 
Unexplained sudden death is an occasional complication and the condition is also 
one of those which often contributes to polypathic heart failure. 

Spontaneous rupture of chordae tendinae (Fig. 25) is the usual cause of cardiac 
failure directly resulting from mucoid degeneration. This complication has been re
corded in between 11 % and 13% of the predominantly elderly patients with mu
coid degeneration dying in hospital although the risk in patients as a whole would 
clearly be less. In JERESATY'S 350 patients (1979) it was reported in only five cases 
but was detected by echocardiography in 7% of 190 patients by CHANDRARATNA 
and ARONOW (1979). The exact mechanism of rupture varies. In many cases it is 
clearly related to mucoid degeneration in the ruptured segment of chorda; in others 
histology shows only fibrinoid necrosis at the rupture site or rather corrugated 
bundles of collagen. In these cases it seems likely that excessive tension on the 
chordae alone is responsible since, with cusp prolapse, there is loss of the normal 
support from the coapting cusp edges in systole. 

Infective endocarditis (Fig. 28) appears less common than spontaneous chordal 
rupture but elderly patients are at greater risk because of the increased liklihood 
ofbacteraemia (see Sect. DV) and the small thrombi which are often present on the 
atrial surface of the ectatic cusps provide a favourable site for growth of micro
organisms. Vegetations also develop on the jet lesions caused by the mitral incom
petence. These are usually found on the interatrial septum or on the posterior atrial 
wall. 

Sudden death is fortunately not a common complication of mucoid degener
ation (DAVlES et al. 1978; JERESATY 1979). Its mechanism is still not understood. 
Although ischaemia-like chest pain and ECG changes are often present in other
wise asymptomatic mitral valve prolapse (GOOCH et al. 1972), there is usually 
no morphological evidence of coronary artery insufficiency. The possibility of 
an associated cardiomyopathy has been raised and abnormal histochemistry, 
increased interstitial fibrosis and mitochondrial degenerative changes have recently 
been reported (MALCOLM et al. 1979; MASON et al. 1978). 

The aetiology of primary mucoid degeneration is still not determined. The as
sociation of similar valve pathology with connective tissue disorders such as Mar
fan's syndrome (McKuSICK 1972) with minor skeletal abnormalities (DEVEREUX et 
al. 1976; GOOCH et al. 1972; SALOMON et al. 1975; UDosm et al. 1979) and the oc-
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Fig. 28. Infective endocarditis on mucoid degeneration. The posterior mitral cusp is expand
ed and large vegetations are present on the apposing edges of both mitral cusps and also 
on the jet lesion on the atrial septum 

casional familial cases suggest that genetic factors may be concerned. The predom
inance of elderly patients in autopsy series and the existence of a similar age-related 
valve degeneration in dogs (POMERANCE and WHITNEY 1970) suggest that ageing 
may be a factor. DAVIES et al. (1978) suggested that the development of mucoid de
generation may be analogous to the changes developing in skin with advancing 
age. 

IV. Chronic Inflammatory Valve Disease 

1. Rheumatic Valve Disease 

With the virtual disappearance of rheumatic carditis in Great Britain, chronic 
rheumatic valve deformities are now seen mainly in the elderly. In our most recent 
study the incidence was 3% and earlier series have reported an incidence of about 
5% (BEDFORD and CAIRD 1960; POMERANCE 1965). 

Minor degrees of postinflammatory valvular scarring (Fig. 29) are rather more 
common and their incidence has not decreased significantly. These lesions are of 
no clinical significance other than as a cause of mitral murmurs (DENHAM et al. 
1977) and possibly as predisposing to endocarditis (OKA and ANGRIST 1967; OKA 
et al. 1968). 

The pathology of rheumatic valve disease does not differ significantly from that 
in younger patients. Mitral valve changes range from relatively minor degrees of 
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Fig. 29. Minor postinflammatory scarring of the anterior mitral cusp. Part of the posterior 
mitral cusp is also included and shows a mild degree of ballooning deformity due to mucoid 
degeneration 

cusp scarring and commissural adhesions to grossly thickened and distorted cusps 
with adherent thick and contracted chordae tendinae (Fig. 30). Aortic cusps show 
thickening and contraction usually with fused commissures (see Fig. 32). Calcifica
tion is common in both valves and mainly affects the fused commissures. Histologi
cally normal valve architecture is disorganised with irregular fibrosis involving all 
layers of the cusps and small thick-walled vessels are usually present. Fibrin de
posits at varying stages of organisation are often seen, together with small filiform 
processes (Lambl's excrescences) with a characteristic laminar fibro-elastic struc
ture which are derived from partially detached fibrin deposits. Progression of the 
valve deformity is the result of a continuing cycle of fibrin deposition, organisation 
to fibrous tissue, and increasing deformity which attracts further fibrin deposition. 
It is not due to continuing inflammatory activity (MAGAREY 1949). 

Although the pathological features are still widely accepted as pathognomonic 
of rheumatic valve disease, they are actually non-specific sequelae of severe valvuli
tis with thrombus formation and their invariable relationship with rheumatic car
ditis is now being debated. Many elderly patients give no history of past rheumatic 
fever and while poor memory must account for some of these cases, there is increas
ing evidence for a non-rheumatic origin in others. The comparatively recent decline 
in chronic rheumatic heart disease has been in cases with rheumatic histories while 
those with no relevant histories have not declined (VENDSBORG et al. 1968). Many 
organisms are well known to affect the pericardium and myocardium and it is im-
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Fig. 30. Rheumatic mitral valve disease with marked left atrial dilatation. The mitral valve 
cusps are contracted and thickened and the chordae are thickened and fused 

probable that the valves are spared. Indeed routine sections of mitral valves in un
selected autopsies not infrequently show a mild valvulitis. In Britain and the 
United States Coxackie, ECHO, psittacosis, and mycoplasma are the most likely 
causative agents (BURCH et al. 1970; BURCH and GILES 1972; LANCET 1971, 1974; 
WARD 1975, 1978). Once valve damage has occurred the same cycle of fibrin depo
sition and organization operates as in rheumatic valvulitis, with eventual fibrous 
thickening and distortion. 

2. Rheumatoid and Other Inflammatory Diseases 

Rheumatoid disease occasionally affects the heart. Rheumatoid granulomas form 
in the fibrosa of the aortic and mitral cusps as well as in the myocardium (CAR
PENTER et al. 1967; ROBERTS et al. 1968). In the mitral valve they are usually of no 
practical importance (IVESON and POMERANCE 1977) but in the aortic valve the re
sultant fibrous thickening and contraction of the cusps produces aortic incompe
tence. Because the granulomas rarely reach the endocardial surface the active stage 
is not associated with thrombus deposition and therefore commissural adhesions 
do not form and there is no stenosis. 

Ankylosing spondylitis (BULKLEY and ROBERTS 1973; GRAHAM and SMYTHE 
1958) and Reiter's disease (PAULUS et al. 1972) are other systemic inflammatory 
diseases which may rarely cause aortic incompetence in the elderly. 
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Fig. 31. Senile aortic incompetence. The aortic valve cusps have cord-like thickening of the 
free edges indicating incompetence due to aortic ring dilatation. The left ventricle is dilated 
and hypertrophied. From a 77-year-old woman with known aortic incompetence for 5 years 
before death 

Syphilis is now rare in Britain although this is clearly not a universal finding. 
SUGIURA et al. (1975) found syphilitic aortic regurgitation in over 21 % of their 
series of 1,000 elderly patients. 

The aortic incompetence in all these three conditions is secondary to inflamma
tory dilatation of the aorta and there are no inflammatory changes in the valves 
themselves. The valve pathology is similar in all, with widened commissures due 
to the aortic dilatation and cord-like thickening of the free edges of the valve cusps 
due to exposure to the regurgitant blood stream. A similar appearance is seen in 
some cases of the idiopathic aortic incompetence of the elderly (Fig. 31). This con
dition was noted in 4.4% of BE OF ORO and CAIRO'S (1960) cases although it has been 
very uncommon in more recent material. The underlying pathology in these cases 
is probably varied. Some show minor non-specific inflammatory aortic scarring 
but most appear to be due to hypertension and dilatation of the aortic ring with 
age (GOULEY and SICKEL 1943) and show only minor cystic degeneration and loss 
of elastica. 

V. Infective Endocarditis 

This condition has increasingly become a disease of elderly patients, often with no 
preceding valve disease (HuGHES and GAULD 1966; LANCET 1967; LERNER and 
WEINSTEIN 1966). In a recent study of 70 cases from this country one-third of the 
patients were over 60 years of age and the peak incidence was in the 7 th decade 
(SCHNURR et al. 1977). The changing pattern has only been partly due to the intro
duction of antibiotics and decline in rheumatic fever. An important factor is in-
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creasing survival to ages where degenerative valve diseases become common as do 
conditions requiring diagnostic and surgical procedures likely to produce bac
teremia. 

In geriatric patients, as with many diseases in this age group, symptoms are of
ten atypical and clinical diagnosis not made or delayed, the infective organism is 
likely to be a virulent one and many cases are not diagnosed ante mortem. Al
though Streptococcus viridans is still isolated in a high proportion of cases, Staphy
lococcus pyogenes, enterococci and pneumococci are now the commonest or
ganisms. Fungal infections are becoming more frequent, usually associated with 
long-term antibiotics, steroids or treatment of malignancy. Blood cultures may be 
negative, possibly just because of previous antibiotics or poor bacteriological tech
nique, but uraemia or prolonged infection alone may be responsible. 

Macroscopically infective endocarditis is characterised by vegetations which 
are nodular, usually friable masses generally found on the atrial surfaces of the 
atrioventricular valves or the ventricular surfaces of the aortic valves. The pulmo
nary valve is rarely affected. They also form on the jet lesions produced by valvular 
incompetence (see Fig. 28). The vegetations vary from pinhead size to large masses 
which may almost block the valve orifices; the very large vegetations are usually 
due to fungal infections. Perforations of the cusps are common, particularly with 
pyogenic staphyloccal and pneumococcal infections. Abscesses of the aortic or mi
tral valve rings (Fig. 32) form if infection extends to these structures (MAMBO et al. 
1978; SHELDON and GOLDEN 1951). 

Microscopically the vegetations consist of fibrin, red cells, leucocytes, and 
micro-organisms. The underlying cusps show inflammation with necrosis. Small 
abscesses and focal inflammatory cellular infiltration are often present in the myo
cardium and occasionally the abscesses may be visible to the naked eye. 

The underlying valve pathology may be rheumatic or congenital, as in younger 
patients, the congenital deformity usually being a bicuspid aortic valve. Infection 
on degenerative valve diseases has been discussed in the appropriate sections. Pace
maker wires and prosthetic valves, being foreign bodies, also predispose to infec
tion. However, in geriatric patients the largest single group are those with no ob
vious underlying abnormality (Table 4) (ApPLEFIELD and HORNICK 1974; SCHNURR 
et al. 1977; THELL et al. 1975). In many of these cases minor postinflammatory 
changes can often be found on careful inspection of the infected valves and such 
minor pathology is easily destroyed or overlooked. It is also likely that the high 
incidence in some reported series was due to failure to recognise mucoid degener
ation since this condition has only come into prominence relatively recently. How
ever, even allowing for such cases it is clear that many instances of infective endo
carditis in the elderly do arise on previously normal valves and there is good evi
dence that the endocarditis then has developed as a result of stress. Valvular swell
ing and oedema can be induced experimentally by a variety of stress producing 
stimuli including surgery and infection (OKA et al. 1968) and similar lesions can of
ten be seen in patients dying in hospital. They appear as minute translucent nodules 
along the closure lines of the cusps. The endocardium over these lesions is easily 
traumatised and small thrombi form and ifbacteraemia then occurs these thrombi 
are colonised and develop into bacterial vegetations (OKA et al. 1968). The same 
stages in development of infected vegetations can be seen in human heart valves. 
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Fig.32. Infective endocarditis (staphylococcal) of aortic valve with ring abscess. Both the 
aortic and the mitral cusps show thickening contraction and commissural adhesions due to 
previous rheumatic carditis. The left coronary cusp is perforated and the coronary sinus 
communicates with a cavity which is partly filled by blood clot. From a 72-year-old woman 
with rheumatic fever in childhood and typical clinical signs of infective endocarditis which 
failed to respond to treatment 

Table 4. Underlying valve abnormalities in infective endocarditis (autopsy cases) 

Underlying pathology 

Inflammatory (including rheumatic) 
Congenital 
Floppy valve 
Degenerative calcific 
Iatrogenic 

(including pacemakers, prostheses) 
Normal 

Under 65 years (29 cases) Over 65 years (21 cases) 

20% e/s rheumatic) 
14% 
14% 
o 

30% 

20% 

19% (all rheumatic) 
10% 
14% 
14% 
10% 

38% 

VI. Non-Bacterial Thrombotic Endocarditis 

This conditions is common in the elderly, simply because of its association with 
disseminated malignancy and other wasting diseases. It is seen most often with car
cinoma of the pancreas, stomach or lung (POMERANCE 1975) but may also be found 
in well-nourished patients without malignant disease. 

As in infective endocarditis NBTE is characterised by vegetations on the 
closure lines of the cusps (Fig. 33), almost always mitral or aortic. The vegetations 
vary in size and colour and are macroscopically indistinguishable from those of in
fective endocarditis. Histologically they differ in the absence of inflammatory reac-
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Fig. 33. Non-bacterial thrombotic endocarditis. There are large vegetations on the 
closure lines of all three aortic cusps and on the posterior mitral cusp. The patient died of 
cardinomatosis from a pancreatic primary 

tion or micro-organisms and by the lack of significant pathology in the underlying 
valve cusps although minor postinflammatory changes are often present (ELIAKIM 
and PINCHAS 1966) and predispose to deposition of thrombus. 

In most elderly patients NBTE is an incidental facet of terminal disease. How
ever, systemic emboli are common and occasionally symptoms from cerebral em
boli maybe the first sign of a still treatable neoplasm (ASHENHURST and CHERTKOW 
1962; BRYAN 1969; DEPPISCH and FAYEMI 1976; ROSEN and ARMSTRONG 1973; 
WOOLEY et al. 1970). 

VII. Uncommon Valve Abnormalities 

It should be remembered that even rare forms of acquired heart disease are at least 
as likely to be seen in elderly as in young patients. 

Carcinoid heart disease affects the pulmonary and tricuspid valves which are 
incompetent and stenotic with thickened and contracted cusps. Fibrous plaques 
may also be present in the right atrial endocardium, extending from the thickened 
cusps on to the ventricular endocardium. 

Papillary endocardial "tumours" (HEATH and THOMPSON 1967; NASSAR and 
PARKER 1971; POMERANCE 1975) are sea anemone like lesions (Fig. 34) usually 
found on the mitral or aortic cusps but which may arise on any cusp or cavity en-
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Fig. 34. Multiple cardiac pathology. The heart has been opened to show the mitral valve and 
left ventricular outflow and part of the left atrium, behind. The edge of a large atrial septal 
defect can be seen. A papillary tumour is attached to the linea alba of the non-coronary aor
tic cusp and mitral ring calcification is present and can be seen at the junction of mitral valve 
and membranous and muscular sepklm. (The papillary tumour was photographed after fix
ation and the characteristic frond-like structure could no longer be demonstrated macro
scopically.) From a 74-year-old woman being treated for congestive cardiac failure for some 
months before her sudden death. Courtesy of Dr. K. Misch 

docardium. Most reported cases and most of those seen personally have been in 
elderly patients. The "tumours" are not true neoplasms but are derived from the 
filiform Lambl's excrescences present in almost all elderly or damaged valves. They 
grow by accretion and organisation of fibrin (MAGAREY 1949). Most are of no clini
cal significance but occasionally they may form a ball-valve over a coronary ostium 
or be sources of emboli (HARRIS and ADELSON 1965). 

VIII. Prosthetic Valve Pathology 

Open heart surgery has now been established sufficiently long for its late sequelae 
to be appearing in geriatric patients and valve replacement in patients over 65 years 
is now also a common procedure. Late complications of valve replacement are 
thrombosis, infection, and mechanical dysfunction (ROBERTS et al. 1973; SILVER 
1978). Thrombosis may impede ball or disc movement, may be sufficient to occlude 
the valve orifice and may be responsible for cerebral or coronary emboli (Fig. 35). 
Infected vegetations maybe grossly indistinguishable from non-infected thrombus. 
The causative organism is often a fungus. Mechanical dysfunction results from 
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Fig.35. Late thrombosis of prosthetic mitral valve. The opened left atrium is viewed from 
above and shows a large pannus of thrombus almost completely occluding the mitral orifice. 
Thrombus is also protruding from the atrial appendage (left). From a 70-year-old woman 
who developed intractable congestive heart failure 6 years after mitral valve replacement 

wear on the ball or disc which may then become fixed in either open or closed po
sition or may shrink, escape or fragment, usually with catastrophic stenosis or in
competence. 

IX. Cardiac Pathology and Congestive Cardiac Failure 

A probable cause and effect relationship between congestive heart failure in the el
derly and marked degrees of most of the pathological changes described in the 
present chapter is self evident, but the importance of the less severe changes is not 
so clear cut. While some functional effects appear inevitable with anything other 
than the mildest morphological changes, individually these seem insufficient to 
cause cardiac failure in most patients. Nevertheless, apart from aortic sclerosis and 
non-bacterial thrombotic endocarditis, most of the cardiac abnormalities found in 
elderly patients are found more commonly in those who had been in congestive car
diac failure than those who had not (HODKINSON and POMERANCE 1979; LINZBACH 
and AKUAMOA-BoATENG 1973 b; METIVIER 1971; POMERANCE 1965) and the prob
able explanation is that the effects of even minor functional abnormalities are cu
mulative. Multiple pathology is common in the hearts of elderly patients (Fig. 34) 
and patients in cardiac failure have a higher incidence of multiple pathology than 
those not in failure (HODKINSON and POMERANCE 1979; LINZBACH and AKUAMOA-
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BOATENG 1973 b; METIVIER 1971; POMERANCE 1965) and it is, therefore, reasonable 
to suggest that the combined functional impairment of two or more relatively 
minor abnormalities would be sufficient to precipitate cardiac failure even though 
individually they would not do so. 
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Valvular Disease of the Heart 

F.I. CAIRD 

A. Epidemiology of Valvular Disease 

Classical cardiological teaching is that valvular heart disease, except aortic steno
sis, is rare in old age. That this is not so was clearly shown by pathological inves
tigations (FRIEDBERG and TARTAKOWER 1931), and by clinical studies reviewed by 
BEDFORD and CAIRD (1960). 

I. Rheumatic Heart Disease 

The current prevalence of rheumatic heart disease in the general elderly popula
tion is of the order of 2%-3%, and about 4% among elderly hospital patients 
(DROLLER and PEMBERTON 1953; BEDFORD and CAIRD 1960; POMERANCE 1976; 
KENNEDY et al. 1977). The prevalence of rheumatic heart disease in old age is the 
resultant of the incidence of rheumatic fever during the childhood and adolescence 
of the present elderly population, and the natural history of established rheumatic 
heart disease in middle age. The incidence of rheumatic fever fell during the first 
half of this century (SIEVERS and HALL 1971), and the prevalence of rheumatic 
heart disease in old age will thus decline in future. 

II. Non-rheumatic Mitral Disease 

Clinically significant non-rheumatic mitral valve disease probably contributes a 
further I %-2% to the hospital prevalence of mitral disease in old people (POMER
ANCE 1976). 

III. Aortic Valve Disease 

Aortic stenosis of various aetiologies is found in 4%-5% of old people (ACHESON 
and ACHESON 1958; BEDFORD and CAIRD 1960; POMERANCE 1976; KENNEDY et al. 
1977). No secular change in the prevalence of aortic stenosis is likely, except in so 
far as cases of rheumatic aetiology may decline. Aortic incompetence without 
stenosis, due to a wide variety of causes (see Sect. C.III.l), is encountered in per
haps a further I %-2% of old people (POMERANCE 1976; KENNEDYet al. 1977). The 
prevalence of 4% given by BEDFORD and CAIRD (1960) is undoubtedly too high. 

The total prevalence of valvular disease of all kinds in the elderly population 
is thus considerable, and the resulting clinical and diagnostic problems are com
mon. 
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B. Mitral Valve Disease 

I. Age Changes in the Mitral Valve 

Changes in the mitral valve and its valve ring which are attributable to the ageing 
process are well described (McMILLAN and LEV 1959; SELL and SCULLY 1965; 
POMERANCE 1976). Nodular thickening of the atrial surfaces of the cusps occurs 
at their points of apposition during systole, which are presumably the sites of 
maximum mechanical stress. There is a decrease in the number and size of nuclei 
in the fibrous stroma of the valve ring, accumulation of lipid, degeneration of col
lagen, and calcific change. Simple age changes in the mitral valve are unlikely ei
ther to be of haemodynamic significance or to produce physical signs. 

II. Rheumatic Mitral Disease 

1. Pathology 

The pathology of rheumatic mitral disease in old people is essentially identical to 
that in younger patients. The principal features are fibrotic disorganisation of the 
valve architecture and scarring of the cusps, thickening and contracture of the 
chordae, and commissural adhesion, fusion, and calcification. Whether all such 
valvular abnormalities are truly rheumatic in origin is uncertain; some cases may 
have other inflammatory aetiologies (POMERANCE 1976). 

2. Clinical Features 

40% of elderly patients with rheumatic mitral valve disease give a history of rheu
matic fever or chorea in early life. The age at the occurrence of the first rheumatic 
manifestation is identical to that found in large series of cases of acute rheumatic 
fever (BEDFORD and CAIRO 1960), but elderly patients may possibly have suffered 
fewer overt recurrences of rheumatic activity (HEBBERT and RANKIN 1954). Mitral 
disease may only become clinically apparent for the first time 60 years after the 
initial episode of rheumatic fever (CURRENS 1967). 

Mitral incompetence is the predominant lesion in most elderly patients with 
rheumatic heart disease, only about one-third having predominant mitral stenosis 
(BEDFORD and CAIRO 1960). One-half also have aortic valve disease; two-thirds of 
these have aortic incompetence, and one-third aortic stenosis with or without in
competence. 40% of elderly patients with rheumatic mitral disease seen in hospital 
show evidence of cardiac failure. One-third, particularly of those with mitral 
stenosis, are in atrial fibrillation, while systemic embolism is a major feature in per
haps 6%, again especially in those with mitral stenosis. 

The physical signs of mitral valve disease in the elderly parallel those in 
younger patients. Left ventricular hypertrophy predominates in those with mitral 
incompetence, and a right ventricular impulse may be evident in those with pre
dominant mitral stenosis. The ausculatory signs are also essentially the same. 
When a loud first heart sound is heard in an elderly patient with tachycardia or 
cardiac failure, a careful auscultatory search should be made for other signs of mi-
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tral disease. This should be repeated once resolution of cardiac failure or reduction 
in heart rate has been accompanied by an increase in cardiac output, and thus in 
the reappearance of the flow-dependent diastolic murmur. An opening snap is not 
infrequent (CAIRD et al. 1973), and when the cardiac output is low may be the only 
auscultatory sign of mitral stenosis. 

P mitrale and right ventricular hypertrophy may be found in mitral stenosis, 
and left ventricular hypertrophy is to be expected in predominant mitral incompe
tence. The chest radiograph is of great value since left atrial enlargement may well 
be evident, but both Kerley's lines and definite evidence of pulmonary hyperten
sion (other than increase in size of the upper lobe veins) are relatively unusual. 

In mitral stenosis, the rapid filling wave in early diastole may be absent on the 
apex cardiogram, and in patients in sinus rhythm, outward movement of the left 
ventricle during atrial systole may be slow (CAIRD 1976). Echocardiography has 
been little reported in the diagnosis of rheumatic mitral valve disease in the elderly, 
but the patterns seen would be expected to resemble those in younger patients. 

3. Haemodynamics 

Radionuclide studies of the circulation in elderly patients with mitral disease are 
compared in Table 1 with findings in normal elderly subjects and patients with 
other forms of heart disease (CAIRD 1980). In atrial fibrillation, cardiac output is 
considerably reduced, pulmonary mean transit time prolonged, and pulmonary 
blood volume increased. In cardiac failure these changes are greater, and except 
in respect of pulmonary blood volume, exceed those found in cardiac failure 
without valvular disease. 

4. Complications 

The important complications of rheumatic mitral disease in old age are atrial fi
brillation, arterial embolism and cardiac failure. There are clear interrelations be
tween these three occurrences. 60% of elderly hospital patients with rheumatic mi
tral disease and atrial fibrillation are in cardiac failure, as against 25% of those 
with sinus rhythm (BEDFORD and CAIRD 1960). Systemic embolism is also associ
ated with atrial fibrillation in patients with mitral stenosis, though in mitral incom
petence, coincident myocardial infarction with left ventricular endocardial throm
bosis is the usual cause. 

5. Prognosis 

The principal determinents of prognosis in rheumatic mitral valve disease in old 
age are cardiac rhythm and cardiac failure. The survival of patients in sinus 
rhythm without cardiac failure probably di(fers little from that of other old people 
of the same age, but if atrial fibrillation or cardiac failure is present, only 10%-
15% survive 3 years or more (BEDFORD and CAIRD 1960). The type of valve lesion 
is of lesser importance, though survival appears slightly better in mitral incompe
tence than in mitral stenosis. 
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6. Treatment 

The treatment of rheumatic mitral disease in the elderly is usually medical. How
ever, symptomatic mitral valve disease with moderate or severe disability should 
be considered an indication for operation in elderly as well as in younger patients 
(OR et al. 1973; STARR and LAWSON 1976; DE BONO et al. 1978). STARR and LAW
SON (1976) described 89 patients over the age of 60 treated by mitral valve replace
ment. The hospital mortality was 16%, but 60% survived 5 years, and 40% 
10 years after the operation. Early deaths are mostly due to myocardial infarction 
and low output states, and late deaths to cardiac failure and endocarditis. Tech
nical improvements in prosthetic valves have in particular been associated with a 
reduction in the rate of postoperative thrombo-embolic complications. Functional 
improvement after operation is often very gratifying and patients incapacitated for 
many years may well be restored to activities normal for their age. 

III. Calcification of the Mitral Ring 

1. Pathology 

The frequency at autopsy of calcification of the mitral ring increases from 6% in 
men aged 70-79 to 19% in men aged over 90, and from 12% to 40% respectively 
in women (POMERANCE 1976); at all ages it is about twice as common in women as 
in men. Lesser degrees of calcification take the form of small localised nodules, 
usually at the middle of the junction of the medial commissure of the posterior cusp 
and ventricular wall. This is close to the bundle of His, and the condition may thus 
be associated with atrioventricular block. More extensive deposits extend into the 
angle under the valve, forming a ridge over which the cusp is stretched, and to 
which the chordae may adhere. Distortion and upward displacement of the cusp 
result in mitral incompetence, and very gross lesions may give rise to minor degrees 
of obstruction (KIRK and RUSSELL 1969). The most massive lesions transform the 
whole mitral ring into a rigid calcified bar, which may undergo softening and be 
mistaken for an inflammatory lesion. Microscopically the calcified lesion consists 
of an amorphous eosinophilic material, which may be surrounded by inflamma
tory tissue, or on occasions transformed into cartilage and bone. 

The pathogenesis of mitral ring calcification is unknown, and it has been re
garded as an exaggerated age change (POMERANCE 1976). If this is so, it is difficult 
to see why it is so much more frequent in women than in men. 

2. Clinical Features 

Calcification of the mitral ring is usually asymptomatic, the only evidence being 
the radiological appearance of an obliquely set horseshoe of calcium seen on radio
graphs of the chest. Severe calcific changes may produce clinically apparent mitral 
incompetence (less often stenosis), and on occasions complete heart block 
(RYTAND and LIPSITCR 1946; SIMON and Lm 1954; KORN et al. 1962; KIRK and 
RUSSELL 1969). The physical signs resemble those of rheumatic mitral disease, and 
the electrocardiogram may show atrial fibrillation and atrioventricular conduction 
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defects. The diagnosis is made from the chest X-ray, and should give rise to no dif
ficulty. 

IV. Mucoid Deformity of the Mitral Valve 

1. Pathology 

Mucoid deformity of the mitral valve is a common pathological finding with many 
names (POMERANCE 1976), and is found in 5% of elderly hearts. In its gross form 
part or all of the affected cusp, usually the posterior, stretches and increases in size 
and depth, coming to resemble an opaque white parachute or deflated balloon. The 
chordae are also lengthened, but are not fused or contracted, though they may be
come adherent to the mural endocardium. Areas of ulceration and thrombus de
position are common on the abnormal cusp, and infective endocarditis may devel
op. The principal haemodynamic consequence is mitral incompetence, which re
sults from overshoot of the cusp into the left atrium during systole. 

Microscopically the orderly arrangement of the collagen of the fibrous layer of 
the cusp is replaced by areas of loose spongy mucoprotein or mucopolysaccharide 
material, but in contrast to the disorganisation seen in rheumatic mitral disease, 
the normal anatomical layers are preserved, and there is neither abnormal vascu
larisation nor other evidence of inflammation. Similar changes may occur in the 
chordae and may lead to their rupture. Uninvolved chordae may also rupture as 
a result of the gross mechanical disturbance produced by the cusp abnormality. 

The pathogenesis of this interesting condition is unknown, but as with calcifi
cation of the mitral valve ring, an exaggerated age change is certainly a possibility. 

2. Clinical Features 

Clinical evidence of mitral valve prolapse is not unduly rare in old age. The char
acteristic physical sign is a late systolic murmur, sometimes initiated by a systolic 
click, without evidence of mitral obstruction (EpSTEIN and COULSHED 1973). Atrial 
fibrillation, ventricular ectopic beats and cardiac failure are not unusual. The elec
trocardiogram shows no signs of cardiac infarction, as is usually the case with isch
aemic papillary muscle dysfunction (see Sect. B.V), and there is no X-ray evidence 
of calcification of the mitral ring. The echocardiogram shows the abnormal move
ment of the valve (DILLON et al. 1971; Popp et al. 1974). In asymptomatic cases the 
prognosis appears good, but once cardiac failure has developed, survival usually 
seems short. 

V. Papillary Muscle Dysfunction 

Papillary muscle dysfunction has been clearly recognised as a cause of mitral in
competence following acute cardiac infarction (HEIKILLA 1967), the mechanism be
ing disorganisation of papillary muscle contraction, allowing systolic prolapse of 
part of the mitral valve into the left atrium. Persistent functional abnormality fol
lowing papillary muscle infarction is probably not rare (DE PASQUALE and BURCH 
1966). The diagnosis should be suspected when there is an apical pansystolic mur-
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mur, sometimes with a third heart sound, but without evidence of mitral obstruc
tion, in a patient whose electrocardiogram shows evidence of past, usually inferior, 
myocardial infarction. The prognosis seems in general to be good. 

Rupture of papillary muscle or of its attached chorda is a rare but dramatic 
complication characteristically occurring a few days after cardiac infarction. 
Chordal rupture may also complicate mucoid degeneration of the mitral valve. 
Successful surgical treatment has been reported in old age (STARR and LAWSON 
1976; DE BONO et al. 1978). 

VI. Left Atrial Myxoma 

Left atrial myxoma is a condition which is uncommon at any age but may be rarely 
encountered in the elderly (GOODWIN 1963; HARVEY 1968). Rapidly advancing 
symptoms of mitral obstruction, usually of less than 2 years duration, contrast 
with the much longer duration of symptoms in rheumatic mitral disease. Systemic 
emboli are common, but episodes of syncope due to intermittent complete obstruc
tion of the mitral valve are relatively infrequent. The combination of emboli, vari
able mitral murmurs, a raised ESR and abnormality of the plasma proteins may 
suggest bacterial endocarditis, but blood cultures are negative. These features 
should suggest the possibility of the diagnosis, and echocardiography (NASSER et 
al. 1972) or angiocardiography should be carried out as a matter of urgency, since 
any surgical treatment must be undertaken before there is irreversible cardiac de
terioration. 

C. Aortic Valve Disease 

I. Age Changes in the Aortic Valve 

Age changes in the aortic valve resemble those in the mitral valve (McMILLAN and 
LEV 1959; SELL and SCULLY 1965; POMERANCE 1976). Valvular thickening ranges 
in severity from a palpable ridge along the attachment of the cusps, which is almost 
universal by middle age, to extensive calcific changes in the cusp fibrosa, involving 
the basal parts but not usually the free edges of the cusps. These changes are best 
termed "aortic valvular sclerosis," to distinguish them from changes in the aorta 
itself; they seem likely to be due to the repeated mechanical stresses of normal valve 
action over many years. 

II. Aortic Stenosis 

1. Pathology 

Three different forms of aortic stenosis are encountered in old age (POMERANCE 
1972). These are postinflammatory stenosis, degenerative calcification, and degen
erative changes in bicuspid valves. 

In postinflammatory stenosis the commissures are fused and the cusps con
tracted, so that the valve orifice becomes a central triangle or circle. If commissural 
fusion is asymmetrical, the orifice is eccentric or angled, but its apex remains ap-
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proximately central. The original inflammatory process is probably usually rheu
matic, but it is certainly possible that non-rheumatic infections may be the cause 
of isolated cases (POMERANCE 1976). 

Degenerative calcification of tricuspid valves is macroscopically different, in 
that the commissures are not fused, and the cusps are not contracted. The orifice 
is thus triradiate, and the cusps are immobilised by extensive calcification extend
ing out from their bases. This condition can be regarded as an extension of the 
changes of aortic valvular sclerosis. It is the commonest cause of aortic stenosis 
over the age of 75 (POMERANCE 1 972). 

In calcification of a congenital bicuspid valve, there are only two cusps, and the 
larger has a fibrous ridge on its aortic aspect, indicating the line of failure of cusp 
development. The orifice is transverse or slightly crescentic. The calcific changes 
resemble those seen in tricuspid valves, and are probably produced prematurely by 
abnormal mechanical stresses. However, congenital bicuspid valves without steno
sis are also encountered in old age (POMERANCE 1976). 

2. Clinical Features and Diagnosis 

The majority of cases of aortic stenosis in old age have no cardiac symptoms. Ap
proximately one-third are dyspnoeic, commonly because of cardiac failure (BED
FORD and CAIRD 1960). A varying proportion have angina pectoris, mostly in as
sociation with ischaemic heart disease. Syncopal attacks, often exertional, occur in 
up to 30%. In terminal cardiac failure, there may be episodes of "chronic syncope," 
with impairment of consciousness, sweating, restlessness, confusion, irregular bra
dycardia, and hypotension (KUMPE and BEAN 1948). 

Most of the classical physical signs of aortic stenosis can be demonstrated in 
severe cases in the elderly: a slowly rising pulse, reduced pulse pressure, left ventric
ular hypertrophy, a cardiac impulse with a clear atrial component, a long, loud, 
and harsh basal ejection murmur with a thrill and depression, and reversed split
ting of the second heart sound. Expiratory accentuation of the ejection murmur 
may sometimes be obvious (CAIRD and DALL 1979). Two-thirds of cases show ev
idence of aortic incompetence, and when this is severe the bisferiens pulse may be 
apparent. 

In less severe cases the diagnosis is more difficult. The slowly rising pulse is ab
sent and the pulse pressure normal, but the ejection murmur, maximum in the right 
second space but often widely audible over the praecordium and at the apex, can 
still be heard and the second heart sound is reduced in intensity. 

The electrocardiogram usually shows clear evidence of left ventricular hyper
trophy, but the difficulties of diagnosis of minor degrees of left ventricular hyper
trophy (ROMHILT et al. 1969) are such that it may not be apparent (FORKER et al. 
1970). Some 5%-10% of cases show left bundle branch block. Sinus rhythm is 
usual, even in the presence of congestive heart failure. The chest X-ray will show 
left ventricular enlargement, particularly if there is cardiac failure or aortic incom
petence. Lateral chest X-rays, chest screening, and body-section radiography may 
show calcification of the aortic valve, which when present, is evidence of severe 
stenosis (GLANCY et al. 1969). The echocardiographic demonstration of aortic 
stenosis is difficult. 
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The principal problems of diagnosis are those of distinguishing between aortic 
stenosis and aortic valvular sclerosis without obstruction, between aortic stenosis 
and incompetence and other causes of aortic incompetence (see Sect. C.III.2) and 
between aortic stenosis and hypertrophic obstructive cardiomyopathy (see Sect. 
D.III). 

The clinical distinction between aortic stenosis and aortic valvular sclerosis is 
based on the presence in the former ofleft ventricular hypertrophy and of changes 
in the second heart sound, and on the loudness and length of the ejection murmur. 
In aortic stenosis the systolic murmur is loud, and longer than in aortic valvular 
sclerosis; phonocardiography may be of help in making the distinction (ARAVANIS 
and LmSADA 1957). Reduced intensity and reversed splitting of the second heart 
sound can usually be demonstrated in aortic stenosis. For a confident diagnosis of 
aortic stenosis, clinical, electrocardiographic, or radiological evidence of left ven
tricular hypertrophy must be present, but left ventricular hypertrophy due to other 
causes may coexist with aortic valvular sclerosis. 

The diagnosis of aortic stenosis is more often missed than made in error (AN
DERSEN et al. 1975), though a certain diagnosis may at times be impossible (ROD
STEIN and ZEMAN 1967). 

3. Haemodynamics 

Systolic gradients across the aortic valve can be as great in the elderly as in younger 
patients (FINEGAN et al. 1969; AUSTEN et al. 1970; ROBERTS et al. 1971; STARR and 
LAWSON 1976), and calculated valve areas as small. In elderly patients with aortic 
stenosis without cardiac failure, cardiac output is well maintained, but falls sub
stantially if failure develops (Table 1). In the absence of cardiac failure, the increase 
in pulmonary mean transit time and pulmonary blood volume is slight and com
parable to that in elderly patients with left ventricular hypertrophy due to hyper
tension or ischaemic heart disease, but both measurements are considerably in
creased in those with heart failure. 

4. Prognosis 

The prognosis of asymptomatic aortic stenosis in old age is good (BEDFORD and 
CAIRD 1960), and there appear to be no symptoms (e.g. angina) which are associ
ated with a worse outlook. But once cardiac failure has developed, few patients sur
vive more than 3 years. 

5. Treatment 

Medical treatment of cardiac failure may result in short-lived improvement, but 
surgical treatment has much to offer severely disabled patients (AUSTEN et al. 1970; 
OH et al. 1973; STARR and LAWSON 1976; DE BONO et al. 1978). In STARR and LAW
SON'S series of 221 aortic valve replacements over the age of 60, the hospital mor
tality was 16%, but the survival rate at 5 years was 68% and at 10 years 41 %. 
Symptomatic improvement is usually striking. It is clear that operation should be 
offered to many more elderly patients than at present. 
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III. Aortic Incompetence 

1. Pathology 

F.1. CAIRD 

The numerous causes of aortic incompetence in the elderly may be divided into 
those in which the primary abnormality is in the aortic valve, and those in which 
it is in the aortic root. Any of the types of aortic stenosis, but particularly the pos
tinflammatory variety with contraction of the cusps, may produce aortic incompe
tence, which is present in some two-thirds of elderly patients with aortic stenosis 
(BEDFORD and CAIRD 1960). A second much rarer condition in which the valve is 
primarily affected is the aortic incompetence of rheumatoid disease (CLARK et al. 
1957). Granulomata in the fibrous part ofthe valve result in fibrous thickening and 
contracture of the cusps, without commissural adhesions (POMERANCE 1976). Other 
valvular causes include cusp rupture and infective endocarditis. 

There are in addition several forms of aortic incompetence in which the aortic 
root is primarily involved. Syphilitic aortic incompetence is now a relative rarity, 
though in recent years one-third of all cases have been encountered in old age 
(HEGGTVEIT 1964; PREWITT 1970). Dilatation of the valve ring stretches the cusps 
and widens the commissures; damage to the free edges of the cusps by the regur
gitation leads to their becoming sclerotic and rolled. Other conditions producing 
essentially similar results are the aortic incompetence of ankylosing spondylitis 
(BULKLEY and ROBERTS 1973), giant cell arteritis, cystic medionecrosis, and chronic 
dissecting aneurysm (LEVINE et al. 1951). 

There remains a group of cases in which none of these pathologies is apparent. 
The aorta shows no distinctive macroscopic features, but the incompetence is due 
to dilatation of the aortic ring. Microscopic changes in the aorta are similarly 
slight, though there may be destruction and fibrous scarring of the medial elastic 
tissue (POMERANCE 1976). Exaggeration of the dilatation of the aorta that occurs 
with normal ageing (SUTER 1897) would seem the most likely cause, and high blood 
pressure may perhaps accelerate the process in some cases. 

2. Clinical Features and Diagnosis 

40% of cases of rheumatic heart disease in old age show aortic incompetence in 
addition to signs of mitral disease (BEDFORD and CAIRD 1960), but only very rarely 
without such signs. The combined lesion is commoner in men than women, as in 
middle age. The early diastolic murmur is almost always soft and short. Severe aor
tic incompetence is unusual, but there is often left ventricular hypertrophy. 

When aortic incompetence complicates aortic stenosis, the features of the latter 
will be present, in particular depression of the aortic component of the second heart 
sound, and the diastolic murmur is again usually short and soft. 

Syphilitic aortic incompetence is often accompanied by evidence of tabes dor
salis or taboparesis (BEDFORD and CAIRD 1960). The aortic incompetence is usually 
severe, with a collapsing pulse, high pulse pressure, and left ventricular hypertro
phy and dilatation. There is almost always an aortic ejection murmur, the second 
heart sound is loud and ringing, and the diastolic murmur is long and widely heard 
over the praecordium. The chest X-ray characteristically shows irregular dilatation 
of the aorta, and calcification in its ascending part. The serological tests for syphilis 
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are usually positive, or are known to have been so in the recent past. The prognosis 
is usually poor (BEDFORD and CAIRD 1960). 

The rarer causes of aortic incompetence may be diagnosed from the clinical 
features of the associated conditions, such as rheumatoid arthritis, ankylosing 
spondylitis or giant cell arteritis. The diagnosis of incomplete aortic rupture may 
only be possible in retrospect, as when death finally occurs from complete aortic 
dissection. 

"Isolated aortic incompetence" is best regarded as a clinical syndrome, with a 
number of causes, which share the common feature of the presence of aortic incom
petence without evidence of other valve disease or of syphilis (BEDFORD and CAIRD 
1960). The condition is almost always asymptomatic and its haemodynamic impact 
clinically slight. The pulse and pulse pressure are commonly normal and there is 
only rarely evidence of left ventricular hypertrophy. There is often an aortic ejec
tion murmur, but the second heart sound is normal or loud, and the early diastolic 
murmur short. There may be electrocardiographic evidence of left ventricular hy
pertrophy, but the chest X-ray is usually unhelpful, since aortic dilatation is rarely 
severe enough to be clearly recognised. The prognosis is good. 

3. Treatment 

Surgical treatment is only rarely required for aortic incompetence in the elderly, 
but STARR and LAWSON (1976) report 17 patients and DE BONO et al. (1978) nine 
in whom the valve lesion had varying causes. STARR and LAWSON (1976) suggest 
that all patients with symptoms should be offered operation, unless there is evi
dence of serious disease of other organs. 

D. Other Valve Disease 

I. Tricuspid Valve Disease 

1. Pathology 

Age changes in the tricuspid valve resemble those in the mitral, but are commonly 
less severe. 

Rheumatic tricuspid stenosis is extremely rare in the elderly (BEDFORD and 
CAIRD 1960) because it is usually a manifestation of severe rheumatic heart disease, 
the prognosis of which is such that the great majority of the cases are likely to die 
in middle age (COOKE and WHITE 1941). Tricuspid stenosis in carcinoid heart dis
ease is also very rare, but its pathological appearances are characteristic (POMER
ANCE 1976). 

2. Tricuspid Stenosis 

Tricuspid stenosis is manifest by gross elevation of the venous pressure during all 
phases of the cardiac cycle, with hepatic enlargement and often ascites, but without 
evidence of frank cardiac failure. Dyspnoea is often disproportionately slight. The 
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electrocardiogram usually shows atrial fibrillation, but when sinus rhythm is main
tained, a tall pointed P wave without right axis shift is often combined with first 
degree heart block (GOODWIN et al. 1957; KITCHIN and TURNER 1964). The chest 
X-ray shows enlargement of the right atrium. 

3. Tricuspid Incompetence 

Tricuspid incompetence is common in old age because it almost always accom
panies substantial elevation of the right ventricular diastolic pressure (KORNER and 
SHILLINGFORD 1957), and thus complicates right heart failure of any cause. The ve
nous pulse shows a large positive systolic wave, and there is usually a pan systolic 
murmur maximal at the left lower sternal edge, with obvious accentuation on in
spiration. 

The electrocardiogram is that of the causative heart disease, and on the chest 
X-ray there is usually dilatation of the superior vena cava. 

Tricuspid incompetence is often transient and variable, disappearing over a pe
riod of days as right heart pressures fall towards normal, and recurring if they rise 
again. Persistent "organic" tricuspid incompetence due to destructive changes in 
the valve is usually associated with tricuspid stenosis, and is thus decidedly rare in 
old age. 

II. Pulmonary Valve Disease 

A very occasional case of pulmonary incompetence complicating severe chronic 
pulmonary hypertension in chronic lung disease is encountered in old age. The ear
ly diastolic murmur is heard only at the left sternal edge, and there is clear evidence 
of right but not left ventricular hypertrophy and dilatation. There are no peripheral 
signs of aortic incompetence. 

III. Multiple Valve Disease 

Multiple valve disease is not rare in old age. Combined mitral and aortic incom
petence was found in 29% of cases of rheumatic heart disease and mitral disease, 
and aortic stenosis in a further 14% (BEDFORD and CAIRD 1960). Surgical treatment 
carries a considerable operative mortality (OH et al. 1973), but the 5-year survival 
approaches 50% (STARR and LAWSON 1976). 

One potentially important differential diagnosis is hypertrophic obstructive 
cardiomyopathy (WHITING et al. 1971; POMERANCE and DAVIES 1975; KRASNOW 
and STEIN 1978). Obstruction to left ventricular ejection results in an ejection mur
mur, but this is relatively poorly conducted to the neck, and the aortic component 
of the second heart sound is normal. There is usually evidence of mitral incompe
tence. The physical signs thus resemble those of multiple valve disease, but the 
chest X-ray only rarely shows evidence of calcification of the aortic valve, and the 
echocardiogram has many characteristic features (KRASNOW and STEIN 1978). The 
diagnosis is important because treatment with beta-adrenergic blocking drugs may 
be useful (KRASNOW and STEIN 1978), and surgical treatment may benefit more se
vere cases (SWAN et al. 1971). 
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E. Endocarditis 

I. Infective Endocarditis 

1. Pathology 
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Infective endocarditis may involve both normal and abnormal valves in the elderly 
(POMERANCE 1976). The nodular masses of fibrin and red blood cells, with inflam
matory cells and micro-organisms, are usually found on the atrial surfaces of the 
mitral valve and the ventricular surfaces of the aortic valves along the lines of 
closure. Vegetations may also form at the sites of jet lesions on the endocardium. 
There are usually necrotic changes in the underlying valve, frequently with perfor
ation of cusps and rupture of chordae. Extension of the infection into the valve 
rings may result in heart block, and the myocardium often contains embolic ab
scesses. 

2. Clinical Features 

WEDGWOOD (1976) has reviewed the clinical features of the disease as it is encoun
tered in old age. An obvious source of infection is relatively uncommon, and fewer 
than half the cases now seen are due to Streptococcus viridans. Negative blood cul
tures are not uncommon, and have many causes, including the prior use of anti
biotics and the presence of unusual organisms or fungi; some may in fact be due 
to non-bacterial thrombotic endocarditis (see Sect. E.I1). 

The principal symptoms are those of "toxaemia", with weight loss, anorexia, 
and weakness. Symptoms of fever are less frequent, but psychiatric disturbances 
are common (GLECKLER 1958). The toxaemic symptoms are likely to be attributed 
to malignant disease, and the psychiatric to cerebral arteriosclerosis. 

The principal physical signs are fever and a heart murmur, but neither may be 
present initially. Fever may be slight or intermittent, and its detection may require 
repeated recording of the temperature. The murmur may be soft, or regarded as 
of no significance. Congestive heart failure may be present and atrial fibrillation 
is not rare (EISINGER 1971). 

The crucial investigation is blood culture, which may need to be repeated sev
eral times. In patients with teeth, Streptococcus viridans is the usual infecting or
ganism, and in those in whom infection follows genito-urinary operations or pro
cedures, Streptococcus faecalis or other organisms. 

Acute bacterial endocarditis is perhaps not clearly separable from the subacute 
variety, and more cases with symptoms of short duration are being recognised in 
the elderly. A clinically short illness can be caused by Streptococcus viridans, but 
the common organism is Staphylococcus aureus. There are severe toxaemic and fe
brile symptoms, and often intracutaneous haemorrhages; cerebral manifestations 
may be due to staphylococcal meningitis. Diagnosis and treatment are a matter of 
great urgency, but the prognosis is extremely poor. 

3. Treatment 

Penicillin remains the mainstay of treatment in cases due to Streptococcus viridans, 
and should be given by intravenous infusion when gross muscle wasting makes re-
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peated injections distressing (WEDGWOOD 1976). Cases due to other organisms 
should be treated with single or combined antibiotics, as appropriate to the bacteri
al sensitivities, with careful monitoring of blood levels. Treatment should be con
tinued until there are clear clinical signs of improvement, with reduction in heart 
rate, fall in erythrocyte sedimentation rate, and disappearance of red cells from the 
urine. 

The poor prognosis of bacterial endocarditis in the elderly is mainly due to de
lay in diagnosis and initiation of treatment, as well as to the frequent occurrence 
of damage to the aortic valve, with serious haemodynamic consequences. A mor
tality rate of 30% is acceptable (WEDGWOOD 1976). Prevention is therefore the 
more important, and antibiotic cover should be given for 24-48 h to all old people 
with known valvular disease who have a dental extraction, or undergo any genito
urinary procedure. 

II. Non-bacterial Thrombotic Endocarditis 

Non-bacterial thrombotic endocarditis (NBTE) is a common pathological finding 
at autopsy in the elderly (POMERANCE 1976). The vegetations occur at the same sites 
as those of bacterial endocarditis, and are indeed macroscopically indistinguish
able from them. Microscopically, however, they contain neither micro-organisms 
nor inflammatory cells, and there is no inflammatory change in the valve itself. 
Thrombotic endocarditis is usually only diagnosed at autopsy, but it may be sus
pected in cases of "bacterial endocarditis with persistently negative blood cul
tures", and in preterminal embolic arterial occlusion. 

References 

Acheson RM, Acheson ED (1958) Coronary and other heart disease in a group ofIrish ma
les aged 65-85. Br J Prev Soc Med 12:147-153 

Andersen JA, Hansen BF, Lyngborg K (1975) Isolated valvular aortic stenosis. Acta Med 
Scand 197:61-64 

Aravanis C, Luisada AA (1957) Obstructive and relative aortic stenosis: differential diagno
sis by phonocardiography. Am Heart J 54:32--41 

Austen WG, De Sanctis RW, Buckley MJ, Mundth ED, Scannell JG (1970) Surgical mana
gement of aortic valve disease in the elderly. J Am Med Assoc 211:624-626 

Bedford PD, Caird FI (1960) Valvular disease of the heart in old age. Churchill London 
Bulkley BH, Roberts WC (1973) Ankylosing spondylitis and aortic regurgitation. Circula

tion 48:1014-1027 
Caird FI (1976) Valvular heart disease. In: Caird FI, Dall JLC, Kennedy RD (eds) Cardio

logy in old age. Plenum Press, New York London, pp 231-247 
Caird FI (1980) Radionuc1ide studies of the circulation in the elderly. J Clin Exp Gerontol 

2:23--40 
Caird FI, Dall JLC (1979) Cardiovascular system. In: Brocklehurst JC (ed) Textbook of ge

riatric medicine and gerontology, 2nd edn. Churchill Livingstone, Edinburgh London, 
pp 125-127 

Caird FI, Kennedy RD, Kelly JCC (1973) Combined apexcardiography and phonocardio
graphy in investigation of heart disease in old age. Gerontol Clin 15:366-377 

Clark WS, Kulka JP, Bauer W (1957) Rheumatoid aortitis with aortic regurgitation. Am 
J Med 22:580-592 

Cooke WT, White PD (1941) Tricuspid stenosis. Br Heart J 3:147-165 



Valvular Disease of the Heart 107 

Currens JH (1967) Rheumatic heart disease from ages 71 to 98. JAMA 199:849~851 
de Bono AHB, English TAH, Milstein BB (1978) Heart valve replacement in the elderly. 

Br Med J 2:917~919 
de Pasquale NP, Burch GE (1966) The necropsy incidence of gross scars or acute infarction 

of the papillary muscles of the left ventricle. Am J Cardiol 17: 169 
Dillon JC, Haine CL, Chang S, Feigenbaum H (1971) Use of echocardiography in patients 

with prolapsed mitral valve. Circulation 43:503~507 
Droller H, Pemberton J (1953) Cardiovascular disease in a random sample of elderly people. 

Br Heart J 15:l99~204 
Eisinger AJ (1971) Atrial fibrillation in bacterial endocarditis. Br Heart J 33:739~741 
Epstein EJ, Coulshed N (1973) Phonocardiogram and apex cardiogram in systolic click-late 

systolic murmur syndrome. Br Heart J 35:260-275 
Finegan RE, Gianelli RE, Harrison DC (1969) Aortic stenosis in the elderly. New Engl J 

Med 281:1261~1264 
Forker AD, McCallister BD, Giuliani ER, Osmundson PJ (1970) Atypical presentations of 

patients with calcific aortic stenosis. JAMA 212:774-779 
Friedberg CK, Tartakower T (1931) Uber den giinstigen Verlauf des endokarditischen 

Herzklappenfehlers. Z Klin Med 116:759~803 
Glancy DL, Freed TA, O'Brien KP, Epstein SE (1969) Calcium in the aortic valve. Ann In

tern Med 71:245~250 
Gleckler WJ (1958) Diagnostic aspects of subacute bacterial endocarditis in the elderly. 

Arch Int Med 102:761~765 
Goodwin JF (1963) Diagnosis of left atrial myxoma. Lancet 1:464-468 
Goodwin JF, Rab SM, Sinha MH, Zoob M (1957) Rheumatic tricuspid stenosis. Br Med 

J 2:1383~1389 
Harvey WP (1968) Clinical aspects of cardiac tumors. Am J Cardiol 21:328~343 
Hebbert FJ, Rankin J (1954) Mitral valve disease over the age of fifty. Acta Med Scand 

150: 10 1 ~ 118 
Heggtveit HA (1964) Syphilitic aortitis: a clinicopathological autopsy study of 100 cases 

1950 to 1960. Circulation 29:346-355 
Heikilla J (1967) Mitral incompetence complicating acute myocardial infarction. Br Heart 

J 29:162~169 
Kennedy RD, Andrews GR, Caird FI (1977) Ischaemic heart disease in the elderly. Br Heart 

J 39:1121~1127 
Kirk RS, Russell JGB (1969) Subvalvular calcification of the mitral valve. Br Heart J 

31:684-692 
Kitchin A, Turner R (1964) Diagnosis and treatment of tricuspid stenosis. Br Heart J 

26:354-379 
Korn D, de Sanctis RW, Sell S (1962) Massive calcification of the mitral annulus. New Engl 

J Med 267:900-909 
Korner P, Shillingford JP (1957) Tricuspid incompetence and right ventricular output in 

congestive heart failure. Br Heart J 19: 1 ~ 7 
Krasnow N, Stein RA (1978) Hypertrophic cardiomyopathy in the aged. Am Heart J 

96:326-336 
Kumpe CW, Bean WB (1948) Aortic stenosis. Medicine (Baltimore) 27:139~185 
Levine E, Stein M, Gordon G, Mitchell N (1951) Chronic dissecting aneurysm of the aorta 

resembling chronic rheumatic heart disease. New Engl J Med 244:902~906 
McMillan JB, Lev M (1959) The aging heart. J Gerontol 14:268~283 
Nasser WK, Davis RH, Dillon JC, Tavel ME, Helman CH, Feigenbaum H, Fisch C (1972) 

Atrial myxoma. Am Heart J 83:81O~824 
Oh W, Hickman R, Emanuel R, McDonald L, Somerville J, Ross D, Ross K, Gonzalez

Lavin L (1973) Heart valve surgery in 114 patients over the age of 60. Br HeartJ 35: 174-
180 

Pomerance A (1972) Pathogenesis of aortic stenosis and its relation to age. Br Heart J 
34:569~574 

Pomerance A (1976) Pathology of the myocardium and valves. In: Caird FI, Dall JCL, Ken
nedy RD (eds) Cardiology in old age. Plenum Press, New York London, pp 1l~55 



108 F. I. CAIRD: Valvular Disease of the Heart 

Pomerance A, Davies MJ (1975) Pathological features of hypertrophic obstructive cardio
myopathy in the aged. Brit Heart J 37:305-312 

Popp RL, Brown OW, Silverman JF, Harrison DC (1974) Echocardiographic abnormalities 
in the mitral valve prolapse syndrome. Circulation 49:428-433 

Prewitt TA (1970) Syphilitic aortic insufficiency. J Amer Med Ass 211:637-639 
Roberts WC, Perloff JK, Constantino T (1971) Severe aortic valvular stenosis in patients 

aged over 65. Amer J Cardiol 27:497-506 
Rodstein M, Zeman FD (1967) Aortic stenosis in the aged. Clinical pathological correla

tions. Amer J Med Sci 254:577-584 
Romhilt DW, Bove KE, Norris RJ, Conyers E, Conradi S, Rowlands DT, Scott RC (1969) 

A critical appraisal of the electrocardiographic criteria for the diagnosis of left ventric
ular hypertrophy. Circulation 40:185-195 

Rytand DA, Lipsitch LS (1946) Clinical aspects of calcification of the mitral annulus fi-
brosus. Arch Intern Med 78:544-564 

Sell S, Scully RE (1965) Aging changes in the aortic and mitral valves. Am J Path 46:345-365 
Sievers J, Hall P (1971) Incidence of acute rheumatic fever. Br Heart J 33:833-836 
Simon MA, Liu SF (1954) Calcification of the mitral valve annulus and its relation to func-

tional valve disturbances. Am Heart J 48:497-505 
Starr A, Lawson R (1976) Cardiac surgery in the elderly. In: Caird FI, Dall JLC, Kennedy 

RD (eds) Cardiology in old age. Plenum Press, New York London, pp 369-396 
Suter F (1897) Uber das Verhalten des Aortenumfanges unter physiologischen und patho

logischen Bedingungen. Arch Exp Path Pharmakol 39:289-332 
Swan DA, Bell B, Oakley CM, Goodwin JF (1971) Analysis of symptomatic course and 

prognosis and treatment of hypertrophic obstructive cardiomyopathy. Br Heart J 
33:671-685 

Wedgwood J (1976) Remediable heart disease. In: Caird FI, Dall JLC, Kennedy RD (eds) 
Cardiology in old age. Plenum Press, New York London, pp 249-265 

Whiting RB, Powell WJ, Dinsmore RE, Sanders CA (1971) Idiopathic hypertrophic subaor
tic stenosis in the elderly. New Engl J Med 285:196-200 



Cardiac Arrhythmias 

R.HARRIS 

A. Introduction 

The aging human heart shows an increased incidence of age-associated cardiac ar
rhythmias (HARRIS 1970, 1976) which appear related to alterations in the electrical 
activity of the heart with age and the ionic movements across the excitable mem
branes in the old myocardium. Long-term recordings of electrocardiograms in a 
normal population confirm that the incidence of ectopic activity increases with age 
and that important arrhythmias and frequent ectopic beats in old age are indi
cations of underlying cardiac disease rather than a benign part of the aging process 
(RAFTERY and CASHMAN 1976). 

Cardiac arrhythmias are considerably more serious in old age because they fur
ther compromise the blood supply of vital body organs already impaired by aging 
changes and disease. Atrial and ventricular tachycardias in excess of 140 beats per 
minute significantly reduce peripheral blood perfusion. Elderly patients with cere
bral or carotid artery narrowing often manifest diffuse or focal cerebral insufficien
cy during cardiac arrhythmias. Transient cardiac arrhythmias are more likely to 
produce symptoms of diffuse cerebrovascular insufficiency rather than focal, 
neurologic signs. Cardiac dysrhythmias may be important causes of otherwise un
explained giddiness, falls, blackouts, and confusional states in the elderly. 

Cardiac arrhythmias also contribute to heart failure. When the heart rate is 
rapid, the prolonged contraction duration of the old heart compromises ventricu
lar filling and causes incomplete relaxation between beats leading to a higher left 
ventricular end-diastolic pressure, a higher pulmonary venous pressure, and a 
greater tendency toward congestive heart failure. The prolonged contraction dura
tion, as studied in the old rat myocardium, is attributed to the slow removal of cal
cium from the contractile proteins which is independent of the catecholamine con
tent of the myocardium. This sequestration of calcium from the contractile pro
teins is primarily a function of the sarcoplasmic reticulum (LAKATTA et al. 1975). 

The management of cardiac arrhythmias requires (1) appreciation of the etiol
ogy, nature, background, and clinical circumstances at the onset of the arrhythmia 
(see Sect. B.I), (2) correct diagnosis of the arrhythmia (see Sect. B.Il), and (3) selec
tion of the appropriate drugs and therapy that will correct cellular abnormalities, 
electrophysiologic dysfunction, and the disease factors responsible for them (see 
Sect. C). 

This chapter presents the information needed to improve the medical skills of 
physicians in managing their aging patients with cardiac arrhythmias. It is intended 
to supplement the standard texts on this subject and is best used in conjunction 
with them. 
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B. Diagnostic Considerations 

I. Etiology 

1. Physiologic Causes 

R.HARRIS 

Cardiac arrhythmias are characterized by disturbances in the order, rate, depolar
ization, regularity, and/or origin of the heart beat. Until recently, clinical cardiac 
arrhythmias were attributed to abnormalities of conduction, automaticity, or a 
combination of both. Now, most cardiac arrhythmias are attributed to reentry as 
a result of unidirectional block and a critical delay in conduction. Under certain 
circumstances hyperkalemia, hypercalcemia, and various drugs affecting the trans
membrane differential may also convert fast response Purkinje fibers to function
ally slow response fibers. Additional mechanisms include early and delayed after
depolarizations, which can induce "triggered" arrhythmias, phase 4 depolar
izations, and abnormal automaticity in partially depolarized fibers (ROSEN et al. 
1980). 

Cardiac arrhythmias may also result from abnormalities of impulse formation 
arising from physiologic factors and enhanced automaticity. For example, the rate 
of firing of the cardiac pacemaker cells is controlled by the activity of the autonom
ic nervous system and the local chemical environment of the pacemaker cells. The 
autonomic nervous system, and especially the balance between the sympathetic 
and vagal drives, is fundamental in the genesis of cardiac arrhythmias. Increased 
vagal activity may depress the automaticity of the sinoatrial (SA) node and shift 
the site of the origin of the impulse to another pacemaker proximal to the atrioven
tricular (A V) node (low atrial rhythm) or to cells in the His-Purkinje system which 
are less strongly influenced by vagal activity. At the atrium and ventricular levels, 
it is not always clear whether autonomic nervous system activity preferentially in
duces a reentrant or automatic phenomenon (COUMEL et al. 1979). Conditions that 
reduce the level of extracellular potassium or increase exposure to catecholamines 
enhance automaticity in the Purkinje fibers or myocardial cells and may precipitate 
arrhythmias. Carbon dioxide retention (not uncommon in the elderly patient with 
pulmonary disease) may increase the excitability of the heart muscle. Hypoxia and 
exposure to mechanical or thermal injury may also produce cardiac arrhythmias. 

2. Aging Changes 

Anatomic, biochemical, and electrophysiologic changes of aging in the old heart 
may alter its normal physiologic properties and produce greater excitability, irrita
bility, and slowed conduction. New techniques using bundle of His recordings have 
demonstrated that the ability of the old heart to conduct rapidly occurring impul
ses from the atria through the atrioventricular junction to the ventricle diminishes. 
Microelectrode recordings of atrial action potentials also demonstrate age-related 
changes in cardiac membranes. For example, the rat myocardium shows three ma
jor electrophysiologic changes with advancing age: (1) the maximum rate of rise 
of phase 0 decreases, (2) the plateau phase of repolarization becomes more promi
nent, and (3) the time necessary to achieve 95% repolarization increases. Conduc
tion velocity decreases with age (ROBERTS and GOLDBERG 1975). The decrease in 
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the maximum rate rise of the action potential explains some changes in the conduc
tion velocity and contractility of the heart in older animals and people (CAVOTO 
et al. 1974). 

Age-related changes in the intracellular sodium and potassium contents of the 
aging rat heart may also be major determinants in its increased resting action 
potential. Trend analysis of the Na influx rates in atrial muscle of rats shows a sig
nificant increase with age except for a decrease at 24 months. Intracellular sodium 
concentration significantly increases from 1 to 3 months and a significant decrease 
at 6 months is followed by leveling off. Potassium influx rates remain relatively 
constant at all ages (GOLDBERG et al. 1975). Intracellular potassium concentration 
exhibits an initial significant decrease from 1 to 3 months followed by a significant 
increase at 6 months, which remains unchanged through 28 months. Right atrial 
tissue removed at heart surgery from older people shows a higher stimulation 
threshold, which precludes endocardial pacing on tissue (BUSH et al. 1971). 

Some atrial arrhythmias in the aged arise from the anatomic heart changes at
tributed to the aging process, such as focal thickening of the elastic and reticular 
nets and infiltration of fat in and about the region of the SA node and the inter
nodal tracts. These changes represent a slow and continuous process that begins 
at about 60 years of age. They are unrelated to coronary artery disease, and par
tially account for the ease with which atrial arrhythmias are induced in elderly 
hearts (DAVIES and POMERANCE 1972). 

3. Disease 

Atrial pathology may be caused by disease such as nonspecific inflammation, de
generative and fibrotic processes, and ischemic states secondary to disease of the 
sinus node artery or its parent artery. Such atrial pathology may produce atrial ar
rhythmias (TITUS 1973). 

Arteriosclerosis, acute coronary thrombosis, or shock, which decreases the 
blood supply to the sinus node, may also induce serious ventricular arrhythmias. 
Some of these may be due to myocardial infarction or cardiac chamber dilatation, 
which alter the action potential and produce excessive stretch, hypoxia, electrolyte 
disturbances, and greater potassium accumulation. Chronic or recurrent ventricu
lar tachycardia with or without associated myocardial ischemia may also arise 
from reentry as a result of a basic inhomogeneity between normal working myo
cardium and abnormal, impaired ventricular muscle. 

4. Iatrogenic (Drug-Induced) Factors 

Some drugs used in treatment may produce cardiac arrhythmias by abolishing the 
normal physiologic overdrive suppression mechanism that ordinarily enables the 
sinus node to initiate the heart beat. As a result, catecholamines and digitalis may 
reverse the response of the automaticity cells to overdrive so that overdrive, instead 
of depressing, actually enhances automaticity and the possibility of escape rhythms 
(CRANEFIELD et al. 1973). 

The clinical effects of cardioactive drugs depend also upon the mechanism and 
the magnitude of abnormalities of sinoatrial dysfunction. A pharmacologic agent 
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with negligible effects on the normal sinus node may exert profound adverse effects 
on the sinus node and sinoatrial junction in the elderly patient with sick sinus syn
drome. Thus, a specific cardioactive drug like digitalis may act differently in the 
presence of abnormal intrinsic sinoatrial function than in its absence (JORDAN et 
al. 1979). 

Digitalis toxicity is an especially common iatrogenic cause of multi focal ven
tricular extrasystoles, paroxysmal supraventricular tachycardia, atrial fibrillation 
with block, or other arrhythmias in elderly patients. 

Diuretics producing electrolyte imbalance and tricyclic antidepressant drugs 
producing myocardial toxicity may also precipitate iatrogenic arrhythmias of the 
aged. Caffeine and alcohol too may precipitate arrhythmias in some sensitive indi
viduals with or without organic heart disease. 

II. Types of Common Arrhythmias and Management 

1. World Health Organization Classification 

Although the World Health Organization's comprehensive classification of cardiac 
arrhythmias (1979) provides a useful scheme for classifying the disturbances of car
diac rhythms (Tables 1-5), this chapter is limited to the identification of the more 
common cardiac arrhythmias and their management in the elderly. (Heart block 
is discussed elsewhere in this volume.) 

2. Normal Supraventricular Rhythms 

These rhythms originate in the sinus node, atrium, or atrioventricular junction. 
They are characterized by QRS complexes of normal duration up to 0.10 s (greater 
when aberrant ventricular conduction is present). 

a) Sinus Rhythm 

Normal sinus rhythm is characterized by regular impulse formation in the sinoatri
al node and a normal resting heart rate in old age between 44 and 100 beats per 
minute. The intrinsic pacemaker rate in isolated heart preparations decreases with 
age because of basic changes in the pacemaker cells. In the intact animal, the effects 
of sympathetic influences on the heart rate vary with age, animal species, and the 
environment. Reflex control of the heart rate is altered in old age because of dimin
ished reactivity of chemoreceptor and baroreceptor reflexes and increased vagal 
tone. As a result, hypoxia and hypercarbia increase the heart rate less in older than 
in younger people. 

b) Sinus Arrhythmia 

This benign arrhythmia is common in the elderly where the degree of variation with 
respiration increases. In phasic sinus arrhythmia, the sinus rate accelerates with in
spiration and decreases with expiration. Nonphasic sinus arrhythmia, due to shift
ing of the pacemaker stimulus within the sinus node, is unrelated to inspiration or 
expiration. No treatment is required. 
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Table 1. World Health Organization (1979) classification of cardiac arrhythmias according 
to impulse origin 

1. Supraventricular 
I. Sinoatrial (SA) node 

II. Atrium [excluding SA node and 
atrioventricular (A V) junction] 
A. Right 
B. Left 
C. Multifocal 
D. Unspecified 

III. A V junction 
IV. Unspecified supraventricular 

2. Ventricular 
I. Right 

II. Left 
III. Septal 
IV. Multifocal 
V. Unspecified 

3. Impulse origin undetermined 
(supraventricular or ventricular) 

4. Artificial pacemaker 
I. Atrial pacing 

A. No sensing function 
(asynchronous, fixed rate) 

B. Atrial sensing, inhibited mode 
C. Atrial sensing, triggered mode 

II. Ventricular pacing 
A. No sensing function 

(asynchronous, fixed rate) 
B. Atrial sensing, triggered mode 
C. Ventricular sensing, 

inhibited mode 
D. Ventricular sensing, 

triggered mode 
III. Atrioventricular pacing 

A. No sensing function 
(asynchronous, fixed rate) 

B. Ventricular sensing, 
inhibited mode 

Table 2. World Health Organization (1979) classification of cardiac arrhythmias according 
to discharge (impulse) sequence 

1. Single or up to two consecutive discharges 
I. Premature impulses (excluding 

manifest parasystolic impulses) 
A. Extrasystoles 

a) Doublet (couplet) 
b) Bigeminy 
c) Trigeminy, quadrigeminy, etc. 
d) R on T phenomenon 
e) Other patterns 

B. Captures 
C. Unspecified 

II. Escapes 

2. Regular ,rhythms 
I. At inherent rate 

(including escape rhythm) 
II. Bradycardia 

III. Accelerated rhythm 
IV. Tachycardia 
V. Flutter 

A. Typical 
B. Atypical 

3. Irregular rhythms 
I. At inherent rate 

(including escape rhythm) 
A. Respiratory 
B. Nonrespiratory 

a) Ventriculophasic 
b) Arrest 
c) Other 

II. Bradycardia 
A. Respiratory 
B. Nonrespiratory 

a) Ventriculophasic 
b) Arrest 
c) Other 

III. Accelerated rhythm 
A. Respiratory 
B. Nonrespiratory 

a) Ventriculophasic 
b) Arrest 
c) Other 

IV. Tachycardia 
A. Respiratory 
B. Nonrespiratory 

a) Ventriculophasic 
b) Arrest 
c) Other 

V. Fibrillation 
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Table 3. World Health 
Organization (1979) 
classification of cardiac 
arrhythmias according 
to rate of discharge 

1. 20 or less/min 
2. 2l-30/min 
3. 31-40/min 
4. 4l-50/min 
5. 5l-loo/min 
6. 101-150/min 
7. l5l-2oo/min 
8. 20l-250/min 
9. More than 250/min 

c) Wandering Pacemaker 

R.HARRIS 

In this benign disorder, the pacemaker impulse wanders to different parts of the 
sinus node, atria, and AV node. The pacemaker impulse is in the head, body, or 
tail ofthe sinus node when the electrocardiogram shows an upright P wave preced
ing the QRS complex in limb leads and a P-R interval of 0.12 s or longer (Fig. 1). 

d) Extrasystoles 

Extrasystoles originate in the sinus node, atria, atrioventricular junction, or ventri
cles as a result of increasing myocardial irritability and other changes of aging and 
disease. The normal upper limits are a frequency of 5% for supraventricular and 
10% for premature ventricular beats in persons over 60 years of age (SIMONSON 
1972). People over the age of 65 have a 10% incidence of atrial premature con
tractions and a 6% incidence of ventricular premature contractions (MIHALICK 
and FISCH 1974). 

Supraventricular extrasystoles have a narrow QRS complex of 0.10 s or less. 
An extrasystole with a QRS complex wider than 0.10 s may represent a supraven
tricular beat with aberrant conduction or a ventricular extrasystole. Such impulses 
are generally supraventricular when they have a preceding P wave and no fully 
compensatory interval. 

An A V junctional extrasystole is identified by a Q RS interval of normal width, 
a short P-R interval less than 0.12 s and retrograde P waves in leads II and III pre
ceding the QRS complex (Fig. I). An absent P wave or a retrograde P following 
the QRS interval (ROSEN 1973) may also characterize these beats. Such extrasys
toles do not require treatment. 

3. Abnormal Supraventricular Arrhythmias 

The frequency of atrial arrhythmias increases between the 7 th and 10th decades. 
Fast supraventricular arrhythmias include sinus tachycardia, ectopic atrial 
rhythms, atrial flutter, and atrial fibrillation which may be paroxysmal or non
paroxysmal. Different etiologic factors and mechanisms may be responsible (see 
Sect. B.I). 
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Table 4. World Health Organization (1979) classification of cardiac arrhythmias according 
to impulse conduction 

1. Conduction from a pacemaker 
(exit of an impulse) 

I. Normal or presumably normal 
II. First degree block 

III. Second degree block 
A. Type I (Wenckebach) 
B. Type II (Mobitz II) 
C. Advanced 

IV. Unspecified block 
(concealed discharge) 

V. Impaired conduction presumably due 
to physiologic refractoriness 
A. Delayed conduction 
B. Intermittent failure 

2. Atrioventricular conduction 
I. General classification 

A. Normal 
B. First degree block 
C. Second degree block 

a) Type I (Wenckebach) 
b) Type II (Mobitz II) 
c) Advanced 

D. Third degree block 
E. Unspecified block 
F. Impaired conduction presumably 

due to physiologic refractoriness 
a) Delayed conduction 
b) Intermittent failure 
c) Persistent failure 

(duration unspecified) 
G. Short P-R interval 
H. Alternation of conduction 

II. Bundle branch and fascicular 
conduction 
A. Normal 
B. Right bundle branch block 

(RBBB) 
a) Incomplete 

(1) Intermittent (transient, 
nonpermanent) 

a) Sinus Tachycardia 

(2) Persistent (duration 
unspecified) 

b) Complete 
(1) Intermittent (transient, 

nonpermanent) 
(2) Persistent 

C. Left bundle branch block (LBBB) 
a) Incomplete 

(1) Intermittent 
(2) Persistent 

b) Complete 
(1) Intermittent 
(2) Persistent 

D. (Left) Anterior fascicular block 
(LAFB) 
a) Intermittent 
b) Persistent 

E. (Left) Posterior fascicular block 
(LPFB) 
a) Intermittent 
l:) Persistent 

• F. Combinations of bundle branch 
and fascicular block (specify) 

G. Impaired conduction presumably 
due to physiological refractoriness 
aberrant conduction) 
a) Right 
b) Left 
c) Right and left 
d) Unspecified 

3. Intramyocardial conduction 
I. Intra-atrial conduction delay 

(including aberrant atrial conduction) 
II. Intra-atrial block 

III. Unspecified (nonspecific) intra
ventricular conduction delay or block 

4. Ventriculoatrial conduction 

Sinus tachycardia is present when the heart beat originates in the sinoatrial node 
and the heart rate is over 100 beats per minute. When the heart rate is faster than 
150, other supraventricular tachycardias should be suspected. Temporary sinus 
tachycardia is a normal response to ordinary physical activity, eating, anxiety, 
pain, caffeine, nicotine, epinephrine, atropine, amyl nitrate, and quinidine. Unex
plained persistent sinus tachycardia is abnormal. Treatment is directed at eliminat-
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Table 5. World Health Organization (1979) classification of cardiac arrhythmias according to 
special aspects related to impulse formation and/or conduction 

1. Artificial pacemaker function 
1. Normal 

II. Defective 
A. Pacing 
B. Sensing 
C. Pacing and sensing 

2. Concealed conduction 
1. In a pacemaker 

II. In the A V junction 
III. In the subjunctional region 
Effect of concealment (applicable to all 

sites mentioned above) 
A. Impairment of conduction 
B. Facilitation of conduction 
C. Resetting of subsequent 

discharge 
D. Combinations 

3. Coupling interval 
1. Constant (80 ms or less) 

II. Variable 
4. Entrance block (protection) 

1. Parasystole 
A. Intermittent 
B. Persistent 

II. Other 
5. Enhancing mechanisms 

1. Supernormality 
A. Of conduction 
B. Of excitability 

II. Other 
6. Gap phenomena 

1. In the A V conduction system 
A. During anterograde conduction 
B. During retrograde conduction 

II. In other parts of the heart 
7. Isorhythmic dissociation 
8. Multiform configuration of wave forms 

1. Bidirectional (alternating) 
II. Fusions 

A. Atrial 
B. Ventricular 

III. Torsade de pointes 
IV. Unspecified 

9. Preexcitation 
1. Atrial 

A. Intermittent 
B. Persistent 

II. Ventricular 
A. WPW pattern 

a) Intermittent 
b) Persistent 

B. Short PR syndrome 
a) Intermittent 
b) Persistent 

10. Reentry 
I. Atrial 

II. A V junctional 
III. Ventricular 
IV. Combined atrial and ventricular 
Further specifications, applicable to 

above: 
A. Concealed 

a) Single 
b) Repetitive 

B. Manifest 
a) Single 
b) Repetitive 

ing the underlying cause, such as chronic anxiety, heart failure, hemorrhage, occult 
infection, fever, shock, hyperthyroidism, or anemia. When no etiology can be 
found and the patient is disturbed by the tachycardia, oral propranolol or reserpine 
may be tried. 

b) Ectopic Atrial Rhythms 

Paroxysmal supraventricular tachycardia usually results from reentry within the 
A V junction and frequently utilizes an accessory atrioventricular node bypass 
tract. In humans it may also be initiated by a properly timed atrial premature beat, 
junctional ectopic beats with an atrial echo, or a ventricular ectopic beat with an 
atrial echo and ventricular reciprocal beat (TICZON and WHALEN 1973). 

The electrocardiogram of paroxysmal atrial tachycardia shows abnormal P 
waves at a rate of 140-240 beats per minute that consistently precede normal ap-
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Fig. I. Wandering pacemaker. First two sinus beats are followed by a shift to A V junction 
rhythm characterized by a shorter P-R interval (0.10 s), lower, notched P waves in lead 1, 
and inverted P waves in leads 2 and 3 

pearing QRS complexes. The electrocardiogram of atrioventricular junctional 
tachycardia is similar except for the presence of retrograde P waves in leads II, III, 
and aVF, a P-R interval less than 0.12 s; an absent P wave preceding QRS com
plexes; or a retrograde P wave after the QRS complex. For both, the QRS complex 
is normal in width unless bundle branch block is present. At faster heart rates, 
atrioventricular heart block is common in the aged because of an impaired 
atrioventricular conduction system. Since the surface electrocardiogram does not 
always permit an accurate diagnosis of atrial activity, paroxysmal supraventricular 
tachycardia is a good term to use when the exact origin of the supraventricular 
rhythm is uncertain. 

Management requires identification and correction of the predisposing and 
precipitating factors within the context of the clinical situation. Underlying com
plications, including drug intoxication, heart failure, hypokalemia, thyrotoxicosis, 
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Table 6. Availability status of different classes of antiarrhythmic agents 

Therapeutically available Investigational in the Experimental only 
in the United States United States 

Class I Quinidine Tocainide Ajmaline 
Procainamide Mexiletine Ethmozin 
Lidocaine Aprindine Encainide 
Phenytoin N-acetyl 
Disopyramide Procainamide (NAPA) 

Class II Propranolol Alprenolol 
Timolol Oxprenolol 

Metoprolol 
Atenolol 
Nadolol 
Acebutolol 

Class III Bretylium Amiodarone 
Sotalol 

Class IV Verapamil (LV.) Diltiazem 
Nifedipine Dimeditia pramine 

(ROll-1781) 

hypoxia, pericarditis, and myocardial infarction should be treated. In the absence 
of serious complications, simple reassurance, oxygen, sedation, and rest should be 
prescribed. These measures permit the arrhythmia to return spontaneously to sinus 
rhythm in a few hours. Vagotonic maneuvers, including the Valsalva maneuver, 
coughing, gagging, and self-induced vomiting may be tried. Carotid sinus pressure 
is sometimes helpful, but should be performed carefully under cardiographic moni
toring in the aged who may have a sensitive carotid sinus reflex and widespread 
atherosclerosis in the carotid or basilar arteries. Carotid sinus pressure slows sinus 
tachycardia, terminates paroxysmal supraventricular tachycardia, or produces 
atrioventricular block with slowing of the ventricular rate (see also Sect. B.III). 

In the usual variety of paroxysmal supraventricular tachycardia, the antegrade 
"slow" pathway may slow further and/or block when propranolol, digoxin, or 
verapamil is given. The retrograde fast pathway may be suppressed by the same 
agents, but it is specifically sensitive to the class I antiarrhythmics drugs: quinidine, 
procainamide, and disopyramide (Table 6). When quinidine is used in refractory 
atrial arrhythmias, it is best to monitor the patient for several hours after the 
quinidine has been stopped to make sure paroxysmal ventricular tachycardia or fi
brillation do not complicate quinidine therapy. 

If the arrhythmia does not respond to pharmacologic therapy, synchronized 
DC cardioversion may be tried. It is best performed when the patient has had no 
digitalis or after digitalis has been discontinued for several days. Temporary per
venous right atrial or right ventricular pacing has also been used to terminate 
paroxysmal supraventricular tachycardias refractory to drugs. 

Edrophonium bromide (Tensilon), other cholinergic drugs, and pressor agents 
used to treat paroxysmal supraventricular tachycardia can be dangerous in old 
people but may be helpful in an emergency (Fig. 2). When edrophonium is used, 
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Fig. 2. Continous electrocardiographic recording in a 79-year-old man suffering from severe 
pulmonary insufficiency, acute hypoxia, and paroxysmal supraventricular tachycardia with 
a heart rate of 200 beats per minute and intraventricular conduction defect. Midway along 
the top strip, intravenous administration of endrophonium bromide (Tensilon) temporarily 
restored sinus rhythm. When tachycardia recurred (third strip) , another injection temporar
ily restored sinus rhythm. Subsequent injections failed to affect this arrhythmia 

a syringe containing 1 mg atropine sulfate should be available to counteract any 
severe cholinergic reaction. 

Patients with recurrent paroxysmal supraventricular tachycardia should be ad
vised not to smoke or to drink coffee and other beverages with high caffeine con
tent. Maintenance digitalis therapy and/or a combination of one or more antiar-
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rhythmic agents (quinidine, propranolol, procainamide, and diphenylhydantoin) 
may be tried prophylactically in long-term management of these tachycardias. 

Nonparoxysmal atrial arrhythmias occur most commonly in patients with dig
italis intoxication or chronic lung disease as a result of an enhanced automatic 
pacemaker. They are characterized by an atrial rate between 70-180 beats per mi
nute and a ventricular rate determined by the presence or absence of A V block. 
Multifocal atrial tachycardia is characterized by multiform P waves which precede 
QRS, an atrial rate greater than 100 beats per minute, varying P-R intervals, and 
irregular R-R intervals. Treatment with antiarrhythmic agents and electrocar
dioversion often fails and the mortality rate is high (DoNoso 1973). 

c) Atrial Flutter 

This arrhythmia almost always occurs in older subjects with organic heart disease 
or pulmonary embolism. The electrocardiogram shows saw-toothed or undulating 
atrial "F" waves, at a rate of 300-320 beats per minute. These are clearest in leads 
II, III, a VF, and VI. Impaired atrioventricular conduction often causes 2: 1 block 
with a ventricular rate of 150-160 beats per minute. The QRS duration is normal 
unless aberrant or intraventricular conduction defect is present. Recommended 
treatments include pharmacologic conversion with digoxin, digoxin, and 
quinidine, a combination of digoxin and propranolol, procainamide, electrical 
conversion with direct current cardioversion, or rapid atrial pacing. In some 
situations, it is advisable to resort initially to cardioversion if the patient is in heart 
failure or shock as a result of the arrhythmia. This arrhythmia responds so readily 
to cardioversion that many cardiologists consider it the treatment of choice at all 
ages. 

Digitalis is useful to slow the ventricular rate and to convert atrial flutter to 
atrial fibrillation or sinus rhythm in elderly patients not already on digitalis. Phar
macologic conversion with quinidine or procainamide works in about 50%-60% 
of patients with atrial flutter. The patient should first be digitalized to prevent rap
id ventricular rates during the 1 : 1 A V conduction since the anticholinergic effects 
of these drugs accelerate the atrioventricular node conduction as the atrial rate 
slows. 

d) Atrial Fibrillation 

The incidence of atrial fibrillation is 8% in people over 65 years of age (MIHALICK 
and FISCH 1974). Paroxysmal atrial fibrillation occurs in routine electrocardio
grams of asymptomatic elderly people and more commonly in patients with pul
monary embolism, myocardial infarction, acute pericarditis, decompensated lung 
disease, hypoxemia, thyrotoxicosis, coronary heart disease, sick sinus syndrome, 
atrial septal defect, and after thoracotomy. 

Treatment of the underlying cause often restores sinus rhythm spontaneously. 
If not, digitalis alone or in conjunction with quinidine converts atrial fibrillation 
to sinus rhythm in about 80% of patients with arteriosclerotic heart disease and 
in about 40% with rheumatic heart disease. Other class I antiarrhythmic agents 
may work when these drugs fail (Figs. 3-6). Propranolol may also be tried as a drug 
of second choice. 
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Fig. 3. Electrocardiogram shows paroxysmal atrial flutter fibrillation of recent onset in pre
viously healthy 70-year-old woman 

Fig. 4. Electrocardiogram I day later in the same patient as in Fig, 3. It was taken 24 h after 
the patient received I mg digoxin followed by 200 mg quinidine sulfate every 2 h for five 
doses and shows sinus rhythm 

Direct current cardioversion of atrial fibrillation in elderly patients has been 
recommended to improve their cardiovascular circulation and to reduce the danger 
of emboli (STERN 1979). Synchronized DC cardioversion restores sinus rhythm in 
about 92% of patients unresponsive to drug therapy and in whom hyperthyroidism 
and electrolyte imbalance have been excluded. The decision to use cardioversion 
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Fig. 5. Electrocardiogram taken I day later than that in Fig. 4 in the same patient shows re
turn of paroxysmal atrial fibrillation after quinidine was discontinued because of severe 
diarrhea and nausea 
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Fig. 6. Taken I day later than in Fig. 5 in the same patient, this electrocardiogram shows the 
return of sinus rhythm after the oral administration of 200 mg disopyramide and two addi
tional doses of 100 mg each given 4 h apart. The patient was on a daily maintenance dose 
of digoxin (0.25 mg). She experienced no side effects from this combination of drugs 

must consider that the elderly patient tolerates slow atrial fibrillation without dif
ficulty and sinus rhythm after cardioversion may last from a few seconds to a few 
years. Furthermore, sinus node pathology makes cardioversion more hazardous. 
After conversion, the sick sinus node may fail to take over and atrial fibrillation 
or a more dangerous fatal arrhythmia may follow. For this reason, the insertion 
of a temporary transvenous ventricular pacemaking catheter should be considered 
before cardioversion to reduce the dangers of asystole or other arrhythmias in 
patients with sick sinus syndrome. Anticoagulation therapy for 7- 10 days prior to 
elective conversion is preferable in patients with systemic embolism, mitral steno
sis, cardiomyopathy, or chronic atrial fibrillation. 

Many elderly patients tolerate well chronic atrial fibrillation with a ventricular 
heart rate of 60-80 beats per minute. Digoxin should be given to maintain this 
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heart rate. Propanolol may be added when rapid atrial fibrillation fails to respond 
to the digoxin, but not to those with incipient or actual heart failure. 

e) Sinus Bradycardia 

Asymptomatic sinus bradycardia with a resting rate of less than 60 beats per mi
nute is found in physically fit individuals and in the elderly where it may be an ex
pression of vagotonia, malfunctioning sinus node, or increased carotid sinus sen
sitivity. Digitalis, beta-adrenergic blocking agents, glaucoma, increased intracra
nial pressure, and obstructive jaundice also cause sinus bradycardia. Sinoatrial 
block should be suspected in patients with sinus bradycardia in the range of 40-50 
beats per minute. This diagnosis is made more easily when the electrocardiogram 
shows at times a heart rate double that of the bradycardia. 

Treatment of asymptomatic sinus bradycardia is unnecessary, but a permanent 
artificial pacemaker may be needed in patients with cerebral symptoms or syncope 
resulting from the reduced cardiac output when the sinus bradycardia is 40 beats 
or less per minute. Before a pacemaker is prescribed, other causes for these symp
toms should be excluded. A permanent pacemaker should be inserted only if the 
patient becomes symptomatic during continuous electrocardiographic monitoring 
which shows a slow heart rate or an arrhythmia. Symptoms in the absence of severe 
bradycardia or arrhythmias usually exclude a disorder of the sinus node as the pri
mary cause. In these patients, continuous Holter electrocardiographic monitoring, 
the determination of corrected sinus recovery time, and the estimated sinonodal 
conduction are useful to detect sinonodal dysfunction. Normal Holter ambulatory 
electrocardiography and functional testing of the sinus node constitute strong ev
idence against significant sinus node dysfunction. Bundle of His recordings may 
be clinically helpful in selecting appropriate atrial or ventricular sites for perma
nent pacemaker implantation. Disease of the A V conducting system rules out the 
use of atrial pacemakers (see also Sect. B.I1I). 

4. Ventricular Arrhythmias 

a) Extrasystoles 

Ventricular extrasystoles are frequent in older people as a result of their greater 
myocardial irritability and more severe organic heart disease. A frequency of 10% 
is not unusual in persons over 60. Many elderly patients with ventricular premature 
beats are asymptomatic and rarely require treatment. 

The appearance of frequent multifocal, compiex ventricular premature con
tractions is an ominous sign of pending ventricular tachycardia or fibrillation. 
They increase the risk of sudden death, especially in patients with myocardial in
farction or severe coronary artery disease and/or cardiomyopathy, and require 
prompt evaluation with ambulatory Holter monitoring and treadmill exercise test
ing. Indications for drug treatment include ventricular extrasystoles that occur 
more frequently than five beats per minute, appear close to the preceding T wave, 
or are multifocal. Digitalis toxicity should be excluded as a cause of multifocal ven
tricular extrasystoles in patients on digitalis. Ventricular arrhythmias associated 
with hemodynamic and symptomatic consequences in patients with coronary ar-
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Table 7. Clinical pharmacology of antiarrhythmic agents 

Drug Daily oral Initial IV dose Maintenance GI 
dose IV dose absorption 

Quinidine 1.2- 2.4g >95% 
Procainamide 1 - 6g 100 mg IV every 20--80 ~g/kg 75%-95% 

5minto1g 
Propranolol 40 -5OOmg 0.1 mgjkg 20%-50% 
Phenytoin 300 -5OOmg 50--100 mg/IV Slowly 

every 5 min 
to 1 g 

Lidocaine 1 mg/kg bolus x 3 20--50 ~g/kg/min <35% 
Disopyramide 400 -8oomg 2 mg/kg 0.4 mg/kg/h >95% 

(150 mg 
every 6 h) 

tery disease or myocardial infarction should be treated although there is insuffi
cient evidence that long-term drug prophylaxis actually decreases the incidence of 
sudden death. 

Quinidine sulfate, procainamide, disopyramide, and other class I antiarrhyth
mic agents are useful in treating patients with frequent ventricular extrasystoles 
(Table 7). In those without impending or actual heart failure, propranolol alone 
or combined with procainamide often controls the more ominous ventricular ex
trasystoles. 

b) Ventricular Tachycardia 

Intermittent paroxysmal ventricular tachycardia may be found in routine electro
cardiograms of asymptomatic elderly patients or in those who complain of dizzi
ness, "blackout spells," or falling. Fifty percent of paroxysmal ventricular tachy
cardias occur during a myocardial infarction and often constitute the first evidence 
of infarction. Sustained ventricular tachycardia unrelated to myocardial infarction 
occurs more frequently after the 5 th decade and may be precipitated by straining 
at stool or digital stimulation of the rectum in some patients. 

The electrocardiogram usually shows wide QRS complexes (0.12 s or more), a 
heart rate of 100 beats or greater per minute, and inverted retrograde P waves after 
QRS complexes. When it is difficult to distinguish supraventricular tachycardia 
with aberrant conduction from paroxysmal ventricular tachycardia, a useful rule 
of thumb is that supraventricular tachycardia is a more likely diagnosis in the pres
ence of right bundle branch block pattern and regular ventricular rhythm; and ven
tricular tachycardia, in the presence of left bundle branch block pattern and slight 
irregularity of the ventricular rhythm. 

Recurrent paroxysmal ventricular tachycardia is best managed pharmacologi
cally with quinidine sulfate (400 mg every 6 h), disopyramide (150-200 mg every 
6 h), or a combination ofthese drugs and propranolol (20--100 mg every 6 h). Dis
opyramide is contraindicated in elderly men with prostatic disease, who have a 
higher risk of urinary retention, and in people with glaucoma. If these drugs are 
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Table 7. (continued) 

Peak levels Plateau on tt(PO Therapeutic Protein Metabolism Excreted 
after oral chronic unless range binding unchanged 
dose oral dose otherwise plasma level in urine 

specified) 

1.5~2h 2~3 days 6~7 h 2--6llg/ml 80% Liver 20%~50% 

1 ~1.5h 2 days 3-4h 3~1O Ilg/ml 15%~25% Liver 50%--60% 

1 -4h 2.5 days 2~3h 40-200 ng/ml 90% Liver < 2% 
6h 6-7 days 24h 10-181lg/ml 85% Liver < 5% 

30 min (IV) 2~5Ilg/ml 10%~50% Liver <10% 
0.5~3 h 6h 2-4llg/ml 50% Liver 40%--60% 

poorly tolerated or ineffective, procainamide (500-1,500 mg every 4 h) or the 
newer antiarrhythmic agents (tocainide, mexiletine, aprindine, or acebutolol, 
where available) may be useful. Programmed electric stimulation at arrhythmia 
centers may be imperative to establish more precise dosages and combinations of 
these drugs when ventricular arrhythmias resist ordinary drug therapy. 

Synchronized DC electric cardioversion effectively terminates 98 % of episodes 
of acute, uncomplicated tachycardia. When it cannot be given or fails, a lidocaine 
drip infusion or oral procainamide may be tried. In critically ill patients, a drip in
fusion of procainamide may be given intravenously at a rate of 100 mg/min under 
continuous electrocardiographic monitoring. This drug should be stopped with the 
appearance of a widening QRS interval, additional arrhythmias, shock, or other 
toxic signs. Bretylium has proven useful in serious situations when other drugs fall 
to control this arrhythmia. 

After the paroxysmal ventricular tachycardia has reverted to sinus rhythm, the 
standard or new antiarrhythmic agents may be used to maintain a therapeutic 
blood level (Table 7). When drug therapy or cardioversion fail to control paroxys
mal ventricular tachycardia, electric pacemaking to override the arrhythmia, sur
gical ventricular aneurysmectomy, or both may be necessary. Permanent cardiac 
pacing helps to control recurrent ventricular tachycardias in patients with sinus 
bradycardia and/or atrioventricular block. 

c) Ventricular Fibrillation 

This lethal arrhythmia requires immediate defibrillation by electric countershock 
and appropriate antiarrhythmic drugs, such as lidocaine, procainamide, and pro
pranolol, to prevent recurrence. The use ofbretylium has again found favor in this 
complication despite its hypotensive and other toxic effects. Intravenously injected 
diphenylhydantoin or potassium chloride may control refractory digitalis-induced 
ventricular tachycardia or fibrillation that fails to respond to other agents. The 
underlying cause of the ventricular fibrillation should always be corrected. 
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5. Special Arrhythmia Syndromes 

a) Sick Sinus Syndrome 

R.HARRIS 

This syndrome is caused by the impaired function of the sinoatrial node and an ab
normally unresponsive atrioventricular junctional pacemaker which arise from the 
degenerative changes of aging and disease. In this condition, the sinus node and 
its approaches may be replaced partially or completely by fibrous or sclerotic tis
sue. Although some vascular changes may be noted (about 25% of patients with 
this syndrome have clinical coronary artery disease), the sinus arteries are often in
tact. 

Presenting symptoms and signs include fatigue, light-headedness, palpitations, 
angina, dizziness, sudden falls, recurrent syncope, transitory cerebral ischemic at
tacks (see Sect. B.II.5.b), and congestive heart failure. The sick sinus syndrome 
should be diagnosed or suspected in elderly patients with widespread abnormalities 
of impulse formation and conduction, such as sinus bradycardia, sinoatrial block, 
paroxysmal or chronic atrial tachycardia, tachybradycardia, chronic atrial fibrilla
tion with slow ventricular responses due to concealed conduction, and concomi
tant disease of the A V junction and distal conduction pathways (FERRER 1973). 

In the absence of clear-cut symptoms and electrocardiographic documentation 
of the sinus node syndrome, sinus node recovery time and other electrophysiologic 
testing may be necessary to make the correct diagnosis. Their principal value is to 
determine if the disorder is functional or organic. Prolonged sinus node recovery 
time and failure of atropine to accelerate the sinus node occur in 50%-80% of 
patients with sick sinus syndrome. 

Slow atrial rhythm is part of the sick sinus syndrome. It originates as an escape 
rhythm that arises when sinus rhythm fails. It is characterized by a regular and rel
atively slow rate of 50-80 beats per minute; a P wave which shows abnormal notch
ing and precedes every QRS complex; and a difference in size, occasionally in 
width, from the sinus P wave. The P-R interval may be normal or slightly longer 
than 0.20 s, but different from the P-R interval of the normal sinus rhythm arising 
in the sinoatrial node (FERRER 1980). 

In the absence of serious symptoms, conservative therapy of the sick sinus syn
drome is best. Procainamide or small doses of digoxin may be worthwhile in some 
patients with atrial tachycardia. Digitalis should be used with caution, if at all, be
cause even small amounts may be toxic (MARGOLIS et al. 1975). In the absence of 
heart failure, beta-adrenergic blocking agents which decrease conduction in the A V 
node may be tried alone or with small amounts of digoxin to control the heart rate 
in patients with tachyarrhythmia syndromes. Digitalis toxicity should be suspected 
when atrial fibrillation becomes atrial flutter after digitalis is given. 

Artificial cardiac pacemakers may be necessary in patients with disturbances 
of consciousness, syncope, recurrent arrhythmias, and tachybradycardia syn
dromes. They permit the use of digitalis and other antiarrhythmic agents to control 
the tachyarrhythmia and/or heart failure without fear of aggravating the bradycar
dia (HARRIS 1976). A ventricular pacemaker is best in patients with sick sinus syn
drome and atrioventricular conduction disturbances. When a normal contraction 
sequence is desirable, atrial or A V sequential demand units may be used to improve 
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cardiac function by making use of the atrial contraction in patients with normal 
atrioventricular conduction. 

b) Cardiogenic Neurology 

Episodic sick sinus syndrome reflects an atriopathy which is responsible for cardio
genic embolization in at least 25% of patients with strokes. Many transient cere
bral insufficiency attacks (TIAs) in patients with sick sinus syndrome are caused 
by emboli from the left atrial appendage. ABDON (1979 a, b, 1981) found the overall 
incidence of cerebral embolization exceeded 7%/year in patients with episodic sick 
sinus syndrome. At postmortem examination, three out of four patients with sick 
sinus syndrome had thrombi in their left atrial appendages. In the general popula
tion, 9% of elderly patients were found to have episodic sick sinus syndrome. The 
sick sinus syndrome, even if only periodically present, carries a high unpredictable 
risk for systematic embolization and may be responsible for some of the other 
vague mental and neurologic conditions found in old age. The prophylactic use of 
dipyridamole (Persantine), aspirin, or anticoagulation therapy to prevent cerebral 
embolization from the left atrial appendage should be considered in patients with 
sick sinus syndrome. 

Nonembolic cerebrovascular insults to the aging brain may occur in patients 
with cardiac arrhythmias when their arterial blood pressure drops below the criti
cal level for brain circulation. Patients with cardiac arrhythmias (other than atrial 
fibrillation) are more likely to develop symptoms and signs of diffuse cerebral isch
emia (syncope, confusion, or dizziness) than the focal neurologic deficit found in 
most cerebral transitory ischemic attacks (HARRIS 1981). 

c) Acute Stokes-Adams Syndrome 

This syndrome is the most serious and dramatic cerebrovascular insult induced by 
cardiac arrhythmias. It is associated with transient episodes of syncope which arise 
from the poor cardiac output as a result of excessively slow heart rates due to si
noatrial block, marked sinus bradycardia, complete A V heart block or fast rates 
due to supraventricular or ventricular tachycardia and fibrillation. When a thor
ough history and physical examination do not document an arrhythmia as the 
cause of syncope, a 24-h Holter monitor electrocardiographic recording often per
mits detection of the arrhythmia and its correlation with the attack. A provocative 
treadmill exercise test also helps identify the underlying heart disease and arrhyth
mia (see Sect. B.III). 

Emergency treatment of the acute attack includes cardiopulmonary resuscita
tion to maintain ventilation and circulation and cardioversion to restore sinus 
rhythm if ventricular tachycardia or fibrillation is present. Supportive measures to 
maintain adequate oxygenation, vital signs, and blood pressure should be insti
tuted. Temporary cardiac pacing may be necessary in patients with cardiac arrest. 

Pharmacologic treatment and artificial pacemaking are also indicated in 
patients with recurrent Stokes-Adams attacks due to arrhythmias to prevent their 
recurrence (see Sect. C). In patients with ventricular standstill or symptomatic slow 
heart rates, a permanent artificial demand pacemaker is essential. For clinically sig
nificant ventricular tachycardias associated with bradycardia, a permanent de-
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Fig. 7. Rhythm strip showing pacemaker-induced arrhythmia. Pacemaker beat (identified by 
spike) is coupled with ventricular extrasystoles producing bigeminy and trigeminy 

mand ventricular pacemaker is recommended. In selected patients with sinus node 
disease, ventricular failure and intact A V conduction, atrial pacing may be more 
beneficial than ventricular pacing. Atrial pacing often improves cardiac hemody
namics while ventricular pacing may cause further deterioration of ventricular 
function, especially in patients with retrograde ventriculoatrial conduction. 
Atrioventricular sequential demand pacing represents the most advanced type of 
therapy currently available for patients with sick sinus syndrome and should be in
serted if the aim of the pacemaker treatment is to improve their cardiac hemody
namICS. 

d) Pacemaker Arrhythmias 

The introduction of cardiac pacemakers into medical practice has spawned a 
variety of iatrogenic pacemaker arrhythmias. These range from simple disorders 
of the cardiac rhythm produced by battery failure to more complex arrhythmias 
originating from runaway pacemakers, intermittent wire breaks and reentry ar
rhythmias caused by pacemaker stimulation (Fig. 7). 

The advent of more sophisticated demand pacemakers has led to unusual but 
normal rhythms due to the interplay between the artificial pacemaker beats and the 
patient's own beats. It is therefore important that the physician be familiar with 
the type and characteristics of the pacemaker. Newly developed pacemakers offer 
a greater and more flexible variety of programmable modes that ensure better atrial 
input, ventricular-inhibited demand pacemaking and A V sequential fixed rates. 
These pacemakers permit alterations in heart rate, pulse width, and sensitivity 
levels by externally controlled programmers. 

The principal arrhythmia arising from asynchronous (fixed rate) pacemaker is 
competition from the patient's own conducted or ectopic beats (Fig. 7). Pacemaker 
parasystole may also develop in patients with fixed-rate ventricular pacemakers in 
which the artificial stimulus competes with the intrinsic conducted beat for control 
of the ventricular rhythm. When runaway pacemaker arrhythmias occur, the pace
maker can be deactivated immediately by cutting the lead wire. 
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Competition from pacemaker-induced ventricular arrhythmias may increase 
mortality. When competition from ventricular premature beats develops in a 
patient with a pacemaker, increasing the pacing rate or administering antiarrhyth
mic agents may suppress it. The newer, R-wave sensitive, noncompetitive demand 
pacemakers now available prevent such competition and should be installed when 
the older asynchronous types are replaced. 

III. Special Diagnostic Procedures 

1. Carotid Sinus Massage 

Carotid sinus massage enhances the ability of the routine surface electrocardio
gram to determine whether an arrhythmia is supraventricular or ventricular in 
patients with atrial flutter, in 2: I atrioventricular conduction when atrial flutter 
waves are unclear, or in paroxysmal ventricular tachycardia where the P wave is 
concealed in the QRS complex or the T wave. Carotid sinus massage prolongs the 
atrioventricular conduction time and either terminates the arrhythmia or moves 
the P wave out of the QRS complex, so that it becomes more visible. 

Carotid sinus massage for therapeutic or diagnostic purposes in aged patients 
with syncope should not be routinely performed because it may obliterate the 
carotid artery flow to the brain, cause cerebrovascular thrombosis, or produce 
noxious inhibitory or excitatory cardiac effects. Inhibitory vagal stimulation can 
slow or stop the discharge of sinoatrial impulses (producing sinus bradycardia or 
sinoatrial arrest), depress the conduction of impulses from the sinus node to the 
atria (producing sinoatrial block), or depress the atrioventricular node (prolonging 
the P-R interval and causing A V block). Excitatory cardiac effects may initiate 
atrial flutter or atrial fibrillation, increase the rate of atrial flutter, transform atrial 
flutter to atrial fibrillation, increase ectopic ventricular impulse formation, or para
doxically facilitate or reverse atrioventricular conduction from the ventricles to the 
atria. 

A hypersensitive carotid sinus must be differentiated from other more common 
causes of dizziness or syncope, such as cardiac arrhythmias, vasovagal response, 
postural hypotension, or cerebrovascular insufficiency. This diagnosis is estab
lished when gentle compression over the bifurcation of the carotid artery sinus dur
ing electrocardiographic monitoring reproduces these complaints. Carotid sinus 
denervation is a simple, effective treatment for this complication. 

In elderly patients with hypersensitive carotid reflex, cholinergic drugs such as 
neostigmine, morphine, and related medications which potentiate the vagal form 
of this reflex should be avoided. Digitalis also sensitizes this vagal type of reflex 
and increases the risk of cerebral complications. During anesthesia and operation, 
vigorous manipulation of the head and neck should be avoided in order not to pro
voke the hyperactive carotid sinus reflex. 

2. Continuous Ambulatory Electrocardiographic Monitoring 

Ambulatory electrocardiographic monitoring with a Holter-type recorder is in
valuable to document and establish the definitive diagnosis of a cardiac arrhyth
mia, determine its mechanism, assist in the evaluation of the treatment of recurrent 
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arrhythmias and identify potential rhythm and conduction disturbances as the ba
sis for recurrent paroxysmal symptoms arising from a disturbance of the heart 
rhythm. This method is superior to the conventional12-lead electrocardiographic 
determination for evaluating patients with syncopal or presyncopal episodes whose 
resting electrocardiogram may be normal and for correlating symptomatology 
with the presence or absence of an arrhythmia, especially during exercise, sleep, 
psychological stress, and eating. It helps to establish a cardiac diagnosis in the el
derly patient whose electrocardiogram shows occasional ventricular premature 
contractions and whose light-headedness or dizziness is not reproduced by carotid 
sinus massage, turning the head from side to side, or arising quickly from a supine 
position. Continuous electrocardiographic monitoring in patients with heart rates 
under 40, or occasional sinus pauses to a maximum of2 s during sleep may confirm 
an apparent sick sinus syndrome or exclude it in favor of vertebrobasilar insuffi
ciency when the patient's complaints appear unrelated to a heart rhythm distur
bance. 

Elderly patients with intermittent symptoms of cerebrovascular insufficiency 
should be studied by ambulatory electrocardiographic monitoring to rule out inter
mittent cardiac arrhythmias or conduction abnormalities. Patients with bifascicu
lar block on the resting electrocardiogram may also benefit from a Holter record
ing, even in the absence of symptoms of cerebrovascular insufficiency. The major
ity of these patients may exhibit periods of complete heart block (months or years 
prior to the development of complete A V heart block) which are too brief to pro
duce clinical symptoms. Detection of these episodes by Holter monitoring permits 
the institution of appropriate therapy in advance of symptoms. Ambulatory Holter 
monitoring is also useful in patients with the tachybradycardia arrhythmia syn
drome to study the effect oftherapy. Another use is to assess elderly patients with 
chest pain, transient neurologic symptoms, and nocturnal complaints and to detect 
coronary-prone patients, who are at greater risk of sudden death from cardiac ar
rhythmias. 

When the cause of the syncopal episodes is a slow ventricular rate, a permanent 
demand ventricular pacemaker may correct the problem. When the syncopal 
episode is due to impaired cardiac output resulting from a decreased cerebral blood 
flow associated with bursts of ventricular tachycardia, it is helpful to insert a per
manent demand ventricular pacemaker to maintain a suitable cardiac rate and use 
antiarrhythmic drugs to control the ventricular tachycardia. 

3. Other Specialized Diagnostic Recordings 

a) Esophageal Leads 

This lead, obtained by inserting an esophageal electrode catheter into the esopha
gus, records the electric potential from the back of the heart. It is useful to clarify 
the relationship between the atrial and ventricular complexes when the P waves are 
obscured or absent on the surface electrocardiogram. 

b) Intracardiac Recordings 

Intracardiac leads can be used to identify an arrhythmia when an esophageal lead 
fails to do so, and to measure the sinus node recovery time, the main unidirectional 
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sinoatrial conduction time, and the physiologic responses to premature atrial stim
ulation. Additional tests to measure sinus node function include the administration 
of atropine, sinus node recovery time after atropine, conduction of the first ten 
beats after cessation of pacing, and measurement of intrinsic heart rate after the 
administration of atropine and propranolol (GANN et al. 1979). 

Bundle of His studies record the presence and site of atrioventricular delay and 
block within or below the A V node. The combination of atrial stimulation and 
Bundle of His recording improves the diagnosis of sinoatrial disease and other con
duction system disturbances. 

Intraventricular electric recordings can determine if an arrhythmia is ventricu
lar or supraventricular and evaluate the therapeutic efficiency of acutely admin
istered drugs in patients with arrhythmias. Programmed electric stimulation of the 
ventricle has proven useful to determine if the patient is "arrhythmia-prone" and 
the best drugs to use in the treatment of otherwise refractory ventricular arrhyth
mias. These techniques are also used in the mapping of electric conduction in the 
heart to determine the mechanisms of the arrhythmia and the value of surgical in
tervention to prevent recurrent, refractory arrhythmias. 

4. Treadmill Exercise Stress Testing 

Under proper conditions which limit exercise to a tolerable level, treadmill exercise 
testing is safe and useful to determine the exercise tolerance of elderly patients with 
angina pectoris and to detect transient changes in cardiac rhythm and conduction 
which may develop during exercise or immediately thereafter. 

C. Therapeutic Considerations 

I. Drug Therapy 

1. Clinical Pharmacokinetics 

Clinical pharmacokinetics is the application of pharmacokinetics (study of drug 
disposition) to the treatment of patients. An understanding of the general princi
ples of pharmacokinetics enables the clinician to use more effectively the available 
antiarrhythmic agents and to anticipate the individual drug requirements for elder
ly patients with age-related changes, and altered drug dispositions due to disease 
(RICHEY and BENDER 1977). Attention to clinical pharmacokinetic principles 
requires that dosage of antiarrhythmic agents be individualized according to the 
patient's weight, age, and other factors which affect the disposition of a particular 
drug in the body. The choice of a particular dosage interval also depends upon the 
half-life of the drug, its therapeutic index, and the consideration of the patient's 
convenience. Subsequent adjustment in dosage may be required because of toxicity 
or the lack of therapeutic response. Measurements of the blood or plasma levels 
of the drugs are helpful in making appropriate adjustments to drug therapy, par
ticularly during long-term administration (Table 7) (HARRISON et al. 1977). The 
correct dose for every elderly patient must be empirically determined and individ
ualized. 
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2. Age-Related Considerations 

Factors influencing drug activity with advancing age include: alterations in the gas
trointestinal absorption of drugs, distribution of drugs, regional blood flow, tissue 
and plasma protein binding, drug metabolism, hepatic blood flow, excretion of 
drugs, end-organ sensitivity, drug interaction, and other aging changes discussed 
elsewhere in this volume. Elderly patients are generally more sensitive to car
diovascular drugs because of these factors and therefore usually require smaller 
doses and more careful supervision than younger people. Although some changes 
in sensitivity to cardiovascular drugs with increasing age occur at the effector or
gan level, more important are the age-related changes in renal and hepatic clearan
ces which are impaired with age, the decrease in lean body mass, which results in 
much of the metabolically active tissue being replaced by fat, and the altered dis
tribution of drugs in the elderly, resulting from changes in body composition, plas
ma protein binding, and regional blood perfusion. Plasma albumen decreases with 
age. Peripheral blood flow is redistributed in favor of the cerebral and coronary 
circulations, thereby reducing blood flow to the kidneys, liver, mesentery, and skin. 
These factors vary individually in aged persons, but influence the rate and extent 
to which a drug is made available to receptors for interaction and the duration of 
its effects. Unless drug dosages are appropriately age adjusted and individually and 
empirically prescribed, drug toxicity arising from these age-related changes may in
crease mortality in the elderly. 

Quinidine and digitalis illustrate the value of paying attention to these age-re
lated considerations. The hepatic biotransformation and renal excretion of 
quinidine decrease with age so that the half-life of quinidine (7.3 h) in healthy in
dividuals aged 34 years or less becomes significantly prolonged and the rate of total 
clearance reduced in healthy volunteers 60 years of age or older (OCHS et al. 1978). 
The decreased rate of quinidine clearance in the elderly predisposes to excessive 
drug accumulation and toxicity unless the dosage is appropriately adjusted. 

The increased incidence of digitalis toxicity in the elderly is mainly attributable 
to their contracted space of distribution for digoxin as a result of decreased lean 
body mass and to their reduced renal excretion. Consequently, the same dose of 
digoxin (metabolized and excreted mainly by the impaired kidney) produces an in
creased half-life and a serum digoxin level nearly twice as high in the elderly as in 
the young. Although most forms of digitalis can be used in the aged, digoxin with 
its shorter half-life (36 h when renal function is normal) is generally preferred be
cause of its greater margin of safety in elderly patients. To avoid toxicity, digoxin 
is best given without a loading dose and in lesser amounts than those given to 
younger people. If there is no acute emergency, a daily oral maintenance dose of 
0.25 mg may be given until a steady digitalized state is achieved in 7-10 days (Do
HERTY 1979). In emergencies, a larger dose given intravenously may be necessary. 

3. Clinical Pharmacology of Antiarrhythmic Agents 

Each antiarrhythmic agent is characterized by individual unique electrophysiologic 
properties and specific patterns of absorption, distribution, and elimination which 
are described in regular pharmacologic texts. Age factors, associated disease, con-
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comitant therapy, drug interactions, and individual patient differences and predis
positions alter the usual dosage requirement (Table 7). 

Drug interactions are an important aspect of the treatment of cardiac arrhyth
mias in the aged. For example, drugs, such as phenobarbital or phenytoin, that in
duce drug-metabolizing enzymes in the liver may significantly shorten the duration 
of quinidine action by increasing its rate of elimination. Occasionally, the pro
thrombin time will increase after quinidine therapy is begun in patients on warfarin 
therapy. 

Pharmacodynamic interactions may also occur. Quinidine, an IX-adrenergic 
blocking agent, is likely to interact with drugs that cause vasodilatation or de
creased blood volume. Powerful loop diuretics, such as furosemide, may cause 
marked hypotension in patients on quinidine. 

Similarly, the concomitant use of quinidine and digoxin may significantly ele
vate serum digoxin levels as a result of the displacement of the digoxin by quinidine 
molecules from binding sites in skeletal muscle and other tissues, or the reduction 
by quinidine of the renal clearance of digoxin (DOHERTY et al. 1980). Such inter
actions increase the potential for toxic effects for digoxin with its 2: I toxic: thera
peutic ratio. For this reason, frequent dose adjustments and serum digoxin assays 
must be performed when quinidine is concomitantly administered with digoxin. 

Drug interactions may also occur between tricyclic antidepressants and gua
nethidine, clonidine, alpha-methyldopa (Aldomet), lidocaine, and L-dopa. Treat
ment is complex and must be individualized (JEFFERSON 1975). The tricyclic antide
pressants exert a direct myocardial depressant activity and effect on the adrenergic 
neurons through their anticholinergic activity, which can lead to arrhythmias, 
blood pressure abnormalities, and congestive heart failure (JEFFERSON 1975). In 
man, toxic doses of the tricyclic drugs are capable of causing a wide variety of rate 
and rhythm disturbances, heart block, and even sudden death. The direct arrhyth
mogenic effects of the tricyclic antidepressants may depend upon interference with 
sodium-potassium transport across cell membranes and other factors, including 
dose, presence of other drugs, and the premorbid condition of the patient. 

Digitalis glycosides exert their antiarrhythmic effects indirectly on the auto
nomic nervous system. Other antiarrhythmic drugs act mainly on the cardiac cell 
membrane to produce specific ionic currents and also affect the autonomic nervous 
system. All f:1-adrenergic-blocking drugs affect cardiac rhythm through their ac
tions on f:1-adrenergic receptors, but their other important electrophysiologic ef
fects may vary (BIGGER 1980). 

Antiarrhythmic drugs may be grouped into four classes according to their most 
significant electrophysiologic actions on cardiac muscle (Table 8). This classifica
tion facilitates the rational choice of a regimen of antiarrhythmic agents and helps 
predict adverse reactions when different agents are combined (SINGH 1979). 
Table 6 lists the conventional and new investigative drugs according to their elec
trophysiologic class and availability. 

a) Class I Antiarrhythmic Drugs 

Quinidine is effective for the acute or long-term treatment of supraventricular and 
ventricular arrhythmias. It is the most dependable drug for converting atrial fibril-
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Table 8. Comparative mechanisms of action of antiarrhythmic agents 

Class I 1) Essentially local anesthetics on 
nerve 

2) Depress phase 4 depolarization 
3) Variable effect on action 

potential duration 
4) Depress upstroke velocity of 

phase 0 (i.e., reduce "membrane 
responsiveness") 
a) Increase threshold of 

excitability 
b) Reduce conduction velocity 
c) Prolong effective refractory 

period 

Class II 1) Common property: 
Sympathetic antagonism 

2) Depress phase 4 depolarization 
3) Other electrophysiologic 

properties uncertain 

Class III Dominant property: Uniform 
prolongation of the action 
potential duration 

a) Depress phase 4 
depolarization 

b) Prolong absolute refractory 
period 

c) Depress excitability 

Class IV Dominant property: Inhibit slow 
channel activity 

a) Depress phase 4 
depolarization 

b) Depress conduction in fibers 
with slow-channel 
dependent action potentials 

lation to normal sinus rhythm and maintaining it. Drug-induced premature ven
tricular beats, atrioventricular block, QRS widening, ventricular tachycardia, and 
even ventricular fibrillation may occur when the plasma quinidine level exceeds the 
therapeutic plasma concentration level of 2.0-6.0 Ilg/ml. 

Procainamide hydrochloride (Pronestyl) is indicated in the treatment ofprema
ture ventricular contractions, ventricular tachycardia, atrial fibrillation, and 
paroxysmal atrial tachycardia. Oral or intramuscular therapy is preferable. The in
travenous route should be reserved for life-threatening arrhythmias that do not re
spond to oral or intramuscular therapy. Since a lupus erythematosus-like syn
drome may develop in patients on long-term procainamide therapy, the serum 
antinuclear antibody titer should be determined regularly in patients receiving pro
cainamide for a long time or showing symptoms of a lupus-like reaction. A signif
icant rise in this titer is an indication for stopping this drug. 

Lidocaine is effective against ventricular arrhythmias of many etiologies. It is 
usually the agent of first choice in a ventricular arrhythmia unless the patient is 
overly sensitive and becomes confused or toxic on normal or less than normal 
therapeutic serum levels (Table 7). It is effective in about 87% of ventricular ar
rhythmias and in only 20% of supraventricular arrhythmias. Ninety percent is me
tabolized in the liver and 10% is excreted unchanged through the kidney. In rats, 
the depressant effect of lidocaine on atrial pacemakers increases with age but de
creases with age on ventricular pacemakers (GOLDBERG and ROBERTS 1978). 

Diphenylhydantoin sodium (Dilantin) may be given intravenously to control 
digitalis-induced arrhythmias. It is contraindicated in patients with a high degree 
of heart block or marked bradycardia and should be used cautiously in patients 
with hypotension and severe myocardial insufficiency. The liver is the site of bio
transformation of this drug. Consequently, the patient's age can affect the dispo
sition of this drug since elderly patients often have impaired liver function. For this 
reason, plasma dilantin levels should be taken frequently in elderly patients on this 
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drug to prevent toxic responses, including ataxia, confusion, and other neurologic 
complaints. 

Disopyramide (Norpace) is a new antiarrhythmic agent with actions and ver
satility resembling those of quinidine. Its most frequent side effects are constipa
tion and urinary hesitancy due to its anticholinergic effects. Blurred vision and uri
nary retention may necessitate stopping the administration of this drug in older 
people. See Table 6 for other class I antiarrhythmic agents. 

b) Class II Antiarrhythmic Drugs 

fJ-adrenergic-receptor-blocking agents are useful in treating cardiac arrhythmias 
due to excessive catecholamine release, increased levels of circulating catecholami
nes, and increased sensitivity of the heart to catecholamines related to 
pheochromocytoma, thyrotoxicosis, exercise, or digitalis excess. These agents are 
effective in the treatment of acute and chronic supraventricular arrhythmias and 
ventricular arrhythmias unresponsive to first-line agents. Propranolol hy
drochloride (Inderal) with a biologic half-life of 2-3 h, is an important member of 
this group. It is particularly useful in the management of paroxysmal supraven
tricular tachycardias, persistent symptomatic sinus tachycardia, and arrhythmias 
due to thyrotoxicosis, particularly when digitalis is contraindicated or does not ad
equately control ventricular rate. Propranolol is better tolerated but less effective 
than quinidine or procainamide in treating chronic ventricular arrhythmias. It is 
contraindicated in patients with bronchial asthma, markedly impaired myocardial 
contractility and in those who have actual heart failure or who are borderline com
pensated and may go into heart failure. It is not a drug of first choice in the elderly 
whose myocardium is already compromised by age and disease and in whom this 
drug may further depress myocardial contractility and precipitate cardiac failure. 
Other fJ-adrenergic-blocking agents belonging to this group of drugs now being in
vestigated do not have the drawbacks of propranolol. Practolol is promising for 
the treatment of cardiac arrhythmias, but is not available for clinical use in all 
countries. See Table 6 for additional, newly developed class II antiarrhythmic 
drugs. 

c) Class III Antiarrhythmic Drugs 

Bretylium, an older drug now achieving greater recognition in the treatment ofven
tricular fibrillation refractory to conventional therapy, is recommended for the 
treatment of life-threatening ventricular arrhythmias that fail to respond to ad
equate doses of a first-line antiarrhythmic drug. Ventricular fibrillation that fails 
to respond to repeated DC countershocks may respond to the combination of 
bretylium tosylate and countershock. It acts directly on the myocardium and on 
adrenergic nerve transmission. Severe hypotension may result from its blocking ef
fects on the sympathetic nervous system. See Table 6 for other class III antiar
rhythmic drugs. 

d) Class IV Antiarrhythmic Drugs 

Verapamil is useful in the treatment of supraventricular arrhythmias. Consult 
Table 6 for other class IV antiarrhythmic drugs. 
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II. Electric Methods 

1. Direct Current Cardioversion 

Direct current cardioversion is most effective against arrhythmias caused by con
tinuous reentry, such as atrial flutter, atrial fibrillation, paroxysmal supraventricu
lar tachycardia, ventricular tachycardia, or ventricular fibrillation. It must be indi
vidualized to meet the needs of each patient. It is especially indicated for rapid 
tachyarrhythmias that cause shock, cardiac pain, hypotension, failure, or other he
modynamic embarrassment. It is effective for treating atrial fibrillation of recent 
onset that does not convert following medical treatment and control of the under
lying cause. Many cardiac arrhythmias will respond to an initial shock of 25 J Is. 
If not, a repeat shock with higher dosage may succeed. Cardioversion is ordinarily 
not indicated in digitalis-induced arrhythmias, but at times may be necessary to 
convert life-threatening paroxysmal atrial tachycardia with blocked sinus rhythm 
when potassium, procainamide, or other medications have failed. The response of 
ventricular fibrillation to immediate unsynchronized electric conversion with a full 
dose of 400 J is surprisingly good in most patients except for those in heart failure 
or cardiogenic shock. 

2. Pacing 

a) Temporary 

When medical measures fail to convert an acute arrhythmia, temporary cardiac 
pacing may be necessary to override supraventricular and ventricular arrhythmias 
or arrhythmias associated with the Wolff-Parkins on-White syndrome. Temporary 
transvenous catheter pacing may be necessary in patients with acute myocardial in
farction complicated with atrioventricular block, bundle branch block, symptom
atic sinus bradycardia, or excessive ventricular irritability. Careful electrocardio
graphic monitoring and a trial of temporary pacing may also be necessary in 
patients with symptomatic sinus node malfunction before permanent pacemakers 
are installed. Many forms of recurrent sustained ventricular tachycardias can now 
be terminated by programmed ventricular simulation. 

b) Permanent 

Permanent cardiac pacing may be indicated in elderly patients with intermittent, 
acquired, or complete atrioventricular heart block, symptomatic bradycardia due 
to sick sinus syndrome, or atrial fibrillation with slow ventricular rate. 

Transvenous endocardial pacing is the method of choice whenever permanent 
pacing is necessary. This method avoids thoracotomy, general anesthesia and car
ries only a small operative mortality. Noncompetitive demand pacemakers are 
preferable to the older fixed rate units. These avoid competitive rhythms and the 
potential hazards of ventricular fibrillation. A wide variety of noncompetitive de
mand pacemakers are now available which will ordinarily not be polarized when 
the intrinsic beats occur at normal rates. Competition from ventricular premature 
contractions in patients with pacemakers that have externally adjustable cardiac 
rates can be suppressed either by increasing the pacing rates noninvasively or by 
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administering antiarrhythmic drugs. More recently, permanent pacing-activated 
radiofrequency ventricular pacemakers have become available for the self-termina
tion of recurrent ventricular tachycardias refractory to medical management 
(RUSKIN et al. 1980). 
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Heart Block 

A. E. T A.MMARO 

A. Introduction 

This chapter deals with the problems of main geriatric interest which arise from 
the presence of sinoatrial, atrioventricular, and intraventricular blocks. The heart 
block develops mainly in elderly subjects and its incidence increases progressively 
with increasing age. However, this is not the only reason the heart block deserves 
particular attention from a geriatric point of view. As age advances, conduction 
disorders vary etiologically, pathologically, and clinically. They have therefore 
been indicated by MICHEL (1975) as ranking among the most topical problems of 
geriatric cardiology together with unstable angina. 

B. Prevalence 

The prevalence of conduction disorders in young and adult subjects as well as 
among elderly in- and outpatients is reported in Tables 1-3. 

With regard to young and adult people (Table 1) it should be pointed out that 
the minimum admission age was 40 and 45 years respectively in the reports ofSmG
MAN-IGRA et al. (1978) and YANO et al. (1975). This may account for the relatively 
high incidence of conduction disturbances in comparison with the other studies. 

With ageing a distinct and progressive increase in conduction disturbances 
takes place. Incidence, in fact, has been shown to be appreciably higher in the aged 

Table 1. Prevalence of conduction disturbances in young and adult people 

Report JOHNSON SIEGMAN-IGRA YANoetal. ROTMAN and 
et al. (1960) et al. (1978) (1975) TRIEBWASSER (1975) 

N 67,375 4,706 6,217 237,000 
AVB1 
AVB2 
AVB3 
RBBB 0.16 

} 
0.16 

LBBB 0.02 0.05 
LAH 2.16 1.30 
RBBB+LAH 

All values are expressed as percentages. A VB 1, A VB 2, and A VB 3: first, second, and third 
degree atrioventricular block; RBBB: right bundle branch block; LBBB: left bundle branch 
block; LAH: left anterior hemiblock 
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Table 2. Prevalence of conduction disturbances in old people at home 

Report OST- EDMANDS KENNEDY KITCHIN CAMPBELL SIEGMAN-
RANDER (1966) and et al. et al. IGRA 
et al. (1965) CAIRD (1973) (1974) et al. 

(1972) (1978) 

N 603 1,560 400 482 2,254 408 
Age Over 60 Over 52 Over 65 Over 62 Over 65 Over 60 
AVB1 0.9 
AVR2 1 a 

AVB3 
RBBB 2.0 2.0 3.5 2.3 1.9 

} 4n 
LBBB 1.7 1.4 2.5 0.6 1.4 
LAH 1.6 
RBBB+LAH 0.7 

Values are expressed as percentages. A VB 1, A VB 2, and A VB 3: first, second, and third 
degree atrioventricular block; RBBB: right bundle branch block; LBBB: left bundle branch 
block; LAH: left anterior hemiblock. 
a One case in 2,254 

Table 3. Prevalence of conduction disturbances in old institutionalized people 

Report MIHALICK LUISADA TAMMARO LOEB and BEGGIATO SULLO 
and (1977) (1977) MORIN and PRATIS et al. 
FISCH (1977) (1978) (1978) (1979) 

N 671 455 1,792 429 1,660 516 
Age Over 70 Over 65 Over 60 Over 60 Over 60 Over 70 
AVB 1 10.0 25.0 2.33 8.5 
AVB2 2.55 1.16 
AVB3 0.9 0.23 0.38 
RBBB 7.1 10.5 4.4 13.5 
LBBB 4.9 7.7 4.7 4.66 
LAH 11.0 27.5 8.48 6.6 21.7 
RBBB+LAH 0.5 9.0 2.29 2.1 7.55 
LPH 0.6 0.8 0.58 
RBBB+LPH 0.2 
SAB 0.47 0.58 

All values are expressed as percentages. A VB 1, A VB 2, and A VB 3: first, second, and third 
degree atrioventricular block; RBBB: right bundle branch block; LBBB: left bundle branch 
block; LAH: left anterior hemiblock; LPH: left posterior hemiblock; SAB: sinoatrial block 

at home (Table 2) and even higher in hospitalized elderly patients (Table 3). The 
lower prevalence found in the former group of subjects may be explained, at least 
in part, by the fact that these undoubtedly constitute the healthier part of the aged 
population, even though there is no binding relationship between conduction dis
orders and presence of heart disease. Furthermore, in the case of geriatric patiens 
the subjects' age may affect the results of such surveys and account for the differ
ences. It has been observed that by classifying elderly people according to age the 
prevalence of conduction disturbances increases considerably as age advances 
(CAMPBELL et al. 1974; MIHALICK and FISCH 1974; TAMMARO 1977; BEGGIATO and 
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FRATIS 1978; SULLO et al. 1979). This trend has proved to be statistically significant 
(BEGGIATO and PRATIS 1978). 

These data demonstrate that left anterior hemiblock is the most frequent con
duction disorder in elderly subjects, while the difference in incidence between right 
and left bundle branch block tends to decrease and even completely disappear. The 
prevalence of sinoatrial block proves to be low and also in agreement with the per
centage (0.33%) reported by PUECH et al. (1970). However these authors, who car
ried out a study on 1185 hospitalized subjects aged 70 years and over, found a con
siderably higher percentage of advanced second degree and third degree atrioven
tricular blocks (9.45%). This incidence is also clearly higher than that reported by 
SHAW and ERAUT (1970), who observed an incidence of 1%0 in patients aged over 
75 years and less than 0.5%0 in subjects aged between 65 and 75. In most studies 
higher incidence in the male sex was observed. 

C. Pathology and Common Causes 

I. Sinoatrial Block 

The pathological aspecs of this conduction disorder have been poorly investigated. 
The available reports agree in indicating that sinoatrial block may very seldom be 
the consequence of an occlusion of the sinus node artery. It has also been reported 
that in very few cases the sinus node artery might present a form of fibromuscular 
dysplasia associated with a marked reduction in the arterial lumen and followed 
by death due to cardiac arrest (JAMES and MARSHALL 1976). The most frequent 
finding is represented by a considerable reduction in the muscular and P cells as
sociated with fibrosis and fibroelastosis, and also occasionally with interruption of 
internodal tracts. More rarely either amyloid or fatty infiltration has been found 
(BALSAVER et al. 1967; WAREMBOURG et al. 1974; DAVIES 1976; BALDI et al. 1977; 
DEMOULIN and KULBERTUS 1978). Changes in the atrioventricular node, in the His
Purkinje system, and in the common myocardium are also observable quite fre
quently. The occurrence of sinoatrial block may also be associated with an increase 
in the vagal tone. This is not uncommon in the elderly because of carotid sinus hy
persensitivity (DIGHTON 1975; PFISTERER et al. 1977). 

II. Atrioventricular Block 

The lesions resulting in chronic atrioventricular block are only occasionally found 
either in the atrioventricular node or in the proximal parts of His's bundle. This 
localization was observed in 13% of subjects by DAVIES (1976) and in 2 out of 
59 subjects by SUGIURA et al. (1975), while in most cases the lesions are found in 
either the branching portion of the bundle or in the bundle branches: 17.5% and 
49.1 % (DAVIES 1976). The latter two localizations were found in about 90% of the 
patients studied by HARRIS et al. (1969). 

The lesion found most frequently is a bilateral idiopathic fibrosis of the conduc
tion tissue with loss of specific fibers and without marked myocardial or vascular 
involvement. Two hypotheses have been put forward to explain how this damage 
may occur. According to LEV (1964), it is caused by an enhanced fibrocalcific in-
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filtration usually developing in advanced age in the central fibrous body, in the val
vular rings, and in the membranous and upper muscular portion of the interven
tricular septum. LEV named this process "sclerosis of the left side of the cardiac 
skeleton". Conduction tissue fibrosis is believed to set in as a result of its compres
sion against the hardened structures of the left side of the cardiac skeleton. Lev's 
disease may be responsible for complete atrioventricular block with narrow QRS 
complexes on the ECG, as expression of the proximal localization of the patholog
ical lesions. 

However, this hypothesis accounts for only a small number ofthe blocks occur
ring in the elderly. Conduction system fibrosis is more often to be ascribed to a 
primitive degenerative process which affects especially the middle and distal region 
of the branches and is called Lenegre's disease from the name of the reporting 
author (1964). The localization differences are not always evident and a clear dis
tinction between these forms is therefore not always possible. 

Ischemia was responsible for heart block in 16.8% of the cases reported by 
DAVIES (1976). Conduction disturbances usually occur as a consequence of an
teroseptal infarction, but more seldomly as a consequence of inferior necroses. The 
role played by coronary arteriosclerosis in the genesis of chronic atrioventricular 
blocks is generally considered as unimportant (PUECH et al. 1970; DAVIES 1976; 
KENNEL et al. 1973; DEEG and SCHNEIDER 1977). By contrast, OKADA and FUKUDA 
(1978) regarded coronary arteriosclerosis and primitive fibrosis of the conduction 
tissue as the principal causes of heart block in the elderly, while in young and adult 
subjects collagenosis, myocarditis, and ischemia are believed by these authors to 
be involved more frequently. 

The heart blocks developing in the acute phase of the myocardial infarction are 
not characterized by any peculiar geriatric aspect. Among infarcted patients the av
erage age has been found to be higher in those exhibiting conduction disturbances 
(DE PASQUALE and BRUNO 1976). Recently in a group of patients aged over 70 years 
and admitted to a coronary care unit, it was observed that all conduction disorders, 
except complete atrioventricular block, were more frequent among those with 
myocardial infarction (BERMAN 1979). 

In patients aged over 80 the number of pacemaker implantations and the sum 
of atrioventricular blocks resulted significantly higher in the subgroup with the 
lower values of HDL-cholesterol, which is generally regarded as negative risk in
dicator for atherosclerosis but in this group failed to show relationships with his
tory or ECG signs of ischemic heart disease, premature beats, right and left bundle 
branch block (SCHNEIDER et al. 1980). 

The transient occurrence of complete heart block and other conduction disor
ders, primarily left anterior hemiblock, was also observed in the course of Prinz
metal's angina (BoTn 1966; PELLEGRINO and PRENCIPE 1974; LEVI et al. 1979). 
These transient conduction disorders deserve particular attention since in the elder
ly, Prinzmetal's angina is not at all rare and its clinical picture is even more difficult 
to evaluate than in the adult. 

The common His's bundle may also be damaged by calcific infiltration usually 
originating from the mitral valvular ring. Calcification of this structure is a quite 
frequent finding (about 10% of cases) in elderly subjects. Unlike calcification of 
the aortic ring, it appears to be significantly associated with ageing (SUGIURA et al. 
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1976; POMERANCE et al. 1978; KRONZON and GLASSMAN 1978). Calcification of the 
mitralic ring is particularly frequent in the presence of obstructive hypertrophic 
cardiomyopathy in elderly patients (66% of cases) while it is rather rare in the 
young and in the adult (14%, KRONZON and GLASSMAN 1978). On the other hand, 
conduction disturbances are rather frequent in hypertrophic and congestive car
diomyopathy, particularly in subjects of very advanced age (W AISSER et al. 1975; 
HESS et al. 1977; KUHN et al. 1978; PROBST et al. 1979; CAMERINI et al. 1980). In 
this connection it should be stressed that in the last few years it has been repeatedly 
reported that these forms in elderly people are more frequent than is generally be
lieved (HIMBERT et al. 1972; WAISSER et al. 1975; HAMBY and AINTABLIAN 1976; 
KRASNOW and STEIN 1978; TARQUINII et al. 1978; BERGER et al. 1979). 

Amyloidosis is thought to cause conduction disturbances by some investigators 
(BRIDGEN 1964; BUJA et al. 1970; MISSMAHL 1971). However, this relationship was 
not confirmed in a successive clinicopathological study (HODKINSON and POMER
ANCE 1977). 

Conduction disorders are frequently encountered among subjects with alco
holic cardiomyopathy; the most frequent forms are represented by first degree 
atrioventricular block and bundle branch blocks (BURSTIN and PIZA 1967; 
MOSSLACHER et al. 1969; PARKER 1974; BASHOUR et al. 1976). The "pure" form of 
alcoholic cardiomyopathy is rare in the elderly owing to frequent coexistence of ar
teriosclerotic damage. However, in old patients it may be possible that alcoholism 
represents a contributory cause of conduction disorders. 

The atrial septum defect, which is not uncommonly found in advanced age, is 
often associated with heart block (RODSTEIN 1977; THORMANN et al. 1979). 

Among general diseases with clinical pictures which quite frequently include 
conduction disturbances, diabetes mellitus, and some collagen disease such as 
scleroderma and giant cell arteritis are most often encountered in old age. Dromo
tropic disturbances, and in particular those localized at the intraventricular level, 
are also found in a high percentage of old patients with chronic obstructive pulmo
nary disease (LEVINE and KLEIN 1976). 

Familial forms of heart block have not been considered to be of geriatric inter
est, but recent investigation has pointed out that these forms not uncommonly be
come clinically evident in late adult or even in advanced age and progress further 
in following years (SCHNEIDER et al. 1978; KIRIYAMA et al. 1979; STEPHAN 1979). 

Transient conduction disorders, up to complete heart block, were also observed 
in the presence of hyperkalemia (PuNJA et al. 1973; FAZZINI et al. 1974; MONSAL
LIER et al. 1976; SHAPIRO 1979). Hyperkalemia may appear more readily in elderly 
subjects as a consequence of either renal insufficiency or abuse of potassium spar
ing drugs, the pharmacological effects of which elderly people are more responsive 
to. 

Elderly subjects, and in particular those suffering from conduction distur
bances, are more prone to develop even severe forms of heart block of iatrogenic 
origin. Among the drugs which may be dangerous in this respect, in addition to 
digitalis and antiarrhythmic agents characterized by a marked negative dromotro
pic effect, an important role is played by phenothiazines and tricyclic antide
pressant agents, which are widely used in the geriatric field (RODSTEIN 1977; KAN
TOR et al. 1978; RODSTEIN and OEI 1979). 
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ill. Intraventricular Block 

The pathological and etiological considerations contained in the previous para
graph are also appropriate for the intraventricular blocks. Rather disappointing 
results have been obtained from anatomoelectrocardiographic correlations. Elec
trocardiographic patterns oflocalized conduction disorders, such as bundle branch 
blocks and fascicular blocks, are almost always associated with a widespread in
volvement of the conduction system (DEMOULIN and KULBERTUS 1972; ROSSI 
1976). It has been observed, however, that damage of His's bundle may result in 
electrocardiographic patterns of localized block (FABREGAS et al. 1976). On the 
other hand, severe histopathological alterations of the left bundle branch have 
been found in subjects showing no electrocardiographic abnormalities (ROSSI 
1964). The electrocardiographic pattern of right bundle branch block associated 
with left anterior hemiblock in an elderly subject without evidence of heart disease 
usually suggests the presence of Lev's disease. These forms are generally character
ized by a favorable prognosis and only seldomly progress to complete heart block. 
On the other hand, occurrence of monofascicular block accompanied by a rather 
rapid progression to a bifascicular block in subjects of late adult or senile age 
without signs of heart disease suggests the presence of Lenegre's disease and should 
be regarded as a forewarning sign of complete heart block (ROSENBAUM et al. 1970). 

Ischemic heart disease was present in 41 % of patients with left anterior hemi
block (ROSENBAUM et al. 1970) and in 23% of patients with bifascicular blocks 
(KULBERTUS et al. 1978). Therefore it plays an important role in the genesis of these 
conduction disorders. However, the significance of such a causal relationship 
should not be overemphasized, as ischemic heart disease per se is present in a high 
percentage of elderly subjects. 

Transient left anterior hemiblock may appear either in the presence of acute 
myocardial ischemia or even during an exercise test (KULBERTUS and HUMBLET 
1972; HEGGE et al. 1973). In these cases the conduction disorder may be due either 
to a reduction in the blood supply to the left anterior fasciculus or to diffuse isch
emia of the left anterior wall with consequent delay in the activation of this region 
(CASTELLANOS and MYERBURG 1976). 

Left anterior hemib10ck and bifascicular blocks are often associated with the 
presence of arterial hypertension: 53.9% and 52.0% respectively in the case reports 
of ROSENBAUM et al. (1970) and KULBERTUS et al. (1978). There is therefore no 
doubt that an etiological relationship exists between hypertension and intraven
tricular blocks, even though its underlying mechanisms are not completely clear 
(ROSENBAUM et al. 1970). 

D. General Clinical Aspects 

I. Sinoatrial Block 

With regard to the electrocardiographic patterns of sinoatrial block, there are no 
significant differences between adults and the elderly. In the latter the block is often 
transient and secondary to carotid sinus hypersensitivity. Particularly in the pres-
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ence of sinus bradycardia, the occurrence of a sinoatrial block is suggestive of 
marked sinus node dysfunction, which, from a functional point of view, results in 
an increase in the sinus node recovery time and in the sinoatrial conduction time. 
In one- to two-thirds of cases (BENSAID et al. 1973), sinoatrial block is associated 
with tachycardia, atrial flutter, or atrial fibrillation, thus giving rise to the so-called 
sick sinus syndrome. 

In recent investigations it has been observed that in a high percentage of sub
jects with sinoatrial block, atrioventricular and intraventricular conduction distur
bances are also present (Pop et al. 1977; BALDI et al. 1977; SANTINI et al. 1976; 
MORET et al. 1979). 

II. Atrioventricular Block 

Isolated first degree atrioventricular block becomes progressively more frequent 
with advancing age and is usually well tolerated by old subjects because it does not 
affect hemodynamics. Furthermore no significant correlations were demonstrated 
with the presence of heart disease (MIHALICK and FISCH 1977). 

Second degree atrioventricular blocks are of importance in the elderly mainly 
in view of their hemodynamic consequences and also because they may progress 
to complete heart block. Mobitz type I block (Wenckebach) is generally suggestive 
of conduction impairment at proximal level (NARULA et al. 1971; BAROLD and 
FRIEDBERG 1974), even though a distal lesion cannot be ruled out (WAXMAN and 
CASTELLANOS 1979). However, these authors share the opinion that Mobitz type II 
block is indicative of damage localized in the distal part of the conduction system 
and is therefore more prone to progress to complete heart block. With the excep
tion of those accompanied by marked bradycardia, second degree atrioventricular 
blocks are generally well tolerated by old patients (FRANKE et al. 1976). 

Old people are much more sensitive to the hemodynamic consequences of com
plete heart block than the young and adults. Subsidiary pacemakers show difficul
ties in initiating the heartbeat and low frequency discharge rate so that asystole and 
marked bradycardia occur more easily. Moreover, as localized or generalized 
blood flow deficits frequently coexist, even a short-lasting bradycardia can give rise 
to the low output syndrome and above all to cerebral symptoms. 

The occurrence of such symptoms in an old subject with atrial fibrillation 
should always lead to the suspicion of complete heart block. The presence ofR-R 
intervals of longer than 1,300 ms on the surface electrocardiogram, especially if 
they occur fairly constantly, is strongly suggestive of partial heart block, which 
may easily become complete (SODERSTROM 1958). Furthermore, the association of 
complete heart block and atrial flutter or fibrillation is accompanied by a signifi
cant increase in the incidence of systemic embolism (FAIRFAX et al. 1976), which 
is usually rare in subjects with heart block alone (REED et al. 1973). 

ill. Intraventricular Block 

The fundamental investigations carried out by ROSENBAUM et al. (1970) significant
ly contributed to the establishment of the diagnostic criteria and to the clarification 
of some clinical aspects of the intraventricular conduction disturbances in relation 
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Fig. I. Electrocardiographic tracing of left anterior hemiblock. Note the following patterns: 
(1) QRS axis over -45° (in this case, - 60°), (2) QI-S3 pattern, and (3) appearance time 
of the intrinsicoid deflection in a VL is more than 45 ms and is more delayed than in V 5 and 
V6. Moreover, a thickened terminal positivity in aVR and deep S waves in V5 and V6 are 
present. (TAMMARO and FORIN 1977) 

• I 

, ---v-v- --t'---- --10--.1..r'- -V- . ' ;--y--.;-
D, 02 0, .VI .VL HF ' 

Fig.2. Electrocardiographic tracing of left anterior hemiblock and right bundle branch 
block. Note the presence of the typical ECG pattern of left anterior hemiblock associated 
with evidence of right bundle branch block. (TAMMARO and FORIN 1977) 

to the trifascicular nature of the His-Purkinje system (see Chap. 2). As a result, the 
concept of monofascicular (right bundle branch block, isolated left anterior, or 
posterior hemiblock), bifascicular (left bundle branch block, right bundle branch 
block associated with either left anterior or left posterior hemiblock), and tri
fascicular block (right bundle branch block associated with both left anterior and 
left posterior hemiblock) was introduced. 

The electrocardiographic criteria for the diagnosis of these blocks in the elderly 
do not differ from the conventional ones established by ROSENBAUM et al. (1970). 
Figures 1 and 2 show the tracings ofleft anterior hemiblock isolated and associated 
with right bundle branch block, which are often found in elderly patients. The di
agnosis of left posterior hemiblock is based on the presence of an electrical QRS 
axis of about + 120°, with SI-Q3 pattern and QRS complexes of normal duration 
in the absence of right ventricular hypertrophy, vertical heart, or a large lateral in
farction. It appears clear from this that the diagnosis of left posterior hemiblock 
is not based on purely electrocardiographic criteria but is the result of clinicoelec
trocardiographic considerations. 

It has been shown that left anterior hemiblock may mask either signs of myo
cardial ischemia (VOLPE 1978), inferior and anteroseptal myocardial infarction 
(CRISTAL et al. 1975; ALTIERI and SCHAAL 1973; HORWITZ and MEDRANO 1976), or 
simulate the presence of anteroseptal infarction (FARNHAM and SHAH 1976). In 
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doubtful cases a careful evaluation of signs and symptoms as well as more thor
ough instrumental investigations are needed. 

The presence of a left bundle branch block and, according to some investi
gators, left anterior hemiblock may lead to an increase in the preejection period 
and in the preejection/ejection period ratio, which could be wrongly attributed to 
reduced myocardial contractility and considered as a polycardiographic index of 
reduced cardiac performance (BRODER and POLANSKY 1971; MORAGREGA et al. 
1976; BORRONI et al. 1977; LUISADA 1977). Such possible interference should be 
kept in mind since the systolic time intervals are receiving increasing attention as 
reliable noninvasive indices of myocardial functionality. 

Recent studies carried out on patient materials consisting either exclusively (IN
OHUE et al. 1979) or prevalently (WYSE et al. 1979) of elderly subjects have con
firmed that intraventricular conduction disturbances are often associated with si
noatrial node dysfunction. In patients with intraventricular blocks the incidence of 
ventricular extrasystoles has also been found to be significantly higher than in sub
jects with normal conduction. The highest incidence of ventricular extrasystoles 
has been observed in subjects with bifascicular blocks (WATANABE et al. 1973). 

E. Symptomatology 

The clinical manifestations of heart block are due either to marked bradycardia 
with consequent reduction of cardiac output or to ventricular asystole resulting in 
syncopal attacks of the kind of the Morgagni-Adams-Stokes syndrome (MAS at
tacks). In both cases the symptoms of cerebral origin are predominant. In the for
mer case transient and partial alterations in the level of consciousness, as well as 
dizziness, general weakness, visual impairment, unsteadiness of gait, and pares
thesias may develop. MAS attacks represented the most frequent cause of hospi
talization for old patients with advanced heart block (86.6%) as described by 
PuECH et al. (1970). 

These attacks are characterized by sudden and transient loss of consciousness 
(syncope) without warning signs, with diffuse pallor and quick return to conscious
ness (within 30 s), occasionally accompanied by flushing due to the dilatation of 
peripheral skin vessels on resumption of cardiac activity. These clinical signs are 
of diagnostic value (SIDDONS 1976). The pulse is extremely slow or even imperceiv
able, the blood pressure falls, the heart sounds are absent, and mydriasis may be 
present. In the elderly the clinical picture of MAS attack is characterized by a 
marked polymorphism and is often atypical (BERNARDI et al. 1977). 

In elderly patients this syndrome usually develops in the presence of sinoatrial 
block, second degree type Mobitz II atrioventricular block with high atrioventricu
lar ratio, complete heart block, and more seldomly as a consequence of supraven
tricular or ventricular tachyarrhythmias leading to cerebral ischemia. Ventricular 
tachycardia gives rise to MAS syndrome in 10%-25% of patients with heart block 
(HARRIS 1976). 

These clinical manifestations are of particular interest in geriatrics for two rea
sons: firstly because the underlying conditions are particularly frequent in old 
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people, and secondly because the extracardiac conditions capable of producing 
consciousness disorders and other symptoms which may be wrongly attributed to 
heart block frequently occur in old age. 

F. Diagnosis 

I. General Diagnostic Aspects 

In the presence of such symptomatology a careful clinical evaluation is needed. A 
careful clinical history should first of all elucidate the circumstances in which the 
attack has appeared and ascertain whether there may have been any precipitating 
factors, such as posture changes, head or neck movements, carotis sinus pressure, 
or forewarning manifestations such as dizziness, visual disturbances, nausea, pal
lor and hyperventilation. 

The general physical examination is usually not of great help in diagnosing this 
syndrome and further investigations are needed. Identification of a cardiac cause 
is essential at all ages, but the evaluation of the possible existence of a conduction 
disorder, whether manifest or latent, is imperative in the elderly. Conduction dis
orders and precocious or complex ventricular ectopias may be revealed by the base
line electrocardiogram. If the tracing is not diagnostic, continuous heart monitor
ing is indicated. This technique has been reported to be of great help in old subjects 
with symptoms attributable to reduction or arrest of cerebral blood flow (LEVIN 
1976; GORDON 1978). Electrocardiography of His's bundle has also been of consid
erable diagnostic help in old subjects with syncopal attacks and no evidence of se
vere conduction disturbances (JEDYNAK and LANFRANCHI 1979). 

As stated by SIDDONS (1976) about a third of patients with complete heart block 
present no syncope, while an extreme bradycardia (below 40 beats/min) may lead 
to the so-called low-output syndrome with signs of cerebral ischemia, physical 
weakness, and cardiac and/or renal failure; these were observed in 21.4% of the 
patients studied by PUECH et al. (1970). 

Besides acute and transient manifestations, the consequences of chronic heart 
block with stable reduction in heart output should also be taken into consideration. 
Even in this case the most important clinical manifestations are represented by the 
signs and symptoms of cerebral ischemia. Symptoms of chronic encephalopathy, 
such as inanition, irritability, mental confusion, drowsiness, loss of recent memory, 
and weight loss were observed in some patients with chronic heart block (DALESSIO 
et al. 1965). All of these patients were aged more than 70 years and had been suf
fering from heart block for over 3 months. Isoproterenol administration was fol
lowed by an increase in heart rate with no modification in the cerebral symptoms, 
which markedly improved only after an artificial pacemaker was implanted. PUECH 
et al. (1970) found signs of ischemic encephalopathy in 13.4% of their patients, 
aged more than 70 years, with chronic heart block. The symptomatology subsided 
either partially or completely following acceleration of cardiac rate, which in the 
majority of the cases was obtained by heart pacing. As the treatment of chronic 
encephalopathy in the elderly is nearly always disappointing, the identification of 
a causative factor as heart block to which a more effective therapy could be applied 
is of great importance. 
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II. Differential Diagnosis of Syncope 

The forms of syncope occurring more frequently in advanced age and thus requir
ing differentiation from the MAS attack are sinocarotid, cough, and micturition 
syncopes. 

Sinocarotid syncope is typical for elderly subjects, especially if heart disease 
coexists (HERON et al. 1965). Its higher incidence in old age is to be attributed to 
the increased reactivity of the carotid sinus and is elicited by mechanic stimulation 
of the sinocarotid area, which may be followed by marked bradycardia, asystole, 
and peripheral vasodilation. Loss of consciousness occurs only in about a third of 
the cases. Other symptoms are vertigo, mental confusion, and focal neurological 
signs (MANKIKAR and CLARKI975; JOHNSON 1976; WOLLNER and SPALDING 1978). 
The nature of the syncope is confirmed by a marked bradycardic response to the 
sinocarotid area massage. In elderly subjects this maneuver should be performed 
very cautiously and only on one side of the neck (SMIDDY et al. 1972). With this 
caution the maneuver has proved not to be dangerous even on very old subjects 
(MANKIKAR and CLARK 1975). The treatment consists of administration of atro
pine and, in refractory cases, of carotid sinus denervation. 

Cough syncope results in a transient loss of consciousness after prolonged or 
violent coughing attacks. In less severe cases the symptomatology is limited to ver
tigo and mental cloudiness. This kind of syndrome is attributed to two mech
anisms: (1) to a reduction in the venous return to the heart secondary to the in
creased intrathoracic pressure and (2) to a baroceptor reflex caused by pressor 
stimulation originating in the thoracic aorta and transmitted to sinocarotid reflex
ogenic areas with resultant blood pressure fall (JOHNSON 1976; WOLLNER and 
SPALDING 1978). 

With regards to micturition syndrome, its geriatric significance is controversial. 
According to JOHNSON (1976) this form of syncope is more frequent in young and 
adult people, while SOLINAS and NOTARISTEFANO (1977) are of the opposite opin
ion. If it occurs at the beginning of the micturition and particularly when this is 
forced because of prostatic enlargement, it may be attributed to a mechanism such 
as that of the Valsalva maneuver, based on an increase in the intrathoracic pres
sure. Another mechanism consists of a sudden cessation of the peripheral vasocon
striction reflex starting from the distended bladder (DONKER et al. 1972; DEBARGE 
et al. 1974; WOLLNER and SPALDING 1978). Upright posture after prolonged bed 
rest, a high room temperature, and alcohol ingestion are precipitating factors for 
the occurrence of syncope. 

When investigating the causes of syncope it should not be overlooked that a 
wide variety of drugs used in geriatric practice may be involved in its development, 
such as vasodilators, antihypertensives, quinidine, and quinidine-like agents, 
prenylamine, phenothiazines, and tricyclic antidepressants. 

G. Prognosis 

Prognostic evaluation of the various forms of heart block in the aged is made dif
ficult by the frequent coexistence of organic heart disease. The latter often affects 
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the natural history of these patients regardless of the conduction disorder, thus be
ing of decisive importance for the subsequent course of the situation. 

In complete heart block, prognosis depends on whether the disorder is tolerated 
from a hemodynamic point of view and on the presence, if any, and the severity 
of symptoms. The best prognosis is observed in symptom-free patients with a heart 
rate exceeding 40 beats/min, which increases by at least 5 beats/min on exercise 
and in the presence of narrow QRS complexes on the surface electrocardiogram 
(SIDDONS 1976). According to the data reported by AMIKAM et al. (1976), patients 
with complete heart block and MAS attacks present a I-year mortality of 50% and 
a 5-year mortality of 75%. 

The sinoatrial block, if transient and not associated with marked bradycardia 
may be well tolerated by elderly patients. On establishing a prognosis for these 
patients, the frequent coexistence of atrioventricular and intraventricular conduc
tion disturbances, which may impair the effectiveness of a subsidiary pacemaker, 
should be taken into consideration. 

First degree atrioventricular blocks are well tolerated by the elderly and their 
presence is not associated with an increase in morbidity or mortality. 

With regards to second degree atrioventricular blocks, Mobitz type II block 
shows the worst prognosis because of frequent progression to complete heart block 
as a consequence of the distal localization of the underlying conduction tissue dam
age (EL SHERIF et al. 1976). 

Attempts aiming at the prognostic evaluation of patients with intraventricular 
blocks led to controversial results because of lack of uniformity of the case ma
terials and methods. The left axial deviation and the left anterior hemiblock per 
se have not proved to be associated with a higher mortality, morbidity, or pro
gression to complete heart block (BLACKBURN et al. 1967; CAIRD et al. 1974; YANO 
et al. 1975; MIHALICK and FISCH 1977; TAMMARO and FORIN 1977). The right and 
left bundle branch blocks have been shown to be associated with higher mortality 
(CAIRO et al. 1974). As far as right bundle branch block is concerned, other studies 
have demonstrated no significant association with increased incidence of heart dis
ease (EDMANDS 1966; MIHALICK and FISCH 1977), although a significant associ
ation has been shown among subjects with left bundle branch block. 

Bifascicular blocks, and in particular right bundle branch block associated with 
left anterior hemiblock, have been investigated from a prognostic point of view for 
their possible role as forerunner of complete heart block and hence as a possible 
indication for the preventive implantation of an artificial pacemaker. The evolu
tion of a bifascicular block toward complete heart block was demonstrated in a 
number of retrospective investigations and determined quantitatively in 9%, 
13.6%, and 21 % of the subjects followed up for 6.3,19, and 58 months respectively 
(WATT and PRUITT 1969; SCANLON et al. 1970; KULBERTUS 1973). More recent stud
ies based on the prospective follow-up of patients with bifascicular blocks indicate 
that this kind of progression was overestimated since lower percentages of evolu
tion toward complete heart block have been found: 2% during 34 months (KUL
BERTUS et al. 1978) and 11 % during 5 years (DmNGRA et al. 1979 a). 

These studies showed no significant progression differences among the various 
forms of bifascicular blocks. Among the subjects with bifascicular block a higher 
incidence of sudden death was observed (CmANG et al. 1970; DmNGRA et al. 
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1979 a). The prognostic value of either intermittent or incomplete intraventricular 
blocks depends mainly on their frequent appearance as forerunners of either stable 
or complete conduction disturbances. 

The presence of a bifascicular block should therefore not be regarded as an un
favorable prognostic sign, also in order not to arouse unjustified alarm in patients. 
The clinical and prognostic significance of such conduction disorders should be as
sessed by a careful examination of the general and cardiological condition of the 
patient. In this connection the occurrence of even slight and transient symptoms 
revealing bradycardia and asystole episodes, if any, is of great importance. The 
presence of organic heart disease has a definite prognostic importance since sub
jects with bifascicular block and organic heart disease showed a significantly higher 
incidence of spontaneous atrioventricular block as well as sudden and cardiovascu
lar mortality if compared with primary conduction disease patients (DmNGRA et 
al. 1979b). According to the results of a study carried out by the same group 
(DmNGRA et al. 1980) age per se cannot be regarded as determinant of risk of 
atrioventricular block or sudden death in patients with bifascicular block, with and 
without organic heart disease. Continuous heart monitoring and intracavitary elec
trocardiography may be of great help in clearing up either suspect or uncertain 
cases. Further improvement in the field of noninvasive recording techniques of the 
His potentials will be particularly useful for the elderly patient. 

H. Treatment 

I. Drug Treatment 

In the presence of MAS attacks, if syncope does not subside spontaneously, heart 
resuscitation maneuvers, such as external cardiac massage, are needed. If feasible, 
external heart pacing may be helpful. Drug treatment is based on the intravenous 
administration of isoprenaline or orciprenaline. Steroids have also proved to be ef
fective in some cases. If the attack is caused by sinoatrial block, which is often sec
ondary to parasympathetic hypertone, atropine is better indicated. In any case, the 
patients should be carefully checked for the possible side effects of these drugs, 
which are particularly frequent and marked among elderly subjects. 

In chronic heart block, acceleration of heart rate may be obtained in some cases 
with orciprenaline or sustained action isoprenaline. According to PUECH et al. 
(1970), medical treatment is justified only in the absence of syncope and with a fair
ly stable heart rate exceeding 35 beats/min. However, the effectiveness oflong-term 
medication is unpredictable and the results obtained have proved rather disap
pointing. 

II. Heart Pacing 

The implantation of a permanent pacemaker represents the only effective treat
ment of chronic heart block. In the last decade.this therapeutic measure has been 
applied to a progressively increasing percentage of elderly subjects. At present, at 
least 80% of the subjects undergoing heart pacing are aged more than 60 years, and 
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more than 90% in some reports. In the past 10 years a reduction in the percentage 
of pacemaker implantations for heart block has been observed, while among the 
paced persons the percentage of patients with heart failure and bradycardia as well 
as of those with sick sinus syndrome has shown an increase. 

In patients with either complete or advanced heart block, even though intermit
tent, presenting with symptoms such as MAS attacks, vertigo, and low-output syn
drome, the indication for pacing arises from the clinical criteria only. The presence 
of symptoms is an indication for pacing also in patients with sinoatrial block. 
When clinical signs of sinus node dysfunction are associated with changes in elec
trophysiological parameters of sinoatrial function and particularly in the case of 
prolonged sinus node recovery time symptoms are usually expected to appear 
within a short time and heart pacing is therefore indicated as a preventive measure. 

The results of electrophysiological studies and of prospective follow-up of 
patients with bifascicular block have provided useful information regarding the in
dications for prophylactic heart pacing aiming at preventing symptoms and im
proving survival and life quality in these patients. 

Heart pacing is indicated in symptomatic patients with prolonged H-V time on 
the His-bundle electrogram, even in the absence of documented heart block 
(SCHEINMANN et al. 1977; ALTSCHULER et al. 1979; NARULA and ALBONI 1979). This 
therapeutic measure is also indicated in asymptomatic patients with markedly pro
longed H-V time if the duration of the bifascicular block is greater than 3 years 
and/or the block is associated with first degree atrioventricular block (VERA et al. 
1976; HAFT 1977; DINI et al. 1978). Symptomatic patients without evidence of 
atrioventricular block and with normal electrophysiological parameters do not 
require prophylactic pacing (SCHEINMANN et al. 1977; NARULA and ALBONI 1979). 

Until the late 1960s pacemakers were implanted under general anesthesia by 
inserting an epicardial electrode either by thoracotomy or through an epigastric 
transdiaphragmatic approach. Since then these techniques have been replaced by 
the transvenous implantation of an endocardial electrode. The implantation is 
done under local anesthesia and usually entails introducing the catheter electrode 
through the cephalic vein at the level of the deltoid-pectoral triangle. In advanced 
age the cephalic vein may be not available as a consequence of thrombosis or 
sclerosis. In this case the external jugular, subclavian, or axillary veins may be used. 
The transvenous technique was also successfully adopted for the emergency pacing 
of patients over 75 years (BARTEccm 1979). The impulse generator is implanted 
subcutaneously in the anterior chest wall or in the axillary area. 

This technique has proved particularly advantageous for elderly patients, en
abling heart pacing to be applied even to patients of very advanced age because 
of reduced operative trauma, mortality, and complication rate (MATSUURA et al. 
1978; MUGICA and BOUVRAIN 1979). Moreover, an early postoperative mobiliza
tion is possible. The implantation of a ventricular endocardial electrode is the 
measure of choice even in patients with sinoatrial block, because of the frequent 
coexistence of impaired atrioventricular conduction and the technical and eco
nomical problems connected with the implantation of a bifocal pacemaker. 

Fixed-rate (asynchronous) pacemakers are at present used in very few cases. 
Fixed-rate pacing in a subject with only intermittent heart block may result in com
petition between conducted and artificial beats with a risk of dangerous arrhyth-



Heart Block 153 

mias. Use of demand (synchronous) pacemakers produces no risk of competition 
nor is spontaneous cardiac activity affected. Another advantage is that in this way 
the contribution of atrial systole to ventricular filling and cardiac output is main
tained. 

As reported in the past 10 years, complications occur in about a third of the 
patients. However, the complication rate has progressively and markedly de
creased in the last few years as a result of technical improvements. Complications 
usually do not compromise the results of the intervention and their management 
is not particularly difficult in elderly subjects. Failure of the pacing system with re
currence of symptoms is the most frequent complication. In most cases this takes 
place following the displacement of the intracavitary electrode, which usually oc
curs within the first few days after implantation. Even though displacement of the 
electrode involves its penetration into the ventricular wall or the pericardium, it is 
not usually dangerous for the patient. A correct implantation technique and the 
proper use of improved electrodes enabled the incidence of displacements to be re
duced (RETTIG et al. 1975; SIDDONS 1976). 

Other complications may occur at the implantation site of the pacemaker: in
fection, hematoma, and skin necroses. They are more frequent in the elderly be
cause of the thinness and lack of elasticity of the overlying tissue. However, in a 
fairly high percentage of cases these complications may be prevented by choosing 
carefully the implantation site and by a correct operative technique. 

The results of heart pacing may be expressed as effects on survival and clinical 
picture. The study of survival of paced subjects has shown that after the introduc
tion of heart pacing, life expectancy of these patients dramatically improves. The 
difference in survival between paced subjects and the general population matched 
for age and sex has shown a progressive reduction in the past few years. In a recent 
survey carried out on 427 patients who underwent heart pacing by transvenous en
docardial electrode implantation (72.3% were over 65 years and only 8.9% under 
55 years), it was shown that the survival differences with people of the same age 
and sex were negligible and not significant. Only women under 55 and men under 
64 showed a statistically significant lower survival rate (FITZGERALD et al. 1979). 
This difference may result from the frequent association of heart block and coro
nary artery disease which is observed in middle age (GINKS et al. 1978). Average 
life expectation was over 10 years for the paced subjects in the age class 65-74 years 
and about 5 years for those aged more than 75 years. 

A good rate of survival in elderly paced patients was also shown by surveys car
ried out in previous years (RETTIG et al. 1975; SIDDONS 1976; AMIKAM et al. 1976). 
In a group of patients aged more than 80 at the time of the pacemaker implanta
tion, a 5-year survival of 45% was reported (STRAUSS and BERMAN 1978). 

By comparing life expectancy of subjects over 70 with that of the whole group 
of paced patients, survival percentages of 90.0%, 82.1 %, 74.1 %, 67.2%, and 
58.3%, and of90.1 %,82.4%, 75.4%, 70.5%, and 66.7% after 1,2,3,4, and 5 years 
respectively were found. Lower survival of older subjects after 4 years is linked to 
the natural lower life expectancy in this age group (AMIKAM et al. 1976). 

Figure 3 shows the survival curve in a group of 139 patients over 80 years old 
paced for complete heart block as compared with the general population matched 
for age and sex. The life expectancy of the former corresponded to that of the latter 
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Fig.3. Survival of 139 paced patients 
over 80 years old as compared with 
the general population matched for 
age and sex. Solid line, survival curve 
of the general population; circles, 
survival of the patients; figures, 
number at risk. (SIDDONS 1976) 

without the greater mortality in the first year of pacing observed in other surveys 
(SIDDONS 1976). 

Furthermore, the clinical picture is favorably affected by heart pacing. MAS 
attacks subside completely and the signs of low-output syndrome markedly im
prove in a high percentage of cases. In very old patients the grade of arteriosclerotic 
involvement of cerebral, coronary, and peripheral arteries is such as to limit the 
improvement which may be obtained by regulating heart rate. The psychological 
adaptation to the new situation following pacemaker implantation was more than 
satisfactory among old patients (RODSTEIN et al. 1977). 

Methods for pacemaker control have considerably improved in the last few 
years, so that a correct and effective follow-up of these patients is now possible 
from this point of view as well. On the basis of all the above considerations it may 
therefore be stated that the implantation of an artificial pacemaker presents no 
particular difficulties in old age. The dramatic improvements in survival and in 
quality of life which follows this therapeutic measure is a very good reason for its 
widest application in the geriatric field. 
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The Arterial and Venous System * 

H. HAIMOVICI 

A. Introduction 

I. Epidemiology 

Epidemiology of vascular disorders in aging populations has focused almost exclu
sively on the arterial system. By contrast, the venous and lymphatic systems have 
received little or no attention as it is commonly assumed that they, especially the 
veins, undergo some nonspecific age-related changes consisting of increased tor
tuosity and phlebosclerosis. 

The few epidemiologic comments to follow will therefore be confined to the ar
terial system, which is known to undergo complex age- and metabolic-related 
changes. Although epidemiologic investigations deal primarily with atherosclero
sis of the coronary arteries, it is well documented that a relationship between ar
terial disease in any site is but one manifestation of a widespread disorder. 

The geographic distribution of arterial processes, especially as related to 
atherogenesis, has shown great variations in patterns throughout the world 
(STRONG et al. 1971). As one could have anticipated, with increasing lifespan, espe
cially in the Western world, the problem of vascular diseases with their multiple 
potential complications in the geriatric age group would be seen with greater 
frequency. 

The degree of severity of the vascular lesions encountered in various geographic 
areas is variable. Many factors, as is known today, determine the nature and degree 
of arterial lesions. Most important among them is the dietary factor. Thus, the low 
incidence of atherosclerosis in certain populations, such as China or Japan, is at
tributed to the possible role of the unsaturated fatty acids in their diet. However, 
it should be pointed out that the nature of arterial lesions in the Orient, especially 
in Japan, is not related exclusively to atherosclerosis. A large percentage of these 
lesions are of an inflammatory nature, some of which is attributed to thrombo
angiitis obliterans (Buerger's disease) or Takayasu's disease. That diet may never
theless playa role is exemplified by an increased incidence of atherosclerosis in the 
Japanese living in Hawaii and in the United States due to the high content of fat 
in the diet. 

Many other similar examples of the roles of diet and geographic influence are 
well known through the findings of the International Atherosclerosis Project 
(STAMLER et al. 1971). Their data brought into focus the relative value of risk 
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factors involved in the genesis of arterial diseases. The changing socioeconomic 
conditions prevailing throughout the world have shown an increasing frequency of 
dietary risk factors related to the development of atherosclerosis in some geo
graphic regions where previously such disorders were infrequent or unknown. 

Age-related vascular changes may be functional or organic (KoHN 1977). Func
tional changes are reflected in the loss of elastic properties of arteries leading to 
their rigidity. Increasing stiffness has been demonstrated in iliac arteries by increas
ing resistance to both longitudinal and circumferential stretch (ROACH and BUR
TON 1959). The age-related stiffness impairs pulsatile flow throughout the arterial 
system and thereby increases the load to the left ventricle. In spite of age-related 
changes in elastic properties, no correlation was found between the degree of 
atherosclerosis and loss of vessel compliance. Thus, these two processes may coex
ist but are not pathogenetically dependent. 

Peripheral resistance increases with age, and inversely blood flow decreases. 
The latter change is, however, not present throughout the entire vascular tree. 
Thus, skeletal-muscle blood flow changes are only minimal in the absence of 
atherosclerosis. By contrast, perfusion, especially of digits or hand and foot, may 
be decreased significantly. 

Organic changes consist of morphologic-age-related alterations, exclusive of 
atherosclerosis. The stiffness and dilatation of arteries are due to decreasing elastin 
and smooth muscle and progressive increase of collagen. 

While atherosclerosis is more prevalent in older people, the pathogenesis of this 
process, is not always age related since it is not a universal phenomenon. As is well 
known today, many other factors underlie its development. Thus the basic mor
phologic-biochemical aging processes of the arteries do not necessarily lead to 
atherosclerosis. Their coexistence depends largely on different pathogenetic mech
anisms. 

II. Current Clinical Concepts 

In the past 3 decades, great strides have been made in the diagnosis and manage
ment of vascular diseases in general. The awareness of such disorders being more 
common in the aging population has led to their earlier recognition and treatment. 
The newer noninvasive diagnostic modalities, along with the wider use of angiogra
phy, have led to a better understanding and treatment of these conditions. 

This chapter will deal with the most common vascular disorders encountered 
in the geriatric patient. They will be confined to the following topics: occlusive ar
terial diseases, aneurysms, and acute venous thromboembolism. 

B. Occlusive Arterial Diseases 

I. Acute Arterial Disorders 

1. Arterial Embolism 

a) Cardiogenic Arterial Embolism 

Arterial embolism is a complication of a preexisting cardiopathy and rarely of a 
proximal arterial lesion or the result of a cardiovascular procedure. The com-
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monest origin of emboli is the left heart. While in the past, rheumatic heart disease 
(RHD) was the most frequent source of emboli (DALEY et al. 1951), followed by 
that of myocardial infarction (MI) and arteriosclerotic heart disease (ASHD) (HAI
MOVIeI 1950), since about the 1950's the relative incidence of the nature of emboli
genic cardiopathy has changed (DARLING et al. 1967). 

Today, RHD is no longer as preponderant as before, in contrast to ASHD and 
MI. The latter two are seen more often as a result of increasing life span and the 
prevalence of atherosclerosis. Thus, the relative incidence for RHD before the 
1950's was 40% and this has decreased to 22% in recent years. In contrast, the in
cidence ofMI together with ASHD, previously 50.8%, has risen to 78% at present. 
Likewise, the ratio of ASHD to RHD, which was 1.5, has risen to 3.5. In addition, 
the coexisting peripheral atherosclerotic changes in those patients with ASHD is 
now found to be 84% compared to 50% previously. In brief, with an increasing 
life span and atherosclerosis, arterial embolism is today a problem preponderantly 
seen in the geriatric age group. 

Mural thrombi associated with myocardial infarction may sometimes embolize 
long before clinical and electrocardiographic evidence of the origin becomes estab
lished. In a previous study, we found "silent" myocardial infarction to be present 
in over 11 % of the patients. In such instances the differential diagnosis of em
bolism from arterial thrombosis may be difficult or even impossible. 

Among rare etiologic factors of embolism are bacterial endocarditis, paradox
ial thrombi, bullets, postoperative thrombi, atrial myxoma, and other tumors. 

Clinical Manifestations. Peripheral emboli occur predominantly in the lower ex
tremities. Their incidence, including the aortoiliac segment, ranges between 77% 
and 84%. In the upper extremities emboli lodge less frequently. 

The common belief that arterial embolism is always characterized at onset by 
severe pain may be misleading. In a previous study based on the analysis of 330 
cases of peripheral embolism, we found that sudden onset occurred only in 81 %, 
of which 60% had pain and 21 %, numbness and coldness. In the remainder, pro
gressive onset was present in 12%, of which 7% had gradual pain, numbness, and 
coldness, and silent arterial embolism was diagnosed in 7%. 

The initial site of pain appears to occur in the region of impaction of the em
bolus, while later pain is more peripheral and corresponds to muscle ischemia. 
Numbness, coldness, and tingling usually appear after pain. Absence of arterial 
pulsations, disappearance of the oscillometric index, absence of pulse waves (re
corded by the Doppler ultrasonic velocity detector), or loss of muscular power and 
sensation with diminished reflexes are the main objective findings. Multiple emboli 
are not an infrequent occurence and are characteristic of the embolic nature of the 
arterial occlusion. Thus, in a series of 228 patients, 443 peripheral and visceral em
bolic events were diagnosed, of which 330 involved the extremities and 113, various 
visceral arteries. 

Natural Course and Grading of Ischemia of Arterial Emboli. The natural course of 
arterial embolism of the lower extremity, based on location is shown in Table 1. 
In its simplest form, an embolism by itself occludes only a short segment of an ar
tery. In the absence of spasm or secondary thrombosis, the restoration of the distal 
circulation may be effected by collateral channels. However, usually a peripheral 
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Table 1. Natural course of arterial embolism of the lower extremity, based on location of the 
occlusion 

Cases Gangrene and Gangrene and Recovery 
early death amputation 

N % N % N % N % 

Aorta 28 11.0 8 28.5 11 39.0 9 32.5 
Iliac 53 20.8 4 7.5 32 60.4 17 32.1 
Femoral 108 42.5 17 15.7 31 28.7 60 55.6 
Popliteal 47 18.5 2 4.2 3 6.3 42 89.5 
Tibial 18 7.2 0 0 1 5.5 17 94.5 

arterial embolism occurs in a more complex clinicopathologic setting (HAIMOVICI 
1950). 

Although peripheral arterial emboli do not always lead to irreversible ischemic 
changes, it is significant that about half these patients may end up with gangrene 
of the extremity or die shortly after the onset of the acute arterial occlusion. Mod
erate ischemia with early pulse return occurred in 29.5% of cases and advanced 
ischemia in 22.2%, in a study previously reported. At onset of an arterial em
bolism, it is often difficult to forecast its outcome. Management of all cases should 
therefore be undertaken without delay. 

The site of an embolic occlusion is generally easily identifiable. The clinical 
criteria, such as the level of the initial pain and that of disappearance of normal 
pulsations, the extent of the circulatory disturbances, and results of noninvasive 
diagnostic modalities are unquestionably useful. An additional criterion which 
may be helpful is that emboli usually lodge at arterial bifurcations. Unfortunately, 
in a certain number of patients with coexisting atherosclerotic disease, the exact lo
calization of the embolus may be difficult to determine. Preoperative arteriography 
may be then essential. 

Diagnosis of a peripheral arterial embolism is usually simple (Figs. 1 and 2). 
Conditions that may be confused with peripheral embolism are chiefly: phlegmasia 
cerulea dolens, acute arterial thrombosis, acute thrombosis of a popliteal 
aneurysm, acute thrombosis of a nonatherosclerotic artery, low flow syndrome due 
to circulatory failure, dissecting aortic aneurysm, and arterial spasm. 

Upper extremity embolism incidence as found by CHAMPION and GILL (1973) 
based on 13 statistical studies with a total of 2,420 embolic episodes, occurred in 
364 instances or 15% of cases. This average incidence corresponds to our own find
ings of 16% based on 330 embolic episodes. Being generally small, these emboli 
lodge in the majority of cases in the brachial (56.6%), followed by the axillary in 
28.3%, and in the radial/ulnar in 15.2%. Differential diagnoses of upper limb em
boli in the absence of a cardiopathy, are those originating from a thoracic outlet 
syndrome, acute thrombosis associated with trauma or atherosclerosis, from an in
fectious disease, or due to atheroemboli. The emboli resulting from these con
ditions are usually less dramatic than those from a cardiogenic source. 

Visceral emboli occur less infrequently than generally recognized. If small, they 
are often clinically overlooked or remain unsuspected, whereas major embolic oc-
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a 

c 

Fig. 1 a-c. Bilateral femoral arteriogram. a Embolism of left common femoral artery (ar
row), with complete occlusion including the entire superficial femoral and popliteal. b Em
bolism of right profunda femoris (arrows). c Embolism of the right popliteal (arrow) HAI

MOVIeI 1982) 

b 
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Fig. 2. Aortogram depicting a saddle embolus of the aortic bifurcation (arrows), with com
plete occlusion of the left iliac and incomplete filling of the right iliac with a thrombus de
lineated by seeping radiopaque substance around it (HAIMOVICI 1982) 

c1usions display significant and often rapidly irreversible and lethal changes. Cere
bral, mesenteric, and renal emboli are not uncommon, and they are often the cause 
of serious complications or death. 

b) Noncardiogenic Arterial Embolism 

a) Atheroembolism. Atheroembolism of atheromatous materials is being reported 
in recent years with increasing frequently (FLORY 1950; KAZMIER et al. 1966; KEM

CZINSKI 1979; PANUM 1862). This may occur in two distinct forms: (1) as microem
boli following release of cholesterol crystals or other debris of atheromatous com
ponents from an ulcerated plaque, and (2) as macroemboli resulting from major 
plaques usually mixed with thrombi and cholesterol crystals and lodging in major 
systemic arteries. 

These emboli may occur spontaneously from an abdominal aneurysm or a 
nonaneurysmal lesion of the aorta; following surgical manipulation of the latter, 
or during aortic catheterization. The incidence ranges between 1.4% and 3%. The 
clinical spectrum of problems associated with microemboli are: (a) cyanotic or blue 
toes, (b) livedo reticularis, and (c) ulcerations or gangrene (especially of toes, but 
rarely of the fingers or hand). In a macroembolism of a major artery, the clinical 
picture is no different from that of an embolism of cardiac origin. Aortograms or 
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peripheral arteriograms are often necessary to identify the source of the embolic 
nature of the vascular lesions. The treatment consists of nonsurgical or operative 
measures. 

/3) Acute Arterial Thromboembolism Complicating the Thoracic Outlet. Acute arteri
al thromboembolism of the upper extremity, associated with a thoracic outlet syn
drome differs in many ways from a cardiogenic embolism, particularly in its patho
physiology and management. Indeed, the thromboembolic process originates in a 
damaged subclavian artery as a result of its prolonged compression by congenital 
or acquired anomalous anatomic structures at the thoracic outlet. Although these 
complications are seen mostly in the age group ranging between 20 and 50, occa
sionally such lesions may be encountered in older individuals. They are associated 
with cervical ribs, scalenus anticus, costoclavicular, and hyperabduction syn
dromes. These entitites, either alone or in combination, are responsible for the 
vascular complications described under this title. Recognition of the underlying 
thromboembolic process, the cause of the clinical manifestations, is the key to pre
vention and appropriate management (BERTELSEN et al. 1968; HALSTED 1916; JUDY 

and HEYMAN 1972; MARTIN et al. 1976). 

c) Prognostic Factors 

The major factors governing the results of treatment of an arterial embolism are 
related to duration of the occlusion, degree of ischemia, location and extent of the 
occlusion, and degree of skeletal muscle involvement (ERIKSSON and HOLMBERG 
1977). With reference to the latter, in a number of cases of embolism, leg muscles 
may become edematous and preischemic. Because of the unyielding fascial com
partments, the latter condition may turn into frank gangrene. To prevent such 
complications, it is imperative to perform fasciotomies without delay. Less fre
quently, but more threatening in the presence of severe muscle ischemia with necro
sis and rhabdomyolysis is the occurrence of myoglobinuria and release of other me
tabolites from the necrotic muscle. The biochemical alterations may lead not only 
to loss of limb, but also loss of life. 

Indeed the resulting metabolic complications and renal shutdown are associ
ated with high morbidity and mortality rates. If recognized early, the revascular
ization syndrome can be forestalled by adequate alkalinization and hydration of 
the patient, along with fasciotomy, if necessary, of the involved limb (HAIMOVICI 
1960, 1979). 

Associated atherosclerosis with arterial embolism has become increasingly pre
valent in the last few decades. Many of these patients have a past history of inter
mittent claudication, clearly suggesting the coexistence of peripheral arterio
sclerotic occlusive disease. In these cases, results of embolectomy may be adversely 
affected by such lesions, especially in diabetic patients. 

d) Treatment 

An arterial embolism is generally a reflection of a life-threatening cardiopathy 
(BLAISDELL et al. 1978). Its management is that of the highest emergency and is di
rected toward: (1) the acute occlusion of the extremity and (2) the underlying heart 
disease. The latter condition will determine, to some extent, how aggressively one 
should proceed with the surgical treatment of the arterial embolism. 
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The patient's cardiac status must be assessed without delay, with attention di
rected toward its correction. Concurrently, with the management of the heart con
dition, one should initiate treatment of the acute ischemia of the limb. 

As a first measure, the patient should be placed in the head-up position with 
the involved extremity on a pillow, to protect it from any pressure. Heparin should 
be administered intravenously as soon as possible. There is no contraindication to 
its administration, even if surgery is being contemplated within 2-3 h. Use of 
thrombolysins and low-molecular weight dextran are generally of limited value. 
Vasodilator drugs, preferably papaverine, when given intraarterially may be of 
some help. These medical, nonoperative measures are applicable during the period 
while the cardiac condition is being stabilized. 

Embolectomy is the method of choice for managing arterial emboli. Few con
traindications exist except in patients in whom conservative treatment appears ad
equate to prevent loss of limb. However, since the procedure can be carried out 
most of the time under local anesthesia, an embolectomy can be performed in al
most every case. Use of the Fogarty catheter has simplified the operation, as it al
lows the operation to be carried out with ease, safety, and completeness. Its appli
cation to aortic and iliac emboli obviate the abdominal procedure and has consid
erably lowered operative morbidity and mortality (BYRNES and MACGOWAN 1975; 
FOGARTY and CRANLEY 1965; RAITHEL 1973a). 

e) Late Arterial Embolectomy 

Delayed arterial embolectomy may be indicated, provided the limb is still viable, 
even if only at a borderline level (HAIMOVICI 1959; JARRETT et al. 1979). While early 
embolectomy remains the overall undisputed principle, indications for late arterial 
embolectomy are based primarily on the physiologic state of the limb and less on 
the time elapsed before embolectomy. Limb salvage under these circumstances, as 
reported by a number of authors, ranged between 55% and 77%. In our own ex
perience, 66.4% of limbs were saved. 

Postembolic gangrene usually involves a wide segment of the limb, and is rarely 
limited to its distal areas. The gangrene affects not only the skin, but also the mus
cles, its extent depending usually on the level of the arterial occlusion. The more 
proximal (aortoiliac) the embolism, the more massive the ischemia. Amputation 
should be carried out at the level of tissue viability, rarely below but most often 
above the knee. Only in distal and segmental embolic occlusions (popliteal and ti
bial) does the gangrenous process remain confined to toes or distal foot. 

2. Acute Arterial Thrombosis 

Acute arterial thrombosis, as distinct from arterial embolism, may occur as a result 
of a great number of local arterial factors, or as a consequence of associated sys
temic diseases. Although these arterial occlusions are sudden, and cause serious tis
sue ischemia, their clinicopathologic features and their management are distinctive 
from those of an acute arterial embolism. 

a) Acute Atherosclerotic Thrombosis 

Atherosclerosis is the most common predisposing cause of acute thrombosis. It 
may occur in an asymptomatic ulcerated atherosclerotic plaque, or superimposed 
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on a known, preexisting arteriosclerotic occlusive process, with a long-standing 
clinical history of arterial insufficiency (HAIMOVICI 1977). 

The majority of cases of acute arterial thrombosis occur in the lower extremity, 
and only a small percentage in the upper. Thus RAITHEL (1973 b), in a series of 85 
cases, reported its occurrence in 98% in the lower extremity, and only 2% in the 
upper. The relative incidence of acute arterial thrombosis distribution between the 
upper and lower extremities is in distinct contrast with that of arterial embolism 
in which involvement of the upper limb is somewhat greater. 

The overall relative incidence of acute thrombosis and arterial embolism is not 
always easy to establish, especially in the elderly patients having a combined car
diopathy with peripheral arteriosclerosis. In a recent survey, I found that arterial 
embolism is more prevalent than acute thrombosis (56.6% embolism vs 43.4% 
thrombosis). 

The type of clinical manifestations and their degree of ischemia are determined 
by two factors: (1) the location and extent of the thrombosis and (2) whether the 
thrombosis is primary or secondary to previous chronic arterial lesions. 

Two clinicopathologic forms will be discussed here, since they are the most 
commonly encountered. Acute aortoiliac thrombosis is less frequent of the two 
types, and mimics that ofa saddle embolism (DANTO et al. 1971). Acutefemoropo
pliteal thrombosis is by far more frequent than aortoiliac involvement. The clinical 
background and appropriate arteriography will usually lead to the diagnosis. 

Management as a rule is initiated by immediate intravenous heparin injection, 
using 1,000-2,000 units per hour, after having started with a loading dose of 4,000-
5,000 units. Endarterectomy is rarely, if ever, useful in these acute arterial oc
clusions. A bypass graft may be necessary in the majority of cases, provided the 
run-off is adequately delineated. 

b) Iatrogenic Acute Arterial Thrombosis 

Peripheral arterial thrombosis secondary to injuries following their catheterization 
has been the subject of an increasing number of reports over the past 15 years 
(BRENER and COUCH 1973). With a widespread use of these procedures, thrombotic 
complications, while infrequent, may pose serious threat to limb or life. These com
plications occur either after angiography or blood-gas monitoring, or for therapeu
tic purposes. They may follow retrograde catheterization of the brachial and radial 
or transcutaneous catheterization of the femoral (ALPERT et al. 1976). 

Recognition of these potential hazards and complications is essential for ad
equate and immediate treatment of the thrombotic lesion. Delay in their manage
ment may lead to irreversible changes with either partial loss of digits and gangren
ous patchy skin, or rarely, loss of an entire extremity. 

c) Acute Thrombosis of Small Arteries 

Acute thrombosis of small arteries may occur in a wide and varied spectrum of en
tities. Their most common etiologic factors are: organic arterial diseases, posttrau
matic occupational vasospastic syndromes, frostbite, collagen diseases, and he
matologic disorders (HAIMOVICI 1977 b). 

Of the organic arterial diseases, the most common are those associated with 
thromboangiitis obliterans, idiopathic acute thrombosis, and acute ischemia sec-
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ondary to a low-flow syndrome (NcNAMARA et al. 1978). Secondary Raynaud's 
may be associated with acute thrombosis of small arteries, primarily of the hand. 
Frostbite, at the acute stage, is the result of vasoconstriction which, if unrelieved, 
may lead to severe ischemia as the result of superimposed acute thrombosis of the 
smaller arteries. Of the hematologic conditions, polycythemia vera is known to re
sult in a certain percentage of cases with vascular complications, involving arteries 
as well as veins (BARABAS et al. 1973). The nature of these complications is generally 
thrombotic and only occasionally embolic. The latter may occur as a result of ar
terioarterial embolism. 

II. Chronic Arterial Conditions 

1. Arteriosclerosis Obliterans 

Arteriosclerosis is the most common cause of chronic arterial disease of the ex
tremities. By contrast, thromboangiitis obliterans (TAO) is rarely seen today 
(MCKUSICK et al. 1962). The etiology and pathogenesis of arteriosclerosis, despite 
recent progress, have not been entirely elucidated. In its simplest definition, ar
teriosclerosis, a degenerative process, is characterized by lipid deposition in the in
timal lining of the arteries, and by focal fibromuscular proliferation. At an ad
vanced stage the endothelial lining is disrupted, leading to a thrombotic occlusion 
at the site of the atheromatous plaques. The atherosclerotic process usually in
volves somatic and visceral arteries to various degrees. The relative incidence of 
distribution of arterial lesions is largely lacking. Most studies have focused atten
tion either on the peripheral arterial tree or individual visceral arteries. In general, 
it is recognized that the pathologic features of atherosclerosis are quite variable 
from individual to individual, and from one arterial segment to another. As a re
sult, the patterns emerging from the innumerable combination oflesions are varied 
and complex (WIEST et al. 1980). However, in terms of location and extent of the 
atherosclerotic process in the lower extremity, it is possible to identify a certain 
number of regional patterns that lend themselves to an overall classification of 
three major groups: (1) aortoiliac, (2) femoropopliteal, and (3) tibioperoneal
pedal. 

Although arteriosclerosis is a diffusely distributed process involving the intima, 
arteriography has disclosed that arteriosclerosis obliterans quite often may involve 
a single segment of the arterial tree. However, as the disease progresses, two or 
more segments may become occluded. Despite these lesions, a patent distal lumen 
(run-off or outflow tract) is often present, and is of great surgical significance. 

Clinical manifestations and surgical management of arteriosclerosis obliterans 
may vary according to the location and extent of the occlusive process. 

2. Aortoiliac Occlusion 

Aortoiliac occlusion (Leriche Syndrome) is usually characterized by slow pro
gression of occlusion of the terminal abdominal aorta and of the common iliac ar
teries. Although it occurs in younger persons, aortoiliac occlusion may also be seen 
in the elderly. This syndrome is well tolerated for quite a number of years before 



The Arterial and Venous System 171 

ischemic changes occur. Rest pain and gangrene may develop late in its evolution, 
and may be precipitated by some form of trauma or infection. 

Evaluation of the aortoiliac lesions, in addition to the physical examination, 
may be achieved by noninvasive Doppler blood flow studies. If surgery is contem
plated, a translumbar or transfemoral aortography is essential. 

Arterial reconstruction is indicated in patients with nonhealing ulcers, or gan
grenous changes of the toes. Although aortoiliac occlusive disease confined to this 
segment may go on for years before serious ischemic manifestations occur, in the 
combined pattern with distal occlusive disease, the process is progressive and 
usually requires reconstruction, mostly of the proximal arterial tree for adequate 
revascularization of the lower extremities (HAIMOVICI and STEINMAN 1969). 

3. Femoropopliteal Arterial Occlusive Disease 

The occlusive process of the femorpopliteal segment is the most common lesion in 
the lower extremity, especially in patients over 60. The relative incidence ofthe aor
toiliac and femoropopliteal occlusion varies with the reported studies. However, 
the involvement of the superficial femoral (Fig. 3), either as an isolated lesion, or 
associated with the popliteal and tibial-peroneal arteries, is by far the most fre
quently encountered. The popliteal and leg arteries may be involved either indepen
dently or in association with the proximal arterial tree. The various occlusive ar
terial patterns have been reported elsewhere by the author (HAIMOVICI 1967b, 
1976c). 

Although the natural course of arteriosclerosis obliterans has not been entirely 
elucidated, various statistical studies show that of these patients slightly over 70% 
have only intermittent claudication. Ischemic rest pain, ischemic neuropathy, or 
both are seen in 16% of patients, while ischemic ulceration, gangrene, or both are 
seen in about 10%. Most published reports indicate that arteriosclerosis obliterans 
naturally tends to progress at rates that vary from patient to patient, and from lo
cation to location. Diabetes mellitus seems to accelerate the process and impart a 
more serious prognosis. 

4. Peripheral Arterial Disease in Diabetes Mellitus 

Vascular manifestations associated with diabetes represent today the gravest single 
factor underlying the morbidity and mortality of diabetic patients. The gravity of 
the vascular process stems from the wide involvement of virtually all arterial areas, 
peripheral as well as visceral (retina, kidney, heart, and brain). 

It is noteworthy that the relative age-incidence in nondiabetic and diabetic 
patients varies inversely with the advance in decades. In our own studies of vascu
lar lesions in these two groups of patients, there were slightly more than 50% under 
the age of 60, in the nondiabetic group, whereas only 33% were found in the dia
betic. Conversely, after 60, the incidence in the diabetic group was 67% and 48.6% 
in the nondiabetic. 

The vascular lesions encountered in diabetes vary with the size and location of 
the vessel. Basically, two major histologic types have been differentiated: arterio
sclerotic (involving primarily the large and medium-sized arteries); and micro
angiopathic (involving arterioles and capillaries). Atherosclerosis is more diffuse 



Fig. 3. Aortoarteriography of 
both lower extremities ob
tained through bilateral trans
femoral arteriograms. Note 
complete occlusion of both 
superficial femoral arteries 
and inadequate opacification 
of right common iliac artery 
(arrow). Patient had severe 
intermittent claudication 
bilaterally and underwent 
bypass grafts in each limb 
(HAIMOVICI 1976) 
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in the diabetic. The site and extent of the initial atherosclerotic disease in larger ar
teries differs in diabetics from nondiabetic patients. In diabetes, the initial lesions 
involve the tibial and popliteal arteries, and less frequently the femoral artery or 
the aortoiliac segment (GENSLER et al. 1965). 

Diabetic clinical lesions deserve a special mention. The clinical manifestations 
are frequently associated with, and sometimes dominated by, two other important 
clinical features: diabetic neuropathy and local infection. This association, in vary
ing degrees, lends to the lesions a truly characteristic clinical picture, often referred 
to as the "diabetic foot." Because ofthe quasi specificity, these lesions justify a sep
arate description. The clinical manifestations may be classified under the following 
four headings: (1) arteriosclerosis obliterans, (2) peripheral neuropathy, (3) infec
tion, and (4) combined lesions. In managing a diabetic, one has to take into ac
count the possibility of the three major factors, so as not to overlook any of them. 
The degree of participation of each of these three major etiologic factors is difficult 
to assess statistically. However, evaluation of each diabetic from this triple point 
of view is essential before deciding on the course to follow. 

5. Evaluation of the Vascular Condition 

Most patients present a history of intermittent claudication in the early stages of 
the process. In advanced cases, in addition to impaired walking ability, most 
patients complain of rest pain, ulcerations, or gangrene of toes associated with 
coldness and color changes of the skin. 

Clinical examination provides the first criteria of the arterial condition: dimin
ished, or absent, pulsations, color changes, decreased skin temperature, etc. The 
degree of patency of the major arteries, determined by palpation, are further 
checked by using an oscillometer at various levels of the limb, and by Doppler 
blood flow studies. Elevation-dependency may provide the velocity of color 
changes, consisting of rapid blanching of the toes and foot on elevation, and 
marked rubor on dependency. These color changes suggest poor collateral circula
tion. A sharp difference in skin temperature between the proximal and distal areas 
of the extremity would indicate a recent arterial occlusion. It is essential, both from 
history and from these preliminary findings, to determine whether the patient pre
sents a chronic process of arterial insufficiency, or an acute occlusion, the latter of
fering a different clinical dimension and significance. 

6. Instrumental Vascular Examination 

Although the clinical history and the physical findings of peripheral arterial prob
lems provide an overall estimation of the arterial insufficiency, a more quantitative 
estimate of the extent of arterial disease, and an objective means of assessing thera
peutic results can be obtained both by noninvasive methods and arteriography 
(RAINES et al. 1976). 

7. Noninvasive Methods 

Although the oscillometer mentioned above may provide some information about 
the presence or absence of the major arterial pulsations, its accuracy remains, how-
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ever, limited. The Doppler ultrasonic velocity detector (DARLING et al. 1976), intro
duced in the last 5 years, is quite useful not only in vascular laboratories at the in
stitutionallevel, but also in private offices. Essentially, it is designed to provide 
measurements of the arterial pressures as well as blood flow at various levels of the 
extremities. Such information may indicate the extent and approximate location 
of the arterial lesions. A great number of instruments are presently used for record
ing the limb systolic pressure and the pulse wave contour (DARLING et al. 1976; 
FARRAR et al. 1976). These evaluations obtained both before and after any thera
peutic procedure offer at the same time a permanent record of the various findings 
(VERTA et al. 1976). Other noninvasive techniques such as radioisotopes are more 
suitable in a vascular laboratory than in an office setting (YAO et al. 1973). It 
should be pointed out that while the noninvasive methods are quite useful in 
screening patients with complaints of arterial insufficiency, the information ob
tained fails to indicate the location and extent of the anatomic lesions of the arterial 
tree (McNAMARA et al. 1978). 

8. Arteriography 

Arteriography plays a decisive role in the evaluation and selection of patients for 
operation. The site, number, and extent of the arterial occlusions, the state of the 
proximal and distal arterial tree, and the degree of collateral circulation can only 
be determined by these means. A good arterial outline with a comprehensive visu
alization of the entire tree are prerequisites for a good angiographic study. Two 
methods of visualization are used: abdominal aortography, either by the translum
bar technique or by the Seldinger method; and femoral arteriography. To achieve 
complete evaluation of the inflow and outflow arterial segments it is necessary to 
carry out a comprehensive arteriography from the abdominal aorta to the foot 
vessels. This method provides a complete view of the lesions and their integration 
into the rest of the vascular system. 

9. Treatment 

Selection of the type of treatment for arteriosclerosis obliterans of the lower ex
tremity depends largely on the severity of the clinical manifestations. The latter are 
generally divided into three stages: Stage I, intermittent claudication; stage II, rest 
pain without lesions; and stage III, ulcers or gangrene. 

a) Nonoperative Treatment 

Intermittent claudication, stage I, rarely requires any specific active treatment. The 
oft prescribed vasodilator drugs are oflittle or no value. By contrast, walking a few 
miles a day may promote collateral circulation and may improve to some extent 
the intermittent claudication. The conservative treatment in such patients is all the 
more important in the elderly patients who sometimes also suffer from angina pec
toris. The latter may be even more significant than the intermittent claudication. 
It may be brought on by prolonged walking. Under these circumstances, intermit
tent claudication might be considered a blessing in disguise. In the younger individ
uals, where intermittent claudication, especially if severe enough, interferes with 
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gainful employment, one may consider surgical correction of the arterial lesions. 
Furthermore in the presence of severe ischemia of the extremities (stages II and 
III), the scope of medical management is necessarily limited. Relief of rest pain 
requires moderate to large amounts of analgesics or narcotics. Failure to achieve 
this is an indication for surgery. 

b) Operative Treatment 

In such patients, reconstructive arterial procedures (thromboendarterectomy, ar
terial grafts), lumbar sympatectomy, or a combination of these may yield gratify
ing results depending on the type of arterial lesions. 

Thromboendarterectomy consists of the removal of the occluding block through 
a cleavage plane of the arterial wall. Indications for the procedure should usually 
be confined to short segmental occlusions. The greatest success obtained with this 
procedure is for lesions localized to the common iliac or common femoral arteries, 
whereas thromboendarterectomy in the superficial femoral or popliteal arteries is 
rarely as successful on long-term follow-up. 

c) Intraluminal Angioplasty 

In conjunction with the latter procedure an alternative nonsurgical method has 
been advocated in recent years. Introduced first by DOTTER and JUDKINS in 1964, 
it was received with a lot of skepticism by most vascular surgeons. Improvements 
in technique have recently revived this procedure, which is usually performed 
under local anesthesia, with fluroscopic monitoring. Most lesions are dilated by 
means of polyvinyl chloride balloon catheters, developed by Grunzig. This tech
nique is mostly applicable in the dilatation of iliac-femoral-popliteal arterial steno
sis, and occasionally for complete occlusions. The leg arteries are less suitable in 
most instances. Recent reports have indicated a substantial success in dilating or 
recanalizing the lesions in these arteries in approximately 80% of cases, with a fol
low-up of 1 year with a patency of70%. It appears that a greater success is achieved 
in iliac stenosis than in the more distal vessels. 

This procedure is now being tried in several centers in the United States and 
Europe, and although the accumulated experience so far is not substantial, the re
sults are encouraging. The intraluminal angioplasty, as it is sometimes called, can 
be used either alone or in combination with vascular surgical procedures. Translu
minal iliac dilatation may be associated with a femoropopliteal bypass, or a super
ficial femoral angioplasty may be associated with a femoropopliteal bypass graft. 
Further experience, and long-term evaluation is necessary before it is accepted on 
a wider scale both by surgeons and radiologists. 

d) Bypass Grafts 

Ever since introduction of the bypass principle in 1948, most occlusive arterial dis
eases have been treated by bridging the occluded areas with various types of grafts. 
Both autogenous vein grafts and fabric or synthetic tubes are used, the former be
ing the material of choice, especially in the procedures for below the inguinalliga
ment. In the aortoiliac segment, Dacron grafts are almost universally used (ED
WARDS 1978). Thromboendarterectomy is employed only for short segmental oc
clusions. 
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Recently introduced new grafts, the expanded polytetrafluoroethylene (PTFE) 
(VEITH et al. 1978), and glutaraldehyde-tanned umbilical cord vein are used as sub
stitutes for vein grafts whenever the latter are not available. These are employed 
above and below the popliteal, in the anterior and posterior tibial and peroneal ar
teries. These grafts are of value in arterial reconstruction, especially in cases above 
the knee. The results of these grafts below the popliteal, however, are less encour
aging. 

e) Lumbar Sympathectomy 

Lumbar sympathectomy, although used for over half a century is still a controver
sial procedure. Since the sympathectomy is designed only to promote development 
of collateral circulation, it is obviously a second best type of revascularization pro
cedure. In spite of the fact that its objective is more limited than direct arterial re
construction, lumbar sympathectomy is definitely indicated under certain con
ditions in advanced peripheral arterial disease, in which there is an obviously poor 
or absent run-off that precludes direct arterial surgery. 

Combined procedures may often be necessary to overcome the multiplicity and 
great extent of arterial lesions. Thromboendarterectomy, or a bypass graft, may 
be combined with lumbar sympathectomy, especially in polysegmental occlusions 
or in diffuse obliterative disease of the distal arterial tree. These procedures are by 
no means competitive; rather, they supplement each other. The proximal pro
cedures achieve their therapeutic effect by increasing the head pressure into the ma
jor collateral branches of the lower extremity, such as in the profunda femoris, 
while vasodilatation of the available collateral network is achieved by lumbar sym
pathectomy. This combined therapy, in our opinion, is always indicated when the 
popliteal-tibial system is diffusely or completely occluded. Relief of rest pain and 
healing of minor toe lesions may be obtained in a majority of cases. 

f) Amputations 

Six possible levels of amputation for ischemic gangrene are at: the toes, the trans
metatarsal level, the ankle joint (Syme amputation), the supramalleolar level, the 
midleg (below-the-knee) and thigh (above-the-knee). 

In recent years, better understanding of the peripheral vascular problems and 
the more extensive use of reconstructive arterial procedures have altered the out
look for patients with necrotic lesions of the toes or foot. As the result ofthese com
bined procedures, many patients with toe lesions may acquire sufficient collateral 
supply, sometimes preventing any loss of tissue, or permit only local minor ampu
tations. 

The choice of the level of amputation depends on the proper evaluation of both 
local factors and the patient's general condition. The local factors are the extent 
of gangrene or ulceration, the degree of infection, condition of adjacent areas, the 
degree of arterial impairment, and the severity of the pain. 

The most common levels of amputations are the toes, either single or trans
metatarsal, and the below-knee procedure. Conservation of the knee joint is an im
portant consideration, especially in the elderly. Every effort should be made to 
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avoid its loss. Above-knee amputation may be unavoidable if there is spreading 
gangrene and sepsis toward the knee joint. 

A new concept in the management oflower extremity amputees by early or im
mediate fitting of prosthesis has been widely used for the past 15-20 years. The re
sults obtained with this method promise to change the outlook for the geriatric am
putee by expediting his or her rehabilitation. 

g) Care of Ischemic Foot Lesions in Diabetic Patients 

Management of ischemic foot lesions, especially in the elderly diabetic patient, has 
remained poorly defined, and the maneuvers designed to carry out this treatment 
are generally even more poorly understood. The major objectives for such treat
ment are generally even more poorly understood. The major objectives for such 
treatment are avoidance of any trauma to the ischemic foot, control of infection, 
control of pain, and preservation of muscle strength and joint motion. 

Local care is essential. Adequate drainage from the necrotic lesions and pres
ence of interdigital ulcers are often overlooked. The source of an abscess with mini
mal opening in these areas is not detected unless one examines methodically the 
various parts of the foot. The subungual infection, associated with an ingrown 
toenail is often the precipitating cause of gangrene. Black eschars should be ele
vated at the corners, allowing adequate drainage of the purulent material often 
trapped under them. The debridement of such scabs should be gentle, to avoid 
bleeding and further trauma of the ischemic tissues. 

Control of pain is essential. This is particularly necessary in the preoperative 
period so as to have the patient in the horizontal position to reduce the edema and 
render the tissues more amenable to surgery. 

Anesthesia of the foot due to diabetic neuropathy deprives the patient of the 
perception of pain accompanying infection and necrosis. Superficial lymphangitis 
and cellulitis, not responding promptly to systemic antibiotics, most often mask 
underlying abscesses, either in subcutaneous tissue or in the subfascial compart
ment. Debridement and wide drainage, followed by a continuous wet dressing, 
with an antibiotic solution for a week or 10 days may arrest the septic process. 

These conservative measures cannot be overemphasized in the diabetic, and al
so in the nondiabetic. Careful, meticulous management of these local lesions may 
obviate loss of tissue and amputations. 

C. Aneurysms 

I. Abdominal Aortic Aneurysm 

Aneurysms of the abdominal aorta have been encountered with greater frequency 
in the past 3 decades. Two factors seem to account for this incidence: (1) increased 
life span with a parallel increase in arteriosclerosis, and (2) greater awareness of 
the diagnosis of abdominal aortic aneurysms. As the longevity of the general pop
ulation is increased, it seems reasonable to expect a further increase in the incidence 
of this condition. 
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1. Etiology 

Aneurysms can be caused by a variety of agents that weaken the arterial wall. 
While in the past, mycotic, luetic, or traumatic lesions were important factors, to
day aneurysms of the abdominal aorta and of the major limb arteries are almost 
exclusively caused by arteriosclerosis. Most patients are elderly and exhibit varying 
degrees of cardiovascular disease. In our own experience, 75% of patients were in 
the 7 th and 8 th decade, and 87% of the entire group were males. Cardiovascular 
disease is often associated with abdominal aortic aneurysms, requiring proper eval
uation before surgical correction of the lesion is undertaken. Old myocardial in
farction, angina pectoris, and congestive heart failure are often found in these 
patients (BUSH et al. 1977). Other arteriosclerotic lesions, such as occlusive arterial 
disease of the lower extremities or aneurysms at other levels are frequently encoun
tered (HAIMOVICI 1967 a). 

2. Natural Course of an Abdominal Aneurysm 

The natural course of an untreated aortic aneurysm has been fairly well docu
mented in recent years. Studies based on necropsy findings showed that a majority 
of patients died within 6-12 months after onset of symptoms, as a result of rupture 
of the aneurysm (DARLING et al. 1976). Studies based on clinical course have dis
closed equally high mortality rates. Both these studies of untreated cases have 
shown that: (1) the survival rate of patients with abdominal aortic aneurysms is 
much lower than that of the normal popUlation, especially after the age of 65, (2) 
there are no absolute criteria for predicting which case will rupture, since a substan
tial number of the so-called asymptomatic type eventually do rupture, and (3) rup
ture of the aneurysm is the greatest catastrophe in all cases, irrespective of whether 
they are symptomatic or asymptomatic. 

3. Diagnostic Tests 

In most instances, the diagnosis of an uncomplicated abdominal aneurysm can be 
made by clinical findings alone. However, since the advent of sonography or other 
noninvasive procedures the diagnosis is greatly facilitated (HERTLER and BEVEN 
1978). Such tests may obviate the use of aortography and provide enough informa
tion, both for the diagnosis of the lesion and its extent. However, associated in
traabdominal vascular lesions may require contrast visualization of the aorta, of 
its visceral arteries, as well as of the distal arterial tree in the lower extremities. Al
though the question of performing aortography in all cases of aortic aneurysm has 
been a controversial one, at the present time, due to low risk of complications, the 
procedure is being used more liberally than in the past. 

4. Treatment 

Since the untreated abdominal aortic aneurysm carries a high incidence of fatal or 
serious complications, such as rupture, embolism to the lower extremities, and in
fection, indication for its excision is widely accepted. With greater technical com
petence, operative mortality has decreased uniformly (STOKES and BUTCHER 1973). 
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Of the fatal complications following surgery, the most frequently encountered are 
myocardial infarction, cerebrovascular accidents, acute renal insufficiency, and 
hemorrhage from the operative site. Preoperative hypertension and cardiovascu
lar-renal disease are the most significant factors adversely influencing survival after 
operation (BUSH et al. 1977). 

Age, in itself, does not seem to contraindicate surgical resection of abdominal 
aneurysm. Indeed, recent studies have established that none of the known risk 
factors influence the operative mortality in patients 70 years and older. Elective 
surgery for asymptomatic or even expanding aneurysms in patients 80 years or 
older was reported to be associated with the mortality similar to the younger 
groups of patients. This is in contrast to the ruptured aneurysms in this old age 
group, in whom the operative mortality was 74%. 

5. Ruptured Aneurysm 

Rupture of an aneurysm is a catastrophic event, posing urgent problems in diag
nosis and management. Successful outcome depends on prompt recognition and 
precise and rapid surgical management. The rupture of the abdominal aortic 
aneurysm occurs most commonly in the retroperitoneal space and more rarely, in 
the inferior vena cava or duodenum (DIGIOVANNI et al. 1975; ERNST et al. 1976). 

The diagnosis of a ruptured abdominal aortic aneurysm is based on the pres
ence of generalized excruciating abdominal pain or back pain, associated with the 
clinical picture of shock. Corroborating these two symptoms is the presence of the 
pulsatile and expansile abdominal mass. Before rupture, heralding symptoms oc
cur rarely, and may account for only 15%-25% of the cases. In the majority of 
patients, examination discloses mild to severe shock associated with an enlarging 
or expanding pulsatile abdominal mass. Shortly after the onset, these patients may 
become oliguric or anuric (ABBOTT et al. 1975). 

Based on the size of retroperitoneal hematoma, the degree of ruptured 
aneurysm may be classified as follows: group 1, intramural bleeding with a small 
hematoma confined to the immediate vicinity of the rupture; group 2, hematoma 
below the renal arteries, including the pelvis; group 3, hematoma extending above 
the renal arteries and to the pelvis; and group 4, free bleeding into the peritoneal 
cavity. There appears to be a correlation between the size and extent of the he
matoma and the prognosis of survival (FITZGERALD et al. 1978). 

The operative mortality in ruptured aneurysms is vastly different from the elec
tive resection and ranges from 30%-76%. The factors influencing survival are du
ration and severity of the hypovolemic shock and acute renal shutdown. For the 
surgery to be successful, prompt recognition ofthese complications and immediate 
surgical intervention are essential. 

6. Other Complications 

Rupture into the inferior vena cava is uncommon but may be catastrophic if not rec
ognized in time. The clinical picture of this complication is rather characteristic. 
The most important feature is a high output cardiac failure. The lower extremities 
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may become enlarged, cold, and cyanotic. Oliguria and hepatomegaly with liver 
failure reflect the sudden hemodynamic changes in the visceral circulation. Prompt 
excision of the sac together with closure of the fistula between the aorta and the 
inferior vena cava, and implantation of a graft, are the essential steps for correction 
of this complication. 

Aortoenteric fistula may occur either spontaneously or secondary to a suture 
line disrupture of an aortic graft. This uncommon complication is usually associ
ated with a high mortality, even under favorable circumstances. The retroperi
toneal sepsis associated with this complication leads to a high mortality rate both 
in the spontaneous and secondary cases. 

Association of horseshoe kidney with an abdominal aortic aneurysm is rare. 
Their coexistence presents multiple challenges: preoperative diagnosis, difficulty in 
exposure and dissection of the aneurysm, preservation of renal vasculature (which 
is usually anomalous), and placement of the graft. 

Mycotic aneurysms are fortunately rare, but are a most serious complication of 
abdominal aneurysms. The most common agents responsible for mycotic 
aneurysms are members of the Salmonella series. A variety of other organisms have 
also been isolated from aneurysmal tissue, including Staphylococcus, and E. coli. 
Prompt massive antibacterial therapy preceding surgical treatment often is the best 
chance for success in these once hopeless cases. 

Ischemia of rectosigmoid colon is another complication. Ischemic changes of the 
sigmoid and the descending colon as a result of aortic resection are related to the 
operative management of the collateral circulation, especially of the inferior mes
enteric and the other major branches of the abdominal aorta. The implantation of 
the stump of this latter artery into the prosthesis, in the event that ischemic changes 
are suspected, is mandatory at the time of the repair of the aneurysm. 

Spinal cord ischemia may result from the permanent deprivation of blood sup
ply to the spinal cord caused by interruption of the arteries placed in an anomalous 
position. Unfortunately such a complication cannot be foreseen, and little can be 
done after it happens. 

II. Aneurysms of Visceral Branches of the Abdominal Aorta 

Aneurysms of visceral branches of the abdominal aorta pose difficult diagnostic 
problems. Recent experience, using selective arteriography and other means have 
led to a reassessment of the incidence, clinical manifestations, and prognosis of 
these aneurysms. They may affect every branch of the abdominal aorta in varying 
degrees. There is increasing evidence that these aneurysms are less infrequent than 
the earlier literature would indicate. The presence of systemic arteriosclerotic 
lesions associated with vague abdominal discomfort should indicate the possibility 
of visceral artery involvement requiring aortography and selective arteriography. 
Noninvasive modalities are helpful in indicating the presence of anomalies. Once 
diagnosed, these aneurysms should be considered for surgical intervention in the 
majority of cases, in order to prevent the catastrophic outcome of sudden and fatal 
hemorrhage. Recent statistics of nonoperated cases fully justify a more aggressive 
attitude in the presence of a visceral aneurysm. 
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III. Peripheral Aneurysms 

Aneurysms of the extremities occur mostly in the lower limb and rarely in the upper 
(HAIMOVICI 1976 b). Those in the lower extremity originate infrequently in the iliac 
(Fig. 4), more often in the femoral, most commonly in the popliteal, and very rarely 
in the tibial arteries. 

Irrespective of the involved arterial segment, the common denominator of all 
aneurysms is the underlying weakness of the arterial wall induced by arteriosclerot
ic lesions. Rarely are these due to mycotic, syphilitic, traumatic, or dissecting 
lesions. If untreated, these peripheral aneurysms result in a high incidence of arteri
al thrombosis and of gangrene, leading to amputation and sometimes even death. 
Although they may even rupture, this is a rare complication in contrast to that oc
curring in abdominal or thoracic aneurysms. 

1. Femoral Aneurysms 

Primary femoral aneurysms are generally of arteriosclerotic origin and of fusiform 
shape (ADISESlllAH and BAILEY 1977; HAIMOVICI 1976b). Their diagnosis can be 
made by palpation along the course of the femoral artery. Physical examination 
often permits accurate assessment of location and extent along with the patency 
of the vessel. If palpation indicates decreased pulsation and diminished arterial 
flow is suspected, arteriography should provide the information concerning the 
distal arterial tree and its degree of involvement with arteriosclerotic changes. In 
addition the aneurysmal sac is not always confined to the common femoral but in
volves the external iliac as well as the superficial femoral. Occasionally there is an 
associated profunda femoris aneurysmal dilatation and a coexisting popliteal le-

Fig. 4. Aortogram depicting bilateral iliac aneurysms (HAIMOVICI 1976) 
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sion. Femoral aneurysms are bilateral in about one-third of cases, and are associ
ated with multiple aneurysms in other sites, in about 70% of cases. 

B-Scan ultrasound has been used in recent years to evaluate the size of periph
eral aneurysms. In the absence of an arteriogram the B-scan may provide valuable 
information, as reported in recent papers (DAVIS et al. 1977). 

2. Popliteal Aneurysms 

The popliteal is by far the most common site for aneurysmal dilatations (CmT
WOOD et al. 1978). As in the case of the femoral in Scarpa's triangle, the popliteal 
has less protection by muscles and is subject to frequent bending. In the presence 
of arteriosclerotic changes, frequent flexion of the knee is recognized as a factor 
for predisposing to the dilatation of the vessel. Perhaps more than the bending of 
the knee, the poststenotic dilatation plays a role in the development of a popliteal 
aneurysm as a result of the compression of the artery by the tendon of the adductor 
magnus in the lower thigh, and also possibly of the arcuate popliteal ligament be
hind the knee. The popliteal aneurysmal sac is almost always elongated and fusi
form, tapering distally until it resumes normal size. According to their location, the 
popliteal aneurysms may be divided into three types: (1) proximal, often multilob
ular, occupying the area behind the condyles of the femur; (2) medial, extending 
both proximally and distally around the knee joint space; and (3) distal, usually 
smaller than the preceding two forms. 

Popliteal aneurysms, like the other lesions elsewhere, are associated with a high 
incidence of cardiovascular diseases, in which arterial hypertension is present in al
most one out of two patients (INAHARA and TOLEDO 1978). Preexisting occlusive 
arterial disease in approximately 60% of the involved limbs (acute and chronic 
thrombosis) is an important feature of this aneurysm. In most of these patients the 
nature of the occlusion is considered to be arteriosclerosis obliterans, but in some 
others it is difficult to determine whether the occlusion is an embolic complication 
from the aneurysm. One of the important features of this aneurysm is its bilater
ality in a large percentage of cases. In addition, associated aneurysms in other lo
cations of the arterial tree, such as abdominal or thoracic aorta, are not infrequent. 
Diagnosis of a popliteal aneurysm is usually easily made by physical examination. 
Arteriography is often necessary if the leg arteries appear to be occluded. Ul
trasound scan in the diagnosis of these peripheral aneurysms has been used in re
cent years, as already mentioned earlier, and should be applied more frequently in 
the evaluation of the size of the aneurysm and the degree of thrombosis present in 
the sac. 

Management of the femoral or popliteal aneurysms consists only of resection 
of the lesion, with reestablishment of continuity of the arterial tree, either with a 
prosthetic material or with a vein. The use of a bypass procedure, with ligation of 
the aneurysm above and below, is being used by a number of vascular surgeons, 
especially on smaller lesions. Occasionally, a lumbar sympathectomy may be indi
cated in the presence of associated occlusive disease of the leg. To be successful, 
surgery must be undertaken before the aneurysm becomes large and causes com
plications. 
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IV. Anastomonic Aneurysms 

False aneurysms due to disruption of an anastomonic line of a graft or secondary 
to trauma, are a rather frequent occurrence (Fig. 5). The clinical manifestations 
vary with the location and the presence or absence of sepsis (SZILAGYI et al. 1975). 
In the septic group a false aneurysm is a rather early postoperative manifestation 
consisting of intermittent bleeding from the affected areas, formation of a he
matoma, pus drainage, and lymphorrhea, all of which precede the appearance of 

Fig.5. Translumbar aortogram depicting a left iliofemoral Dacron bypass graft with an 
anastomotic aneurysm at the common femoral level. Note the presence only of the profunda 
femoris distal to the aneurysm. The superficial femoral had been occluded 6 Y2 years prior 
to the original graft implantation. The patient underwent excision of this aneurysm with an 
end-to-end anastomosis between the proximal graft and the profunda femoris (HAIMOVICI 
1976) 
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the aneurysm. Presence of sepsis is a very serious, if not ominous, prognostic fac
tor. The exact incidence of anastomonic aneurysms is not entirely known, and has 
been variously estimated to range between 2.9% and 16%. Their management is 
somewhat more difficult than that of a spontaneous aneurysm of the popliteal ar
teries. It consists of either simple suture of the site of disruption of the edge of the 
arteriotomy, or excision of a distal portion of the graft and of the anastomotic area 
with regrafting from more proximal to distal levels. In infected false aneurysms, 
a bypass procedure around the septic area is indicated in order to overcome a most 
serious situation. 

Whereas the gravest complications of abdominal aortic aneurysms are their 
rupture, in peripheral aneurysms the greatest hazard remains thrombosis with pos
sible loss of limb. Both hazards are equally serious. They can be easily prevented 
by prompt diagnosis and management. Reconstructive arterial surgery has proven 
successful even in advanced age. 

D. Acute Venous Thrombosis 

Acute venous thrombosis affects primarily the deep veins of the lower extremity 
and very rarely those of the upper. It is one of the most common vascular con
ditions encountered particularly after the age of 40, and is seen with greater 
frequency in geriatric patients. The increased incidence in this latter group is re
lated to a longer survival of critically ill patients, as well as after extensive surgical 
procedures. There is a great susceptibility to thromboembolism in both medical 
and surgical patients in the geriatric group. An anatomic risk factor in the elderly 
appears to be directly related to a progressive enlargement of the intramuscular calf 
veins, which occurs with advancing years (HUME et al. 1970). 

I. Clinical Manifestations 

There are several anatomic areas of predilection for the occurrence of thrombo
phlebitis in the lower extremities. One of the most common is the calf muscle veins 
referred to often as "sural thrombophlebitis." The venous thrombosis usually in
volves the tibial veins but often extends into the popliteal as well. It is most fre
quently seen as a postoperative complication or in patients bedridden as a result 
of a chronic ailment (infections, blood dyscrasias, neoplasms, cardiac decompen
sation) or during convalescence from a myocardial infarction. Occasionally, it may 
occur without any apparent cause (MOSER et al. 1977). 

Mild to moderate edema of the involved leg or ankle in the pretibial area is de
tectable. Cyanosis, usually mild, is most often absent. Engorgement of the super
ficial veins over the anterior surface of the leg is an unreliable diagnostic sign in 
most instances. Romans' sign, often credited as a reliable index of the presence of 
venous thrombosis of the calf, has been shown to be present in only a small per
centage of cases. Therefore, the positive findings of calf thrombophlebitis are un
fortunately not always conclusively demonstrable. 

Under these circumstances, a presumptive diagnosis based on one's experience 
and comprehension of the problem is often the only alternative. This is especially 
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Fig. 6 a, b. Right trans femoral vein inferior vena cavagram. a Nonvisualization of the left 
common iliac vein due to acute thrombosis and presence of an intraluminal thrombus in the 
inferior vena cava. b Magnification of the inferior vena cava in a, depicting in its lumen a 
floating thrombus, which extends above the two renal veins. Thrombectomy of the left iliac 
vein and of the inferior vena cava prevented further pulmonary emboli that the patient had 
had prior to this procedure (HAIMOVICI 1982) 

valid from a statistical standpoint in the postoperative state, during heart disease, 
anemia, carcinoma, very advanced age, obesity, or varicose veins. Because the 
clinical manifestations are often inconclusive, deep venous thrombosis of the calf 
has been the subject of great controversy. In recent years, however, noninvasive 
methods, in addition to contrast visualization of the veins, have been used more 
extensively to render the diagnosis more precise (see below). 

The second commonest location of thrombophlebitis is the iliofemoral segment. 
In contrast to calf vein thrombosis, it usually offers no diagnostic problems be
cause the clinical manifestations are more obvious. There is usually diffuse enlarge
ment with swelling involving the entire lower extremity, including the thigh, along 
with general aching, mild cyanosis, tenderness of the upper thigh over the femoral 
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vein, especially in the fossa ovalis, and engorgement of the superficial veins. Occa
sionally, arterial pulsations are decreased due to arteriospasm. This may account 
for the pain of the entire leg, some pallor, coolness, and even absence of arterial 
pulsations in the involved limb. As a result this clinical picture may occasionally 
be confused with an arterial embolism. 

Thrombosis of the inferior vena cava (Fig. 6) may represent a primary condi
tion, or extension of an iliofemoral thrombophlebitis. It may occur first on one 
side, especially on the left, then involve the inferior vena cava and the right side. 
The symptomatology and physical findings in inferior vena cava thrombosis are 
the same as for iliofemoral, except that they are bilateral. 

Thrombophlebitis of the superficial veins in the lower extremity is simple to di
agnose in most instances. It may involve the greater or lesser saphenous vein, 
whether normal or varicose. Occasionally, this diagnosis may have to be differenti
ated from acute cellulitis or lymphangitis. Most patients with lymphangitis, how
ever, have a fever ranging from 101°F to 104 OF, with a shaking chill at the onset. 
In contrast, with superficial thrombophlebitis there is practically no significant 
temperature elevation or chills, except if there is associated sepsis. 

A frequently encountered superficial thrombophlebitis in the elderly is that af
fecting varicose veins. The diagnosis is usually simple. The only question is the ex
tent of the process. Occasionally, the thrombosis extends toward the groin, or af
fects the communicating veins, linking the superficial to the deep venous system. 
Under these circumstances, thromboembolic manifestations may occur and may 
require urgent ligation of the saphenous veins at its junction with the femoral or 
popliteal veins, as the case may be. 

II. Upper Extremity Thrombophlebitis 

Venous thrombosis in the upper extremities is rare (ADAMS et al. 1965; COON and 
WILLIS 1966; HUGHES 1949; LORING 1952; SWINTON et al. 1968; TILNEyet al. 1970; 
VEAL and HUSSEY 1943). It may occur as a result of extension from superficial veins 
into the deep venous system in patients who have intrathoracic neoplasms or 
aneurysms compressing the subclavian vein, or following trauma. One of the most 
common known upper extremity venous thromboses is the so-called effort throm
bosis which occurs as a result of trauma, stress, or injury involving the arm. Re
cently, PRESCOTT and TIKOFF (1979) presented a series of patients with both 
"stress" and "spontaneous" thrombosis on the left side, in six of the nine arms so 
affected. The etiology varied from congestive heart failure, cor pulmonale, lym
phoma, coagulation abnormality, and quadriplegia with an associated poly
cythemia and thrombocytosis. 

III. Precipitating Factors 

There are many such precipitating events causing thrombophlebitis in the elderly. 
Any cause that leads to stasis and coagulation of blood in the calf veins or in the 
iliac system, is associated with an increased risk of pulmonary embolism and that 
risk increases with age. Bedrest is the most potent, immediate cause, and its inci-



The Arterial and Venous System 187 

dence is known to rise with increasing length of immobility. Another major precipi
tating factor is operative trauma of tissues with its mobilizing clotting factors oc
curring mostly after exploratory laparotomies for gastric, biliary, and prostate op
erations, as well as in fractures of the lower limbs and pelvis. 

The poor position of the bedridden patient often causes stasis and subsequent 
thromboembolic phenomena. Prophylaxis may be achieved by promoting venous 
drainage of the lower extremities in raising the foot of the bed, and using the head
down position. It has been calculated that a 10° head-down position promotes ve
nous drainage of the legs at a rate almost double that in the horizontal position. 
In severe thrombophlebitis and edema, a 30°-40° elevation of the bed would be 
necessary to promote greater and faster drainage of the venous blood. 

IV. Ischemic Venous Thrombosis 

In contrast to the common form of iliofemoral thrombosis, referred to as "phleg
masia alba dolens," there are a certain number of cases in which the circulatory 
disturbances associated with acute thrombophlebitis may range from severe anox
emia of the tissues to gangrene (HAIMOVICI 1971). All these circulatory distur
bances are secondary to venous thrombosis, without arterial participation. The 
dominant manifestations in these cases being ischemia of tissues, I have proposed 
the comprehensive term "ischemic venous thrombosis" for this entity, and subdi
vided it into two clinical forms: (a) phlegmasia cerulea dolens, or "blue thrombo
phlebitis," which is a reversible ischemic form, and (b) venous gangrene, in which 
the changes are, by definition, irreversible. These two forms are part of the same 
clinical pathologic entity, the distinction between them being a significant differ
ence only of degree and extent of the underlying venous thrombosis. Recognition 
and management of phlegmasia cerulea dolens is of the utmost importance in order 
to prevent its progression to venous gangrene, the prognosis of which is not only 
loss of limb but often death of the patient. 

1. Phlegmasia Cerulea Dolens 

Phlegmasia cerulea dolens is characterized by a classic triad of pain, cyanosis, and 
edema. The pain is usually severe and is always present. Cyanosis is the pathogno
monic sign, and is as striking as the severity of the pain. A sharp line seperates nor
mal skin from the discoloration in some patients, lending the impression of a tour
niquet-induced anoxemia with purpuric-like lesions. Usually pain and cyanosis are 
followed almost immediately by edema, which becomes quite pronounced and of
ten has a characteristic woody or rubbery consistency. Arterial pulses at the initial 
stage ofthe acute syndrome may be felt only in the femoral or axillary arteries, but 
not distally to them. However, at the recovery stage all pulses become palpable. 

If treated promptly, one may avoid pulmonary embolism and progression of 
the local condition to gangrene. The overall recovery in untreated and treated 
patients was 83 % in a total series of 175 patients studied by the author. Seventeen 
percent died in the immediate acute phase after onset. 



188 H. HAIMOVICI 

2. Venous Gangrene 

Venous gangrene is characterized by three distinct phases: (1) phlegmasia alba 
dolens, (2) phlegmasia cerulea dolens, and (3) gangrene. 

3. Management 

In phlegmasia cerulea dolens, immediate administration of heparin and elevation 
of the limb are the major initial steps. Venous thromboectomy is sometimes indi
cated. If gangrene occurs, one should bear in mind that most often the lesion is 
superficial and self limiting, provided infection is avoided. 

V. Diagnosis 

The clinical recognition of a deep venous thrombosis is often difficult. False posi
tive, or false negative signs occur quite often in these patients. Recent development 
of screening tests which can reveal venous thrombi before they become evident 
clinically has facilitated recognition of this process. 

Noninvasive screening tests are being used extensively in many vascular centers. 
They consist of the ultrasonic technique, using the Doppler effect, radioactive-la
beled fibrinogen, impedance plethysmography, and phleborheography (YAO et al. 
1973). Most of these noninvasive techniques provide 80%-90% clear indications 
of the presence of deep thrombi. In the cases in which there is doubt as to the pres
ence or absence of venous thrombi, venography remains the most accurate means 
for confirming the diagnosis and the extent of the disease. 

Indeed, contrast venography will provide direct evidence of both occlusive and 
nonocclusive venous thrombi. The disadvantages of venography are that it usually 
requires movement of the patient to the X-ray table, which may result in local com
plications, such as thrombosis or pulmonary embolism. 

Laboratory testing for hypercoagulability of the blood has been disapointing be
cause it has been unable, routinely, to provide evidence for altered clotting factors 
responsible for this state. Indeed, most hematologists have denied existence of such 
a state of hyper coagulability, and only recently has the significance been acknowl
edged. 

VI. Pulmonary Embolism 

Pulmonary embolism is one of the most dreaded complications of acute venous 
thrombosis. Theoretically and ideally, pulmonary embolism should be prevented 
by immediate treatment of peripheral venous thrombosis. Unfortunately, clinical 
and necropsy studies have shown that about 85% offatal emboli are not preceded 
by evidence of peripheral venous thrombosis. The exact incidence of pulmonary 
embolism is variable according to published reports, but it seems to have been in
creasing in recent years (DETAKATS 1968; VIAMONTE et al. 1980). 

Based on autopsy series, about 85% of pulmonary emboli originate from 
thrombi in the calf veins, about 10% from thrombi in the pelvis, and about 5% 
from clots in the heart itself. The magnitude of the problem of emboli is reflected 
in the annual number of 50,000 deaths in the United States from this complication. 
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Fig. 7. Incidence of pulmonary 
embolism in ischemic venous 
thrombosis (HAIMOVICI 1982) 
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Figure 7 shows the incidence of pulmonary embolism in ischemic venous 
thrombosis. In the nonfatal pulmonary emboli, there is only a slightly higher inci
dence in the cases with gangrene than in the cases of phlegmasia cerulea dolens. 
In contrast, in the cases of fatal pulmonary emboli, the patients with phlegmasia 
cerulea dolens showed an incidence of only a 3.4%, while in the group of venous 
gangrene, it was 22.1 %. 

The clinical manifestations of pulmonary embolism depend on the size of the 
embolus in relation to the pulmonary aterial branch it obstructs. Four recognizable 
forms of pulmonary embolism occur, although transition from one form to anoth
er readily occurs. The four forms are: (I) fatal pulmonary embolus without no ev
idence of a source of thrombosis, (2) the massive sublethal pulmonary embolus 
which is still amenable to salvage if measures are taken without delay, (3) small pul
monary infarct, and (4) subclinical embolism. Diagnostic tests for pulmonary em
bolism do not always provide adequate information. Arterial oxygen determina
tion is usually most useful. If it is 90 mm Hg or greater, the likelihood of a pulmo
nary embolism is remote. Pulmonary-perfusion scanning appears to be an accurate 
screening test. However, pulmonary angiography remains the most reliable means 
for diagnosing pulmonary embolism, and should be used as a last resort. 

VII. Treatment of Thromboembolism 

1. Medical Treatment 

Superficial thrombophlebitis of an extremity rarely requires bedrest. In the absence 
of spreading thrombosis, simple application of moist heat may be all that is needed, 
together with an antiinflammatory medication [phenylbutazone (Butazolidin) or 
oxyphenbutazone (Tandearil»). If the superficial thrombophlebitis extends above 
the knee or elbow, and has a definite tendency to spread to the groin or axilla, be
drest, elevation, anticoagulants, and possibly surgical ligation of the involved vein, 
especially in the groin, may be indicated. Pulmonary embolism associated with 
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superficial thrombophlebitis is extremely rare, unless the thrombosis extends to the 
deep veins. 

Deep venous thrombosis. Thrombophlebitis, involving the sural veins or the iliofe
moral segment, may require the patient's hospitalization. Bedrest with elevation of 
the extremity and head-down position are essential in order to provide adequate 
venous drainage. If treated at home, the latter may best be accomplished by raising 
the foot of the bed by blocks 12"-15" high. If the head-up position is necessary 
because of cardiac decompensation with orthopnea, the leg should be in the hori
zontal position as a compromise solution. 

Local application of moist, hot packs for the full length of the involved extrem
ity is helpful at the acute stage. Hydration of the patient is important to prevent 
hemoconcentration, which predisposes to thrombosis of the veins. Lung scanning 
and chest X-rays should be carried out with the utmost care for fear of mobilizing 
floating thrombi, especially at the initial stage of the process. 

2. Anticoagulant Therapy 

In geriatric patients, especially undergoing surgical procedures, whether abdomi
nal or hip fracture repair, it is often desirable to use anticoagulant drugs as a pro
phylaxis to venous thromboembolism. Under these circumstances, to minimize 
complications ofthe antiocagulant agents, small doses of heparin given subcutane
ously have been recommended and appear generally effective (KAKKAR et al. 1975). 
Electric calf stimulation and both active and passive postoperative exercise, and 
graded compression stockings are other prophylactic measures recommended 
against deep vein thrombosis. Their effectiveness is mostly considered as adjunct 
to the anticoagulant therapy. 

In established thromboembolism, however, heparin should be given intrave
nously by continuous infusion, using a loading dose of 2,000-4,000 units, and 
thereafter 1,000 units or more per hour. Intermittent administration of heparin, or 
by the subcutaneous route, is not desirable. Heparin should be administered for 
at least 1-2 weeks after the onset of the thromboembolic episode, and thereafter 
continued with oral anticoagulant therapy, using sodium warfarin (Coumadin). 
The initial dose of sodium warfarin ranges from 10-40 mg. Maintenance doses 
range from 0.5-10 mg/day, adjusted to the prothrombin time, between 2 or 3 times 
above normal. Oral therapy should be continued for 3-6 months, especially if the 
patient has a chronic condition predisposing to embolism. 

Fibrinolysins have been used in recent years with variable degrees of effective
ness (NATIONAL COOPERATIVE STUDY 1974). Their usefulness is still questionable. 
Low-molecular weight dextran may likewise be administered in certain cases for 
3-4 days. In the elderly it must be given cautiously to prevent cardiac overload. 

3. Surgical Management 

Surgical management (COON 1974; INAHARA 1968) is indicated only if anticoagu
lant therapy fails to prevent pulmonary embolism or in the presence of potentially 
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bleeding conditions due to its use. Two modalities are then available: (1) vein in
terruption and (2) thrombectomy. 

The rationale for vein interruption is that of a mechanical barrier provided to 
prevent extension of thrombosis and pulmonary emboli. Ligation, plication, or 
transvenous interruption of the inferior vena cava are variably indicated. 

a) Plication 

Plication may be achieved by suture, or by clips especially designed to divide the 
lumen of the cava into small compartments. Complete ligation of the inferior vena 
cava, although much simpler than plication, is fraught with certain disadvantages 
due to postligation venous stasis or distal extension of thrombosis or other se
quelae. Ifligation is to be carried out, the author prefers a stenosing ligation which 
is far safer, easier, and more expeditious. It is carried out around the tip of a Kelly 
clamp. The resulting vena cava lumen is approximately slightly more than the 
thickness of the tip of the clamp (HAIMOVICI 1971, 1976d). 

b) Transvenous Caval Interruption 

Transvenous caval interruption by means of specially designed devices [Mobin
Uddin umbrella (MOBIN-UDDIN et al. 1977), Kim-Ray Greenfield filter (GOODALL 
and GREENAELD 1980) and the Hunter-Session balloon (HUNTER et al. 1977)] is in
dicated primarily in patients at high risk for plication or ligation. Morbidity and 
mortality appear to be reduced by this method, although pulmonary embolism is 
not entirely eliminated. 

c) Venous Thrombectomy 

Venous thrombectomy has been advocated both in phlegmasia alba dolens and 
phlegmasia cerulea dolens. Long-term results in the former for achieving venous 
patency have not been encouraging. Therefore, the majority of vascular surgeons 
feel that thrombectomy in the common form of iliofemoral thrombophlebitis is not 
useful (BARNER et al. 1969). In contrast, in phlegmasia cerulea dolens, thrombec
tomy may be indicated to prevent pulmonary emboli and further local extension 
of the thrombosis, which may actually lead to gangrene of the limb. To be success
ful, the procedure should be carried out in the first 2-3 days after onset (DRAPANAS 
and CURRAN 1966; HAIMOVICI 1971; LANSING and DAVIS 1968). 

d) Pulmonary Embolectomy 

Based on the most recent experience, indications for pulmonary embolectomy are 
confined to major embolism with shock, associated with central venous pressure 
exceeding 30 cm of saline, with an angiogram showing a filling defect in either or 
both pulmonary arteries and indicating more than 50% obstruction. If the 
patient's condition is very critical, partial venoarterial bypass in the groin improves 
the situation greatly and may thus render the patient operable. 

Until a few years ago, before the use of cardiopulmonary bypass for pulmonary 
embolectomy, this procedure carried a forbiddingly high mortality. Even the cur
rent method of embolectomy with bypass is not an entirely benign procedure. The 
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operative mortality for all patients undergoing pulmonary embolectomy is around, 
or above, 57%. 

Recently, an alternative approach to open pulmonary embolectomy was sug
gested by GREENFIELD et al. (1974) consisting of a transvenous removal of pulmo
nary emboli. This procedure, however, is still at an experimental stage. 

VIII. Postphlebitic Syndrome 

One of the major sequelae of deep venous thrombosis is a later appearance of a 
clinicopathologic condition with a tendency to assume a chronic course. It is often 
neglected by both patient and physician and causes serious complications. It occurs 
as a result of an iliofemoral thrombophlebitis or deep venous thrombosis of the leg. 
The immediate cause is severe damage to the deep veins and their valves. The re
sulting valvular incompetency is in turn responsible for the chronic venous stasis. 
This initiates a chain of events starting with edema in the lower leg, leading to cel
lulitis, induration of the skin and subcutaneous tissue, pigmentation, dermatitis, 
and finally ulceration around the lower portion of the leg and ankle. 

1. Venous Hemodynamics 

The essential physiopathology of the postphlebitic syndrome is characterized by 
ambulatory venous hypertension in the area of the ankle, due to vavular incom
petency. Measurements of the pressures at the ankle, both at rest and during exer
cise, have indicated conclusively that in the postphlebitic syndrome there is no fall 
of pressure on exercise in contrast to the normal leg, or even in patients with incom
petence of primary superficial varicose veins. In the latter cases, although the pres
sure may rise on exercise, it falls immediately on cessation of motion. 

In addition to the valvular incompetency of the deep veins, the ankle communi
cating veins between the superficial and deep system (ankle perforators) are 
credited by some investigators as also playing an important role in determining the 
local skin and subcutaneous changes. 

Another factor in the pathogenesis of the postphlebitic syndrome is the pres
ence of arteriovenous shunting in the lower leg and around the ankle as demon
strated by the author (HAIMOVICI 1976a). This contributes to the deprivation of the 
oxygenated blood in the capillaries, since it is shunted away through the precapil
lary channels. As a result, a degree of ischemia is also present in addition to the 
venous stasis, thus making this syndrome more complex than it is generally as
sumed. 

The major clinical components of the postphlebitic syndrome are soft pitting 
edema at the early stage, later becoming indurated and less pitting. Inflammatory 
changes of the skin and subcutaneous tissues occur later, due to the persistent ve
nous stasis on the medial side of the leg, and less often on the lateral. This location 
depends on whether the greater or shorter saphenous vein is involved. Pigmenta
tion of the skin from the ankle may extend proximally to involve half of the leg. 
At an advanced stage, subcutaneous fibrosis or even calcification may take place 
and provide the hard texture already mentioned. The degree of edema varies con
siderably in these patients. In those with localized destruction of the valves in the 
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calf veins and of those of the perforating branches, the edema may be minimal. 
However, in those patients who have complete postthrombotic destruction of the 
valves in the femoral, popliteal, and calf veins, edema may be a major complaint. 

One of the symptoms accompanying this syndrome is what is described as "bur
sting pain." The patients usually complain of generalized aching pains in the leg 
and calf, which must be distinguished from that associated with an ulcer. 

Enlargement of the calf is also a common finding. It is due to chronic intra
muscular edema, which usually causes the symptom of aching at the end of the day, 
or after a period of prolonged standing. Nocturnal cramps are also a common 
component of the clinical picture. 

Diagnosis of a postphlebitic syndrome is based on the past history of deep ve
nous thrombosis associated with the symptoms as described above. Measurements 
of ambulatory venous pressure and venography would provide the necessary 
pathophysiologic criteria for the diagnosis. The venogram shows the enlarged 
valveless collateral veins, most often dilated with incompetent perforators in the 
lower leg and ankle. 

One of the major findings, not necessarily always present, is the appearance of 
varicose veins. These are secondary to the venous obstruction and subsequent in
competence of the deep venous system. The secondary varicose veins should be dis
tinguished from the primary type, which follow a more regular anatomic pattern 
than those observed after a postthrombotic syndrome. 

2. Treatment 

a) Nonsurgical Management 

In an uncomplicated postphlebitic syndrome with only edema, elastic support dur
ing ambulation and nocturnal elevation of the lower extremity are helpful in con
trolling the chronic stasis insufficiency. The stockings should be fitted with a 
graded pressure from the ankle to the knee. Standard stockings are totally inad
equate in such cases. 

In the presence of cellulitis with lymphangitis, bedrest with leg elevation, and 
antibiotics, local warm compress application for a period of 1-2 weeks may be nec
essary for control of such complications. 

b) Surgical Management 

Surgical intervention (DALE 1980) may be necessary for two components of the 
syndrome: (1) secondary varicose veins and (2) leg ulceration. 

Ligation and stripping of the secondary varicose veins should not be under
taken without a complete venographic evaluation of the deep venous system. 
Should the latter be patent, although incompetent, surgery can be useful in remov
ing a source of stasis. On the other hand, if the deep venous system is still occluded, 
the excision of the varicose veins is contraindicated. 

Ulcers, usually under adequate conservative management, may heal with bed
rest, elevation and local treatment, bandages or Unna's boots. However, if recur
rence or lack of healing persists, excision of the ulcers with skin grafting becomes 
necessary. The subfascialligation of perforators, advocated in the past, is not uni-
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versally accepted since the current concept of the pathophysiology attributes the 
stasis mainly to the deep major veins. In addition, after the excision of the ulcer 
and skin grafting, an adequate fitted elastic support will be necessary for the 
patient to wear for several years, or indefinitely. 

Since the postphlebitic syndrome has a tendency to persist and show recur
rences, it is mandatory that follow-up of the patients should be advised and carried 
out periodically. 
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A. Introduction 

During recent decades, an old desire of mankind seems to be fulfilled: that of be
coming older and older. Progress in medical and social areas has increased the life 
expectancy of the population, at least in the highly developed countries. Epidemio
logical projections have revealed that about 12% of the population of the United 
States was 65 years and older in 1980 (National Center for Health Statistics 1975). 
While in 1974 in West Germany about 13% of the population was 65 years and 
older (LAUTER 1974), this rate increased to about 16% by 1980 (Statistisches Bun
desamt FRG 1981). Similar data were reported from the Soviet Union (ROUBAKINE 
1975). Ifthese developments continue along with a declining birth rate, which will 
further increase relatively the number of aged people in the population, people 
aged 60 years and older will account for about 10% of the world's population in 
the year 2000 (Technical Report of WHO 1972). The estimated number ofinhabi
tants aged 65 years and older will be still 16% in West Germany by the year 2000 
although the population will have decreased by 7% (Statistisches Bundesamt FRG 
1981). According to ROTH (1980), there will be 20% more people aged 75, and the 
number of 85-year-old people will have increased by 60% in Great Britain by 1986. 

The process of aging is often a problem of the aging brain. However, physio
logical cerebral aging should be strictly differentiated from pathological cerebral 
aging, i.e., dementia which is strongly age related (KATZMAN 1979). The prevalence 
of severe dementia in people aged 65 years and older was estimated at 4%-7% 
(KATZMAN 1976, 1979; KAY et al. 1964a, b; ROTH 1978; TERRY 1976; TOMLINSON 
1980) increasing to more than 20% above the age of 80 years (KAY 1972; KAYet 
al. 1970). Mild to moderate forms of dementia were estimated at about 11 % in 
people aged 65 years and over (KATZMAN 1976; TERRY 1976). No figures are 
known about the prevalence of presenile dementia, neither in severe nor in mild or 
moderate forms. 

In the following, different aspects such as behavior, cerebral blood flow and 
metabolism, and electroencephalography (EEG) will be discussed in terms of nor
mal cerebral aging and abnormal aging processes in the brain, i.e., dementia. 

B. Normal Cerebral Aging 

I. Behavior 

Decreasing speed of reaction seems to show most sensitive changes with advancing 
age. BIRREN and BOTWINICK (1955) investigated the reaction times to an auditory 
signal in two different age groups. Reaction time was significantly higher in people 
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aged 61-91 years as compared to a control group aged 18-36 years. With inclusion 
of complex word completion tests, it could be demonstrated that the determinants 
of behavior of young and old people are different. However, slowing of motor 
movements or peripheral sensitivity is only one aspect which occurs with advanc
ing age. Slowness of cognitive abilities seems to be even more evident in the elderly 
(BIRREN et al. 1962, 1979). Intellectual abilities decline progressively with age after 
they have reached a culminating point in early adolescence (WECHSLER 1939, 1958). 
However, this generalization had not been accepted in this way by several other 
investigators. Differences in mean performance of the Wechsler subtests in aged 
individuals were reported by RABIN (1945) as well as MADONICK and SOLOMON 
(1947), who found that not all abilities measured by the Wechsler test were affected 
in an equal manner in people aged 60-85 years. Fox and BIRREN (1950) investi
gated 50 individuals restricted to 60-69 years of age and they found that the sub
tests concerning information, vocabulary, and comprehension showed least decline 
while those concerning block design, picture arrangements, and digit symbols had 
declined more. BOTWINICK (1967) described a more rapid decline in performance 
of nonverbal abilities than of verbal abilities with age. EISDORFER et al. (1959) in
vestigated the relationship between verbal and performance IQs in 130 volunteers 
aged over 60 years and in 32 hospitalized patients. Verbal IQs were found to be 
higher than performance IQs in 94% of people with higher socioeconomic stan
dard and in 72% of people with lower socioeconomic standard. These relationships 
could be found in both groups, the volunteers and the hospitalized patients. EIS
DORFER (1963) performed a second full-scale W AIS in a 3-year follow-up study in 
165 volunteers (65-75 years old) from the Duke Geriatrics Project sample. As a re
sult of the retest, he found only minor decline in scores and minor changes in test 
performance tending to the mean. THALER (1956) investigated the relationships 
among the different psychometric tests such as Wechsler-Bellevue Intelligence 
Scale, Weigl Color Form Sorting Test, and Rorschach Test in 116 normal volun
teers ranging from 60 to 101 years of age with a mean age of 73 years deriving from 
middle and lower middle class socioeconomic standard. She found a decreased per
formance in the Wechsler subtests (vocabulary, information, block design, and di
git symbol tests) with increasing age. Another finding which seems to be of imp or
tance is that of JARVIK et al. (1962), who investigated intellectual changes in 
134 aged twins living in the community. Using the Wechsler-Bellevue Intelligence 
Scale and the Stanford-Binet-Test, they found improved scores in a retest 1 year 
later, which were attributed to "test wiseness." 

A second retest 7 years later showed a significant decline in performance (tap
ping and digit symbols) while other subtests did not yield different results as com
pared to investigations performed before. The authors concluded that not all func
tions of intelligence decline with age but only some abilities. BIRREN (1968) retested 
29 aged persons after an interval of 5 years. During this time, the result of the full
scale score OfWAIS had decreased 9.6 points on average in 24 out of the 29 people. 
In the remaining five people, the score showed a small increase or did not change 
at all. From these studies and from the investigation ofBIRREN et al. (1963), it thus 
becomes clear that a decline in intellectual functions occurs only over a period of 
normal cerebral aging lasting years. Furthermore, the intellectual changes in nor
mal elderly people are subject to considerable individual variations. 
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II. Cerebral Blood Flow 

A large number of well-documented relationships exists between cerebral blood 
flow on the one hand and oxidative metabolism of the brain [i.e., the cerebral met
abolic rates (CMR) of both oxygen and glucose] on the other. Therefore, cerebral 
blood flow will be discussed along with CMR-oxygen and CMR-glucose. 

In normal adults, cerebral blood flow is controlled by two main factors which 
also ensure the enormously high supply of the brain with blood and substrates. 
These factors are the cerebral perfusion pressure and the partial pressure of CO2 

in the arterial blood (pa CO2). The cerebral perfusion pressure is calculated as the 
difference of mean arterial blood pressure and intracranial pressure. In the case of 
a normal intracranial pressure, only the relationship between mean arterial blood 
pressure and cerebral blood flow is of importance. 

This pressure/flow relationship is well known as autoregulation of cerebral 
blood flow which remains unchanged within the ranges of mean arterial blood 
pressure of 50-150 mm Hg (BERNSMEIER 1963; CARLYLE and GRAYSON 1955; DINS
DALE et al. 1974; EKSTROM-JODAL et al. 1972; HAGGENDAL 1965; HARPER 1965, 
1966; HOYER et al. 1974; JONES et al. 1975; LASSEN 1959, 1974; LASSEN and AGNOLI 
1972; MILLER et al. 1972; RAPELA and GREEN 1964; STRANDGAARD et al. 1973, 
1974, 1975; YOSHIDA et al. 1966). Within these ranges of mean arterial blood pres
sure, both the oxidative and energy metabolism of the brain seem to remain un
changed (HOYER et al. 1974; KAASIK et al. 1970; SIESJO and ZWETNOW 1970; SIESJO 
et al. 1971; ZWETNOW 1970). 

Cerebral blood flow changes with pa CO2 . Blood flow of the brain falls in ar
terial hypocapnia, whereas it increases in arterial hypercapnia. This phenomenon 
is known as CO2 reactivity of the cerebral vessels (ALBERTI et al. 1975; ALEXANDER 
et al. 1964, 1965, 1968a; GOTOH et al. 1965; HAGGENDAL and JOHANSSON 1965; 
HARPER and GLASS 1965; HERRSCHAFT and SCHMIDT 1973; KETY and SCHMIDT 
1946, 1948; LASSEN 1974; MEYER et al. 1962; PATTERSON et al. 1955; RAICHLE et al. 
1970; REIVICH 1964; SEVERINGHAUS and LASSEN 1967; SHAPIRO et al. 1965, 1966; 
WOLLMAN et al. 1965, 1968). 

Within the ranges ofpa CO2 of 15 to about 80 mmHg, the cerebral metabolic 
rates of both oxygen and glucose remain constant and so does cerebral energy me
tabolism (ALBERTI et al. 1975; ALEXANDER et al. 1965, 1968 b; COHEN et al. 1964, 
1968; FOLBERGROvAet al. 1972; GOTTSTEIN et al. 1976, 1977; GRANHOLM and SIESJO 
1969, 1971; GRANHOLM et al. 1969; SIESJO and MESSETER 1971). 

Under normal conditions, the brain only uses glucose to obtain energy (GIBBS 
et al. 1942; GOTTSTEIN et al. 1963; HOYER 1970a). Glucose enters the brain by 
means of a facilitated transport mechanism across the blood-brain barrier. Only 
about 5% of the total amount of glucose metabolized in the brain diffuses across 
the blood brain barrier under normal conditions (ATKINSON and WEISS 1969; 
BACHELARD 1971 a, b, 1975; BACHELARD et al. 1972, 1973; CRONE and THOMPSON 
1970; NEMOTO et al. 1978; OLDENDORF 1971, 1976; PARDRIDGE and OLDENDORF 
1977). In the brain cells, glucose is metabolized in the cytoplasm via the Embden
Meyerhof pathway and in the mitochondria via the tricarboxylic acid cycle, which 
is extended by a y-aminobutyric acid (GABA) shunt and an amino acid pool with 
different compartments (SACKS 1957, 1965, 1969, 1976). 
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The problem as to whether autoregulation of cerebral blood flow or CO 2 

reactivity of the cerebral vessels are unchanged or disturbed in normal cerebral ag
ing is far from being resolved. No data on autoregulation of cerebral blood flow 
in aged normals can be found in the literature. Only scanty results on CO 2 reactiv
ity of the cerebral vessels are available in normal elderly people. SCHIEVE and WIL
SON (1953) found that CO 2 reactivity of cerebral blood vessels in seven normal 
people aged 50-76 years did not differ from a normal young control group though 
the reaction of CO2 was insignificantly reduced. These findings agree with the ob
servation of DEKONINCK et al. (1975), who found normal responses of cerebral 
blood flow to both hypercapnia and hypocapnia in relatively healthy elderly 
people. YAMAMOTO et al. (1980) investigated 24 volunteers aged from 24 to 82 years 
without any cerebro- or cardiovascular disorders and risk factors. They found a 
significant reduction of vasodilatation response to hypercapnic CO2 with advanc
ing age, which was accounted for by an atrophy of cortical gray matter or cerebral 
arteriosclerosis or both. 

Another question yielding conflicting results is whether advancing age will re
duce cerebral blood flow and metabolism. 

In 1956, KETY reviewed the results of 11 publications of different investigators. 
He concluded that there is a remarkable decline in both cerebral blood flow and 
oxygen uptake of the brain from childhood through adolescence, then followed by 
a more gradual but progressive reduction in senility. Corresponding to the reduc
tion in blood flow and oxygen uptake of the brain, the cerebral vascular resistance 
increased with age. FAZEKAS et al. (1952) compared mentally normal people below 
and over the age of 50 years. Individuals younger than 50 years did not reveal any 
variations of blood flow and oxygen consumption of the brain as compared to a 
group of young healthy volunteers. Individuals over the age of 50 years, however, 
showed significant reductions in both brain blood flow and oxygen uptake. It is, 
however, remarkable that the individual data of cerebral blood flow and cerebral 
metabolic rate of oxygen scattered very much with age: low values were found as 
well as "normal" ones in both parameters. SCHEINBERG et al. (1953) investigated 
32 people aged from 38 to 79 years with normal brain functions. They obtained a 
significantly lower cerebral blood flow as compared to a control group aged 18-
36 years, but the cerebral metabolic rate of oxygen had not significantly changed. 
Individuals older than 56 years showed a significantly reduced cerebral blood flow 
as compared to a group aged 38-55 years. The cerebral metabolic rate of oxygen 
did not show any significant differences between these two groups. NARITOMI et al. 
(1979) investigated cerebral blood flow in 46 volunteers aged from 21 to 63 years, 
who were arbitrarily classified into two subgroups below and above 40 years of 
age. The investigators found a gradual reduction of gray matter flow with advan
cing age, which was attributed in part to neuronal atrophy and in part to cerebral 
arteriosclerosis. FRACKOWIAK et al. (1980) investigated cerebral blood flow and the 
cerebral metabolic rate of oxygen in cerebral gray matter as well as in cerebral 
white matter in 14 normal volunteers aged from 26 to 74 years. They showed re
ductions of both cerebral blood flow and cerebral metabolic rate of oxygen in ce
rebral gray matter with increasing age while no age-related changes could be ob
served in cerebral white matter. 

Although these above-mentioned studies seem to demonstrate a clear relation
ship between advancing age and decreasing brain blood flow and metabolism, it 
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would be necessary to regard it with certain reserve. For these studies are limited 
in that elderly individuals investigated were both volunteers living in the commu
nity and hospitalized patients. They were designated "normal" by exclusion of 
mental or vascular diseases, but mental normality was not proved by means of psy
chological test or EEG or both. LASSEN et aI. (1960) studied cerebral blood flow 
and brain oxygen uptake bilaterally in young and aged normal subjects, whereby 
normality was demonstrated by several psychometric tests. Normal elderly sub
jects aged 66-79 years did not show any differences in cerebral blood flow as com
pared to a control group aged 22-29 years neither in the 10 min nor in the infinity 
values. However, brain uptake of oxygen was significantly reduced in the elderly 
to 2.72 ml/100 g min as compared to 2.98 ml/100 g min in the controls as calcu
lated to infinity. The 1O-min values did not show any difference in brain oxygen 
consumption between these two groups. 

SCHIEVE and WILSON (1953) studied cerebral blood flow and cerebral metabolic 
rate of oxygen in a total of 29 healthy people at mean ages of 29, 40, and 64 years. 
They found no statistically significant difference in cerebral blood flow and brain 
oxygen consumption within these different age groups. DASTUR et aI. (1963) inves
tigated a total of 68 individuals in the 8 th decade of their life. Twenty-six out of 
these, aged 71 years on average, were mentally and physically intact (BUTLER et aI. 
1965); the remaining suffered from arterial hypertension, arteriosclerosis, or both. 
Fifteen people aged 21 years served as controls. The investigators failed to demon
strate changes in the blood flow and oxygen consumption of the brain in the elderly 
healthy subjects as compared to the control group of young people. There was, 
however, a significant decrease in cerebral glucose consumption in healthy elder
lies. This result could be confirmed in animal experiments. SMITH et aI. (1980) dem
onstrated in the resting conscious rat that aging is associated with decreases in glu
cose utilization in specific regions of the brain. 

In the study of DASTUR et aI., 22 out of the 26 healthy old people showed nor
mal EEG tracings; the other four people had mild diffuse slowing of EEG 
frequency, focal slow waves, or amplitude asymmetry (OBRIST et aI. 1963). 

It thus becomes evident that cerebral blood flow does not seem to decline with 
normal cerebral aging. Changes in the brain blood flow with age are therefore 
probably related to illnesses in age than to age per se (GOTTSTEIN and HELD 1979; 
HEDLUND et aI. 1964; OLESEN 1974; SHENKIN et aI. 1953). The small but significant 
reductions in the cerebral metabolic rates of oxygen (LASSEN et aI. 1960) and of glu
cose (DASTUR et aI. 1963; SMITH et aI. 1980) might tentatively be accounted for by 
a progressive loss of cerebral cortical neurons, dendrites, and dendritic spines with 
physiological cerebral aging. BRODY (1955, 1978) described a decrease in neurons 
of approximately 40% by the 9 th decade, particularly in frontal and temporal 
areas. COLON (1972) confirmed these findings in two cases of undemented people 
over 80 years of age. SHEFER (1973) reported a decrease of 22 % in area 6, of 28 % 
in area 10, and of23% in area 21 with an average decrease of20% for all regions. 
BALL (1977) calculated approximately 6% neuron loss per decade. It is well docu
mented that the loss of cortical neurons with physiological aging is associated with 
a reduction in the number of dendrites and dendritic spines (SCHEIBEL 1978; SCHEI
BEL and SCHEIBEL 1975; SCHEIBEL et aI. 1975, 1976). It is speculated by BIRREN et 
aI. (1979) that both the loss of neurons and the reduction in synapses might be the 
cause of the slowing of complex behavioral patterns. 
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III. Electroencephalography 

As has been mentioned above, healthy elderly people show as well as normal EEG 
tracings with a mean frequency of 9.16 cis, a mild diffuse slowing of EEG 
frequency, as focal abnormalities and amplitude asymmetry (OBRIST et al. 1963). 
BUSSE et al. (1956) studied 223 healthy volunteers, of whom 153 underwent psy
chometric tests, which revealed no significant differences between them. Of the vol
unteers, 49% had normal EEG tracings as compared to EEG standards established 
for young adults. In 15% ofthe subjects, diffuse disturbances, i.e., diffusely slowed 
or diffusely fast or combined fast and slow records, could be observed. Thirty-five 
percent of the total of 223 volunteers demonstrated focal disturbances, of which 
all but two were localized temporally. These temporal focuses could be found on 
the left side in 78%. Reduction in alpha frequency seems to be a most common 
finding with age. In young adults, the mean alpha rhythm was found to be 10.2-
10.5 cis (BRAZIER and FINESINGER 1944). In mentally healthy subjects between 60 
and 90 years of age, alpha frequency fell from 9.7 to 9.0 cis (OBRIST and BUSSE 
1965; OTOMO 1966). MUNDy-CASTLE et al. (1954) found a mean alpha rhythm of 
9.4 cis in a group of healthy individuals aged 75 years on average. Studying aged 
normal individuals, OBRIST (1954) and OBRIST et al. (1966) observed a mean alpha 
frequency of 9.1 cis in the 7th and 8 th decade oflife, and a decrease to 8.6 cis over 
the age ov 80 years. The progression of reduction of alpha rhythm was apparent 
in more than 50% of mentally healthy old people over a period of 15 years. THALER 
(1956) reported that advancing age does not seem to correlate with any particular 
EEG classification. She found abnormal EEGs in 62% of 116 normal volunteers 
aged from 60 to 101 years. Comparing EEG changes between males and females 
with respect to normal aging, OBRIST and BUSSE (1965) found significantly lower 
alpha frequencies in males than in females of comparable age. 

Fast EEG activity was observed as low-voltage beta rhythm in about 50% of 
mentally healthy individuals with well-preserved intellect (BUSSE and WANG 1965; 
OBRIST 1954). Diffuse slow activity under 7 cis was found to be relatively rare 
among mentally normal volunteers aged 60--75 years. OBRIST and BUSSE (1965) 
found such slow waves in only 6%-8% of the subjects investigated. After the age 
of 75 years, a significant increase of slow EEG frequency could be observed in 
more than 20% of the subjects (SILVERMAN et al. 1955). As mentioned above (BUSSE 
et al. 1956), focal slow EEG activities could be found in 30%-40% of healthy com
munity volunteers over the age of 60 years. Foci were predominant over the left 
anterior temporal area (BUSSE et al. 1954). They consisted mainly in the appearance 
of theta and delta rhythms, in marked amplitude asymmetries and occasionally in 
spikes and waves. The demonstration of such temporal foci seems to depend on 
the electrode placement (SILVERMAN et al. 1955). Differences in EEG recording 
techniques may therefore lead to a failing of high incidence of temporal foci in 
mentally healthy elderly people (OBRIST 1954; SHERIDAN et al. 1955). Evidence for 
focal temporal abnormalities were repeatedly reported and their significance dis
cussed by BUSSE et al. (1956) and BUSSE and OBRIST (1965). However, the exact or
igin of these temporal foci on the left side has still remained unclear. Several dif
ferent reasons are discussed (OBRIST 1976). These foci are most often clinically si
lent and do not show any relationship to cerebral dominance, aphasia, or seizures 
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(BUSSE and OBRIST 1963; FREY and SJOGREN 1959; SILVERMAN et al. 1955). Longi
tudinal studies over a period of 3-4 years showed stability of the foci and absence 
of clinical symptoms (BUSSE and OBRIST 1963). 

To summarize the influence of normal cerebral aging on behavior, blood flow, 
and oxidative metabolism of the brain and EEG, the following conclusions can be 
drawn: 

Intellectual functions do not generally decline with aging. Age-related changes 
in intelligence are subject to considerable individual variations. If a reduction oc
curs, it is more noticeable in nonverbal performance than in verbal abilities. 

In the EEG, alpha rhythm shifts to the slow side and shows a frequency of 8-
9 cis. Focal disturbances can be observed relatively often, predominantly over the 
left anterior temporal region. 

Cerebral blood flow is not significantly reduced with normal cerebral aging. 
However, there is evidence that both oxygen and glucose consumption of the brain 
decrease to a smaller but significant extent with age. 

As far as correlations between behavior, EEG, and/or cerebral blood flow and 
metabolism are concerned, OBRIST et al. (1962) failed to demonstrate any relation 
between intellectual function and EEG in normal senescence. After an interval of 
3.5 years on average, WANG et al. (1970) found a decline in both verbal and per
formance abilities which was greater in subjects having temporal foci than in indi
viduals without temporal foci. OBRIST (1975) could not find any differences be
tween individuals with and without temporal focal EEG abnormalities with respect 
to learning ability, 48-h retention, memory scale performance, or intelligence test 
scores. When EEG on the one hand and brain blood flow and oxygen consumption 
on the other were compared, no relationship could be demonstrated. WANG et al. 
(1970) studied cerebral blood flow in 24 volunteers aged 79 years on average. 
Twelve years after the initial investigations, subjects having normal cerebral blood 
flow rates showed higher scores in both verbal and performance abilities than those 
individuals in whom cerebral blood flow had decreased. However, none of these 
differences was statistically significant. LASSEN et al. (1960) concluded from their 
bilateral study of cerebral blood flow and oxygen consumption that the beginning 
of intellectual decline with age may possible be associated with a mild reduction 
in oxygen consumption in the dominant hemisphere. This intriguing assumption 
is not inconsistent with the high rate of EEG abnormalities in the left temporal 
lobe. 

If thus may be unequivocally stated that normal cerebral aging is associated 
with only minor slowness in behavior and EEG and only minimal reductions in the 
cerebral metabolic rates of both oxygen and glucose. 

C. Abnormal Cerebral Aging 

Dementia due to primary or secondary brain diseases is the most common cerebral 
illness in middle-aged and elderly people. Degenerative or cerebrovascular changes 
in brain tissue are responsible for primary dementias, while dementia symptoms as
sociated with extracerebral diseases should be strictly distinguished in clinical and 
pathophysiological terms and should be designated as secondary dementia. 
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Degenerative changes in brain tissue cause dementia in about 60%-70%. Ce
rebrovascular disturbances (multi-infarct) alone are responsible for dementia in 
only 20%-30%, while both degenerative and cerebrovascular variations are pres
ent in 15%-20% (JELLINGER 1976; TOMLINSON 1980; TOMLINSON et al. 1970). Noso
logically, "simple" senile dementia and both Alzheimer's senile and Alzheimer's 
presenile dementia may be regarded as variations of the same degenerative brain 
disease (ALBERT 1964; ARAB 1960; CONSTANTINIDIS 1978; KATZMAN 1976; LAUTER 
and MEYER 1968; NEWTON 1948; TERRY 1976, 1978). It has become evident that 
the cerebrovascular (multi-infarct) brain processes may be related to disturbances 
in cerebral microcirculation, which might lead to circumscribed nerve cell loss with 
gliosis (CORSELLIS 1969). From these findings, HACHINSKI et al. (1974) pointed out 
that "the use of the term ,cerebral atherosclerosis' to describe mental deterioration 
in the elderly is probably the most common medical misdiagnosis." Arteriosclero
sis or thrombosis of the larger arterial brain vessels would lead primarily to neu
rological disorders such as strokes and may therefore be of marginal relevance in 
the development of dementia symptoms. 

I. Clinical Symptoms 

Dementia comprises a global deterioration of higher mental functions and intellec
tual capacities. It may be defined as a global disturbance of "mental functioning 
in its intellectual, emotional, and cognitive aspects" (MAYER-GROSS et al. 1969). 
According to WEITBRECHT (1963) and HUBER (1972), it should be stressed that de
mentia can develop reversibly and irreversibly. McHUGH and FOLSTEIN (1979) de
fined dementia as a deterioration of cognitive functions including memory, ab
stract reasoning, attention, language, and perception without prominent distur
bances in consciousness. Disturbances in mood with anxiety and depression, in af
fectiveness, paranoid symptoms, delusions, hallucinations, personality changes, 
and catastrophic reactions are also associated with dementia (BLESSED 1980; 
McHUGH and FOLSTEIN 1979). Different dementia syndromes can be well docu
mented and classified in respect to severity as clusters by means and the AMP rat
ing scale system (HELMCHEN 1975; SCHARFETTER 1972). 

Differentiating degenerative from multi-infarct dementia due to primary brain 
diseases, ROTH (1978) pointed out that females show a marked higher predomi
nance of degenerative dementia while multi-infarct dementia is found to be more 
frequent in men. Sudden appearance of neurological or psychological deficits such 
as aphasia, agnosia, or apraxia and emotional lability with depressive symptoms 
along with well-preserved intelligence and personality are more common and pro
nounced in multi-infarct dementia, the course of which is mostly intermittent and 
fluctuating ("stepwise downhill") (BLESSED 1980). Such clinical symptoms are al
most invariably obscured in presenile and senile degenerative dementia. Its course 
is slowly progressive (BLESSED 1980) and shows general impairment of cognitive 
functions. BLESSED et al. (1968) studied demented patients and scaled their psychi
atric symptoms. There was no support that degnerative changes in brain tissue had 
caused functional psychiatric disturbances or delirious states. However, a close 
correlation could be found between the number of senile plaques and scores for 
dementia and performance in psychological tests. By means of an ischemic score 
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outlined by MAYER-GROSS et al. (1969), it is possible to differentiate between the 
two main dementia types, primary degenerative and multi-infarct dementia. Its 
usefulness was tested by HACIDNSKI et al. (1975) and confirmed by HARRISON et 
al. (1979), ROSEN et al. (1980), and LOEB (1980). LOEB, however, stressed that a def
inite grouping between the two main types of dementia should be based upon ad
ditional investigations such as EEG and computerized tomography of the brain 
besides clinical and psychometric examinations. 

Dementia due to extracerebral diseases or due to brain diseases, which cannot 
be accounted for by degenerative or multi-infarct brain processes, should be desig
nated as secondary dementias. Cardiac or circulatory diseases, endogenous or ex
ogenous intoxications, infections, traumas, oxygen, glucose, mineral, or vitamin 
deficiencies, blood diseases, etc., may produce dementia symptoms which are fre
quently characterized by delirious and clouded states (ROTH 1978). Differentiation 
between primary and secondary dementia should be based upon exact physical 
and neuropsychiatric examinations, psychometric tests, and laboratory investi
gations including blood chemistry, cerebrospinal fluid, ECG, EEG, computerized 
tomography of the brain, and other X-ray studies. 

II. Cerebral Blood Flow and Metabolism 

It has been well documented in numerous investigations that, irrespective of its 
cause, dementia is closely related to changes in brain blood flow and metabolism. 
FREYHAN et al. (1951) studied blood flow and oxygen consumption of the brain 
in patients suffering from psychoses of senility due either to cerebral arteriosclero
sis or senile psychosis and they found reductions in both blood flow and oxygen 
consumption in both groups of patients. Differences between the two groups were 
not evident. In comparable groups of patients, reductions in cerebral blood flow 
and oxygen consumption, of the same degree, were reported by FAZEKAS et al. 
(1952,1953), LASSEN et al. (1960), OBRIsTet al. (1962), HEDLUND et al. (1964), BUT
LER et al. (1965), MUNcK et al. (1968), INGVAR (1970), OBRIST et al. (1970), and 
GRUBB et al. (1977). 

A close correlation between reduced cerebral oxygen consumption and in
tellectual impairment was demonstrated by LASSEN et al. (1957) and KLEE (1964). 
HAGBERG and INGVAR (1976) correlated psychometric findings with regional cere
bral blood flow in presenile dementia. The abnormalities in regional cerebral 
blood flow with accentuation in posteriotemporal, parietal, and occipital areas 
correlated well with the type of reduction of cognitive functions. These findings 
had been outlined with more detailed psychological data by GUSTAFSON and RIS
BERG (1974), GUSTAFSON (1975), and GUSTAFSON and HAGBERG (1975). All these 
results mentioned above might support the assumption that dementia may be 
mainly associated with disturbances in global or regional cerebral blood flow 
which are mostly due to arteriosclerosis of the brain vessels. However, this as
sumption had to be dismissed after GOTTSTEIN et al. (1964) had described a de
crease of the cerebral glucose consumption as the main variation. This was accom
panied by normal or only slightly decreased cerebral blood flow and normal oxy
gen consumption. The findings of HOYER (1970 b) confirmed the results of GOTT-
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STEIN et al. In could furthermore be demonstrated that, in unclassified dementia, 
cerebral blood flow was predominantly decreased in about 20% of the patients in
vestigated while in about 80% of the dementia patients disturbances in either oxy
gen consumption or glucose metabolism of the brain were the main derangements. 
It thus became evident that cerebral blood flow and metabolism were not uniform
ly varied in dementia but could be related to different dementia types in patho
physiological terms (HOYER 1969; HOYER and BECKER 1966). O'BRIEN and MAL
LETT (1970) and O'BRIEN (1972) studied cerebral blood flow in patients suffering 
either from primary neuronal degeneration or from dementia symptoms due to ce
rebrovascular disease. They found that the cortical perfusion rates and cerebro
vascular resistance was different between the two groups. In primary neuronal de
generation, no change of blood flow could be observed as compared to dementia
free controls, and in patients with cerebrovascular disease brain blood flow was 
decreased. However, the primary neuronal group did not consist of a single patho
logical type. Based on the ischemic score outlined by MAYER-GROSS et al. (1969) 
(see above), HACHINSKI et al. (1975) confirmed this pattern in cerebral blood flow 
in pure dementia patients. They described a decrease of flow in patients suffering 
from multi-infarct dementia. In patients belonging to the primary degenerative 
type of dementia, cerebral blood flow was normal. There was no correlation be
tween degree of dementia and cerebral blood flow in the primary degenerative 
group, but an inverse relationship could be found in the patients suffering from 
multi-infarct dementia. Studying regional cerebral blood flow pattern, INGVAR et 
al. (1978) reported on most marked flow decreases in postcentral regions in the oc
cipito-temporal-parietal and in the frontal areas in Alzheimer's disease while in 
multi-infarct dementias flow was reduced without a notable lack of regional 
features. Additionally, LADURNER et al. (1977) found lower flow rates in the left 
cerebral hemisphere as compared to the right mainly in multi-infarct dementias, 
whereas in primary degenerative dementia there was only a trend in this direction. 
From a statistical point of view, different distribution curves of blood flow and 
oxygen consumption of the brain between the two main dementia types could be 
demonstrated. Mean global blood flow and mean oxygen consumption of the 
brain were low in multi-infarct dementia, but could be found to be unchanged on 
average in primary degenerative dementia. However, there was no correlation, but 
an overlap in cerebral glucose uptake between the two groups (HOYER et al. 
1975 a). As far as cerebral blood flow and cerebral oxygen consumption are con
cerned, DEKONINCK et al. (1977) confirmed these findings in patients with senile 
dementia either due to primary degenerative or due to multi-infarct brain process
es. With respect to the course of both dementia types, HOYER (1978 a, b, 1980) de
scribed the predominant disturbance as being that in cerebral glucose metabolism 
in the early stage of the dementias, whereas cerebral blood flow and oxygen con
sumption of the brain were found to be normal. It was presumed that the lack of 
glucose found in the degenerative type might be compensated by the combustion 
of subtrates other than glucose and that the "surplus" of glucose found in the mul
ti-infarct type might not be used metabolically, but abnormally stored in the brain 
cells. In the further course of both dementia types, blood flow and oxygen and glu
cose consumption of the brain decline progressively to run into a final common 
path of a low functionalleve1 in the chronic phase of the dementias. Thus, signif-
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icant differences might be observed between the two main dementia types with re
spect to blood flow and metabolism in the earlier stages of the dementia process. 
This distinction might be impossible in more advanced dementias (OBRIST 1978; 
OBRIST et aI. 1975). When cerebral blood flow and metabolism were related to the 
psychiatric status as measured by means of the AMP rating scale system (see 
above), HOYER et aI. (1979) could not find any correlation between the degree of 
psychiatric impairment and the reduced cerebral blood flow and metabolism as 
described by GUSTAFSON et aI. (1972). HOYER et aI., however, demonstrated a clear 
correlation between the functional state of the brain and its blood flow and me
tabolism, i.e., productive dementia symptoms seem to be associated with abnor
mally increased brain blood flow and metabolism if no brain atrophy exists, but 
brain blood flow and metabolism are significantly decreased if the brain has atro
phied although the clinical symptomatology is productive. In nonproductive de
mentia, however, a close correlation between reduced mental impairment and 
brain blood flow and metabolism is present. This pattern of blood flow and me
tabolism becomes strikingly evident in patients suffering from Korsakow's syn
drome as was pointed out by SIMARD et aI. (1971) and HOYER and OESTERREICH 
(1980). 

There are only scanty investigations on cerebral blood flow and metabolism 
in dementia with respect to autoregulation of cerebral blood flow and CO2 reactiv
ity of the brain vessels, respectively. SCIDEVE and WILSON (1953) found different 
effects of CO2 on cerebral blood flow and thus suggested two types of dementia: 
one due to primary degeneration of brain parenchyma and the other due to dis
eases of the brain vessels. FAZEKAS et aI. (1953) also demonstrated well-preserved 
reactions of cerebral blood flow and oxygen consumption under hypercapnia as 
well as under hypocapnia, which were confirmed by LASSEN et aI. (1957). SIMARD 
(1971) and SIMARD et aI. (1971) demonstrated that neither global nor focal abnor
malities to vasoreactive functions such as hypo- or hypercapnia, arterial hypo- or 
hypertension were present in dementia. HACIDNSKI et aI. (1975) reported on a nor
mal reactivity of blood vessels to hypocapnia in primary degenerative and in multi
infarct dementia although the reactivity was slightly less in the multi-infarct group 
as compared to the patients with primary degenerative dementia. Similar results 
were described by DEKONINCK et aI. (1977). The vasoactive response to CO2 due 
to hypercapnia was stronger in primary degenerative dementia than in multi-in
farct dementia. There were, however, no statistically significant differences. On the 
other hand, YAMAGUCHI et aI. (1980) found a reduced cerebral vasodilator re
sponse to carbon dioxide in multi-infarct dementia while the CO2 reactivity of the 
cerebral vessels was normal in patients with Alzheimer's disease. 

As far as secondary dementia is concerned, only those extracerebral diseases 
shall be referred to here which frequently produce severe changes in brain func
tion, e.g., dementia. Secondary dementia is associated with various disturbances 
in brain blood flow and oxidative metabolism. KETY et aI. (1948 a) found blood 
flow and oxygen consumption of the brain to be decreased in patients suffering 
from a severe diabetic acidosis. The cerebral metabolic rate of oxygen was de
creased to about 50% of normal in diabetic coma, but cerebral blood flow was in
creased. Reduction in cerebral oxygen consumption correlated well with a 
ketonemia in arterial blood. PAULSON et al. (1968) also described a decrease in the 
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cerebral metabolic rate of oxygen in patients suffering from diabetes mellitus. 
GOTTSTEIN et al. (1971) showed a cerebral utilization of ketone bodies in diabetic 
patients: the cerebral uptake of ketone bodies depends on their arterial concentra
tion. Arterial hypoglycemia below a critical level of 1.7 mM will also lead to func
tional disturbances of the brain since the carrier mediating the glucose transport 
across the blood-brain barrier is not sufficiently saturated and is thus reduced in 
its capacity (BACHELARD 1971 b, 1975). The cerebral metabolic rate of oxygen de
creases beyond the threshold of arterial glucose concentration of 1.7 mM (GOTT
STEIN et al. 1977; KETY et al. 1948b). 

Cerebral blood flow and metabolism were described to be not uniformly varied 
in arterial hyperammonemia due to liver diseases. FAZEKAS and BESSMAN (1953), 
FAZEKAS et al. (1956), POSNER and PLUM (1960), and WECHSLER et al. (1954) found 
both decreases in blood flow and oxygen consumption of the brain in precoma and 
hepatic coma. BIANCIDPORRO et al. (1969) and MAIOLO et al. (1971) grouped their 
patients suffering from hepatic insufficiency into three: those having liver cirrhosis, 
hepatic encephalopathy, or hepatic coma. They reported normal cerebral blood 
flow rates in liver cirrhosis and hepatic encephalopathy, and in general also in 
coma regardless of its degree and duration. Oxygen consumption and glucose up
take of the brain were found to be within normal limits in liver cirrhosis. The ce
rebral metabolic rate of oxygen was decreased in patients suffering from hepatic 
encephalopathy and from coma, but the cerebral metabolic rate of glucose was de
scribed to be at a rather low but normal level. When the degree of coma was 
graded, cerebral blood flow was found to be slightly increased in the mildest form 
of neuropsychiatric involvement but it decreased proportionally to more severe 
coma grades. The cerebral metabolic rates of both oxygen and glucose behaved 
similarly. Separating acute from chronic cases, they found increased cerebral blood 
flow rates in acute and decreased rates in chronic in both hepatic encephalopathy 
and coma. In acute hepatic encephalopathy and coma, the oxygen consumption of 
the brain was described as within normal limits and the glucose uptake as slightly 
increased. In chronic hepatic encephalopathy and coma, marked reductions in the 
cerebral metabolic rates of both oxygen and glucose were observed. These investi
gators speculated whether the slightly increased cerebral glucose uptake would 
serve to bind and thus to detoxify ammonia in the brain, yielding glutamine, a reac
tion which was suggested by BESSMAN (1961), BESSMAN and BESSMAN (1955), and 
BESSMAN et al. (1954). In patients with hepatic encephalopathy, HOYER et al. 
(1975 b) found normal rates of blood flow and oxygen consumption of the brain 
but different changes in the cerebral metabolic rates of glucose. An increased glu
cose uptake was associated with a cerebral release of glutamate and glutamine. 
When cerebral glucose uptake was decreased, a delivery of glutamate and gluta
mine by the brain could not be measured. ERBSLOH et al. (1958) found a significant 
decrease of cerebral glucose uptake correlating with increasing impairment of the 
liver. In precomatose patients due to hepatic insufficiency, GOTTSTEIN (1966, 1975) 
found significant reductions in blood flow, as well as oxygen and glucose consump
tion ofthe brain. In a catamnestic study, PAPENBERG et al. (1975) observed normal 
rates of cerebral blood flow and oxygen uptake and normal EEG in hepatoence
phalic patients who were still alive 3 years after the first investigation. Patients suf
fering from hepatic encephalopathy of the same degree, but showing a decreased 
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cerebral oxygen uptake and severe changes in EEG at the first investigation had 
died by that time. 

In uremia, HEYMAN et al. (1951) and SCHEINBERG (1954) measured a reduction 
of the cerebral metabolic rates of oxygen and glucose. GOTTSTEIN et al. (1972) de
scribed a close correlation between the degree of disturbance of consciousness and 
the reduction of the cerebral parameters mentioned. In all studies, cerebral blood 
flow was not different from normal. 

In different blood diseases, the abnormalities in cerebral blood flow and metab
olism were different. In pernicious anemia, both oxygen and glucose consumption 
of the brain were found to be decreased though cerebral blood flow was increased 
(GOTTSTEIN 1979; SCHEINBERG 1951). In hypochromic anemia, cerebral blood flow 
is also increased but the cerebral metabolic rates of oxygen and glucose are normal. 
These cerebral metabolic rates are also unchanged as compared to normal in poly
cythemia, in which cerebral blood flow is decreased due to an increase in hemato
crit, resulting in a deterioration of blood viscosity (GOTTSTEIN 1979). 

In dementia due to chronic alcoholism, HOYER (to be published) described re
ductions in blood flow and oxygen and glucose consumption of the brain. The ce
rebral metabolic rate of oxygen was decreased most and thus confirmed the find
ings of BATTEY et al. (1953) and FAZEKAS et al. (1955). On the other hand, INGVAR 
et al. (1969) reported on increased, as well as normal and subnormal blood flow 
rates in patients with chronic alcoholism. No correlations with the type or degree 
of intellectual impairment were found. MARX et al. (1975) suspected a tendency to 
higher cerebral blood flow rates in delirious and postdelirious phases of delirium 
tremens. 

III. Electroencephalography 

In the previous chapter, it was outlined that the different types of dementia are as
sociated mainly with reductions in cerebral blood flow and/or oxygen consumption 
and/or glucose uptake of the brain. Since it can be expected that the maintenance 
of the electrical activity of the brain depends on an adequate cerebral blood flow 
and metabolism (KRUPP 1966), changes in the latter should produce impairments 
in EEG. So OBRIST et al. (1963) reported on increasing slow activity in EEG along 
with reductions in cerebral blood flow and oxygen consumption. Similar correla
tions had been described by JOHANNESSON et al. (1977), who did not find a consis
tent relationship between EEG abnormalities and mean hemispheric blood flow, 
but there was a significant negative correlation between EEG variations and blood 
flow in occipital regions. In a more extensive study, SULG (1969) came to the same 
conclusion. Besides these correlations between cerebral blood flow and metabolism 
on the one hand and electrical activity of the brain on the other, the problem as 
to which EEG changes occur in dementia with respect to the different types and 
to the severity of the symptoms is of importance. McADAM and ROBINSON (1956) 
used a psychiatric rating scale to grade the degree of dementia which was compared 
with EEG. They found that the worse the EEG, the lower the psychiatric score, 
or, the lower the frequency, the lower the clinical score. In a subsequent study, 
McADAM and ROBINSON (1962) demonstrated correlations between the severity of 
dementia and the occurrence of theta and delta activities in the EEG. Along with 
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the results of MUNDy-CASTLE et al. (1954), WEINER and SCHUSTER (1956), and TUR
TON and WARREN (1960), one might conclude that the slower the EEG activity, the 
greater the mental impairment. On the other hand, LIBERSON and SEQUIN (1945) 
concluded from their studies in arteriosclerotic and senile patients that mental dis
turbances such as anxiety, agitation, and delusions did not show marked abnor
malities in EEG. LUCE and ROTHSCHILD (1953) also failed to demonstrate any rela
tionship between disturbances in the EEG and psychiatric symptoms such as de
lusions, hallucinations, or emotional derangement. In their study in almost 
200 hospitalized elderly individuals, BARNES et al. (1956) found marked electro
encephalographic differences. Patients suffering from organic brain disease 
showed generalized disturbances, mostly diffuse slow waves in 69%, while normal 
tracings in the EEG were identified in 17%. According to LUCE and ROTHSCIDLD 
(1953), normal EEG was generally associated with mild or moderate indications 
of mental deficit. OBRISTet al. (1962) and IRVING et al. (1970) confirmed these find
ings. The EEG is of great help in distinguishing between organic brain disease and 
functional psychiatric illness. In the latter, EEG was described as abnormal in only 
9%-38% (BARNES et al. 1956; LUCE and ROTHSCHILD 1953; OBRIST and HENRY 
1958; PAMPIGLIONE and POST 1958). Patients suffering from organic brain disease 
and showing a high incidence of diffuse slow (delta and theta) wave activity re
mained hospitalized or died within a year. The majority of patients with functional 
brain disorders and normal EEG, however, were more likely to be discharged or 
transferred to convalescent homes (OBRIST and HENRY 1958; PAMPIGLIONE and 
POST 1958; SHERIDAN et al. 1955). In patients suffering from confirmed Alzheimer's 
disease, abnormalities in the EEG can be found in approximately 100%. These 
changes are characterized by generalized irregular, sometimes rhythmic, slow ac
tivity (2-7 cis) and scanty or absent alpha activity (GORDON and SIM 1967; LETE
MENDIA and PAMPIGLIONE 1958; LIDDELL 1958; SWAIN 1959). In cerebrovascular 
disease, however, the background rhythm in EEG is generally well preserved, but 
it is also slow with a higher incidence offocal appearance oftheta and delta activity 
(VAN DER DRIFT and KOK 1972). CONSTANTINIDIS et al. (1969) investigated EEG 
changes in cerebrovascular, degenerative, and mixed dementias. In patients suffer
ing from Alzheimer type of dementia, the diffuse EEG slowing with predominant 
theta and delta activity was confirmed. In dementia due to cerebrovascular disease, 
a three times slower rhythm with 7-8 cis and five times more theta and delta foci 
could be observed. In this way, the EEG might yield the possibility of improving 
the differential diagnosis of the two main dementia types. 

D. Concluding Remarks 

There are numerous well-documented findings in gerontology and gerontopsy
chiatry, which prove unequivocally the significant difference between normal and 
abnormal cerebral aging. The characteristics of normal cerebral aging differ from 
those of abnormal cerebral aging in behavior, as well as in cerebral blood flow and 
metabolism, and in EEG. 

The most frequent clinical syndrome in abnormal cerebral aging is dementia, 
which sould be classified into primary and secondary dementias. Primary dementia 
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is mainly due to degenerative and less due to cerebrovascular disturbances in brain 
tissue. Secondary dementia is produced by extracerebral diseases or by illnesses not 
primarily in brain tissue. The degenerative type of dementia is characterized clini
cally by an impairment of memory and intellect deteriorating slowly but progres
sively. The cerebrovascular or multi-infarct type shows more emotional lability in 
direction of depression. Its course is intermittent and fluctuating. In secondary de
mentia, delirious, and clouded states dominate the clinical picture. 

Cerebral blood flow and the cerebral metabolic rates of both oxygen and glu
cose are not uniformly varied, neither in primary nor in secondary dementia. It has 
become evident that cerebral blood flow and obviously oxygen consumption of the 
brain are more deranged in multi-infarct dementia than in the degenerative type, 
in which disturbances in cerebral glucose metabolism seem to prevail. In secondary 
dementia, no clear"cut correlations with the changes of brain blood flow and me
tabolism are found except for the decreased cerebral oxygen consumption, which 
is associated with several extracerebral diseases. 

General slowing ofEEG activity along with a loss in alpha rhythm is described 
to be typical for primary degenerative dementia. In multi-infarct processes, how
ever, a slow alpha rhythm along with frequent theta and delta foci seems to be the 
characteristic EEG variation. 

Although our knowledge on normal and abnormal cerebral aging in the fields 
of psychology, physiology, and pathophysiology has increased during the past 
years, it appear necessary to work out more sensitive methods for easier and more 
exact differentiation between normal and abnormal cerebral aging, i.e., dementia 
on the one hand and the different dementia types on the other. It may be assumed 
that recently developed new techniques may be of great assistance (LENZI et al. 
1978; SOKOLOFF et al. 1977). 
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Functional Consequences of Neurofibrillary 
Degeneration of the Alzheimer Type 

D. R. CRAPPER McLACHLAN and U. DE BONI 

A. Introduction 

Understanding neurofibrillary degeneration of the Alzheimer type is a key step in 
understanding the senile changes responsible for diminished intellectual function 
in the elderly. Neurofibrillary change restricted to the medial temporal lobes and 
hippocampus is remarkably common in the older human brain; however, when this 
change occurs in neurons of the neocortex there is usually an association with some 
degree of impairment in intellectual and other higher brain functions (TOMLINSON 
et al. 1970). The ultrastructural subunits of neurofibrillary degeneration are paired 
helical filaments. This unique change is also found in neuronal processes surround
ing the other hallmark of senile brain change; the senile plaques. However, animal 
models of senile plaques such as those found in mouse brain infected with scrapie 
agent (BRUCE and FRASER 1975; WISNIEWSKI et al. 1975), the "senile" plaques of 
aged animal brains and the plaques of Kuru and Jacob-Creutzfeld's disease lack 
paired helical filaments and therefore may have limited application to the study of 
senile brain disease. Elucidating the intracellular events responsible for paired heli
cal filament formation and their aggregation into the dense bundles responsible for 
neurofibrillary degeneration is of the utmost importance in understanding the 
changes responsible for human brain aging. The purpose of this chapter is to sum
marize present understanding of neurofibrillary change and inquire into the possi
ble significance of the change to human brain function. 

B. Classification of Neurofibrillary Degeneration 

When ALZHEIMER applied a silver stain, developed by his associate BIELSCHOWSKI 
as a "neurofilament" stain, to the brain of a 51-year-old woman whose symptoms 
began with loss of memory and disorientation and who died 5 years later with pro
found dementia, he noted dark staining intracytoplasmic whirls of thickened 
filaments (ALZHEIMER 1907). The changes resembled black, twisted threads and be
came known as neurofibrillary tangles. A large number of degenerative and toxic 
brain conditions exhibit neurofibrillary degeneration and electron microscopic ex
amination has revealed at least three different types of filaments. 

I. Neurofibrillary Degeneration of the Alzheimer Type 

KIDD (1963, 1964) examined neurofibrillary tangles from brains of patients with 
Alzheimer's disease with the aid of the electron microscope and interpreted the 
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images to represent bundles of fibres, each fibre composed of two lO-nm filaments, 
twisted in a helix making one complete turn in 160 nm. The individual strands of 
the helix had a centre-to-centre separation of 15 nm. He later published negative
stained formalin-fixed neurofibrillary material also suggestive of two filaments 
paired into a helix (KIDD 1970). A resulting controversy involving the interpreta
tion of the images as representing twisted tubules, twisted ribbons or pairs of 10 nm 
filaments in a helical array persisted until the application of an electron microscop
ic technique which employed a goniometer tilt stage revealed a series of images con
sistent with paired helical filaments (WISNIEWSKI et al. 1976). 

II. Neurofibrillary Degeneration of Supranuclear Palsy 

In 1964, STEELE et al. described a progressive condition associated with vertical ga
ze palsy and neurons in the brain stem exhibiting neurofibrillary degeneration. 
Subsequent ultrastructural examination revealed bundles of straight solid 
filaments of about 15 nm diameter (TELLEZ-NAGEL and WISNIEWSKI 1973). Al
though in this syndrome dementia is not a prominent feature, cases of dementia 
with brain stem neurofibrillary degeneration of the 15-nm type have been encoun
tered. Furthermore, both paired helical filaments and 15-nm filaments have been 
observed in the same neuron in such a case (SEEMA and CRAPPER, unpublished 
work). The biochemical composition of the 15-nm filament is unknown, although 
two laboratory models of this change have been described (CRAPPER and DE BONI 
1980). 

III. Experimentally Induced Neurofibrillary Degeneration 

Two groups of agents induce neurofibrillary degeneration in experimental models: 
the antimitotic agents related to colchicine and the vinca alkaloid family of com
pounds, and the trace metals aluminum and cadmium. In the experimental models, 
however, bundles of single 10-nm solid filaments accumulate and the paired helical 
configuration of the Alzheimer type never occurs. Biochemical and immunohisto
logical data indicate that the colchicine-induced filaments are chemically related to 
vimentin of molecular weight 52,000 (LAZARIDES 1980), whereas the aluminum-in
duced filaments have a chemical composition identical to the molecular weight of 
the peptide-triplet-forming neurofilaments: 68,000, 140,000, and 210,000 daltons 
(SELKOE et al. 1979). Considerable circumstantial evidence implicates the trace ele
ment aluminum as a possible toxic factor associated with neurofibrillary degener
ation of the Alzheimer type (CRAPPER et al. 1973, 1976, 1978). Two laboratories 
employing different techniques have reported aluminum to be present in the nuclei 
of neurons with Alzheimer neurofibrillary degeneration (CRAPPER et al. 1976; PERL 
and BRODY 1980). Employing atomic absorption spectroscopy, work in our labo
ratory revealed an increase in aluminum content in nuclei in brain regions associ
ated with neurofibrillary degeneration (CRAPPER et al. 1980). In addition, PERL and 
BRODY, employing the scanning microscope with emission spectroscopy, recently 
reported that neurons with neurofibrillary degeneration from patients with Alzhei
mer's disease and neurons with neurofibrillary degeneration from older-aged 
brains from patients without dementia had detectable aluminum within the nuclei, 
whereas neurons in the immediate vicinity, void of neurofibrillary degeneration, 
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had no detectable aluminum in the nucleus. The possible role of aluminum in Alz
heimer's disease has been discussed elsewhere and may represent an important 
neurotoxic factor associated with the basic metabolic deficits underlying Alzhei
mer's disease (CRAPPER et al. 1980). 

IV. Occurrence of Neurofibrillary Degeneration 
Other than in Alzheimer's Disease 

Neurofibrillary degeneration of the paired helical filament type occurs in a number 
of brain diseases in addition to senile and presenile dementia. WISNIEWSKI et al. 
(1979) has recently reviewed in detail those human conditions in which neurofibril
lary degeneration has been reported. 

Until recently, paired helical filaments were considered to be unique to human 
central nervous system pathology. However, several examples of paired helical 
filaments in animal neurons have been reported, although the period of the helix 
is different from that found in Alzheimer's disease. Detailed examination by WIS
NIEWSKI et al. (1973) of aged monkey brain revealed examples of paired helical 
filaments with a half-twist period of about 50 nm. Giant sensory neurons of the 
foreleg of a whip spider have been reported by FOELIX and HAUSER (1979) to con
tain dense bundles of 10-nm filaments wound in a helix with a half-turn period of 
50 nm. After prolonged exposure to ethanol, neurons of dorsal root ganglia of rats 
have been found by YOLK (1980) to contain bundles of paired lO-nm-diameter 
filaments wound in a helical array with a half-turn period of about 35 nm. In con
trast, rabbit fetal cerebral neurons and spinal cord neurons maintained in vitro ex
hibit paired lO-nm filaments wound in a helix with a period ranging between 160 
and 50 nm when exposed to an extract prepared from Alzheimer affected brain (DE 
BONI and CRAPPER 1978, and unpublished work). 

Considering the diverse human and animal conditions in which neurofibrillary 
degeneration composed of paired helical filaments is now known to occur, neuro
fibrillary degeneration may well represent a non-specific, cellular response to an 
unidentified pathological process. Since lO-nm filaments appear to have a cyto
plasmic skeletal function, the helical array may represent a response to patholog
ical processes related to collapse of intraneuronal space. Diseases associated with 
neurofibrillary degeneration are usually associated with neuron loss, cerebral atro
phy and dendritic "dying back." Therefore, it is unlikely that neurofibrillary de
generation is directly related to any of the specific primary pathogenic events which 
cause the various diseases associated with neurofibrillary degeneration and is prob
ably best considered a non-specific neuronal marker of a disease process. Whether 
this change defines the anatomical limits of a pathological process within the brain 
is unresolved. 

C. Distribution of Neurofibrillary Degeneration 
in Alzheimer's Disease 

The anatomical distribution of neurofibrillary degeneration is important to the 
understanding of the functional consequences of neurofibrillary degeneration 
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upon brain function. Generally, large neurons with extensive dendritic trees are the 
most susceptible. Certain cells such as the cerebellar Purkinje cell, the motor 
neurons of the brain stem and spinal cord and dorsal root ganglion cells have not 
been reported to exhibit paired helical filaments in Alzheimer's disease. 

However, certain brain stem nuclei exhibit a predilection for neurofibrillary de
generation. ISHII (1966) reported that nucleus dorsalis raphe and nucleus centralis 
superior were the most severely affected. Periaqueductal grey matter, reticular for
mation of pons and medulla oblongata, and the substantia nigra ranked next. 
Within the hypothalamus, nuclei tuberis, substantia innominata and nucleus ma
millo-infundibularis were sites of predilection for tangles. Within the hippocampus 
there is a selective vulnerability to neurofibrillary degeneration. Quantatitive anal
ysis of the topographical distribution of neurofibrillary tangles in hippocampal 
cortex by BALL (1978) revealed a predilection for certain regions. Ranked in de
creasing order of density of neurofibrillary degeneration the distribution was: En
torhinal cortex> subiculum> H1 > end-plate> presubiculum> H 2 • Within 
the neocortex the distribution appears to be non-random as well. BRUN and 
GUSTAFSON (1976) reported the light microscopic distribution of cell loss, gliosis, 
neurofibrillary degeneration and senile plaques in seven cases of Alzheimer's dis
ease ranging in age from 58 to 74 years. All manifestations of Alzheimer's disease 
were found to be most pronounced in the medial temporal areas, posterior cingu
late gyrus and over the lateral hemispheres in a zone expanding from the posterior 
inferior temporal areas to the adjoining portions of the parietal and occipital lobes. 
The parietal lobes were involved to a lesser degree and the primary sensory and mo
tor areas of the frontal parietal and occipital lobe were spared or the least involved. 
Unpublished observations from our laboratory indicate that while neurofibrillary 
degeneration of sufficient magnitude to be detected by the light microscope rarely 
occurs in the calcarine cortex (Brodman area l7), electron microscopic examina
tion reveals paired helical filaments in processes surrounding senile plaques in area 
17 and in myelinated axons in this region. The biological origin of this peculiar dis
tribution of neurofibrillary degeneration in Alzheimer's disease is unknown but the 
pattern of distribution within the brain appears to be related to the pattern of 
deficits which patients exhibit (BRUN and GUSTAFSON 1976). 

D. Survival Time of Neurons with Neurofibrillary Degeneration 

Neurofibrillary degeneration is usually associated with neuron loss and it is some
times assumed that neurofibrillary degeneration is a sign of dying neurons. Suit
able methods have not been developed to measure precisely the survival time of 
neurons with neurofibrillary degeneration. Based upon experimentally induced 
aluminum neurofibrillary degeneration, neurons survive at least 90 days but not 
more than 1,000 days (CRAPPER 1973, 1974). To obtain an estimate of survival time 
of neurons affected with tangles, we examined in detail the brains of two men of 
similar anthropomorphic type, racial background and life style. Both men were 
modest social drinkers, had no history of head injury or serious systemic illness 
prior to death. One died suddenly of myocardial infarction with no intellectual im
pairment at the age of 64 and the other of Alzheimer's disease at the age of 65. 
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Histological criteria were established for classifying cortical cells and neuron 
counts were made in radial columns in cerebral cortex. The histometric techniques 
are given in detail elsewhere (CRAPPER et al. 1975). At death the control brain was 
estimated to have 1.2 x 1010 cortical neurons based on sample counts from four 
neocortical areas corresponding approximately to Brodman areas 11, 21, 17, and 
19. The calculation was based on the mean number of neurons in a column oriented 
radial to the cortical surface and 1 mm2 in surface area multiplied by the mean 
total neocortical surface area as published by HENNEBERG (1910). The brain of a 
patient with an 8-year or 3,000-day history of progressive dementia of the Alzhei
mer type had an estimated 0.9 x 1010 neurons. Assuming the cortex of both the 
control and Alzheimer affected brains contained about the same number of 
neurons at the onset of Alzheimer's disease, the Alzheimer affected brain lost 
3 x 109 neurons or 1 x 106 neurons per day over the 8-year course. At death the 
Alzheimer affected brain had 3 % of neocortical neurons involved by neurofibril
lary degeneration, or 270 x 106 neurons. Assuming the percentage of neurons af
fected by neurofibrillary degeneration and the survival time of affected neurons re
mained constant throughout the 8-year history of the disease, then a neuron would 
be expected to survive about 270 days or 9 months for the patient under consider
ation. While this estimate is based upon assumptions which cannot yet be ad
equately tested, the estimated survival time falls within the range of the experimen
tally induced aluminum tangle. 

E. Molecular Origin of Neurofibrillary Degeneration 

Although neurofibrillary degeneration is not unique to the senile brain or Alzhei
mer's disease, understanding the chemical composition and origin of the ultra
structural subunits of the paired helical filaments may offer important insight into 
the primary pathogenic events which initiate the senile process. Since the subunit 
structure of neurofibrillary degeneration is the accumulation of helically wound 
pairs of single filaments, an important question concerns the origin of the filamen
tous proteins. The paired helical configuration may represent a cellular modifica
tion of existing gene products to neuronal structural alterations induced by the pri
mary pathogenic events or the paired helical filament may represent new gene 
products perhaps foreign to the human neuron. 

Significant advances in defining the polypeptide composition of naturally oc
curring lO-nm intermediate filaments has recently been achieved. Five chemically 
distinct classes of intermediate filaments are now identified within the eukaryotic 
cell and each class of filaments tends to be characteristic of a particular cell type 
(LAZARIDES 1980). Neuronal axons contain lO-nm filaments composed of a triplet 
of polypeptides of molecular weight 68,000, 150,000, and 200,000 Daltons (ANDER
TON et al. 1978; SCHLAEPFER 1978; MICKO and SCHLAEPFER 1978). Glial lO-nm 
filaments are of 51,000 molecular weight. Despite initial confusion, most workers 
now agree that the 51,000-molecular-weight peptides originally considered to be 
neurofilaments are of glial origin. Neurofilaments were probably lost in the initial 
preparations of YEN et al. (1976) due to their solubility in solutions of low ionic 
strength. Certain epithelial cells contain a family of fibrinous proteins, the keratins, 
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ranging in molecular weight from 40,000 to 70,000 Daltons. Cells of mesenchymal 
origin contain 1O-nm filaments of 52,000 molecular weight called vimentin. This 
protein is identical to that which forms perinuclear bundles following exposure to 
colchicine, a finding which originally prompted the erroneous belief that the 
filaments were degradation products of microtubules. A fifth type of intermediate 
filament, desmin, occurs in muscle, predominantly smooth muscle, and has a mo
lecular weight of about 50,000 Daltons. 

Neurons presumably carry the genome for each of these filaments although on
ly neurofilaments so far have been identified within normal central nervous system 
neurons. Neuroblastoma cells contain both neurofilaments and vimentin, and glia 
appear to contain both glial acidic 51,000-molecular-weight fibrinous proteins and 
vimentin. Muscle cells have been reported to contain both vimentin and desmin 
while epithelial cells may contain both keratin and vimentin. Within the epithelial 
cells the peptide composition of intermediate filaments varies considerably and in 
the liver hepatocyte there is both vimentin and keratin. 

The remarkable feature of neurofibrillary degeneration is the perinuclear or 
proximal dendritic distribution of paired helical filaments. Dendrites are not as 
rich in 1O-nm filaments as are axons and at present it is unknown whether axonal 
and dendritic filaments are of the same peptide composition. 

The chemical composition of Alzheimer paired helical filaments has been ex
amined by IQBAL et al. (1978). Unfortunately, the interpretation of the results is 
uncertain. Their technique involved the preparation of neuron-enriched fractions 
from Alzheimer affected brains which were also enriched in neurons with neurofi
brillary degeneration. While these workers did not publish the percentage of 
neurons in the enriched fraction which exhibited either light or electron microscop
ic evidence of neurofibrillary degeneration, our experience with this technique in
dicated that preparations usually contain about 3%-5% of cells which exhibit 
Congo red birefringence and preparations are rare where 12% of cells with neuro
fibrillary degeneration are achieved. The next step in isolation involved homogena
tion and removal of nuclei with the paired helical filaments remaining in the post
mitochondrial supernatant after centrifugation. Paired helical filaments were then 
solubilized in 1 % SDS after heating for an unspecified length of time. In the expe
rience of this laboratory, the paired helical filaments are remarkably resistant to 
boiling for 10 min in 1 % SDS and this procedure may not completely solubilize 
the paired helical filaments. IQBAL et al. (1974) have also reported that the paired
helical-filament-enriched proteins contain an unique band corresponding to a mo
lecular weight of about 50,000 daltons. Trypsin digestion of this 50,000-molecular
weight peptide indicated fragments related to P-tubulin and neurofilaments. 
SHELANSKI (1978) has challenged this work on the grounds that a central hypoth
esis was that neurofilaments were composed of a single group of polypeptides of 
51,000 molecular weight. However, this polypeptide was probably of glial origin 
and since the neurofibrillary enriched fraction came from gliosed brain it may rep
resent a contaminant. He emphasized that a completely homogenous preparation 
of paired helical filaments has not yet been achieved and therefore the chemical 
composition cannot be ascertained. 

Attempts to employ immunological labelling of the neurofibrillary tangle have 
also been inconclusive. GRUNDKE-IQBAL et al. (1979) have reported that antibodies 
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raised against the proteins of twice-recycled micro tubules stain neurofibrillary 
tangles at the light microscopic level. RUNGE et al. (1979) have presented evidence 
that twice-cycled tubulin preparations contain both microtubular accessory pro
teins and a subunit of the neurofilament, the 68,000-molecular-weight moiety. It 
is therefore uncertain whether the tubulin antibody preparations stained the paired 
helical filaments, the proteins trapped among the aggregates of paired helical 
filaments or one of the microtubular associated proteins. It is difficult to conclude 
on the evidence available that the paired helical filament peptides are related to tu
bulin. Furthermore, an antigen raised against chick brain "neurofilaments" ofmo
lecular weight 54,000 daltons has been reported by GAMBETTI et al. (1979) to stain 
human brain neurofilaments, Alzheimer neurofibrillary tangles and aluminum-in
duced neurofibrillary tangles. Finally, ISCHII et al. (1979) employed the YEN et al. 
(1976) method for preparing filamentous proteins and purified a 50,000-molecular
weight protein. An antibody raised to this protein decorated both glial filaments 
and Alzheimer neurofibrillary tangles. Despite great effort, the chemical identity 
of the peptides involved in the filaments of the paired helical array cannot be con
sidered as known at this time. The technical difficulties of purification must be sur
mounted before the chemical composition of paired helical filaments of the Alzhei
mer type is known with certainty, a step which is critical in understanding the cel
lular origin of neurofibrillary degeneration. 

F. Neurofibrillary Degeneration and Altered Function 

I. Human Brain 

An enquiry into the functional significance of neurofibrillary degeneration implies 
that this morphological change is indeed associated with some unique contribution 
to altered brain function and the clinical state. In conditions such as the parkinson
ism-dementia complex of Guam, dementia pugilistic a or the experimental alumi
num encephalopathy in cats and rabbits, in which neurofibrillary degeneration is 
the only morphological change, this position may be defensible. However, consid
erable circumstantial evidence suggests that neurofibrillary degeneration may be 
an epiphenomenon in a special group of neurons in response to a pathogenic event. 
Therefore, function may be altered in other types of brain cells even in the absence 
of structural change. The difficulty is componded by the complex nature of 
neuron-neuron interactions. Altered function may exist in morphologically nor
mal-appearing neurons through such physiological mechanisms as disinhibition, 
disfacilitation, or alterations in modulatory or trophic factors. Techniques have yet 
to be developed which will permit rigorous examination of these possibilities in hu
man brain disease; for the present only indirect evidence from clinicopathological 
studies and animal dementia models permit a correlation between altered function 
and neurofibrillary degeneration. 

In Alzheimer's disease, the relation between altered function and tangles is ob
scured by various other types of brain pathology associated with the condition. In 
particular, senile plaques appear to be regions in which synaptic terminals are af
fected and may result in defective synaptic transmission. Employing a psychiatric 
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evaluation instrument and subsequent histopathological examination, ROTH et al. 
(1966) concluded that dementia was present when the number of senile plaques ex
ceeded an average density of ten per field. These workers counted senile plaques 
in 60 low-power fields of 1.3 mm diameter taken from twelve 25-J.Lm-thick sections 
of frontal, temporal, parietal, and occipital lobes for each brain. In the report of 
BLESSED et al. (1968), 73% of a group considered not to have cognitive deficits had 
plaque counts under two per field and 9% of brains of patients with dementia had 
average plaque counts of under two per low-power field. In a group of brains from 
individuals considered to be intellectually normal old people, TOMLINSON et al. 
(1968) reported that widespread neocortical plaques in low density together with 
neurofibrillary change and granulovacuolar degeneration restricted to the hippo
campus or hippocampal cortex may even be accompanied by several small or one 
to two considerable cerebral infarcts with slight or no mental deterioration. 

II. Experimental Animal Models of Neurofibrillary Degeneration 

Considering the difficulty in assigning accurately altered function to one of several 
histopathological changes which occur in aging human brain, it would seem rea
sonable to consider the physiological alterations associated with an animal model 
in which neurofibrillary degeneration occurs. No satisfactory animal model of 
neurofibrillary degeneration composed of paired helical filaments exists; however, 
aluminum-induced neurofibrillary degeneration has served as a useful model of a 
dementia process (CRAPPER and DALTON 1973 a, b; CRAPPER 1973, 1976). In 
susceptible species a single, intracranial aluminum injection is followed by an 
asymptomatic period of several days, which in turn is then followed by a pro
gression of signs beginning with minor changes in learning-memory performance 
and motor control, which subsequently terminate with profound motor deficits 
and status epilepticus. Several observations indicate that it is the neurofibrillary de
generation and not the mere presence of aluminum which correlates well with al
tered function. First, in animal species, such as cat and rabbit, which develop 
neurofibrillary degeneration in response to aluminum there is an accompanying 
encephalopathy. In contrast, despite high brain aluminum content, animals such 
as rat, mouse and monkey do not exhibit histological evidence of neurofibrillary 
degeneration and do not develop a progressive encephalopathy or altered learning
memory performance. Second, in susceptible species such as rabbit, injection of 
aluminum by slow infusion into one cerebral cortex resulted in a progressive de
cline in visual evoked potentials whereas the contralateral cortex exhibited no al
teration in evoked potentials (CRAPPER 1973). The distribution of neurofibrillary 
degeneration was asymmetrical and the hemisphere with the highest density of 
tangles was associated with the most marked changes in evoked potentials. Third, 
employing spike train analysis ofthe discharge pattern of neurons in the visual cor
tex of cat, aluminum-treated animals lacked a group of neurons which discharged 
with a mean spontaneous frequency of greater than seven spikes per second (CRAP
PER and TOMKO 1975). Specifically, in the untreated control group of animals, 10% 
of neurons had spontaneous frequencies between seven and ten spikes per second, 
and these were recorded at cortical depths corresponding to the supra- and infra-
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granular layers. Light microscopic counts of tissues stained by the Bielschowsky 
method from the recording site of these aluminum-treated animals revealed that 
10%-15% of neurons had neurofibrillary degeneration. The percentage of neurons 
with neurofibrillary degeneration in the aluminum-treated cats was approximately 
the same as the number of neurons in the untreated cats with spontaneous mean 
frequencies of between seven and ten. Furthermore, based on evidence that the ma
jority of cells with mean spontaneous frequencies of spike discharge around ten per 
second have complex receptive fields and that complex cells are pyramidal in 
shape, usually in layer 5, it is highly probable that the functionally absent group 
of cells were the pyramidal-shaped neurons which exhibited neurofibrillary degen
eration. Finally, an associative relationship exists between the density of neurofi
brillary degeneration and the acquisition of a conditioned avoidance response task. 
The brains of seven cats employed in experiments designed to measure the acqui
sition of conditioned avoidance responses were examined histologically (CRAPPER 
and DALTON 1973 b). The animals received aluminum chloride in the ventral hip
pocampi and extensive neurofibrillary degeneration was always encountered in 
that region. However, acquisition performance and density of neocortical neurofi
brillary degeneration both varied. To evaluate a possible relationship, the density 
of neurofibrillary degeneration in the neocortex and entorhinal cortex were ranked 
according to density and distribution from a minimum of three Bielschowsky
stained sagittal sections about 4-8 mm lateral to the midline of each brain. Utiliz
ing the most difficult criteria of acquisition performance available, namely, the 
number of trials to make 15 correct avoidances in a row, the data revealed that the 
more neurofibrillary degeneration was present, the more trials the animals required 
to attain criterion performance. The animal with the lowest density of neurofibril
lary degeneration reached criteria in about 15 trials while the animal with the 
highest density of tangles required 45 trials to reach criterion performance. 

Recent work by FARNELL et al. (1980), employing the in vitro hippocampal slice 
prepared from control and aluminum-treated rabbits, indicates more precisely the 
manner in which neuronal function is altered in the aluminum encephalopathy. 
The first alteration noted in slices removed from aluminum-treated animals is re
lated to long-lasting potentiation of a population spike evoked from hippocampal 
CA-1 pyramidal-shaped neurons. A conditioning stimulus of 100-Hz pulses for 1 s 
applied to the stratum radiatum input of CA-1 neurons was employed. The criteria 
for potentation was a population spike showing an increase of at least 25% base
line response for 30 min after tetanization. The percentage of slices meeting this 
criteria was 68% for untreated and sodium lactate treated controls, 50% for 5-day, 
35% for lO-day, 30% for 25-day, and 20% for 20-day post-aluminum-treated ani
mals. Furthermore, input-output studies relating stimulus strength to input fibre 
prepotential, population excitatory postsynaptic potentials (EPSPs) and popula
tion CA-I spike potential revealed a significant reduction in the CA-l spike poten
tial. No alteration in either the pre- or postsynaptic potentials was noted at this ear
ly stage in the encephalopathy. 

These investigations suggest that an early manifestation of aluminum toxicity 
is a functional disconnection between postsynaptic potentials and the spike-gener
ating zone of the neurons. It is of interest that the CA-l neurons do not exhibit 
light microscopic evidence of neurofibrillary degeneration at the time of recording 
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although neurofibrillary degeneration is present in other brain areas of the ani
mals. Further work will be necessary to establish whether the dissociation between 
postsynaptic potentials and spike generation in hippocampal neurons without 
neurofibrillary degeneration is a result of a loss of some trophic or modulatory 
factors from cells already affected by neurofibrillary degeneration, or an early 
manifestation of the aluminum-induced metabolic disorder which will eventually 
manifest itself as neurofibrillary degeneration. However, this study emphasizes 
that altered neuronal function may occur in hippocampal neurons, which do not 
themselves exhibit neurofibrillary degeneration. An analogous disorder and dys
function may occur in morphologically normal-appearing neurons in the human 
brain when neurofibrillary degeneration affects other neurons in the population. 

The next major alteration in neuronal functional properties involves loss of 
postsynaptic potentials when examined as popUlation responses evoked by either 
the visual or transcallosal pathways (CRAPPER 1973). The decreased voltage ampli
tude in the popUlation response appears related to the density of neurofibrillary de
generation. The final stage of the aluminium encephalopathy is characterized by 
an altetation in neuron membrane properties which result in prolonged somaden
dritic depolarization and high frequency axonal spike discharges. This is associated 
with status epilepticus or myoclonic jerks. The alteration in electrophysiological 
properties of neurons with neurofibrillary degeneration has been described in de
tail elsewhere (CRAPPER 1973, 1976; CRAPPER and TOMKO 1975). 

How useful a prediction of the functional consequences of neurofibrillary de
generation the aluminum model will serve for human diseases such as Alzheimer 
senile dementia cannot be ascertained at present. However, neurons with Alzhei
mer-type neurofibrillary degeneration contain intranuclear aluminum, as localized 
by both the electron probe and atomic absorption methods. Furthermore, some re
gions of Alzheimer affected brain which have high densities of tangles also have 
concentrations of aluminum which are closely similar to those found lethal to cats 
and rabbits (CRAPPER et al. 1980; PERL and BRODY 1980). In addition, human ce
rebral fetal neurons in explant cultures are as susceptible to the toxic effects of alu
minum as are cat and rabbit cerebral neurons; hence there is strong circumstantial 
evidence to indicate that aluminum may exert a toxic role in Alzheimer's disease 
as a secondary consequence of the primary pathogenic events which initiate the 
Alzheimer degenerative process (DE BONI et al. 1980; CRAPPER McLACHLAN and 
DE BONI 1980). 

One major difference between the aluminum-induced experimental encepha
lopathy and Alzheimer's disease is the terminal state of status epilepticus which oc
curs in the experimental encephalopathy. In the experimental model, a single lethal 
dose of aluminum is injected and this results in altered function in a large popula
tion of cells simultaneously. In Alzheimer's disease, the increase in aluminum prob
ably occurs as a result of a metabolic defect which occurs over a period of many 
years. Thus, synchronous neurophysiological changes in large numbers of neurons 
do not occur. It is unlikely that a few widely separated neurons in the human brain 
passing through a hyperexcitable state would trigger an epileptic seizure. It is there
fore speculated that the asynchronous manner in which neurofibrillary degener
ation occurs in Alzheimer's disease may explain the difference in terminal states be
tween these two conditions. 
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G. Summary 

In conclusion recent work indicates: 
1. The ultrastructural subunit of neurofibrillary degeneration, the paired heli

cal filament, is not unique to human brain disease but may occur in animal brain, 
both in aging and under certain experimental conditions. Moreover, it is important 
to note that the period of the helix in animals differs from that found in Alzheimer's 
disease. 

2. Neurofibrillary degeneration is probably an epiphenomenon, a response of 
an unidentified class of intermediate filaments to the disorganization of intracellu
lar space. Such a disorganization may be precipitated by the primary pathogenic 
events which underlie the various diseases in which neurofibrillary degeneration is 
present. 

3. Neurofibrillary degeneration is probably a marker for a degenerative pro
cess but several lines of evidence indicate that altered function is not restricted to 
only those neurons which exhibit neurofibrillary degeneration. 

4. The unique anatomical distriJ:mtion of neurofibrillary degeneration within 
a brain probably determines the distribution of neuronal failure within the brain 
and this in turn correlates approximately with the pattern of deficits which the in
dividual exhibited during life. 

5. The sequence of alterations in neuronal function associated with aluminum
induced neurofibrillary degeneration so far documented is the following: 

One of the first observed changes is a loss of long-lasting potentiation of the 
population spike in CA-l hippocampal neurons in the absence of changes in am
plitude of either the evoked presynaptic volley or the postsynaptic potential. Next, 
a decrease in the amplitude of the spike potential to single stimuli in the absence 
of amplitude changes in pre- or postsynaptic potentials. This change is followed 
by a decrease in postsynaptic potential amplitude with the inhibitory postsynaptic 
potential more severely affected than the excitatory postsynaptic potential. This 
stage is followed by a hyperexcitable state in which there are prolonged depolar
izations of the somadendritic membrane with multiple spike firing from the 
neuronal axons, associated with status epilepticus and myclonic jerks. 

6. The survival time of neurons with neurofibrillary degeneration in a brain of 
an individual with an 8-year history of Alzheimer's disease was estimated to be 
about 270 days. 
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Neurochemistry of the Aging Brain 

w. MEIER-RUGE 

A. Introduction 

A number of reviews have appeared on the neurochemistry of the aging brain 
(BURGER 1957; SAMORAJSKI and ORDY 1972; TIMIRAS 1972; ORDY and KAACK 1975; 
DOMINO et al. 1978; BOWEN and DAVISON 1978, FROLKIS and BEZRUKOV 1979). 
These have dealt excellently with the literature up to about 1973 and there is there
fore no need to cover this ground again in this chapter. Most investigations on hu
man brain aging, however, have appeared in the last 10 years. 

B. Nucleic Acids and Protein Biosynthesis 

It is now regarded as proven that the control of cell function is embodied in the 
genetic code in the cell nucleus. Nuclear DNA exerts its control over cell function 
by synthesis of RNA. The latter, in turn, synthesises membrane proteins and en
zymes which regulate the chemical activity of the cell. 

We now know that there are three main types of RNA: messenger RNA (mRNA), ribo
somal RNA (rRNA), and transfer RNA (tRNA). Precursors ofmRNA are: heterogeneous 
nuclear RNA (hnRNA) and premessenger RNA (pmRNA). Messenger RNA is synthesised 
in the cell nucleus and is believed to transcribe the genetic code in the nucleus and convert 
the instructions for synthesis of the protein structure into the actual synthesis of a polypep
tide on rRNA (WULF et al. 1967). 

The key role of protein metabolism and protein biosynthesis in the aging process was 
recognized as early as 1956 in a review by BiiRGER. In the sixties neurochemists became in
creasingly interested in neuronal RNA metabolism, since the studies by HYDEN (1967) sug
gested that a specific protein might be formed in memory storage. No entirely plausible ex
planation has, as yet, been put forward to explain how RNA might playa part in the transfer 
and storage of information. 

HYDEN'S theory of memory storage aside, nucleic acid and protein metabolism is also 
of particular interest since it is of fundamental importance for the maintenance of cell com
partments and for energy and transmitter metabolism. Although protein metabolism ap
pears to playa key role in the development of senile brain disorders, particularly senile de
mentia, very few studies have so far been undertaken in pursuance of this line of research. 

FROLKIS and BEZRUKOV (1979) regard altered protein synthesis (damage to DNA, loss 
of RNA-encoding DNA, reduced RNA synthesis and changed protein synthesis) as the 
pathogenetic basis underlying age-related impairment of nerve-cell function. If a way could 
be found of activating the genetic apparatus and stimulating protein synthesis pharmaco
logically, this would offer a causal treatment of age-related brain disorders. 

Reviews in the literature of investigations on nucleoprotein and protein metabolism 
over the last decade have been published by HERRMANN (1971), FROLKIS (1973a, b), CUTLER 
(1976), FINCH (1977), and KANUNGO (1980). 
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I. Deoxyribonucleic Acid 

NABER and DAHNKE (1979) observed no age-related reduction in the DNA content 
of the human brain. But also in laboratory animals has no major decrease of DNA 
been found. Cytophotometric estimates of DNA have revealed hyperploidy and, 
occasionally, tetraploidy of neuronal nuclear DNA (KRYGIER et al. 1977). 

Studies of the molecular biological aspects of age-related changes in DNA point 
to decreased DNA methylation (KUDRYASHOVA and VANYUSHIN 1976) and histone 
methylation (LEE and DUERRE 1974). Other investigations dealing with the 
physicochemical properties of DNA have shown that the temperature at which 
DNA undergoes thermal denaturation increases progressively with age, this being 
attributed to stabilisation of the DNA helix (KURTZ and SINEX 1967). 

A loss of genes which encode ribosomal RNA in the cell nucleus has actually 
been demonstrated in human hippocampal gyrus and somatosensory cortex 
(STREHLER and CHANG 1979). The brains of aging humans (STREHLER and CHANG 
1979) display a progressive age-related decrease in hybridisable rDNA. 

Changes such as these in the genetic material suggest that age-related alteration 
of DNA plays a key role in the aging process. 

II. Chromatin and Histone 

Various molecular-biological papers in recent years have adduced further proof for 
the hypothesis that the regulation of the genetic activity of the nerve cell (template 
activity) is linked with the interaction between chromatin and histone (DE BaNI and 
CRAPPER-McLACHLAN 1980; FROLKIS and BEZRUKOV 1979). 

The metabolic activity of chromatin-bound histone declines with increasing age 
(ERMINI and REICHLMEIER 1976; ERMINI et al. 1978). 

A typical sign of aging is the decreased ability of chromosomal histone in nerve 
cell nuclei to undergo phosphorylation (ERMINI and REICHLMEIER 1976). 

Chromatin-bound histone 4 derived from isolated human corticocerebral 
neurons and separated by electrophoresis displays a 50% lower rate of incorpora
tion of phosphate in old individuals, indicating an age-related increase in the de
gree of condensation of the chromatin (ERMINI et al. 1978). 

These findings also suggest that with increasing age the nucleoproteins undergo 
a change of conformation. This probably results in declining genetic activity, which 
would explain many of the age-related changes in brain cells. Thus DE BaNI and 
CRAPPER-McLACHLAN (1980) regard a change in the conformation of neuronal 
chromatin as the aetiological step responsible for the development of senile de
mentia. 

III. Ribonucleic Acid 

Determination of age-related changes in the RNA content of the brain yields very 
limited information since, for example, the RNA content might remain constant 
despite an age-related decline in RNA turnover. 

Neuronal RNA levels determined by the cytophotometric method in different 
regions of the human brain (Table 1) likewise indicate an age-related reduction in 
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Table 1. Cytophotometric RNA measurements in the aging brain 

Species Age Tissue RNA Reference 
content 

Man 2y-+91 y Dentate nucleus } -15%-30% MANN et a1. (1978) 
Hippocampus 
Olivary nucleus -60% 

Man 1/66 y-+ > 80 y Prefrontal gyrus -34% UEMURAand HARTMANN 
(1978a) 

Man 1/49 y-+92y Hypoglossal nucleus -48% UEMURA and HARTMANN 
(1978 b) 

Man Normal elderly Locus coeruleus 

}-IO% 
MANN et a1. (1977) 

-+senile dementia Substantia nigra 
Thalamus 
Motor. nuclei III, 

IV, VIII, XII 

Betz cells 
}-20% Hippocampus hi 

Motor. nucleus V 

Pmkinj, reO. } 
Nuc1. dentatus 
Nuc1. olivae -30% 
Hippocampus h3, hs 
Motor. nucleus 
Hippocampus h2' h4 -44%-51 % 

Man Normal elderly Cerebellum 
-28% 

MANN and SINCLAIR 
-+senile dementia (Purkinje cells) (1978) 

Hippocampus -33% 

Man Normal elderly Locus coeruleus -21% MANN et a1. (1980) 
-+ Alzheimer's Subst. nigra 4% 
disease 

Man Normal elderly Locus coeruleus 4% 
-+arteriosclerosis Subst. nigra 6% 

y, years; -+, in comparison with 

RNA (MANN and YATES 1974; UEMURA and HARTMANN 1978a,b; MANN et al. 
1978). Biochemical assays of RNA in human brain have merely revealed a decrease 
in the RNA/DNA ratio (SMITH 1978) or have failed to show any age-related change 
in RNA content (NABER and DAHNKE 1979) (Table 2). 

Cytophotometric assays of RNA in the brains of patients with senile dementia 
showed that RNA content of the neurons was greatly reduced, although there was 
much individual variation (MANN et al. 1977; UEMURA and HARTMANN 1978a, b). 

It is noteworthy that similar investigations on the hippocampal gyrus revealed 
an increase in RNA, coinciding with the occurrence of neurofibrillary tangles 
which are believed by these authors to be associated with pathological change in 
RNA synthesis {UEMURA and HARTMANN (1979a). Normally neurons with neuro
fibrillary tangles have a reduced RNA content (UEMURA and HARTMANN 1979b). 
Findings by O'BRIEN et al. (1980), who discovered structures containing rRNA in 
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Table 2. Changes in the nucleic acid content of the brain in normal old people and in 
patients with senile dementia 

Age DNA RNA RNA/DNA Reference 

46-68 y -> 70-90 y Putamen en ±O m SAMORAJSKI and 
(normal aging) Caudate nucleus (j) en en ROLSTEN (1973) 

Frontal cortex W (f) (j) 

16 y->91 y lb,lamu, } 

}±o } ±O 
(normal aging) Putamen NABER and 

Caudate nucleus ± 0 DAHNKE (1979) 
Cerebellum 
Frontal cortex 

Normal elderly Temporal lobe ±O ±O BOWEN et al. (1977) 
->senile dementia 

Normal elderly Temporal lobe Decrease SMITH (1978) 
->senile dementia 

y, years; ->, in comparison with; (), non-significant trend; W, decrease; (I), increase 

Hirano bodies in the hippocampus from patients with senile dementia, also support 
the view that there might be a relationship between impaired RNA synthesis and 
the occurrence of neurofibrillary tangles. 

Our knowledge of receptor synthesis and its posttranslational modification is 
still very limited. MENDEZ et al. (1980) were the first to identify the mRNA which 
induces the synthesis of acetylcholine receptor peptides. DE BAETSELIER et al. (1980) 
found a marked age-related increase in relative translations ofmRNA which trans
mits the synthesis code for isotubulin. This increased translation of mRN A is be
lieved to be responsible for the increased variation in chemical structure of the tu
bulins in old age. 

These more recent papers also illustrate the importance of nucleic acid metab
olism for the maintenance of functional integrity. They afford an explanation of 
how such disturbances, if they affected a sufficiently large number of nerve cells, 
could give rise to a host of metabolic regulatory defects. It is also conceivable that 
brain disorders of old age, such as Alzheimer's disease, might arise in this way. 

IV. Protein Biosynthesis in the Brain: 
The Investigation of Free Amino Acid Levels 

In the aging brain cytoplasmic protein synthesis is generally reduced. However, in 
order to make a reliable assessment of protein synthesis, each cell compartment 
must be examined separately. Thus with increasing age the quantity of neuronal 
protein, 8-5 and 8-6 (neuronin), decreases, whereas the quantity of the glia-specific 
protein 8-100 is significantly raised (PEREZ and MOORE 1970; BOWEN et al. 1976). 

Low protein values have been found in various brain structures of old people 
(NABER and DAHNKE 1979), and bands 2 and 4 of the soluble proteins separated 
by polyacrylamide-gel electrophoresis show an age-related decrease (KANEKO et al. 
1979). 
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Table 3. Age-dependent changes in the protein content of the human brain 

Age Tissue Protein Neuronin Reference 
(S-5) 
(S--6) 

16 y--->91 y Thalamus -15% NABER and 
Putamen - 8% DAHNKE (1979) 
Caudate nucleus - 9% NABER et al. (1979) 
Cerebellum -13% 
Frontal cortex 5% 

17/49 y--->80/89 y Frontal pole ± 0 BERLET and YOLK 
(1980) 

Normal elderly Temporal lobe ± 0 NeuroninS--6 -83% BowENetal. (1977) 
--->senile dementia NeuroninS-5 ±O 

Normal elderly Temporal lobe -21% DAVISON (1978) 
--+senile dementia 

Normal elderly Grey matter -40% KANEKO et al. 
--+senile dementia (1979) 

y, years; --+, in comparison with 

In the geriatric brain disorder Alzheimer's disease soluble proteins show 
changes only in a few brain areas (see Table 3). Total proteins are reported by some 
authors to be unchanged (Op DEN VELDE and STAM 1976; BOWEN et al. 1977), while 
others have found a reduction in total proteins (KANEKO et al. 1979). When the sol
uble proteins are separated by polyacrylamide-gel electrophoresis, protein bands 2 
and 4, which in the normal way show an age-related decrease, are almost totally 
lacking (HARIGUCHI 1978; KANEKO et al. 1979). 

The soluble protein of the hippocampus from brains of patients with Alzhei
mer's disease is found to contain a new band of proteins with a molecular weight 
of 50,000. This band is a characteristic feature of the disease and corresponds in 
weight to the protein of the twisted tubules (IQBAL et al. 1974; MINER et al. 1976). 
In the temporal lobes of brains from patients with Alzheimer's disease neuronin 
S-6 and the protein content of the light mitochondrial fraction are significantly re
duced (BOWEN et al. 1977). 

V. Proteins of the White Matter and Extracellular Space 

Glycoproteids consist of a polypeptide and oligosaccharide side chain. The glycoproteids 
were previously also known as glycoproteins. Proteids are fairly readily cleaved compounds 
with a protein moiety and a non-protein component. Where a non-protein component is 
firmly bound to a protein moiety and forms an integral part of the molecule, such a sub
stance is known as a protein. 

The properties of glycoproteids resemble those of proteins. The carbohydrate compo
nent of the glycoproteids accounts for 10%-25% of the molecular weight and may be sialic 
acid, glucosamine, galactosamine, fucose, mannose or galactose. Usually only a few oli
gosaccharide groups are linked to the protein chain. The glycoproteids form a group with 
few functional or structural characteristics, and no uniform terminology has been devised 
to describe them. Glycoproteids are frequently classified according to where they occur, 
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rather than according to their chemical nature. They owe their importance mainly to their 
role as transport or membrane proteins. 

The total quantity of cerebral glycoproteids is reduced in old age, but the com
position of these membrane proteins remains unchanged (BERRA and BRUNNGRA
BER 1975). 

With increasing age, changes occur in the basic protein of myelin in the white 
matter. In elderly people the basic protein component of myelin is reduced by as 
much as 45% (ANSARI and LOCH 1975). BERLET and YOLK (1980) observed only 
a trend to lower levels of basic protein in elderly people. Basic proteins from old 
and young people displayed no qualitative differences. The reduction in basic pro
tein is probably due to a decrease in the total quantity of myelin (ANSARI and LOCH 
1975; see Table 4). 

The total protein content of the white matter and myelin (frontal lobes, corpus 
callosum) remains unchanged with increasing age (BERLET and YOLK 1980). TOEWS 
and HORROCKS (1976) are the only investigators who reported a drop (8%) in pro
tein concentration in the 60-83 year age group compared with the 15-60 year age 
group. No age-related change is observed in the activity of 2'3'-cyclic nucleotide-
3'-phosphohydrolase (CNP), the characteristic enzyme of the myelin sheath. 

Most findings on changes in myelin glycoproteids point to an age-related re
duction in the glycoproteids characteristic of myelin. 

c. Lipids of the Central Nervous System 

A few general remarks are needed concerning the lipids of the central nervous sys
tem (Table 5) since confusion may easily arise owing to the large number of com
ponents which go to form the lipids of the brain. But also the use of different lipid 
classifications may be confusing. 

In the past, lipids of the brain were differentiated into phosphatides (phosphatidic acids, 
lecithins, cephalins, inositphosphatides, acetalphosphatides, sphingomyelins), cerebrosides 
and gangliosides. 

Today a classification is preferred, the distinguishing feature of which is the presence 
of the main alcohol moiety: 

1. Glycerophospholipids (diglycerides) 
a) Phosphatidic acids 
b) Lecithins 
c) Cephalins 
d) Inositphosphatides 
e) Acetalphosphatides 

2. Sphingolipids (N-acylsphingosines) 
a) Sphingomyelins 
b) Cerebrosides 
c) Sulphatides 
d) Gangliosides 
Cerebrosides, sulphatides and gangliosides are classified as glycolipids on the basis of 

their sugar component. 

Reviews of the neurochemistry of the lipids have been published by BURTON 
(1971) and BOWEN et al. (1974). 
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I. Fatty Acid Metabolism 

Studies of fatty acids in the aging brain are difficult to evaluate unless it is borne 
in mind that the length of the carbon chain of the fatty acids may vary in different 
lipids. Gangliosides are characterized by C20 or higher fatty acids and cerebrosides 
by C24 and higher fatty acids. 

Studies of changes in the fatty acid composition of myelin in old age have main
ly been carried out on the human brain. YAMAMOTO and ROUSER (1973) observed 
a decrease in free fatty acids and a reduction in total lipid content in brains from 
old people. The ethanolamine-containing phosphoglycerides of myelin have been 
found to have an increased content of fatty acids C 18: 1 and C 20: 1, only the 
polyunsaturated fatty acids C 20: 4, C 22: 4, and C 22: 6 showing a significant de
crease with age (ROUSER and YAMAMOTO 1969). 

The fatty acid content of cerebrosides and sulpha tides shows no change in the 
aging brain. However, there is a decrease in C 24: 1 fatty acids and an increase in 
C 18: 0 fatty acids in the single myelins (SAMORAJSKI and ROLSTEN 1973; HEIPERTZ 
et aI. 1977). 

II. Gangliosides of the Aging Brain 

The fatty acid content of the gangliosides, which are a characteristic feature of the 
grey matter, increases with age (MANSSON et aI. 1978) (Table 5). 

Accordingly there is an age-related decrease in the ganglioside content of the 
grey matter in man (BERRA and BRUNNGRABER 1975; BOWEN et aI. 1977). The re
duction in ganglioside levels is particularly pronounced in Alzheimer's disease 
(SUZUKI and CHEN 1966; CHERAYIL 1969; OPDENVELDE and HOOGHWINKEL 1975; 
BOWEN et aI. 1977). In presenile dementia of the Jacob-Creutzfeld type the fall in 
ganglioside level was particularly marked and correlated with the degree of severity 
of the disease (SUZUKI and CHEN 1966). 

The concentration of the D 20-sphingosine component of the gangliosides in 
the white matter decreases only slightly in old age in human subjects (MANSSON et 
al. 1978). 

III. Lipids of the Myelin Sheath 

Few studies have been carried out on changes in the myelin of the white matter in 
old age. The work that has been done points mainly to a reduction in 2',3'-cyclic
nucleotide-3'-phosphohydrolase activity (CNP) (SMITH 1978; BERLET and YOLK 
1980). TOEWS and HORROCKS (1976) failed to find any age-related change in CNP 
activity. 

The actual myelin content appears to decrease with increasing age, according 
to analyses carried out on human brain tissue obtained at autopsy (BERLET and 
YOLK 1980) (Table 5). According to SUN and SUN (1979), aging is associated with 
qualitative changes in the lipid constituents of myelin. Prominent among these are 
an increase in ethanolamine and plasmalogen (acetalphosphatides) and a decrease 
in the polyunsaturated acyl groups of the membrane phosphoglycerides which are 
important for myelin function. 
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D. Carbohydrate Metabolism of the Aging Brain 

I. Glucose Uptake and Utilisation 

249 

Since the fundamental work by GOTTSTEIN et al. (1964, 1972) and SOKOLOFF (1966, 
1975), we know that the glucose consumption of the brain in normal old people 
is 23% lower than in young adults (Table 6), despite the fact that the oxygen con
sumption of the brain remains within normal limits (SOKOLOFF 1975). GOTTSTEIN 
et al. (1972) observed that the brains of old people metabolise increased quantities 
of ketones and may thus require less glucose. 

In senile dementia there is a further massive reduction in glucose consumption, 
which falls to nearly half the values for young adults (Table 6) (SOKOLOFF 1975). 

II. Glycolysis and the Metabolic Activity 
of the Citric Acid Cycle 

Glycolysis is one of the most fundamental energy-producing metabolic processes 
in the brain. In recent years glycolysis has attracted increasing interest in connec
tion with age-related metabolic changes. A number of studies have shown that the 
aging brain has a reduced glycolytic capacity and consequently the efficiency of the 
neurons is impaired (MEIER-RuGE et al. 1978; FROLKIS and BEZRUKOV 1979; IWAN
GOFF et al. 1979, 1980; MEIER-RuGE et al. 1979, 1980). 

It should be emphasised that not all the glycolytic enzymes display reduced ac
tivity as a result of advanced cerebral aging processes. Only the key enzymes in the 
glycolytic process, such as hexokinase and phosphofructokinase, display reduced 
activity in old age (MEIER-RuGE et al. 1978; IWANGOFF et al. 1979). 

The reduction in energy-producing capacity probably has a significant adverse 
effect on the ability of the neurons to meet increased demands, in particular in con
nection with active ion transport for repolarisation of excitatory and inhibitory 
neurons and for the maintenance of cell membrane potentials (FROLKIS 1970; 
FROLKIS and BEZRUKOV 1979; MEIER-RuGE et al. 1979, 1980). Evidence that this 
is the case was recently published by SYLVIA and ROSENTHAL (1978 b, 1979a, b). 

In Alzheimer's disease the temporal lobes not only show greatly depressed phos
phofructokinase and increased soluble hexokinase activity, but also a significant 
reduction in phosphoglycerate mutase, aldolase, phosphoglucose-isomerase and 
triose-phosphate-isomerase activity. There were no significant changes in the ac
tivities of any of the other glycolytic enzymes (IWANGOFF et al. 1980). In severe 
cases of Alzheimer's disease, OPDENVELDE and STAM (1976) found that lactate de
hydrogenase and acid phosphatase activity tended to be depressed. 

The activity of the citric acid cycle enzyme, SDH, was depressed by 37% in the 
temporal lobes of patients with senile dementia (BOWEN et al. 1977). Other inves
tigators observed an increase in malate dehydrogenase activity (OP DEN VELDE and 
STAM 1976). 

III. Oxidative Phosphorylation and Oxygen Consumption 
in the Aging Brain 

In normal individuals no decrease in cerebral oxygen consumption is observed up 
to the age of 60 (SOKOLOFF 1966, 1975). An approximately 20% decrease in oxygen 
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consumption is observed only in organic psychoses associated with degeneration 
of the brain in elderly people (GOTTSTEIN et al. 1964; SOKOLOFF 1966, 1975). 

Convincing evidence obtained by non-invasive and invasive methods in labora
tory animals has been presented by SYLVIA and ROSENTHAL (1979a), confirming 
the hypothesis that the inability of the aging brain to meet increased energy 
requirements may be due to inhibition of glycolytic key enzymes (FROLKIS and 
BEZRUKOV 1979; MEmR-RuGE et al. 1979, 1980). 

During heightened metabolic demands, cytochrome a and a3 levels are tran
siently reduced (SYLVIA and ROSENTHAL 1978a,b, 1979a,b). 

Metabolic studies of synaptic and non-synaptic mitochondria have revealed a 
reduction in state 3 and 4 respiration (DESHMUKH et al. 1980; DESHMUKH and 
PATEL 1980). However, the NADjNADH redox response remains unchanged in 
old age (SYLVIA and ROSENTHAL 1978b). Under resting conditions respiratory 
chain oxidation in the CNS is unchanged in old age (SYLVIA and ROSENTHAL 
1978 a). 

Broadly speaking the energy-producing metabolism of the aging brain reflects 
a progressive decline. 

E. Age-Related Changes in Various Enzymes Unrelated to 
Transmitter Production 

Enzymes involved in neurotransmitter metabolism, such as AChE, MAO, GAD, 
CAT, GABA, TH etc. as well as transmitter-dependent metabolic systems such as 
adenylcyclase, phosphodiesterase, protein-kinase, cAMP, cGMP, etc. have been 
excluded from this chapter, since they are dealt with ip. the chapter on neurotrans
mitters in normal aging. 

I. Oxidoreductases 

The enzymes of this group catalyse oxidation-reduction processes. It is the first main group 
in the International Enzyme Nomenclature and comprises dehydrogenases, reductases, 
transhydrogenases, oxidases, which reduce oxygen directly, oxygenases, which introduce the 
oxygen molecule into the substrate, peroxidases having H 20 2 as their hydrogen acceptor 
and catalases. 

All the oxidoreductases which have been investigated in connection with age
related changes in glycolysis and the respiratory chain have already been dealt with 
(see Sect. D). 

In recent years superoxide-dismutase has attracted increasing attention in con
nection with aging processes in the central nervous system. TOLMASOFF et al. (1980) 
failed to find any age-related changes in cerebral superoxide-dismutase not only in 
man, but also in several primate species and two rodent species. They merely noted 
that superoxide-dismutase activity was greater in long-lived species. 

II. Age-Related Changes in the Hydrolases 

Hydrolases are enzymes which bring about the cleavage of esters, acid amides, glycosides 
and acid anhydrides with addition of water. These hydrolases are located in lysosomes. 
Lysosomal hydrolases include acid phosphatase, cathepsins, ribonuclease, glucuronidase, 
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esterase, lipase, amylase, nucleosidase, and leucine-aminopeptidase. The ATP-splitting 
phosphatases also belong to the hydrolase group. 

In the brain of normal elderly people, no significant changes are found in the 
lysosomal enzymes p-galactosidase, p-glucosidase, IX-mannosidase, hexosamini
dase, and acid phosphatase (BRUN and HULTBERG 1975). Acid phosphatase activity 
tends to increase only in severe forms of dementia (Op DEN VELDE and STAM 1976). 

Phosphohydrolase characteristic of medullated axons shows approximately a 
37% decrease in activity in the temporal region of the brain in old people. How
ever, p-glucuronidase, which is characteristic of cerebral glial cells, remains un
changed (BOWEN et al. 1977). 

The overall activity of ATPases involved in the cleavage of energy-rich phos
phates remains largely unchanged with increasing age in the human brain (SUN and 
SAMORAJSKI 1975). 

IWANGOFF et al. (1979, 1980) arrived at similar results for brain tissue from old 
people. 

SUN and SAMORAJSKI (1975) observed that synaptosomal Na + jK + ATPase was 
inhibited by alcohol to a greater extent in old than in young human brains. 

III. Lyases 

The lyases are the fourth enzyme group in the International Enzyme Nomenclature. They 
split functional groups from their substrate in non-hydrolytic reactions. Examples are dehy
dratases, which split off water, and decarboxylases, which split off CO2• 

The only lyase investigated for changes with increasing age in human brain is 
carbonic anhydrase. Studies of brain tissue obtained at autopsy have yielded vary
ing results. BOWEN et al. (1977) found no significant reduction in carbonic anhy
drase activity in temporal lobes from patients with senile dementia. On the other 
hand, systematic investigations of normal age changes in human brain showed that 
there was a significant age-related reduction in carbonic anhydrase activity in the 
cerebral cortex and corpus striatum and that the difference became significant 
from the age of 70 onwards. Carbonic anhydrase activity was reduced by 17% in 
the cerebral cortex and 25% in the corpus striatum (REICHLMEIER et al. 1977, 
1978 a, b; Iw ANGOFF et al. 1979). 

The age-related reduction in carbonic anhydrase activity probably correlates 
with the reduced glucose metabolism and oxygen turnover in the aging brain. 
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Neuronal Lipofuscin and Its Significance 

K.NANDY 

A. Introduction 

The term "lipofuscin" was introduced in the literature by BORST (1922), although 
the pigment was first demonstrated by HANNOVER (1842). The name was derived 
from a Greek word /ipo (meaning fat) and a latin word fuscus (meaning brown). 
The deposition of the pigment in the cytoplasm of the neurons is one of the con
sistent age-related cytological changes, although it is found in myocardium and 
skeletal muscle as well. Various investigators demonstrated the pigment and used 
different names, such as chromolipid, age pigment, and ceroid (BONDAREFF 1957; 
DUNCAN et al. 1960; PEARSE 1964; SAMORAJSKI et al. 1964). The genesis oflipofuscin 
has been investigated by a number of workers, but the results are inconclusive (DE
DuVE 1963; ESSNER and NOVIKOFF 1960; FRIEDE 1962; GOLDFISCHER et al. 1966; 
BARKA and ANDERSON 1963; NANDY 1968; SULKIN 1953; WHITEFORD and GETTY 
1966). In this chapter, an attempt is made to discuss the pertinent literature on li
pofuscin and its possible significance. 

B. Distribution and Properties 

Lipofuscin pigment formation is a continuous process starting early in life and in
creasing progressively as age advances. The distribution of the pigment in the 
neurons of CNS in various animals including humans have been studied in differ
ent laboratories using histochemical, fluorescence, and ultrastructural methods. 
The neurons in the CNS exhibit a variable pattern of pigmentation in their cyto
plasm. Lipofuscin pigment is generally not detected in the neurons of very young 
animals, including man. The pigment is rather diffuse in its distribution at first and 
gradually appears to develop clumps, perinuclear or polar, as age advances. The 
percentages of nerve cells showing heavy (clumpy) and moderate (diffuse) pigmen
tation among the Purkinje cells of cerebellum and pyramidal cells of cerebral cortex 
appear to increase progressively with age. 

The staining properties of the pigment appear to vary in different ages. While 
Sudan black B and PAS stains visualize the pigments in the young, pigments in the 
old are more easily stained by Nile blue and ferricferricyanide methods. A differ
ence in the fluorescence properties is also noted in these two types of pigment. 
Upon activation at a wave length of 3650 A the pigment in younger animals gives 
mostly a green-yellow fluorescence with an emission spectrum of 2400-4200 A 
and an intensity peak at 3400 A. The autofluorescence of the lipofuscin in older 
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animals is mostly orange yellow with an emission spectrum of 3400-4000 A and 
a peak at 3800 A. The pigments in brain of young animals are partially dissolved 
by trypsin, lipase, and lipid solvents. 

C. Isolation and Quantitation 

SIAKOTOS et al. (1970) isolated lipofuscin from frozen postmortem human brain 
samples to study both the quantitative and qualitative changes as a function of age. 
Five brain samples were collected for each decade and frozen at - 25°C. The sam
ples were thawed overnight at 4 °C and blended for 5-10 s in sucrose solution 
(0.4 M) containing 0.05 M Tris base. The homogenates were disrupted with nitro
gen at 900 psi in a Parr cell decompression bomb and centrifuged at 7,000 g. The 
supernatant was centrifuged at 27,000 g for 30 min and the light-brown floating 
layer of fat were resuspended in a 0.4 M sucrose and filtered through a 420 mesh 
nylon filter. The packed lipofuscin concentrate was then scraped and resuspended 
on 5% NaCl and centrifuged at 170,000 g for 30 min. The resulting brown top 
layer was collected by aspiration and purified further by centrifuging on freshly 
prepared continuous gradients of water to 20% NaCl at 1lO,000 g for 60 min. The 
last procedure was repeated two to three times and the top brown band was exam
ined by phase contrast, fluorescence, and electron microscopy to judge the purity 
of the samples. 

The concentration or pool size of lipofuscin material per brain was relatively 
uniform until 16.8 years of age and thereafter the pool size increased progressively 
as a function of age. Electron micrography of the isolated preparations of the pig
ment exhibited a large number of lipid bodies or lipid-filled lysosomes enclosed by 
a membrane with occasional electron dense lipofuscin-like areas relative to the glo
bular granules. As brains of progressively older individuals were examined, iso
lated materials showed higher proportions of electron dense pigment. Although the 
procedure was able to isolate and quantitate lipofuscin in fairly pure form from the 
human brains, the possibility of losses during the isolation procedure cannot be 
ruled out. The study, however, confirms the observation by others on the age-re
lated increase in lipofuscin in human brain by morphological methods (SIAKOTOS 
et al. 1977). 

D. Origin of Lipofuscin 

Despite numerous reports on the lipofuscin pigment in the literature, knowledge 
of its mode of origin is suprisingly lacking. Although the pigment might be derived 
from one or more of the organelles within the cells, the association of the pigment 
formation with lysosomes is generally favored by most investigators. The strong 
acid phosphatase activity and the striking ultrastructural similarity between the 
two are the major evidence for this hypothesis (NANDY 1971; SAMORAJSKI et al. 
1964; NANDY 1978c). Biochemical isolation ofthe pigment from the brain samples 
followed by electron microscopy provides further support in this matter. 

Some arguments have also been made in favor of the possible origin ofthe pig
ment from the mitochondria (HESS et al. 1958). The areas of pigment formation in 
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the neurons of the mesencephalic nucleus of the trigeminal nerve have been corre
lated with high concentration of the mitochondria (HASAN and GLEES 1972). It has 
been suggested that the pigment formation may be preceded by an increased con
centration and clumping of mitochondria resulting in the disturbance of normal 
metabolic activity. This latter condition might lead to the accumulation of insolu
ble fatty acids which are introduced in the pigment formation (GOPINATH and 
GLEES 1974). These authors have further extended the work in the lipofuscin for
mation in dorsal root ganglion cells in culture with similar observations. 

The possible origin of the pigment for Golgi apparatus and endoplasmic re
ticulum has also been suggested. The evidence in favor of the origin of the lipo
fuscin from Golgi apparatus mainly came from the Sudanophilic and osmiophilic 
properties of both the organelle and the pigment (BONDAREFF 1962). Although 
there is no direct evidence of the association of the pigment to the striations of the 
cardiac muscle (STREHLER 1964), a decreased level of cytoplasmic RNA in the 
neurons of aged human brain has been considered in favor of this argument (MANN 
and YATES 1974). It is difficult at present to make any precise statement On the or
igin of this pigment. The association of the pigment with lysosomes, the frequent 
presence of lysosomal vacuoles in the pigment particle, and strong activity of acid 
phosphatase in the pigment mass offer stronger support for the lysosomal origin 
than from other organelles. It is also possible that the origin of the pigment may 
take place from a variety of intracellular organelles and cell membranes which have 
undergone wear and tear and deterioration during aging. The final breakdown 
might take place in the lysosomes where these are segregated in an attempt to me
tabolize or dispose the materials. 

Observations were made in a group of mutant mice who appeared to have a 
condition of premature aging. The animals usually died within 8 weeks of age and 
lipofuscin pigment in quantities comparable to that in neurons of 12-month-old 
mice was found in neurons with some evidence of degeneration (O'STEEN and 
NANDY 1970). 

E. In Pathological States 

Lipofuscin pigment in excessive amounts in neurons has been observed in a num
ber of pathological conditions of the brain. 

In Batten-Vogt syndrome, also known as neuronal ceroid-lipofuscinosis, an ex
cessive amount of lipofuscin-like pigment in the neurons has been described (ZE
MEN 1971). Subsequently, SIAKOTOS et al. (1970) succeeded in isolating pigment 
from English Setters with the same disease. The pigment was described as ceroid 
and the chemical analysis of the isolated pigment revealed some difference from 
the typical lipofuscin. Of the two pigments ceroid contained a higher COn
centration of acidic lipid polymer, iron, calcium, and copper (SIAKOTOS et al. 
1977). Histochemical study of ceroid revealed that the material is more easily 
extractible in the unfixed state with acidified or alkalized chloroform-methanol 
mixtures than lipofuscin (ELLENDER 1977). However, recent studies by WEST 
(1979), using the section of autopsied brains of patients with Down's Syn
drome, phenylketonuria, and progeria, did not demonstrate any significant differ-
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ence between the lipofuscin content in the neurons of inferior olivary nucleus and 
lateral geniculate bodies and those in normal people of the same age. 

F. Significance of Lipofuscin 

There are numerous reports in the literature indicating that lipofuscin is found in 
the nondividing cells, which are more likely to show the effects of aging (NANDY 
1971; SAMORAJSKI et al. 1964; HASAN and GLEES 1972; BRODY and VIJAYASHANKAR 
1977; BRODY 1960; HASAN et al. 1974 a, b; SPOERRI and GLEES 1973). Recent studies 
in our laboratory using neuroblastoma cells in culture have provided further evi
dence in favor of a close relationship between cell differentiation and lipofuscin 
formation. These cells are capable of dividing indefinitely in tissue culture, but ex
hibit properties of normal neurons if division is inhibited by chemicals such as pa
paverine. It has been observed that the differentiated neuroblastoma cells age like 
normal neurons in animals and develop lipofuscin pigment. It was possible to al
ternately increase or reduce the pigment formation by alternately inducing differ
entiation and division in these cells. Although lipofuscin pigment appears to be a 
property of aging postmitotic cells, the mechanism underlying its formation is not 
clear. It may, however, be speculated that the cells in the young animals may have 
the special ability to metabolize the products of intracellular wear and tear in order 
to reutilize them, and this property might be lost during aging. This might lead to 
the accumulation in the old neurons of partially digested or undigested cellular res
idue or "garbage" as lipofuscin pigment. Future studies along these lines might ap
pear promising. 

Our understanding of the functional significance of the pigment in the neurons 
is even more lacking. While some investigators think that the pigment might be 
harmful to the cells, others are in favor of its beneficial effects. NANDY (1978 a, b) 
showed a significant improvement of learning and memory in mice following cen
trophenoxine treatment and this was also associated with a reduction in lipofuscin 
in the neurons of cerebral cortex and hippocampus. On the other hand, LAL et al. 
(1973) demonstrated that rats subjected to a vitamin E deficient diet showed a de
terioration oflearning and memory as well as an increase in the lipofuscin pigment 
in the neurons of the cerebral cortex and hippocampus. The possibility of a positive 
correlation between lipofuscin formation and neuronal function cannot be ruled 
out. Although lipofuscin might not be directly harmful or toxic to the cells, the pro
cess of wear and tear underlying pigmentogenesis might still be detrimental to the 
cellular functions. Lipofuscin may, therefore, represent the product after damage 
rather than a causative factor. On the other hand, the accumulation of large 
amounts of pigment occupying a substantial part of the cell soma might also inter
fere with the functional machinaries within the cells. 

G. Summary 

Lipofuscin pigment appears to be one of the most consistent changes in the 
neurons associated with mammalian aging. The pigment is easily visualized by its 
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histochemical, fluorescence and ultrastructural characteristics. Numerous studies 
using different animals including humans indicate that the pigment formation is 
a continuous process beginning early in life and thereafter increasing progressively 
as a function of age. Recent studies tend to indicate that lipofuscin probably de
velops in early and late stages, differing in its histochemical, fluorescence, and ul
trastructural properties. The early stage, predominant in younger age, is more eas
ily stained by PAS and Sudan black B methods and has a greenish-yellow fluores
cence. The late stage, on the other hand, is more frequently encountered in older 
age. This is more easily stainable with Nile blue and ferric-ferricyanide methods, 
and has an orange-yellow fluorescence. The pigment in the brain has been isolated 
and quantitated by biochemical methods from human and animal brains and a 
progressive increase with age was noted. The pigment has been demonstrated to 
be a property of differentiated cells using neuroblastoma cells in culture. The pos
sible origin of the pigment from various cell organelles has been discussed and it 
appears that lysosomes appear to play an important role in its development. Al
though the functional significance of the pigment is not clearly understood, treat
ment with centrophenoxine was associated with improved learning and memory 
and reduction oflipofuscin in the neurons. Although there is no direct evidence for 
a precise functional relation of the pigment, the age-associated wear and tear 
within the cells underlying pigment formation could still be detrimental to the cells. 
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Neurotransmitters in Normal Aging 

E. G. MCGEER and P. L. MCGEER 

A. Introduction 

Aging is associated with physiological changes, such as a short sleep span, flatten
ing of mood, decreased total motor activity, altered endocrine function and declin
ing mental acuity. Such physiological changes occur both prematurely and in in
creased amount in cases of senile dementia or Alzheimer's disease. It has been dif
ficult to correlate the lipofuscin deposits and other age-induced phenomena seen 
in pathological examination of brains with the functional deficits of aging. In the 
past decade there have been an increasing number of studies indicating marked 
changes in specific neurotransmitter systems with normal aging and further specific 
deficits in senile dementia or Alzheimer's disease. These may be correlatable with 
changes both in function and in sensitivity to various psychoactive drugs. In this 
chapter we will review the literature comparing adult with normal aged systems in 
humans; the considerable, generally supporting, data from animal studies are not 
included. Most neurotransmitter indices in the postnatal period show rapid in
creases in most brain areas coincident with synaptic development. In this chapter 
we are interested in the other end of the continuum - where losses in neurotrans
mitter indices may reflect losses of neurons or reduction in their synaptic numbers 
and functions. 

Studies on humans are, of course, of particular interest but also involve partic
ular difficulties. Experience has indicated that the sex of the individual or delays 
of 2-48 h between death and autopsy have surprisingly little effect on many neu
rotransmitter indices measured. The immediate premortem condition and certain 
drugs have, however, been found to be of great importance; persons dying after 
prolonged coma or unconsciousness, for example, show extremely low levels of 
several of the indices which have been studied and such cases must often be exclud
ed (P.L. MCGEER and MCGEER 1976). 

All laboratories studying human brains have encountered more scattered data 
than from corresponding animal experiments. This is not surprising in view of the 
extreme disparity in both genetic makeup and environmental factors. Individual 
variation may be a particularly difficult factor in aging studies since the genetic 
clock presumably runs at different rates for different people. And species differ
ences may render work with other animals difficult to interpret in terms of human 
aging. Nevertheless, there is evidence from a number of laboratories and species 
that catecholaminergic, cholinergic, and possibly GABAergic neuronal activities 
probably decline with age in certain brain regions. The situation with regard to se
rotonergic systems is unclear and there are few data on any other biochemically 
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defined neuronal types. It does seem clear from the available evidence that it is just 
as important to specify the region as the system under study. The activity of a given 
neuronal type may decline significantly with age in one brain area while it is not 
significantly affected in other areas. This is a point which will be stressed in the dis
cussion of specific systems, and it is for this reason that brief comments on the anat
omy of the various systems are included. 

It is also very important to understand the nature and validity of the various 
indices that have been used to assess specific neurotransmitter systems. Almost all 
of the available information on humans - and much of the data on other species 
- concerns the levels of the transmitters themselves and the activities of neurotrans
mitter synthetic and degradative enzymes. The enzymes are usually preferred since 
they are generally easier to analyse on small tissue samples and seem somewhat less 
subject to post-mortem changes and pharmacological manipulation. The synthetic 
enzymes are particularly valuable as specific neuronal markers. They are generally 
localized only in neurons of a given neurotransmitter type and are good indices of 
the integrity of those neurons; degradative enzymes, on the other hand, tend to be 
more generally distributed (E.G. MCGEER and MCGEER 1980). They are therefore 
not very good indices. It is well established, however, that changes in the release 
and turnover of a neurotransmitter need not be accompanied by changes in the 
more static levels of either the neurotransmitter itself or the synthetic enzyme. 
Thus, these indices give poor insight into possible short-term changes. One or two 
attempts have been made to study turnover of the aromatic amines in aged animals 
in comparison with younger ones but the available data are, so far, very few. The 
methods do not lend themselves to human study. Similarly, high affinity uptake 
of transmitter or precursor, which is another possible index of synaptosomal activ
ity, cannot be applied to human post-mortem tissue because of the lability of the 
transport systems. 

Recently, work has begun to appear on changes with age in the number or 
properties of binding ("receptor") sites for various neurotransmitters in brain. 
Measurements of binding sites have the advantage of very good post-mortem sta
bility. On the other hand, Na + -independent binding sites are postsynaptic and 
hence do not give direct information on the integrity and functional activity of 
neurons of a defined biochemical type which are presynaptic to the receptors. Pre
synaptic and postsynaptic sites respond very differently in disease. For example, 
the dramatic change in Parkinson's disease is loss of presynaptic dopaminergic 
nerve endings; therapy is based on stimulation of postsynaptic receptor sites which 
are not lost. There may be many similar dichotomies in aging. Information is not 
yet available. 

It has been suggested that Na + -dependent binding of GABA (ROBERTS et al. 
1978) or glutamate (VINCENT and MCGEER 1980) might provide a measure of pre
synaptic transport (uptake) sites as opposed to postsynaptic receptor sites for eval
uation of human post-mortem tissue where other indices are lacking. The validity 
of these suggestions has not yet been tested. The situation is complicated because 
it is becoming apparent that there may be both Na + -dependent and Na + -indepen
dent binding sites for some neurotransmitters on glia and other structural elements 
apart from synaptic membranes. Despite these difficulties we have included litera-
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ture on changes with age in binding sites, but the data must be regarded with cau
tion at this stage. 

B. Specific Neuronal Systems 

I. Catecholamine Systems and Aging 

These have been more intensively studied than any other system in aging humans 
and data are available on levels, related enzyme activities and receptors. There are 
also data indicating specific losses in the numbers of catecholaminergic cells with 
age in the human brain. 

There are three catecholamines in mammalian brain, dopamine, noradrenaline 
and adrenaline, but the adrenergic systems are relatively minor and little known, 
may be easily confused with the more extensive noradrenergic systems and are not 
of particular importance for this review (McGEER et al. 1978). All three catechol
amines tend to be primarily in long-axonal neurons originating in circumscribed 
brain stem nuclei and spreading widely to innervate diffusely many more rostral 
areas. N oradrenergic and dopaminergic projections are also known to descend 
caudally to the spinal cord. Major dopaminergic systems originate in the sub
stantia nigra and adjacent A 10 (ventral tegmental area of Tsai) region to innervate 
densely the caudate, putamen and nucleus accumbens, and, more sparsely, the 
amygdala, septal area, hippocampus, frontal cortex, and various other areas. A rel
atively short dopaminergic tract runs from the arcuate nucleus to the median emi
nence of the hypothalamus. There are, additionally, dopaminergic interneurons in 
the brain stem, superior cervical ganglia, retina, olfactory bulb and carotid body 
but these are not of particular concern for this review. 

Noradrenergic systems arise in the locus coeruleus and immediately adjacent 
(but less well-defined) areas and innervate the cerebellum, spinal cord and a wide 
variety of forebrain areas. Noradrenergic terminals are particularly concentrated 
in the hypothalamus. 

1. Catecholamine Levels and Aging 

Significant declines with age in the dopamine content of the caudate and putamen 
in humans have been found by a number of investigators (BERTLER et al. 1966, 
CARLSSON and WINBLAD 1976). ADOLFSSON et al. (1979) also reported significant 
decreases with age in the caudate, globus pallidus, hippocampus, mesencephalon, 
and entorhinal cortex but not in the putamen, hypothalamus, pons, medulla, thala
mus, cerebellum or five other cortical areas. ROBINSON et al. (1977) found no loss 
in dopamine with age in the caudate, substantia nigra or globus pal1idus but did 
show a slight negative correlation in the thalamus and hypothalamus. In their 
study the noradrenaline content of the hypothalamus and hippocampus showed a 
significant negative correlation with age and there appeared to be a similar trend 
in all areas except the substantia nigra. MACKAY et al. (1978 b), however, found no 
significant correlation with age for dopamine, noradrenaline or any of their metab-
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olites (Eq.l) in the 20 areas often human brains which they studied (age range 46-
74 years). 

Tyrosine ~ DOPA AADC, Dopamine ~ Noradrenaline PNMT, Adrenaline 1 MAO /DId/or I COMT, I 
DOPAC MHPG----l 

+ + 
HVA VMA 

Equation 1. Synthesis and metabolism of the catecholamines. TH: tyrosine hydroxylase; 
AADC: L-aromatic amino decarboxylase (DOPA decarboxylase); DBH: dopamine-f:l
hydroxylase; P N MT. phenylethanolamine-N-methyl-transferase; MAO: monoamine oxidase; 
COMT. catecholamine-O-methyltransferase; DOP AC: dihydroxyphenylacetic acid; HV A: 
homovanillic acid; VMA: vanillylmandeIic acid; MHPG: methoxyhydroxyphenylglycol 

In histofluorescent studies on sympathetic ganglia from humans 57-75 years of 
age, HERVONEN et al. (1978) found a marked decrease in formaldehyde-induced flu
orescence with age and, indeed, no such fluorescence was visible in the oldest 
patients studied. Such fluorescence is attributable to an accumulation of catechol
amines. 

2. Catecholamine Enzymes and Aging 

The catecholaminergic transmitters, dopamine, nonadrenaline, and adrenaline, 
are synthesized and metabolized by the routes shown in Eq. 1. Of the six enzymes 
involved in synthesis and metabolism, five have been studied to some extent in both 
human and animal brain tissue as a function of age. The general results are the fol
lowing: Sharp declines in age have been found for tyrosine hydroxylase (TH) and 
L-aromatic amino acid decarboxylase (AADC) in some brain regions. The situa
tion is unclear with regard to dopamine-p-hydroxylase (DBH), catecholamine-O
methyltransferase (COMT) and phenylethanolamine-N-methyltransferase 
(PNMT). Monoamine oxidase (MAO) appears to increase with age. 

Tyrosine hydroxylase (TH) is limited to catecholamine neurons in the central 
nervous system and catalyzes a rate-controlling step in the synthesis of the cate
cholamines. In our study of brains from 28 neurologically normal humans aged 5-
87 years of age, TH activity in six areas of the brain was found to correlate signifi
cantly with age (Fig. 1) (E.G. MCGEER and MCGEER 1976). There were, however, 
11 areas where five or more samples were analysed which showed no significant 
correlation between TH activity and age, although the trend always seemed to be 
downwards; these areas were the hippocampus, anterior perforating substance, 
septal area, olfactory tubercle, anterior globus pallidus, hypothalamus, substantia 
nigra, locus coeruleus, and red nucleus. 

The declines of TH activity with age in the caudate, putamen and nucleus ac
cumbens were the most striking examples of age-related changes found in our en
tire study. Others have indicated a decline in the substantia nigra as well (COTE and 
KREMZNER 1974), but ROBINSON et al. (1977) found no statistically significant rela
tion between TH and age in a study of nine brain areas (including the caudate) in 
a series of 39 humans ranging in age from 4 to 83 years. GROTE et al. (1974) and 
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MACKAY et al. (1978 a) also failed to find any decline ofTH with age but this may 
have been because their youngest cases were over 30 while the most rapid decline 
seems to be in the prior 3 decades. 

Consistent with a rapid decline in young humans is the "strong inverse" cor
relation between age and CSF HV A concentrations found in children by SEIFERT 
et al. (1980); in this study no significant effects were observed for MHPG levels in 
the CSF. 

L-Aromatic amino acid decarboxylase [dopa decarboxylase; 5-HTP-decarbox
ylase (AADC)] occurs in serotonergic as well as catecholaminergic neurons and, 
at least in animals, occurs in great excess. It is found in brain capillary endothelium 
(BERTLER 1961). These factors make it a less sensitive indicator than the specific 
enzyme (TH) of the functional integrity of the catecholamine neurons. Moreover, 
the human enzyme appears to be relatively unstable and particularly subject to the 
effect of pre mortem coma (P.L. MCGEER and MCGEER 1976). Although the results 
obtained in human tissue have been more variable than with enzymes such as TH, 
studies done both by ourselves (E.G. MCGEER and MCGEER 1976) and by LLOYD 
and HORNYKIEWICZ (1972) in human tissue indicate substantial and significant de
clines of this decarboxylase with age in many areas (Fig. 2). Only a few areas (ol
factory tubercle, preoptic area, anterior globus pallidus and hypothalamus) 
showed no significant decrease of AADC with age in our study and all showed a 
definite trend, which was rendered insignificant by the great variability of the data. 
This variability was probably a factor in the failure of MACKAY et al. (1978 a) to 
find any relationship between age and AADC activity in the smaller series of hu
man brains which they studied. 

There is a very large excess of AADC in animal brains and presumably in young 
humans (who show levels comparable to those found in animals) (LLOYD and HOR
NYKIEWICZ 1972; E.G. MCGEER and MCGEER 1976), so that age-related declines in 
AADC are not apt to be as physiologically significant as declines in TH. The clini
cal benefits of L-dopa therapy in many cases of parkinsonism, a condition where 
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Fig. 2. AADC activity in human caudate as a function of age. The x (s) are individual data 
of LLOYD and HORNYKIEWICZ (1972); o(s) and calculated line of correlation of the form: 
AADC=a+bjage are from the data of E.G. MCGEER and MCGEER (1979) 

AADC activity is abnormally low, support the view that the levels of decarboxylase 
activity even in aged brains are probably sufficient for the needs. 

Dopamine-fJ-hydroxylase (DBH) catalyses the last and one of the rate-limiting 
steps in noradrenaline synthesis (Eq. 1). In two studies of its activity in various 
areas of the brains of humans ranging in age from 33 to 74 years, no correlation 
between age and activity was found (GROTE et al. 1974; MACKAY et al. 1978a). It 
should be noted that the locus coeruleus was not included in either of these studies. 
One might expect this to have the highest activity of any region of brain and to be 
perhaps the most sensitive to age in view of BRODY'S report (1976) of cell loss in 
the locus coeruleus with aging. DBH is a relatively unstable enzyme post-mortem, 
and this inevitably leads to a wide variation from case to case. 

In a study of the activity of DBH in cerebrospinal fluid from 59 psychiatric 
patients, LERNER et al. (1978) reported a small, but statistically significant positive 
correlation between activity and age (r = 0.38). On the other hand, the data given 
in the initial report demonstrating the existence of DBH activity in human CSF 
(GOLDSTEIN and CUBEDDU 1976) show a significant negative correlation with age 
[activity = 576 - (3.5 x age), r=0.57]. Whether or not a correlation exists and 
whether it is positive or negative, therefore, remains uncertain. 

Phenylethanolamine-N-methyltransferase (PNMT) converts noradrenaline to 
adrenaline (Eq. 1). Although adrenaline is quantitatively much less important in the 
mammalian central nervous system than either dopamine or noradrenaline, it is 
now clear that there are adrenergic neurons and that they do contain PNMT 
(MCGEER et al. 1978). There are, however, as yet no reports on the possible rela
tionship of brain PNMT activity to age in humans. 



Neurotransmitters in Normal Aging 269 

Monoamine oxidase (MAO) is the enzyme of primary importance in metabo
lizing the catecholamines and serotonin (Eqs. 1 and 2). 

Tryptophan ~ 5-Hydroxytryptophan AADC l Serotonin 1 MAO 

5-Hydroxyindoleacetic acid 

Equation 2. Synthesis and neuronal metabolism of serotonin. TrH: tryptophan hydroxylase 

It differs from TH, AADC, DBH, and PNMT in that a very large fraction of 
the MAO in brain appears to be extraneuronal in location. Several groups have re
ported an increase with age in humans of MAO activity in brain (COTE and KREMZ
NER 1974; GROTE et al. 1974; NIES et al. 1973; ROBINSON 1975; ROBINSON et al. 1972; 
SAMORAJSKI and ROLSTEN 1973) and serum (TRYDING et al. 1972). MACKAY et al. 
(1978 a), however, found no significant correlation in various brain regions. One 
complication may be that brain MAO is believed to exist in two forms (A and B) 
and GOTTFRIES et al. (1974) found that the rise in brain MAO activity with advan
cing age was observed with j3-phenylethylamine (preferred by MAO-B) as sub
strate, but not with tryptamine (substrate for both MAO-A and B). MACKAY et al. 
(1978 a) used tyramine which is also a substrate for both enzymes. ROBINSON et al. 
(1977), however, reported significant correlations with age in humans using both 
benzylamine (an MAO-B substrate) and tryptamine. In addition, they found sig
nificantly higher activity in women than in men. This is one of the few neurotrans
mitter-related enzymes where activity seems to be related to sex, not only in brain 
but in human serum (TRYDING et al. 1972) and platelets. The percentage change 
found with age varied markedly from region to region in brain. In the 20-30 age 
group compared to the 50-60 age group, the change found was about 160% in the 
hypothalamus and only 20% in the globus pallid us. The best correlations between 
age and activity seemed to be in the globus pallidus, hippocampus, substantia ni
gra, and some cortical areas (GOTTFRIES et al. 1974; ROBINSON et al. 1977). ADOLFS
SON et al. (1978) reported positive correlations of decreasing magnitude in the puta
men, pallidum, frontal cortex, caudate, hippocampus, cingulate gyrus, medulla, 
thalamus, hypothalamus, pons, and mesencephalon; in their study the only area 
showing a non-significant correlation was the occipital cortex. 

Catecholamine-O-methyltransferase (COMT) is another enzyme which can 
metabolize the catecholamines (Eq. 1) but is not as important as MAO. Treatment 
of animals with MAO inhibitors results in marked increases in catecholamine (and 
serotonin) levels but treatment with COMT inhibitors does not have much effect. 
COMT, moreover, is not located within catecholamine neurons but is either on 
glial cells or on the surface of dendritic elements of the postsynaptic neurons. It 
is perhaps not surprising, therefore, that there is little evidence that COMT activity 
declines with age. In humans, GROTE et al. (1974) found no relation between 
COMT activity and either age or sex and ROBINSON et al. (1977) found none except 
in the hippocampus where there was a significant decline with age. 
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3. Catecholamine Receptors and Aging 

Binding assays are now a popular method of measuring "receptors" and consider
able data have already been gathered on age-related changes in animals. Relatively 
few data are available, however, from human studies. MAGGI et al. (1979) found 
significant (50%) age-related reductions in fJ-adrenergic binding sites in human 
cerebellum. Decreased concentrations of fJ-adrenergic receptors have also been 
demonstrated in aged human lymphocytes (SCHOCKEN and ROTH (1977), suggest
ing that the loss of these receptors with age may be a general phenomenon which 
is not limited to specific brain areas; it may explain the generally reduced ability 
of aged tissue to respond to adrenergic stimuli. 

4. Catecholamine Cell Counts and Aging 

The most consistent finding emerging from the literature cited in the preceding sec
tions is the marked decline of dopaminergic activity in the striatum. The cell bodies 
for these dopaminergic neurons lie in the substantia nigra. Cell counts in the sub
stantia nigra in a series of control human brains showed that there was a significant 
decrease in number with age (Fig. 3 a) (MCGEER et al. 1977). At birth there are 
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about 400,000 dopaminergic cells in each human substantia nigra. By age 60, the 
number has dropped to about 250,000. In Parkinson's disease (designated by the 
symbol p in Fig. 3 a), cell counts ranged from 60,000-120,000. The symptoms of the 
disease result from loss of these substantia nigra cells. But obviously many cells can 
disappear before decompensation occurs. The only stigmata may be the shuffling 
gait and stooped posture often seen in the very elderly. 

BRODY (1976) found a similar cell loss in noradrenergic cells of the locus 
coeruleus (Fig. 3 b). The calculated lines of regression are significant in both cases 
although the rate of loss is greater in the substantia nigra than in the locus 
coeruleus. As Brody points out, such losses are exceptional, for most brain stem 
nuclei show no detectable decrements in cell number (BRODY 1976; BUGIANI et al. 
1978; Hsu and PENG 1978; VUAYASHANKAR and BRODY 1977). 

Catecholamine cells therefore appear to be particularly prone to the effects of 
aging although losses in other types of cells may also occur. BUGIANI et al. (1978), 
for example, found a significant loss of both small and large cells in the putamen 
of humans (Fig. 3 c). These cells are certainly not catecholaminergic since no cat
echolamine-containing perikarya are found in the putamen; they might be neurons 
using acetylcholine, GABA, substance P or enkephalin as a transmitter since such 
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neurons are found in the putamen (McGEER et al. 1978). Equally, some or all of 
them might use some as yet unidentified transmitter. BUGIANI et al. (1978) suggest 
that the loss of these putamen cells may help to keep some balance in the extrapyra
midal system despite the severe age-related losses in dopaminergic input. 

Even without actual cell death there may be a loss in cell vitality with conse
quent reductions in the numbers of synapses a given cell can maintain. The de
crease in adrenergic axon sprouting seen in the septal area of senescent rats (SCHEFF 
et al. 1978) is consistent with such a view, as are the changes with age in the appear
ance of dopaminergic cells. Youthful human substantia nigra cells seen in the light 
microscope are plump with a clear cytoplasm. Older cells often appear shrunken 
and blackened by the melanin pigment which begins to appear between the ages 
of 5 and 15. During this period there seems to be a remarkable loss in TH levels 
in the neostriatum where the nerve endings are located (Fig. 1). The sharp decline 
in this period must reflect a loss of activity of individual cells rather than a decrease 
in the actual number of cells. It must be remembered that each cell, and particularly 
the dopaminergic cells which show such severe synaptic losses of TH activity with 
age, have an enormous number of boutons to serve. Bouton counts in the human 
caudate and putamen suggest bout 6 x 1011/CC or about 150 x 1011 per caudate and 
putamen. If approximately 10% ofthese are dopaminergic, as suggested for the cat 
and rat, this would mean that each of the dopaminergic cells in the substantia nigra 
would have about 5 x 106 dopaminergic boutons in the caudate and putamen. 
With such a number to serve, it may not be surprising that these cells seem particu
larly prone to wear out. It is highly possible that the accumulation of melanin in 
catecholamine cells may gradually poison the cell and/or that free radicals, super
oxides or quinones formed from the easily oxidized catecholamines are neurotoxic. 

II. Serotonin Systems and Aging 

Serotonergic systems also arise in the brain stem - in the raphe nuclei - and spread 
broadly. There is considerable parallelism between serotonergic and noradrenergic 
systems, not only in their diffuse innervation of the spinal cord and most areas of 
brain but in the particularly rich innervation of the hypothalamus by both of these 
amines. 

The effects of age on serotonergic indices have been less studied than the effects 
on the catecholamines and the available reports are more contradictory. In hu
mans, MACKAyet al. (1978b) found a significant negative correlation between the 
age of the patient and the serotonin concentration in the pons, hypothalamus, sub
stantia nigra and amygdala in a study of 19 brain areas from ten neurologically 
normal individuals, aged 46-74 years. The finding of a significant relationship be
tween serotonin and age was particularly notable because no significant correla
tion with age was found for dopamine, noradrenaline or their various metabolites 
in this limited number of brains. ROBINSON et al. also initially (1972) reported a 
small but statistically significant decline with age of serotonin in the caudate and 
hind brain. But the same group later reported relatively little loss of serotonin from 
25 to over 70 years of age (Nms et al. 1973). Decreases in serotonin levels with age 
could merely reflect increased MAO activity since this is the enzyme which 
metabolizes serotonin (Eq. 2), but the inverse correlation between 5-HIAA concen-
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trations and age reported by SEIFERT et al. (1980) in humans aged 1 week to 
45 years suggests some age-related decline in brain serotonin turnover. 

Changes in the number and properties of serotonin binding sites with age in hu
man cortex have been recently reported (SmH and YOUNG 1978; CHENG and SHIH 
1979). Two binding sites were found in the cortex from humans aged 23-29 years 
while only one type of binding site was found in humans aged 61-70 years. Al
though the total number of bindings sites (Bmax) per milligram of protein was 
greater in the older brain than in the younger, the greatly decreased affinity for 
serotonin in the older brains meant that, at concentrations of serotonin ranging 
from 5-60 nM, there was significantly less binding in the aged cortices than in the 
young. As with all binding experiments, these data do not tell us anything about 
the integrity or state of activity of the serotonergic neurons but do suggest that the 
aged human might be sub sensitive to physiological concentrations of serotonin or 
serotonergic agonists. 

A handicap in studying serotonergic systems in humans has been the inability 
to demonstrate activity of the synthetic enzyme, tryptophan hydroxylase (TrH, 
Eq. 2) in post-mortem human tissue; this failure is perhaps understandable in view 
of the relatively low levels and instability reported for this enzyme in animal brains 
(PETERS et al. 1968). More information on serotonergic systems in human aging 
would clearly be desirable and might, in particular, cast light on the neuronal 
changes involved in age-related disturbances in hypothalamic functions. 

Although the situation with regard to serotonergic systems is not completely 
clear, it does seem probable that they are less vulnerable to aging than are the cat
echolamine systems and it has been frequently suggest that the resultant changes 
in hypothalamic catecholamine to serotonin ratios may be related to changes in 
temperature regulation, sleep and hormonal function (MEITES et al. 1979). 

III. Acetylcholine Systems and Aging 

These are receiving particular attention at the moment because of the exciting re
ports of specific defects in senile dementia and Alzheimer's disease. There are in
dications that losses similar in kind but lesser in extent to those seen in dementia 
also occur in normal aging, that central cholinergic pathways may be involved in 
human age-related memory degeneration and that choline agonists may help re
store some aspects of memory in aged, normal individuals (DAVIS and Y AMAMURA 
1978; DRACHMAN et al. 1979; DRACHMAN and LEAVITT 1974; SITARAM et al. 1978; 
BARTUS 1979). 

The anatomy of cholinergic systems has not been worked out in the detail avail
able for the aromatic amine neurons. Acetylcholine and its synthetic enzyme, cho
line acetyltransferase (CAT) (Eq. 3), are particularly concentrated in the caudate, 

Choline + Acetyl-Coenzyme A ~ Acetylcholine 

I AChE) Acetic Acid + Choline 

Equation 3. Synthesis and metabolism of acetylcholine. CA T. choline acetyltransferase; 
AChE: acetylcholinesterase 
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Table 1. Relative a levels of CAT and GAD found in some 
representative areas of brains from neurologically normal 
humans aged 20-84 (average age 53) 

Area 

Motor cortex 
Parietal cortex 
Temporal tip 
Hippocampus 
Amygdala 
Caudate 
Putamen 
Globus pallidus 
Hypothalamus 
Medial geniculate 
V. L. thalamus 
Substantia nigra 
Locus coeruleus 
Cerebellar cortex 

Activity as percent of that in 
caudate (Mean ± SE) 

CAT 

6.0± 1.0 
3.2± 0.7 
5.9± 0.8 
8.1± 0.7 

20 ± 3 
100 by definition 
105 ±1O 

13 ± 3 
7.3± 0.8 
4.8± 1.0 
5.2± 0.8 
6.8± 1.0 

14 ± 1 
3.4± 0.6 

GAD 

136± 12 
131±20 
113±29 
66± 4 
59± 4 

107± 7 
163± 11 
141±11 
85±1O 
74± 9 

214±20 
97±22 
99±14 

a Absolute mean caudate activities in J.lIDol/h/100 mg 
protein were 4.51 ±0.53 for GAD and 10.71 ±0.92 for 
CAT (P. L. MCGEER and McGEER 1976). These compare 
with TH activities of the order of 10-20 nmol/h/100 mg 
protein 

putamen and parts of the limbic system, but substantial levels are found in almost 
every brain region (Table 1). 

Cholinergic neurons are therefore presumably widespread but few have been 
precisely localized. There is reasonably good evidence that the very intense cholin
ergic activities of the caudate, putamen and nucleus accumbens are almost entirely 
in interneurons. Long-axoned cholinergic neurons, arising in the septal area, diag
onal band of Broca, preoptic area and substantia innominata, probably provide 
some or all of the cholinergic innervation of the hippocampus, entorhinal cortex, 
interpeduncular nucleus, amygdala and frontal cortex. Approximately half of the 
cholinergic innervation of the frontal cortex seems to be derived from so far un
identified neurons which lie elsewhere than in the substantia innominata. Some of 
the mossy fibres to the cerebellum also appear to be cholinergic (P.L. MCGEER and 
MCGEER 1979). The successful application of immunohistochemical procedures 
based on specific antibodies to CAT may shortly provide more detailed informa
tion on central cholinergic systems (KIMURA et al. 1981; KAN et al. 1980). 

Acetylcholine is subject to rapid post-mortem changes so that the only index 
of the integrity of cholinergic neurons which can be used in human post-mortem 
tissue is the activity of the enzyme CAT (Eq. 3). In our series of28 brains ofneuro
logically normal humans 5-87 years of age (E.G. MCGEER and MCGEER 1976), al
most a third of the areas examined showed a significant correlation between CAT 
activity and age. In contrast to TH, DDC, and GAD, the declines in CAT activity 
with age were particularly notable in cortical areas and less so in extrapyramidal 
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Fig. 4. Representative calculated lines of correlation for CAT activity in various regions of 
human brain: solid lines (and left axis) are from the data of E.G. McGeer and MCGEER 
(1976), while the dashed lines (and right axis) are from the data of PERRy et al. (1977). The 
solid curves for Brodman area 21 and the caudate reflect equations of the form: CAT = a + 
bjage 

and rhinencephalic structures (Fig. 4). In our series, CAT activity in the hippocam
pus was not significantly correlated with age. PERRyet al. (1977), however, recently 
reported on CAT activity in a series of 60 normal brains from humans aged 60-
90 years of age and found a significant linear correlation in both area 21 of the cor
tex and the hippocampus; their lines of correlation are indicated in Fig.4 along 
with representative lines calculated from our data. DAVIES (1979) also reported that 
controls aged 76-93 (mean 87 years) had much lower average CAT activities in the 
hippocampus (down to about 30%) and various cortical areas (down to about 
10%) than found in controls aged 46-70 (mean 58 years). 

Neither DAVIES (1979) or PERRY et al. (1977) found a significant correlation be
tween age and CAT activity in the caudate and putamen. In our series the caudate 
showed the least decline of any of the areas in which there was a statistically sig
nificant correlation while the decline in the putamen did not reach significance; a 
similar result in human putamen was reported by BIRD and IVERSEN (1974). 

No statistically significant correlation between age and CAT activity was noted 
in normal human frontal cortex by WHITE et al. (1977) or by MACKAyet al. (1978 a) 
in any ofthe 20 areas of brain studied in 10 neurologically and psychiatrically nor
mal humans, age 46-74 years. The limited number of cases and age range involved 
in this latter series may account for the lack of statistical correlation. 

Acetylcholinesterase (AChE) is the enzyme which metabolizes acetylcholine 
(Eq. 3). Like MAO, it is present in excess and is not limited to neuronal locations. 
Hence, it is not as satisfactory an index of neuronal vitality as is the synthetic en
zyme. In our series, relatively few regions showed a significant correlation between 
AChE and age and in only about half of these cases were they areas which showed 
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Fig. 5. Representative calculated lines of correlation for AChE activity in various regions of 
human brain. Solid curves reflect equations of the form: AChE = a + bjage (E.G. MCGEER 
and MCGEER 1976). Dashed line is from the data of BOWEN et al. (1977b); an identica1line 
(with a correlation coefficient r = 0.61) was given for the data of E.G. MCGEER and MCGEER 
(1976) on the temporal tip (Brodman area 38) 

significant correlations between CAT activity and age (E.G. MCGEER and MCGEER 
1976). Figure 5 shows some representative calculated lines of correlation. The 
small but significant loss in the substantia nigra with age may be an example of 
the difficulty in interpreting changes in AChE levels since in this structure much 
of the AChE appears to be in dopaminergic neurons (P.L.MCGEER and MCGEER 
1979). Figure 5 also shows the significant correlation with age found by BOWEN et 
al. (1977b) for AChE activity in the temporal lobe of humans. 

MACKAY et al. (1978 a), in their study often humans, found no significant cor
relation between age and AChE levels in various brain regions, and AChE staining 
in human sympathetic ganglia was found to be unaffected by age (HERVONEN et 
al. 1978). 

In a recent study, DAVIES and VERTH (1977) reported no evidence for age-re
lated changes in the concentration of muscarinic acetylcholine receptors in a num
ber of areas of 13 neurologically normal humans between 46 and 79 years of age. 
WmTE et al. (1977), however, reported a significant negative correlation (r=0.49) 
between age and cortical density of muscarinic receptors in humans. 

It is interesting that the areas (cortex and hippocampus) which appear to show 
the greatest tendency towards cholinergic decrements with "normal" aging are also 
the areas showing specific losses in dementia. Some may be tempted to speculate 
that the particularly notable decline of CAT in the cortex with age may be related 
to the drop out of cortical cells reported by BRODY (1976) and others but it now 
appears probable that most if not all of the cholinergic activity in the cortex is de
rived from subcortical afferents (KIMURA et al. 1981; P.L. MCGEER and MCGEER 
1979). CAT in the hippocampus is almost certainly in cholinergic nerve endings of 
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the septohippocampal tract. Losses in cholinergic activity may well reflect loss of 
presynaptic nerve endings attaching to the atrophic dendrites which have been 
shown to occur in the hippocampus and cortex of animals and humans (SCHEIBEL 
et al. 1975, 1976). 

It might be hypothesized that many age-related declines in neuronal activity, 
where actual cell loss is minimal, may involve a primary decrease in axonal trans
port with subsequent degeneration, first of the poorly supplied nerve endings and 
second of the deafferentated dendritic spines. If decreased axonal transport were 
an important factor, one might predict that areas richly innervated by long-axoned 
neurons might show the earliest and most severe losses. The losses of catecholami
nes and TH from forebrain areas and of CAT from the cortex and hippocampus 
are consistent with such a prediction. It is also consistent that MARcm et al. (1980) 
recently reported data suggesting that the activities of both CAT and AChE, as 
well as acetylcholine levels, decline during aging more rapidly and more markedly 
in peripheral (ganglion) cholinergic terminals than in the cholinergic cell bodies. 

IV. GABA Systems and Aging 

GABA and its synthetic enzyme, glutamic acid decarboxylase (GAD) (Eq.4), are 
very widely and rather evenly distributed in the grey matter of brain (Table I). 

Glutamic Acid ~ GABA 

IGABA_T, IX-Ketosuccinic Acid 

Equation 4. Synthesis and metabolism of GABA. GAD: glutamic acid decarboxylase; 
GABA-T. gaba transaminase 

There appear to be extensive systems of GABA interneurons in most brain re
gions but there are probably also many long-axoned GABAeric systems. Among 
the few such tracts which have been tentatively identified are the striatonigral, en
topeduncular-habenular, nigrothalamus, nigrocollicular, and Purkinje cell systems 
(p.L. MCGEER and MCGEER 1980). 

GAD is specifically located in GABAergic neurons and has been the most fre
quently used indice of such neurons in studies of the possible effects of age. In our 
series of 28 "normal" human brains, there were 56 areas in which 5 or more sam
ples were analysed for GAD and almost half showed a significant correlation be
tween GAD activity and age (E.G. MCGEER and MCGEER 1976). This was almost 
always of a curvilinear nature so the loss was more severe in the younger age groups 
(Fig. 6). The dashed line in Fig. 6 is taken from the data of BOWEN et al. (1977 a), 
who found a significant correlation in humans between age and GAD activity in 
the temporal lobe. It was particularly noteworthy in our series that the areas show
ing the most significant and greatest losses in TH or CAT were not the same as 
those showing the most severe losses in GAD. In general, the thalamic areas 
showed the greatest declines in GAD, followed by cortical and rhinencephalic 
areas. The basal ganglia showed relatively little loss of GAD with age. PERRYet 
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al. (1979) very recently reported a significant negative correlation between age and 
GABA levels in human thalamus but not in the nucleus accumbens, while SPOKES 
et al. (1979) found a negative correlation in the putamen for GABA levels but not 
for GAD. 

MACKAY et al. (1978 a) found no significant correlation between GAD and age 
in various human brain areas. It seems probably that the difference lies in the fact 
that their ten humans were between 46-74 years of age and, as evident in Fig. 6, 
the sharpest declines in GAD appeared to have occurred before these age ranges. 
The same factor may explain why PERRY et al. (1977) found no change in GAD 
in human cortex over the 7 th to the 10 th decades. 

In a preliminary publication some years ago, COTE and KREMZNER (1974) re
ported falls in GAD in the caudate and putamen with age but BIRD and IVERSEN 
(1974) found no significant decline of GAD in the human putamen with age. 

One problem in assaying GAD activity in human brain is that this enzyme 
seems particularly sensitive to premortem coma (P.L. MCGEER and MCGEER 
(1976) and may also be affected by antibiotics used for treatment of pneumonia, 
which is frequently the terminal condition in the aged (IVERSEN et al. 1978). 

v. Other Neurotransmitter Systems and Aging 

One of the major problems facing researchers in the field of neurotransmitters in 
aging is that almost all previous work has been concentrated in a few neurotrans
mitter systems (dopamine, noradrenaline and serotonin, with a few reports on GA
BA and acetylcholine). This focussing on the aromatic amines has been determined 
largely by the fact that the anatomy of their pathways has been well established 
and assay methods available. Taken together, however, the aromatic amine sys
tems probably account for less than 1%-2% of the neurons in the brain. It is thus 
evident that the field has barely been touched. There are at least 20 compounds 
that are now tentatively accepted as putative neurotransmitters (or neuromodu
lators) in the brain, including, for example, histamine, glutamate, aspartate, 
adrenaline, glycine, and various peptides, such as substance P, enkephalin, 
neurotensin, VIP, and somatostatin. No research on possible changes in these sys
tems as a function of normal and pathological aging in humans has yet appeared. 
Some scattered animal studies are now appearing but, in many cases, the tech
niques necessary for a study in humans have still to be established. 

C. Conclusions 

Clearly much remains to be done in determining what changes in neuronal activity 
accompany normal aging. The available data suggest that any changes may vary 
according to region and biochemical type of neuron, so that more attention must 
be given to such specificity. Moreover, there are many indications that physiolog
ical functions such as sleep, movement (MCGEER et al. 1977) or hormonal secretion 
(SIMPKINS et al. 1977) may depend as much upon the balance between various neu
rotransmitters in a given brain region as on the absolute level of any single neuro
transmitter. Even the very limited data that are so far available suggest mech-
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Fig. 6. Representative calculated lines of correlation for GAD activity in various regions of 
human brain. Solid curves reflect equations of the form: GAD = a + bjage (E.G. MCGEER 
and MCGEER 1976). Dashed line is from the data of BOWEN et al. (1977 a) 

anisms for the functional deficits in drug sensitivity seen in aging (BECK 1978; BEN

DER 1970; KENT 1976) and imply that the aging process might be ameliorated by 
agents which alter neurotransmitter metabolism (COTZIAS et al. 1977; SAMORAJSKI 

1977). 
An even more fundamental question that needs to be addressed is why losses 

should occur at all. The progress of medicine is leading to an ever-increasing life 
span and, as it does, new physiological problems are unmasked. In the case of ag
ing, there is an enormous cost to society of maintaining individuals whose mental 
and neurological capacities have slipped below the threshold necessary for inde
pendence. From the sorts of data reviewed here, temporary measures may be found 
to alleviate some of the symptoms, as with L-dopa therapy of parkinsonism, but 
the real problem remains unanswered until we can understand the mechanisms 
which make particular neuronal systems seem especially vulnerable to age-induced 
decay. As discussed in the section on catecholamine and acetylcholine systems, 
some of the losses may be related to actual cell death but more seem to depend 
upon decreases in cell vitality and in divergence number. It has been postulated that 
declining axonal transport may be an important factor. Even if further data are 
consistent with this supposition, more fundamental work will be needed to answer 
the basic question of why neurons lose their vitality and die. 
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Neuroimmunology of the Aging Brain* 

A. BALDINGER and H. T. BLUMENTHAL 

A. Introduction 

F or some years now we have been developing the concept that there may be a direct 
link between biological and pathological aging (BLUMENTHAL and BERNS 1964; 
BLUMENTHAL 1978; BLUMENTHAL 1981). In general this concept holds that aging
related errors in the synthesis of structural, hormonal, enzymal, and antibody pro
teins are capable of directly generating disease, independent of environmental 
factors. This concept also recognizes that there are mechanisms which serve to 
compensate for or correct such errors including enzymes which selectively degrade 
misspecified proteins, DNA repair mechanisms, and immune responses which ei
ther inactivate or destroy faulty proteins. On the other hand, failure of these cor
rective mechanisms may also be characteristic of aging, thus facilitating the emer
gence of disease. The appearance of a variety of autoimmune phenomena associ
ated with aging may reflect such failure on the part of the immune system. 

Neurons of the CNS differ from most other cells in that they are postmitotic, 
and as ORGEL (1963) has pointed out "error catastrophe" may have greater impact 
on cells of this type than on those with a capacity to undergo mitotic division and 
thus "dilute" the effects of errors. It has been proposed that certain of the immuno
logical manifestations of aging in the brain may derive from misspecifications 
which occur in neurons (BLUMENTHAL 1976). Heretofore, however, there has been 
less consideration as to the applicability of the above concept to disorders of the 
CNS than to those of other organ systems. In this chapter we discuss the status of 
information on CNS diseases associated with immune phenomena as well as some 
immune phenomena associated with aging. 

B. Diseases of the Nervous System with Immune Components 

BEHAN and CURRIE (1978) point out that there is now an impressive body of know 1-
edge relating both to immunological factors underlying naturally occurring neuro
logical diseases, and to experimental disorders affecting central and peripheral ner
vous systems and muscle. This includes a number of viral and bacterial diseases 
which infect the nervous system, some primarily (lymphocytic choriomeningitis, 
kuru, and Jakob-Creuzfeldt's disease), and some as extensions from infections in 
other areas; several acute and chronic demyelinating diseases such as acute hem or-

* From the Aging and Development Program, Department of Psychology, Washington 
University, St. Louis, Missouri, United States 
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rhagic leukoencephalitis and multiple sclerosis; polyneuritic syndromes; autoim
mune disorders such as myasthenia gravis; the CNS involvement in connective tis
sue disorders of autoimmune origin such as systemic lupus and rheumatoid arthri
tis; and neurological disorders associated with neoplasms, particularly those in 
which CNS basic proteins have been demonstrated (FIELD and CASPARY 1970) as 
well as a neuron-binding antibody (ZEROMSKI 1970). There are, in addition, several 
primary disorders of the CNS which may have immune features [e.g., ataxia-tel
angiectasia and senile dementia of the Alzheimer type (SDAT)]. 

BEHAN and CURRIE (1978) divide these disorders into two categories, allergic 
and immune deficiency disorders, but point out that this is largely arbitrary since 
immune disturbances are complex. An important relevant consideration is the fact 
that an imbalance of T - and B-cell function underlies both aging of the immune 
system and several of these neurological disorders. These aging changes of the im
mune system may permit the activation of "latent" viruses, but they have also been 
linked with the emergence of a variety of autoimmune phenomena associated with 
aging. 

For the most part the techniques that have been employed to demonstrate an
tibodies which bind to CNS components in some of these neurological disorders 
fall into two categories as shown in Table 1. In virtually every instance, however, 
antibody is also present in the serum of some small percent of normal subjects. For 
example, ALLERAND and Y AHR (1964) demonstrated serum immunoglobulins (Igs) 
which bind to glial structures from subjects without evidence of a neurological dis
order, and WHITAKER and ENGEL (1974) were not able to confirm the observations 
of MARTIN et al. (1974) regarding the specificity of ANA associated with myas
thenia gravis. Similarly SOTELO et al. (1980) obtained positive binding of Ig to 
neurofilamentous structures in senile dementia as well as in normal subjects, while 
WHITTINGHAM et al. (1970) were unable to confirm the presence of a cytoplasmic 
neuron-binding antibody (NBA) in senile dementia. Further confounding these 
studies are the observations that antibodies to certain types of streptococci may 
cross react with neuronal cytoplasm (HUSBY et al. 1976) and that in some diseases 
there may be serum Igs which bind to several different target structures (D'ANGELO 
and D'ANGELO 1975; KAUFMAN and MILLER 1977). It therefore would appear to 
be important to determine the extent to which aging may playa role in the appear
ance of these antibodies. 

c. Neuron-Binding Antibody and Aging 

In this section we discuss the relationship between aging and the antibody which 
binds to neuronal cytoplasm. The reasons for this choice is that this antibody-bind
ing characteristic has been associated with some seven neurological disorders as 
listed in Table 1, and that NBA has been studied more extensively in respect to ag
ing than any of the other antibodies represented in Table 1. Much of the informa
tion presented here is tentative since it derives from ongoing studies, some of which 
are incomplete. 

In by far the majority of studies on cytoplasmic NBA, the indirect im
munofluorescence or immunoperoxidase technique has been used. Since in the 
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Table 1. Antibody and target associated with nervous system disease 

Technique Antigen (antibody Disease Reference 
target) 

Serological Encephalitogenic Multiple sclerosis ASBURY and LISAK (1980) 
protein FIELD et al. (1963) 

LEVIN and BOSHES (1969) 
Carcinomatous FIELD and CASPARY (1970) 

neuropathy 
Schizophrenia KOLYASKINA and KUSHNER 

(1969) 
Senile dementia SKALICKOVA et al. (1962) 

Cholinergic Myasthenia gravis LENNON (1976) 
receptors 

Immunocyto- Glial cells Demyelinating EDDINGTON and DELASSIO 
chemical disorders (1970) 

Ataxia- KAUFMAN and MILLER (1977) 
telangiectasia 

Nucleus (ANA) Schizophrenia HEATH and KRUPP (1967) 
Myasthenia gravis MARTIN et al. (1974) 

Neuronal Lupus and epilepsy DIEDERICKSON and PYNDT 
cytoplasm (1968) 

Chorea HUSBY et al. (1976) 
Cerebrovascular MOTYKA and JEZKOVA (1975) 

disease SAVENKO and POLIENKO (1975) 
Carcinomatous ZEROMSKI (1970) 

neuropathy 
Senile dementia SKALICKOVA et al. (1962) 

KALTER and KELLY (1975) 
D'ANGELO and D'ANGELO 

(1975) 
MAYER et al. (1976) 
NANDY (1978) 

Chronic brain INGRAM et al. (1974) 
syndrome 

Ataxia- KAUFMAN and MILLER (1977) 
telangiectasia 

Neural filaments Creutzfeldt-Jakob SOTELO et al. (1980) 
disease 

Kuru 

technique serum from the subject being tested is applied to a substrate brain section 
or spread of cell suspension prior to the application of labeled anti-Ig, we have de
signated this an in vitro technique. The reason for this is that the presence of an 
antibody in serum does not necessarily indicate that the antibody is actually bound 
to neurons of the subject being tested; this consideration is particularly applicable 
to the use of the term "neuron reactive antibody" (NANDY 1977, 1978). On the 
other hand, the direct technique in which the labeled anti-Ig is applied directly to 
sections from a series of brains provides evidence for in vivo binding, and the data 
presented here deriving from our own studies have been obtained, for the most 
part, with the use of this technique. 
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If the direct immunoperoxidase technique is applied to a series of human brains 
over a wide range of ages, a variety of structures can be seen to bind the labeled 
anti-Ig, including neuronal cytoplasm and nucleus, fibrillar cytoplasmic structure 
of neurons, glial cell cytoplasm and nucleus, blood vessels, corpora amylacea, 
choroid plexus cells, and concretions within choroidal vessels. Some of these ob
servations are illustrated in Figs. 1-5, which show sections from cases over 60 years 
of age without evidence of neurological or psychiatric disorders. Except for 
neuronal cytoplasm, the specificity of binding of these structures remains to be de
termined. In the case of neuronal cytoplasm it has been observed that the applica
tion of similarly labeled albumin does not give evidence of binding, and that the 
application of unlabeled anti-Ig can saturate the binding sites and thus inhibit the 
binding of the corresponding labeled Ig. 

Because, as discussed below, the implications of such binding may depend on 
the Ig class of the antibody and whether or not there is evidence of complement 
fixation, we have compared the binding ofIgs, M, G, and A and have ascertained 
that peroxidase labeled anti-C 3 is also bound to some neurons which bind Ig. Sec
tions from various regions were obtained from each brain, and binding intensity 
subjectively graded on a scale of + to + + + +, representing a range of color from 
light brown to black. The highest grade for any neuron was recorded as the binding 
intensity for the region represented in the section. The data thus obtained have 
been analyzed in two ways: (1) The determination of the mean intensity for each 

Fig. I. Neurons at the edge of an area of encephalomalacia. Cytoplasm stains dark brown 
with peroxidase-tagged goat antihuman IgM, while axon is slightly lighter. Nucleus shows 
a stippled pattern of staining. x 250, reduced to 75% 
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Fig. 2. Single neuron (in the center) showing a fibrillar pattern of staining with peroxidase
tagged goat antihuman IgG. The nucleus does not stain. x 400, reduced to 75% 

Fig.3. Cross section of a nerve trunk which shows intense black staining ofaxons with 
peroxidase-tagged goat antihuman IgG. x 400, reduced to 75% 
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Fig. 4. Section through a portion of the choroid plexus stained with peroxidase-tagged goat 
antihuman IgG. It shows intense staining of laminated concretions and of ependymal cells 
surrounding the concretions. x 400, reduced to 75% 

• 

Fig.5. Section through the superficial cortex stained with peroxidase-tagged antihuman 
IgM. Some concretions and thick-walled vessels show an intense black color. x 400, reduced 
to 75% 
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Table 2. Relation of age to mean NBA intensity in nonneurological, 
non psychiatric cases 

Age group Sex Number IgM IgG IgA 

0-30 M 4 1.0 0.7 0.8 
F 5 0.7 0.3 0.5 

Combined 9 0.8 0.5 0.6 

31-50 M 6 1.2 1.4 0.9 
F 7 1.2 1.0 0.9 

Combined 13 1.2 1.2 0.9 

51-69 M 14 1.8 1.3 1.4 
F 10 1.1 1.0 1.1 

Combined 24 1.6 1.2 1.3 

70 and over M 8 1.2 1.3 1.3 
F 8 1.4 1.2 0.8 

Combined 16 1.3 1.3 1.1 

Table 3. Relation of age to maximum NBA-binding 
intensity in nonneurological, nonpsychiatric cases 

Age group number Per cent of cases 

IgM IgG IgA 

I. Criterion - + + or greater binding intensity 
0-30 9 56 11 22 

31-50 13 62 77 88 
51-69 24 58 71 88 
70 and over 16 75 88 75 

II. Criterion - + + + or greater binding intensity 
0-30 9 11 0 0 

31-50 13 15 8 15 
51-69 24 8 0 0 
70 and over 16 75 38 25 

brain and (2) the determination of the percent of cases with + + or greater, or 
+ + + or greater binding intensity in anyone region. It should be noted here in 
respect to these determinations that the pattern of binding is quite variable, not on
ly from region to region of the same brain, but also within a single region. Where 
there are clusters of neurons the range of binding may sometimes vary from as 
much as 0 to + + + . 

Table 2 presents the changes with age in mean NBA intensity for the three Ig 
classes. An analysis of variance showed that for IgG the mean intensity of the 0-30 
age group was significantly lower than for the other three age groups (P < 0.01). 
For IgM and IgA the only significant differences were between the 0-30 and the 
51-69 age groups (IgM, P <0.05; IgA, P <0.05). Table 3 shows the results of an-



290 A. BALDINGER and H. T. BLUMENTHAL 

Table 4. Comparison between in vivo and in vitro condition 

Age group In vivo IgG In vitro IgG 

Mean intensity % + + and over Mean intensity % + + and over 

I. Based on total brain a 

0-30 0.5 
31-50 1.2 
Over 50 1.2 

11 
77 
80 

II. Based on examination of hypothalamus b 

0-30 0 0 
31-50 1.7 50 
51--69 1.4 36 
70 and over 2.1 75 

0.1 
0.4 
2.1 

1.7 
1.6 
1.9 
1.6 

a This comparison has used the in vitro data of INGRAM et aI. (1974) 

12 
24 
74 

12 
16 
58 
40 

b There were 28 cases examined under the in vivo and 140 cases under the in vitro conditions 

alyses based on maximum rather than mean NBA intensity. If the criterion is set 
at + + intensity then there is an initially high incidence ofIgM binding which then 
levels off and rises again in the oldest age group; by contrast, IgG and IgA have 
an initially low incidence but rise significantly in the 31-50 age group. The inci
dence of maximum IgG binding rises again in the oldest age group, but the inci
dence of IgA falls somewhat. If + + + is set as the criterion all three Ig classes 
show an initial low incidence, particularly IgG and IgA, but the incidence rises in 
the oldest age group, and this is most marked in respect to IgM. 

It would appear that these observations confirm those of other studies based 
on the indirect (in vitro) technique. The latter include studies on mice (THREATT 
et ai. 1971), on rats (MILLER and BLUMENTHAL 1978; FEDEN et ai. 1979), on pri
mates (FELSENFELD and WOLF 1972), and on human subjects (FELSENFELD and 
WOLF 1972; INGRAM et ai. 1974). However, we carried out comparisons of our re
sults with those of INGRAM et ai. (1974), although immunofluorescence was used 
in the latter study, as well as with hypothalamus as tissue substrate in which both 
the in vitro and in vivo studies utilized the immunoperoxidase technique. The re
sults are shown in Table 4. In the comparison with the data from INGRAM et aI., 
both in vivo and in vitro components show an aging effect, but there are also dif
ferences. The differences are even more pronounced in the hypothalamus study 
where there is no in vitro aging effect when mean intensity is the criterion. A com
parison in respect to the pattern of regional binding (Table 5) also shows differ
ences between in vivo and in vitro findings. 

A study has also been undertaken regarding in vivo binding in affective disor
ders primarily for purposes of comparison with the several studies on senile de
mentia listed in Table 1. Thus far we have examined some 27 cases, which include 
a variety of affective disorders including a few cases of senile dementia. The affec
tive disorders show significant differences from normal subjects only in the 0-30 
age group, where they show a higher mean intensity of binding of all three Ig clas
ses. Specifically in respect to senile dementia, a preliminary study comparing the 



Neuroimmunology of the Aging Brain 291 

Table 5. In vivo - in vitro comparison 
of rank order of regional mean NBA 
intensity 

In vivo 

Hippocampus 
Parietal lobe 
Frontal lobe 
Occipital lobe 
Temporal lobe 

In vitro 

Occipital lobe 
Hippocampus 
Temporal lobe 
Parietal lobe 
Frontal lobe 

Table 6. Comparison of mean NBA intensity with intensity 
of senile plaque formation 

Number 
of cases 

3 
5 
3 

Plaque 
intensity 

+++ 
++ 

+ 

Mean NBA intensity 

IgM 

1.5 
1.4 
1.8 

IgG 

2.0 
1.4 
1.3 

IgA 

1.0 
1.2 
1.3 

intensity of senile plaque formation with Ig binding was carried out. As shown in 
Table 6, there is a correlation between intensity of plaque formation and intensity 
of IgG binding. This may be comparable to the observations by SOTELO et al. 
(1980); the latter reported that the antibody which binds to neurofibrillary ele
ments of neurons is an IgG and not an IgM or IgA. 

D. Effects and Potential Targets of Neuron-Binding Antibodies 

According to HOLBOROW (1973), it was von PIRQUET who first pointed out in 1906 
that antibodies may be beneficial, harmful, or neutral. This remains a relevant con
sideration, particularly since more recent studies (MACKAY et al. 1977) show that 
in many cases with aging-related autoantibodies there is no evidence of disease of 
the target organ, and this may also hold for NBA, particularly in those studies in 
which the antibody has only been identified in serum by the indirect technique. 

Nevertheless NANDY (1977, 1978) has proposed that NBA may be responsible 
for the aging-related loss of neurons of the CNS. The observation by CHAFFEE et 
al. (1978) that human serum contains an Ig which is cytolytic for cultured neuro
blastoma cells when complement is added to the testing system, would appear to 
support this proposal. However, CHAFFEE et al. found a peak incidence at 20-25 
years, an observation which is not consonant with an aging phenomenon, and it 
remains to be determined whether or not similar results would be obtained with 
mature neurons as substrate. 
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With the exception of the study by SOTELO et al. (1980), in which the antibody 
binding to the neurofilamentous structures of neurons was determined to be an 
IgG and not an IgM or IgA, there have heretofore been no analyses of the Ig classes 
in respect to NBA. The peak incidence at 20-25 years in the study by CHAFFEE et 
al., noted above, when compared with the intensity levels ofIg binding at 0-30 years 
in Table 3, suggests that the cytolytic effect on neuroblastoma cells may be an IgM; 
CHAFFEE et al. did not study cases over age 65 when there might have been a second 
peak in the incidence curve. Several reports indicate that IgM levels are high early 
in life and then decline (WALFORD 1970; CASSIDY et al. 1974; RADL et al. 1975). 
There is, however, an increase in the serum level ofIgs with age which is principally 
represented by IgG. While the aging-associated in vivo binding ofIgG and IgA to 
neuronal cytoplasm follows a pattern similar to that of serum levels, the changes 
in IgM are most striking and may reflect some serum levels observed by RADL et 
al. (1975), who noted a particularly striking increase in the variation in the levels 
of IgM in elderly subjects. 

WALFORD (1970) notes further that IgGs are protective in respect to graft rejec
tion and enhancing in respect to tumor growth. On the other hand IgMs are the 
most primitive and are the first antibodies produced in the immune response (BE
HAN and BEHAN 1979). They usually fix complement and enhance opsonization and 
destruction of microorganisms, and HELLSTROM (1970) notes that in patients with 
sarcoma there is an IgM complement-fixing antibody which correlates with a bet
ter clinical status. These observations suggest either that there is an IgM response 
to some continuous antigenic stimulus which is then converted into an IgG re
sponse, or that the IgM and IgG response are separate, or both. If the IgM and 
IgG responses are not related to one another, then the IgM may elicit a cytolytic 
effect while the IgG may be protective. There are a number of examples in which 
more than one antibody may be directed at a particular structure. In myasthenia 
gravis the immune response against the acetylcholine receptor involves a range of 
antibodies, each specific to a different molecular configuration or determinant on 
the receptor (LEWIN 1981); and there are a number of antibodies directed against 
thyroid cell structures, some of which may be destructive of thyroid tissue, while 
others may enhance the secretion of thyroid hormones as in Graves' disease (SOL
OMON and KLEEMAN 1977). It appears likely, therefore, that our findings reflect sev
eral types of immunological effects on neurons. 

Despite the narrow base of information reflected in the foregoing discussion, 
studies have already been carried out on behavioral effects which might be at
tributable to immune phenomena involving the CNS. RAPPORT and KARPIAK 
(1978) have reported studies in animals in which antisera containing antibodies 
against synaptic antigens were passively transferred to the brain. Epileptiform ac
tivity was elicited, and there were changes in passive avoidance behavior and in 
maze performance. EISDORFER et al. (1978) have reported studies on human sub
jects in which attempts were made to correlate various measures of cognition with 
serum IgM, G, and A levels. In these studies there was no demonstration that any 
of these Igs were directed against CNS components, and it is possible that their 
findings reflect a loss of immune capacity associated with aging as well as with vari
ous affective disorders. They report a significant correlation between IgM levels 
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and better learners, but this may be a reflection of the fact that the latter subjects 
had better immune capacities than those of the poorer learners. 

The problem of determining the target(s) against which NBA may be directed 
is indeed a formidable one. It has been estimated that the brain contains about 1011 

neurons (HUBEL 1979; WEISS 1970), and despite certain common structural 
features, there is a considerably greater diversity of neurons than of the functional 
cells of other organs. Each neuronal circuit consists of cellular units which distin
guish them from the components of other circuits. In the embryonal development 
of neural circuits, neurons often migrate over great distances. When they reach 
their definitive locations they generally aggregate with cells of similar kind. This 
selective aggregation which they exhibit is probably due to specific classes of large 
surface molecules which serve to "recognize" cells of the same type; these molecules 
are highly specific for each major type of cell (COWAN 1979). 

Neurons also differ in respect to the chemical transmitters which they synthe
size and which serve to transmit the electrical signals across the synapse. There are 
now some 30 different substances definitively identified as transmitters or sus
pected of serving this function (IVERSEN 1979). In respect to neurons with an endo
crine function, there are hormonal pep tides which certain neurons share with hor
mone-producing cells of the gastrointestinal tract and with other endocrine glands. 
Many neurons also possess hormone receptors which they have in common with 
cells of certain other organs. And there are enzymes common to almost all cells of 
the body, as well as some which are neuron specific (SCHMECHEL et al. 1978). In 
addition, neurons possess a distinctive protein designated 14-3-2 (CICERO et al. 
1972), as well as proteins in common with other cells. Among the latter are the cell 
surface (HLA) antigens and the proteins of the neurotubular-neurofilamentous 
system. 

This brief overview of the diversity of neurons is particularly relevant to certain 
aspects of aging of the brain, including immune phenomena which may be associ
ated with aging of this organ. From a gross perspective aging appears to have a 
diffuse uniform effect manifested principally by an evenly distributed weight loss 
along with a uniform widening of sulci and flattening of gyri. It might be argued 
that this reflects surface and subsurface changes, and not alterations of deeper 
brain structures. However, BRODY'S (1978) studies show that neuron loss is most 
marked in certain areas of the cortex, but is not uniform throughout the cortex. 
Other nonuniform changes associated with aging include lipofuscin accumulation 
(BRIZZEE et al. 1974), and the formation of neurofibrillary tangles and senile 
plaques. Even quantitative changes in 14-3-2 protein associated with aging have a 
regionally selective distribution pattern (CICERO et al. 1972). Our studies thus far 
in respect to NBA also appear to show a nonuniform distribution pattern, al
though it remains to be determined whether or not the latter conforms to the dis
tribution of any of the other aging changes. 

E. A Consideration of Immune Privilege 

Such terms as "autonomous," "protected," and "privileged" have been applied to 
the unique status of the brain. Such terms are intended to express the fact that the 
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brain is provided with privileges not "enjoyed" by other organs which, in a 
teleonomic sense, perhaps serve to protect the vital centers and homeostatic regu
lators critical to the maintenance of life. There are several well-known categories 
of this privileged status. While the brain constitutes only about 2% of total body 
weight, oxygen consumption of the brain represents 20%-25% of total body con
sumption. Moreover, there is an adaptive mechanism by which blood is shunted 
to the brain under conditions of oxygen deprivation. There is also a mechanism by 
which the brain is protected under conditions of starvation. As Ho et al. (1980) 
have noted, the weight of the brain changes only slightly despite wide fluctuations 
in body weight between emaciation and obesity. A third category is that of im
munological privilege. Tissues and organs possessing such privilege are shielded 
from attack by the immune system. 

The evidence usually offered in support of immune privilege for the brain is that 
allografts transplanted to it do not evoke a rejection reaction and therefore flour
ish. However, such privilege may be relative rather than absolute since GEYER and 
GILL (1979) have been able to elicit an immune response to skin transplanted into 
the brain of inbred rats "across different genetic disparities in the major histocom
patibility complex," although intracerebral sensitization required at least two 
grafts, indicating an antigenic dose requirement. At any rate, the mechanism often 
invoked is that the blood-brain-barrier (BBB) provides this protection, although 
the absence oflympatic drainage has also been proposed (BARKER and BILLINGHAM 
1977). 

BEHAN and BEHAN (1979) reiterate what probably remains prevalent opinion re
garding the nature of the immunological privilege of the brain as follows: "Immune 
processes within the eNS are modified by the BBB, which restricts the entry of 
antibody and antigen. The eNS has few indigenous lymphocytes and no lymphoid 
structures. However, inflammation of the eNS will allow access to it of the com
ponents which mediate both humoral and cellular responses." Nevertheless, they 
also note that in certain neurological disorders "antibodies are produced by lym
phoid cells within the eNS itself." 

NANDY (1972) evidently accepts this concept of the mechanism by which im
mune privilege is maintained, but proposes that the BBB progressively weakens 
with age, thus permitting NBA in serum to reach neurons. However, there is, as 
yet, no direct evidence for such an aging-related weakening (MILLER and BLUMEN
THAL 1978); nor would it account for in vivo Ig-binding by neurons in patients 
under age 30. His hypothesis that NBA may be responsible for the aging-related 
loss of neurons also does not take into account that a cytolytic antibody is most 
likely to be of the IgM class, particularly since his studies have not analyzed the 
Ig classes of the serum-binding antibody. IgM is present in serum as a pentameter 
- 5 identical units jointed together by disulphide linkeages; it is considerably larger 
than IgG or IgA with a molecular weight of 900,000 Daltons, and it cannot cross 
the placenta whereas IgG can. One therefore has to account for the fact that in both 
the study on ataxia-telangiectasia (KAUFMAN and MILLER 1977) and in the data 
presented here IgM appears to be the principal antibody which binds to neuronal 
cytoplasm. 

There is, however, evidence that the eNS may possess an immune compart
ment which may function independent of the systemic immune system. It has been 
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proposed that the system of cerebrospinal canals may be analogous to the systemic 
lymphatic system, and the cerebrospinal fluid analogous to lymph (Editorial 1975). 
On the other hand PRINEAS (1979) presents evidence that "the thin-walled channels 
observed in perivascular spaces of unaffected CNS tissue" are indistinguishable 
from lymphatic capillaries in other tissues "in terms of both their structure and 
content," and he cites studies which support the view that these spaces serve to 
same function in the CNS as lymphatic vessels serve in other tissues." PRINEAS con
cludes: " ... it is not unreasonable to view the presence of lymphocyte containing 
channels in the perivascular spaces in the CNS as evidence that lymphocytes nor
mally circulate through these channels, possibly in the same manner and in the 
same numbers as lymphocytes circulate in other tissues, and that this may consti
tute the basis of immunological surveillance in the CNS." 

Others (BLUMENTHAL 1976; OEHMICHEN 1978) have also proposed that the CNS 
may have elements of an independent immune compartment. In his review of the 
evidence supporting such a concept, BLUMENTHAL cites evidence that the CNS is 
capable of mounting both a primary and secondary immune response, as well as 
a capacity for independent Ig synthesis. He also cites reports that lymphomas de
velop exclusively or predominantly within the CNS in patients receiving immuno
suppressive drugs, and this supports the view that there may be cells with lymphoid 
characteristics indigenous to the CNS which may undergo malignant transforma
tion. 

OEHMICHEN (1978) designates four sites in the CNS which may provide cells 
with a capacity for developing into mononuclear phagocytes; some of the same 
sites might also provide lymphoid cells. These include "progressive microglia," 
perivascular cells of intracerebral vessels, free subarachnoid cells, and epiplexus 
cells. Perivascular cells are also usually associated with vascular amyloid limited 
to the brain (BLUMENTHAL 1976), suggesting that such cells may be stem cells ca
pable of differentiation into lymphocytes and synthesizing the Igs in amyloid. 

The concept of an independent CNS immune compartment does not exclude 
a role for the BBB. We have emphasized here the potential for antibodies which 
may cross-react with neuronal elements, including antibodies against microor
ganisms, peptide hormones, enzymes, structural cell proteins, and cell surface anti
gens such as the Thy-l antigen, which both neurons and glial cells share with T
lymphocytes (CAMPBELL et al. 1979). The BBB may serve to shield the CNS from 
such potentially damaging cross-reactivity. On the other hand, there may be anti
genic changes such as those deriving from aging-related somatic mutations within 
the nervous system to which the systemic immune system would not have access. 
Teleonomically, a separate immunological compartment within the CNS would be 
immunologically poised to react to such antigenic changes. In the final analysis, 
therefore, it may be that the immunological privilege of the CNS resides as much 
in its possession of a separate immune compartment as in its exclusion from the 
systemic immune system. 

F. Conclusion 

As with immune phenomena associated with aging and disease of some other or
gans, there are antibodies to neuronal structures which appear to be associated 



296 A. BALDINGER and H. T. BLUMENTHAL 

with both aging and certain neurological diseases. In this chapter we have dealt 
particularly with Igs which bind to neuronal cytoplasm (NBA), and in an in vivo 
context we have demonstrated that they are at least of three classes, IgM, G, 
and A. 

There is a parallel which can be drawn between NBA and islet cell antibody 
(leA). Both bind to cytoplasm, and although leA has been linked with insulin
dependent diabetes, it binds to all types of islet cells, while NBA appears to bind 
to all types of neurons. There are cases in which leA fixes complement; and others 
in which it does not, and the same probably holds for NBA. leA is also present 
in a small percent of apparently normal subjects (DONIACH and BOTTAZZO 1977), 
although data on the age distribution in the latter have not been published. In vivo 
studies on leA comparable to those discussed here have also not yet been reported. 

Although it is common in respect to aging to find two or more autoantibodies 
in the same subject, even in the absence of associated disease, studies have not yet 
been carried out to determine the concomitancy of other antibodies which may be 
associated with NBA. At any rate, it appears likely that in some instances NBA 
may be associated with aging in the absence of eNS disease and in other instances 
disease may be present. A particularly confounding problem in respect to NBA is 
the possibility that many antibodies targeted primarily at other moieties have at 
least a potential for cross-reacting with neuronal constituents. 

Also discussed here is the possibility that different classes of Igs may have dif
ferent effects. IgM, particularly if complement is fixed with it, may be cytolytic, 
while IgG may be protective. It also appears that there may be an association be
tween senile plaque formation and IgG-binding to neurons. 

Finally, we have also discussed the so-called immune privilege of the brain 
usually attributed to the BBB, as well as the possibility that the eNS may have an 
independent immune compartment. It has been proposed that the BBB may serve 
to shield the brain from potentially cross-reacting antibodies; if so, it would explain 
the differences observed here between in vitro and in vivo binding. On the other 
hand, an independent immune compartment would be poised to react to antigens 
restricted to the brain which could not traverse the BBB in the other direction. The 
latter would be particularly relevant to aging since it would apply to aging-related 
misspecification of proteins of the eNS. 
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Senile Dementia 

H.H. WIECKt, J.U. BRijcKMANN, C. LANG, and L. BLAHA 

A. Etymology, Historical, and Contemporary Use 
of the Term "Senile Dementia" 

The interest in what is called senile dementia (SD) has risen in the past decades 
for different reasons: Progress in neurochemistry, clinical psychology, psychomet
ry, geriatrics, and noninvasive technology for the morphological assessment of the 
brain has opened new insights; traditional views and classifications have become 
more and more insufficient facing this new material; and an ever-increasing 
longevity has meant a larger proportion of the population are struck with age-cor
related diseases. 

I. Historical Understanding 

During Roman antiquity "de-mentia" marked a state of not having all one's wits 
about one and of lack of good sense, which if it started during old age was called 
"dementia senilis." A current view was that the process of aging was pathological 
in itself (Cicero: "Senectus ipsa morbus est," cited according to BURSTEIN 1946) 
and in terms of humoral pathology due to a cooling down of the brain. Up to now 
the discussion is still great as to whether the process of aging in itself is a disease 
and SD only an acceleration and accentuation of it (PICK 1958) or whether the 
view of an only age-correlated disease which is by no means an inevitable conse
quence of a sufficiently long life comes closer to reality, a view, that meanwhile 
is unanimously favored (LAUTER and MEYER 1968; KRAL 1972; MILLER 1974). 

A division between SD and normal aging had already been postulated by 
ESQUIROL (1827), who characterized the "confusion of the elderly" as a mental dis
ease taking its course without crisis and having an infaust prognosis. While during 
most of the nineteenth century the summing up of all mental disorders manifesting 
themselves during senium and showing a progressive intellectual or personality de
pravation as SD or senile psychosis was common (FURSTNER 1889), GRIESINGER 
(1876) was one of the first to differentiate between sundry forms of underlying ce
rebral diseases when he in his book Pathologie und Therapie der psychischen 
Krankheiten under the heading "Der apathische Bl6dsinn" (the apathetic imbecil
ity) wrote: "In der hier geschilderten extremen Weise endigt sowohl die senile Gei-

The commission to take part in this book originally was addressed to our joint teacher 
H.H. WIECK. After his sudden and untimely death, his former pupils indebted to the ideas 
he developed, have tried to complete this article in his sense. 



302 H. H. WIECK et al. 

stesschwache, als manche ihr sehr analoge Zustande in friiheren Lebensaltern, wel
che auch auf Gehirnatrophie, zum Theil mit Arteriendegeneration, zum Theil oh
ne solche beruhen." But it was left to ALZHEIMER to show senile plaques and neuro
fibrillary tangles (1907) to be the histopathological substrate of primary brain 
atrophy in adult life. This allowed him to make a distinction between the then 
dominating three forms of dementia, senile, arteriosclerotic, and luetic, on a histo
logical basis. KRAEPELIN later on (1910) in honour of its discoverer argued in favor 
of a dichotomy into a presenile (MA) and senile (SD) form although already 
CLOUSTON (1884) had voted against an age mark as a constituting sign of the dis
ease. Efforts of the following years were directed toward search for an etiologically 
or histopathologically well-defined nosological entity on the one hand, and for a 
clinically useful syndrome on the other hand. 

This latter branch of efforts was mainly descriptive and initiated - among 
others - by MAUDSLEY (1868), who divided "chronic insanity" into three groups 
characterized by delusion, incoherence, and almost complete extinction of mind 
- the dementia sensu strictiori. 

At the turn of the century there was consensus on at least two forms, one rather 
benign and marked by lack of initiative, mnemonic disturbances, and confusion 
- dementia senilis simplex - and a rather malignant form with loss of memory, in
crease of initiative, fear, depression, and delusion. Some contemporary authors 
adhere to this classification (HOFF 1956; HAASE 1971; HUBER 1976). Even the ninth 
revision of the international classification of diseases (lCD) distinguishes between 
simple, depressive, paranoid, and confusional dementia. Others widened the spec
trum by adding abulic, alogical, aggressive, euphoric, dysphoric, affective in
continent, structural, logorrheic, amnesic, confabulatory, and delirious dementias 
(ALSEN 1981). 

One variety extracted from the simplex type of SD by WERNICKE and KAHL
BAUM has found wide acceptance and application: The presbyophrenic dementia 
or presbyophreny was defined as a serene and friendly variety of SD not affecting 
the primary personality or only slightly (FISCHER 1910, 1912; GRUNTHAL 1936; 
HUGHES 1959). This clinical cross-sectional splitting is legitimate as long as it does 
not presume to indicate a specific pathomorphological substrate, to permit a valid 
prognosis, or to constitute nosological entities (ALEXANDROWSKAYA 1965). MIG
NOT (1950) and WELLS (1971) pointed out that subdivisions of this kind are noth
ing but a typology and even by further subdivision can hardly do justice to a pos
sible continuum of atrophying dementias. 

Nevertheless serious investigation is necessary whether the dementia defined 
by the criteria of ALZHEIMER does not constitute a whole group of dementias of 
manifold etiology and pathogenetic mechanisms (ZWANGWILL 1964; BERGENER 
1980). 

On the other hand diagnostic lumping by combining an abundance of hetero
genous and etiopathogenetically different elements into a nonspecific "diagnostic 
lumber-room" (LIEPMANN 1915) or "diagnostic waste-basket" (EASTMAN 1978) 
has its own risks at least as long as together with differential diagnosis differential 
therapy remains undone. 

Scientifically, both procedures - the minute subdivision as well as the unscru
pulous expansion - are equally doubtful when, as is the case with SD in default 
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of a clearly outlined etiology, we are forced to operate on a syndromic level. The 
advantage ofa restrictive definition, the reduction of heterogeneity of the term de
mentia, is counterbalanced by a reduction of precision within the category consti
tuted by the higher term (TODOROV et al. 1975). One can understand why LEWIS 
(1946), cited according to ALEXANDER (1972) complained bitterly about the ter
minological status quo. 

II. Contemporary Understanding 

A superior possibility of reducing heterogeneity and of bringing into accordance 
symptomatology and pathology of SD is given by consideration of diachronia 
since it has long been known that chronological criteria such as speed of manifes
tation and course can be of considerable diagnostic and prognostic value. This 
knowledge had already been applied by LEVERT (1907) when he differentiated be
tween acute and chronic, and reversible and irreversible dementias. An as yet un
solved ambiguity rose by use of the term dementia independently of its Verlaufs
gestalt, i.e., its reversibility. WEITBRECHT (1962), BERGERON and HANUS (1964), 
BERGENER (1969), BOWER (1971), WELLS (1977), FOERSTER and REGLI (1980), and 
LAUTER (1980) are advocates of a cross-sectional definition of dementia and there
fore speak of reversible and irreversible dementias while other authors - whom we 
join - reserve the term dementia for irreversible courses (BLEULER 1915; ROTH
SCHILD 1941; SCHNEIDER 1966). Since the question of reversibility is tightly bound 
to therapeutic progress, it is understandable that, for example, STENGEL (1964 b) 
argued only unsuccessfully treated cases of progressive palsy are dementias, and 
FOERSTER and REGLI (1980) returned to a pragmatically oriented classification of 
dementing syndromes in: 
l. Dementia with (still) unknown etiology 
2. Dementia with unknown and not yet treatable etiology 
3. Dementia with known and treatable etiology. 

It is clear from what was said that the last group cannot be regarded as de
mentia in our opinion. But it is indisputable that in severe organic damage of the 
CNS, a point of no return can be reached after which even without further con
tinuation of the causal noxa a complete recovery is impossible. According to the 
theory developed by WIECK, substantial damage to the structural metabolism can 
at best be compensated for and leads to a defect syndrome (Defektsyndrom) , 
whereas a disorder of the functional metabolism leads to a fully reversible syn
drome, the function psychosis (Funktionspsychose). Both forms are unspecific 
with regard to etiology as BONHOEFFER (1917) pointed out: "There are typical psy
chic reaction patterns rather independent of special kinds of noxious agents." 

That these considerations are shared by a number of other authors, even if they 
do not adhere to our nomenclature, is documented by terms like "irreversible or
ganic mental disintegration syndrome" (HUBER 1962, 1980), "coarse organic men
tal syndrome with structural damage" (BERZEWSKI and SELBACH 1970), "intrinsic 
chronic late-onset severe brain failure" (ISAACS and CAIRD 1976), or "chronic or
ganic brain syndrome" (KAY 1970; KENT 1977) in denominating SD. Other un
specified terms like "senile psychosis" (see above), "brain failure" (LIVESLEY 1976; 
LANGLEY 1977; ROBINSON 1977), and "organic brain syndrome" - related to the 
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Fig. I. Function psychosis, defect syndrome, and psychic reaction can combine to a complex 
symptomatology leading to persistent mental deterioration; ->, onset of organic brain dis
ease 

"organic syndrome" by BLEULER (1975) - are in our opinion and also in that of 
others (KOLK 1978) useless in this context. 

These considerations may explain the division of "organic psychoses" (korper
lich begrundbare Psychosen) (SCHNEIDER 1966) into "function psychoses" and "de
fect syndromes" (WIECK 1956, 1962, 1972, 1980a) which was recently restated by 
KINZEL (1972, 1979) and LUNGERSHAUSEN (1980). Naturally both forms, together 
with psychic reactions to these organic disorders, can combine to a more complex 
symptomatology, sometimes leading to rapid mental decline and episodes of par
tial recuperation (Fig. 1). 

At this point the question rises whether the criterion of irreversibility is suffi
cient or whether only progressive courses should be called dementias. SPATZ 
(1938) and later HUBER (1972) have already proposed a distinction between sta
tionary and progressive syndromes in connection with brain disease. KINZEL 
(1973) consequently established a "process syndrome" (Prozej3syndrom) when he 
dealt with Pick's syndrome. 

While to our present knowledge there is agreement about intellectual deficits 
in SO, consensus is lacking with regard to the symptomatological range. GRUHLE 
(1956), HUBER (1976), and ALSEN (1980) would like to have disorders of person
ality and judgment separated from dementia, which they see as predominantly a 
disorder of memory, perception, and intelligence, because in their opinion there 
is no firm correlation between the two phenomena. In contrast we would like to 
include both under the term SO, since isolated personality disorders mostly occur 
at the beginning of the process when they escape attention of relatives and can be 
grasped only retrospectively. But because personality changes are obligatory for 
the advanced stages of SO, we keep to LAUTER'S definition of "all severe forms of 
cognitive incapacitation and organic personality changes." 

III. Own Definition 

Summarizing, we speak of SO if there is a progressive syndrome characterized by 
personality changes (behavioral functions), decrease of intellect (higher cognitive 
functions), and memory (mnestic functions) which manifests itself during senium. 
Morphological substrate is a widespread predominantly symmetrical and cortical 
brain atrophy. All reversible syndromes that are transversely similar do not belong 
here (SCHEID 1962). This definition is conscientiously restrictive and is intended to 
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make discussion and research in the field of gerontopsychiatry more precise and 
homogeneous, hoping that one day SD might be defined as part or group of 
(a) clinically and neuropathologically clearly outlined nosological entity(ies). 

In the following we refer to this definition. With regard to the contents we es
sentially follow numerous original contributions, reviews, and proceedin~s of the 
last 2 decades, especially those of ALLISON (1962), MULLER and CrOMPl (1968), 
WOLSTENHOLME and O'CONNOR (1970), WELLS (1971), LAUTER (1972), CIOMPI 
(1972), PEARCE and MILLER (1973), MILLER (1977), NANDY and SHERWIN (1977), 
SMITH and KINSBOURNE (1977), KATZMAN et al. (1978 a), NANDY (1978), TORACK 
(1978), KAPLAN (1979), and BERGENER (1980). 

B. Clinical Semeiology 

I. Psychopathology and Course of Senile Dementia 

SD means a progressive deficit of personality, memory, and intelligence acquired 
during senium (KINZEL et al. 1979; SCHNEIDER 1966). However, its limits are not 
clearly defined. As to the age, the 7 th decade is commonly accepted. But we do not 
have a commonly accepted definition of intelligence and its supporting structures. 
"The whole of thinking structures and thinking acts and their application to the 
practical and theoretical tasks of life" (SCHNEIDER 1966) serves us as a preliminary 
agreement. Practically, intelligence is a construct of what is demanded in the test 
applied (KAPLAN 1979). Memory and perception actually are not necessarily parts 
of the intelligence construct (SCHNEIDER 1966; JASPERS 1973) but are important as 
to the results if we want to quantify intelligence as a performance. Additionally, 
clinical experience shows that in diseases leading to dementia, memory and percep
tion as psychic functions are implied early (BRUCKMANN 1980). 

The deterioration of mind and personality as the other component of SD re
sults in an accentuation of preexisting characteristics and at the same time in a de
cline of distinguished "higher" properties of the individual. There is a narrowing 
of feelings, poverty of affective modulation, up to a loss of appropriate behavior 
and compassionate feelings. So-called more subtle ethical emotions in general are 
lacking. Here it shows that actually deterioration of personality is closely con
nected with intellectual deterioration. Still one or the other component can be pro
nounced in a single case, eventually depending on an accentuated affection of white 
or gray matter (HUBER 1962; PEREZ et al. 1975; FEIGENSON 1978). 

The deterioration of power of judgment as the core symptom of dementia 
(SCHNEIDER 1966) not only refers to logical thinking and judging but also to the 
ability of a higher judgment and the ability to criticize and judge one's self 
(PAULEIKHOFF in WEITBRECHT 1962). SCHELLER (1965) calls this a decline of the per
son in being ( Abbau des Person-Seins) , a loss of self-presentment, and ZUTT (1964) 
calls this a loss of retlexion ability. 

The increasing intellectual decline begins with light memory losses, which not 
only present as "forgetting" details or actions of the actual day. The Gestalt psy
chological view implies the entire conscious mind (Erleben) with the consequence 
of a progressing "destructurization of the pattern of present mind" (Entstaltung 
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des aktuellen Erlebensfeldes) (CONRAD 1947 a, b). The availability of single ele
ments in a mind primarily rich in patterns, with the possibility of a permanent ge
stalt relation to the mind's traces, narrows. As long as life goes on in habitual ways, 
judging ability stays intact for a long time. New ways, if possible, are avoided. 
Otherwise, through deteriorated possibilities of perception and processing, a lack 
of adaptiveness and the tendency to keep old patterns of reaction appear. In the 
terminology by CATTELL (1963) this process would act upon the "fluid intelli
gence", what SAVAGE (1977) in his reflexions about cognitive functioning calls 
"learning ability." This would primarily affect the ultra-short- and short-term 
memory. Memory is especially important in cognition deficits in general besides 
orientation, attention, and abstraction (McHuGH and FOLSTEIN 1979). AJU
RIAGUERRA et al. (1979) have developed a concept of disintegration of imagination 
in senile dementia in analogy to PIAGET'S developmental psychology of the child. 

They postulate a disturbance of anticipation of the course of an eventment 
rather than that of moving objects or static states. The clinical course of senile de
mentia is marked by continuous progression. First there is an uncharacteristic pic
ture with an increase in irritability, emotional lability, sadness, lack of concentra
tion, and functional paresthesias. HUBER (1980) has named this a "pseudoneuras
thenic syndrome." Only later is a correct diagnosis possible. In verifying cognitive 
disturbances by psychopathometric methods, a psychosis of somatic origin be
comes probable. 

When the "core symptoms" (PFEIFFER 1978) appear, the actual dementing dis
ease begins: Disorientation, disturbance of the short-term memory, disturbed 
memory of spatial relations, disturbed time lattice, decreased possibilities in perfor
ming a number of cognitive tasks, and finally also a disturbance of the long-term 
memory. Facultative symptoms can hide the actual disease. They represent the at
tempt of the individual to cope with the disease. There are depressive moods, 
paranoid disorders, increase in timidity up to panic states, and bursts of aggression. 
A denial of the disease, confabulations, avoidance behavior, negativism, persever
ations, and distraction maneuvers, according to PFEIFFER (1978) and WEINSTEIN 
and KAHN (1955), indicate a process under way for at least 1 year. By this time the 
core symptoms dominate more and more, so that the correct diagnosis is obvious. 
Disorientation as to time and place are observed, family members are not recog
nized, and aphasic symptoms occur. The so-called Werkzeugstorungen are charac
teristic for advanced SD and therefore are presented as a whole in this paper. FEI
GENSON (1978) empasizes that neuropsychological disturbances can appear in the 
early stages and sometimes are misinterpreted as exclusive cognitive-intellectual 
losses. 

During the final states of the disease the handling of fire, gas, electricity, and 
the disorientation lead to self-endangerment by the patient. The treating physician 
and the relatives will then have to urge the patient to undergo treatment in a hos
pital. Sometimes forensic steps are necessary. They diverge in different countries, 
so we do "not enlarge on this point here. Under further progress of the disease, the 
patient not only loses his intellectual but also his physiological adaptability. 

Control of bowel and bladder diminishes together with motoric control of in
tended movements. Feebleness increases and bronchopneumonia usually leads to 
death. 
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This state of total dementia has been described by HUGHLINGS JACKSON (1834-
1911) (in TORACK 1978): "Here the negative mental affection is greatest, is indeed 
total; there is dementia. There are no positive symptoms; there is no mind or con
sciousness ... In this depth there is no person but only a living creature." 

II. Neuropsychology 

Focal symptoms in the form of neuropsychological disorders or Werkzeugstorun
gen are an important part of the semeiology ofSD. During the 4 years after ALZ
HEIMER (1907) had made his famous observations, 13 more cases were communi
cated of whom nine had an aphasia, eight an apraxia, five an agnosia, and four ce
rebral fits. SJOGREN et al. (1952) in their investigation of MA found anomia in 
100%, sensory aphasia in 83%, alexia in 77%, and perseveration in almost every 
case; LAUTER and MAYER (1968) reported on Werkzeugstorungen in 85% of their 
senile demented patients. 

While this symptomatology was regarded as an essential part of at least the ad
vanced stages of SD (KRAEPELIN 1910; BERTELSEN and WIMMER 1919; ALBERT 
1964a; JACOB 1969; McDoNALD 1969), some authors in the presence offocal dis
orders spoke of "Alzheimerization" (LAUTER 1972) or SDAT while in their absence 
they used the term "pure" or "simplex" SD. 

As a rule during the course of SD, psychiatric symptoms precede the neuro
psychological and neurological symptoms with a wide range of overlapping (AL
BERT 1964a). Neuropsychological signs in the initial stage of SD or MA are rare 
(WECHSLER 1977). There is a similar hierarchy within neuropsychological disor
ders: Although, for instance, the language dissolution process of course is no true 
return to child language (TRUEBLOOD 1935) a "retrogenetic," "retroevolutive," or 
"devolutive" (TORACK 1978) line can be observed, during which ontogenetic earlier 
organizational levels as well as primitive and physiologically disappeared be
havioral patterns come forth. This devolution is partial only, has its own quality, 
and is different from the normal senile involution. Furthermore stereotype and 
novel functional disorders arise. 

More often than not the vagueness of the focal disorders is pointed out. This 
has to be explained by the diffuseness of the underlying brain atrophy and by the 
interaction of some of the "classical" neuropsychological syndromes - aphasic-ag
nosic-apraxic or AAA syndrome according to BERGENER 1980 - as well as by the 
cross-linking with psychiatric and subcortical disorders. 

This makes categorization difficult. CRITCHLEY (1964), in attempting to do jus
tice to the combination of thought and language disorders in dementing processes, 
proposed the term "dyslogia" instead of "dysphasia." It is evident that the separate 
treatise of different forms of neuropsychological disorders is done on account of 
clearness and better orientation and not to stress their peCUliarity. 

F or a synopsis of neuropsychological symptomatology in four stages we advise 
the reader to consult AJURIAGUERRA et al. (1963). 

1. Aphasia, Agraphia, and Alexia 

Language disturbances are a very striking feature of SD and because they are rel
atively easy to register and quantify are used as an indicator of dementing incapaci-



308 H. H. WIECK et al. 

tation. The earliest observations of aphasia in SD were reported by WILLE (1873), 
GONTZ (1874), PICK (1892), and HEILBRONNER (1900). All four ofthem emphasized 
the existence of perseverations, echo, and iterative phenomena in contrast to vascu
lar aphasias. Almost regularly anomia (amnestic aphasia) is to be found, which be
cause ofthe preceding memory disturbances bears its name with peculiar justifica
tion. Vocabulary becomes impoverished, word finding difficulties arise, which are 
more common in propositional speech than in confrontation naming (BENSON 
1979), the performance in synonym and antonym tests worsens (ACKELSBERG 
1944), and categorizing and category-bound association are disturbed (STENGEL 
1964 b; IRIGARAY and DUBOIS 1966; BENSON 1979). In a task requiring the naming 
of unfamiliar objects without demonstration of object use, senile demented 
patients are easily separated from healthy elderly people if not only from the raw 
score of mistakes but also from the reaction times (LAWSON and BARKER 1968). 

Iterative phenomena, such as verbigeration, palilalia, logoclonia (TISSOT et al. 
1967), periphrastic sentences, and verbal paraphasias make the speech sound emp
ty and vain. Even if the patient succeeds in approaching a preconceived semantic 
concept, the paraphasias seem to be improvised, a fact that was interpreted in 
terms of lack of speech and error consciousness and intellectual impairment 
(STENGEL 1964a, b). These improvisations have something in common with those 
in disorders of consciousness or in endogenous psychotic states. Semantic connec
tions are more and more replaced by superficial associations; and assonance, 
cliches, and neologisms abound. 

For the lexical disturbances it is characteristic that especially auxiliary verbs 
and verbs, pronouns, and conjunctions prevail while the frequency of proper na
mes, nouns, and adjectives diminishes (FELDMAN and CAMERON 1944/45; FERRARO 
1967; IRIGARAY 1973). From a statistical point of view rare words are used even 
more infrequently; at the same time frequent words are preferred. The language 
modalities are affected differently insofar as spontaneous speech vocabulary suf
fers more than writing vocabulary and this more than reading vocabulary 
(CRITCHLEY 1964), spontaneous writing being usually more impaired than writing 
to dictation or copying of printed material (ALLISON 1962; STENGEL 1964a, b). 

The disintegration of the semantic field precedes phonemic disintegration 
(AJURIAGUERRA and TISSOT 1968). Finally formal and semantic structures are con
taminated, leaving syntactical patterns intact for a long time. Frequently a conver
sational situation is readily recognized, but dialogue is reduced to stereotype com
munication or vocal pseudodialogue, a phenomenon called Dialogslalie by SPOER
RI (1965). This is possible through preservation of prosody, which does not disap
pear until the final stage of the process, together with the appearance of dysarthria, 
anarthria, and mutism (GROSCH 1948). Along with interruption of speech initia
tive, gestural, and pantomimic compensation cease (ALLISON 1962). 

ALBERT (1964 b, 1965, 1968), whose longitudinal studies of SD are still authoritative, 
discerned four different stages of language dissolution: 
a) anomia (amnestic aphasia) as the almost obligatory initial stage 
b) transcortical sensory aphasia (mixed transcortical aphasia) marked by excellent 

(echolalic) repetition 
c) cortical-sensory or Wernicke's aphasia (cf. BLEULER 1975) and mixed aphasia (ALLISON 

1962) still met with in most of the cases 
d) total or global aphasia as the final stage. 
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It has often been observed that even in the more advanced stages intermittent stereotype 
faultless instantaneous utterances are not unusual (GROSCH 1948; ALBERT 1965). The com
municative defect in SD is judged as loss of abstraction, increasing syncretism, concretism, 
and egotism (STENGEL 1964b; IRIGARAY and DUBOIS 1966), and incapacity to generate or 
receive new information or to establish new relations (IRIGARAY 1967, 1973). In contrast 
to aphasia of vascular origin, language therapy in these cases is of no use rvv ALLACE 1971). 

2. Apraxia 

Apraxic and agnosic disturbances are less likely to be detected in the early stages 
of SD than aphasic ones, but are nevertheless well suited for detection by neuro
psychological testing and selection of senile demented people out of a group of the 
same age (CALTAGIRONE et al. 1970). Early observations of apraxia in SD were 
made by MARcusE (1904) and PICK (1906). Because memory disorders seemed to 
influence also apraxic behavior, MARCUSE named it "amnestic" apraxia while AJU
RIAGUERRA et al. (1960) doubt such influence. In this field iterative phenomena are 
also common. 

The hierarchical dissolution process goes from constructional apraxia to 
ideomotor and ideational apraxia (GROSCH 1948; ALLISON 1962; AJURIAGUERRA 
et al. 1960; AJURIAGUERRA and TISSOT 1968). Constructional apraxia is found rel
atively early and reflects a visuospatial disorder manifesting itself by impaired 
drawing and copying (GROSSI et al. 1978; GAINOTTI et al. 1980), loss of perspective, 
directions, and topological relationships. Right-left disorientation occurs. Distur
bances of dressing as a rule emerge sooner than those of undressing and are caused 
by complex mechanisms such as spatial dyskinesia, asomatognosis, serial disor
ders, and agnosia for reflected images (AJURIAGUERRA et al. 1960). Very character
istic is ideational apraxia, met mostly during the stage of transcortical-sensory 
aphasia (AJURIAGUERRA et al. 1965). 

First, there are occupational restlessness and tendency of order, then disorder, 
bodily neglect, echopraxia, sometimes even oral apraxia (ERNST et al. 1970 b, c) 
and automatisms, and finally a complete inability for appropriate action appears. 

3. Agnosia and Acalculia 

Arithmetical problems are not uncommon in the earlier stages of SD, since they 
are highly dependent on memory and spatial imagination (ERNST et al. 1970c; 
WELLS 1977). Not different from MA, visual agnosia is more common than tactile 
agnosia (astereognosis). Also common are color agnosia and cortical blindness, 
which are sometimes mistaken as a severe disturbance of confrontation naming 
(GROSCH 1948; ALLISON 1962; ALBERT 1968). If there is faulty recognition of some 
aspects of objects like edibility and danger independent of input modality, the term 
"semantic agnosia" is applied (TORACK 1978). Auditive agnosia (cortical deafness) 
is often discovered by inability to recognize and reproduce tonal and rhythmical 
patterns (HORENSTEIN 1971 a). Autotopagnosia (asomatognosia and finger ag
nosia) plays an important role in dressing apraxia (AJURIAGUERRA and TISSOT 
1968). 

Testing of operational level according to PIAGET-INHELDER yielded a sub
sequent loss of the ability to name parts of the own mirror image, to comprehend 
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the fact of reflection at all, and recognize oneself in the mirror (AJURIAGUERRA and 
TISSOT 1968). 

4. Neurological Aspects 

Neurological disorders are as a rule observed during the final stage of a complete 
senile dementing process. As it was outlined for the neuropsychological disorders, 
automatisms, atavistic, and stereotype behavior emerge, following destruction of 
higher inhibitory mechanisms (PAULSON 1977). Oral tendencies increase; in some 
cases an abortive Kliiver-Bucy Syndrome can be seen (PILLERI 1961 a; SOURANDER 
and SJOGREN 1970; TORACK 1978; LAUTER 1980); and sucking, snouting, oral seek
ing, opposition hypertonia, grasping (PILLERI 1961 b), synkinesias, motor stereo
typies, postural perseveration, proprioceptive clinging, gazing, and model imita
tion appear (AJURIAGUERRA and TISSOT 1968). Very common is hypermetamor
phosis as a disturbance of selective attention and endeavour to devote oneself to 
and to touch everything. This behavior influences food uptake, which is character
ized by defective initial saturation, stereotyped absorption of food (TORACK 1978; 
MEYER et al. 1980), and fluctuation between anorexia and polyphagia. 

Frequently, labioauricular (HACHINSKI 1977), linguomental, and palmomental 
reflexes can be elicited, often being an early sign of SD but unspecific and without 
firm correlation with psychopathological findings (DEMEURISSE et al. 1979). Due 
to participation of subcortical ganglia and nigrostriatal degeneration symptoms 
of parkinsonism-like tremor, especially of hands and jaw, parapatetic gait, re
duced synkinesis of arms, asthenocoria, increase of repetitive movements, and rig
or proceeding as far as decerebration may arise. 

Disorders of cross modality run into sensory deficits, such as olfactory insen
sibility (WALDTON 1974). Cerebral fits were observed in some cases. As a conse
quence of vegetative diencephalic disorder massive sleep disturbances with rever
sal of diurnal rhythms (WEVER 1975), hypersalivation, hyperthermia, and micturi
tion and defecation difficulties occur before in the long run inevitable internal 
complications lead to the final stage. 

c. Additional Diagnostic Findings 

I. Psychometry and Psychopathometry 

Psychological testing according to HORENSTEIN (1971 b) may attain one or more 
of five goals: 
1. Quantification of a presumed deficit in intelligence, whether developmental or 

acquired 
2. Definition and differentiation of cognitive, agnosic, aphasic, and amnestic ele

ments 
3. Documentation of the resolution, dissolution, or progression of the behavioral 

consequences of an illness 
4. Assistance in planning follow-up or comprehensive care of individual patients, 

particularly by identifying interests and aptitudes 
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5. Separation of dementing symptoms from others related to premorbid person
ality or emotional response to illness. 
Psychometry means evaluation and differentiation of performance, aptitudes, 

interests, and personality traits in normals and diseased, reflecting particularly 
points 1., 2. ("differentiation"), 4., and 5. of the above list, whereas psychopa
thorne try is designed to measure the degree of pathological behavior as validated 
by causal external criteria or clinical diagnosis without much time consumption 
or need of personnel (WIECK 1973), thus reflecting points 2. ("definition") and 3. 

Psychopathometry is preferably carried out by short and homogeneous single 
tests while psychometric testing is preferably carried out by test batteries. Progress 
in this area was rapid during the past decade and partially invalidates ALEXAN
DER'S (1972) complaint: " ... there is almost complete lack of valid and reliable 
measures suitable for the longitudinal analysis of change." But it still cannot be 
overlooked that testing demented patients may be very difficult to virtually impos
sible through opposition, indifference, increased distractability, and lack of con
centration power and attentiveness. 

1. Psychophysiological Tests 

Psychophysiological tests are valuable in evaluation offundamental behavioral re
sponses without much help from the patient: reaction time (FERRIS et al. 1976), 
particularly in a multiple-choice setting (MCGIDE 1969), critical flicker frequency, 
processing temporal information by bringing intervals of different duration into 
a serial order, pairwise comparison of intervals (HIBBARD et al. 1975), orienting 
reflex and habituation (MCGHIE 1969; JONSSON et al. 1976), and eyelid reflex (JONS
SON et al. 1977). Performance in most of the tests is clearly reduced in senile de
mented patients, some of them (e.g., orienting and eyelid reflexes) seeming to have 
a certain degree of correlation with mental deterioration. 

2. Memory Tests 

They are of particular importance since memory deficits are among the most 
prominent signs of SD: One class of tests uses mainly verbal material, such as the 
subtest digit repetition of the WAIS (HA WIE) (CANTONE et al. 1978), nonsense
syllable program (PEREZ et al. 1978), or synonym-learning test (LARNER 1977), 
while another class uses mainly pictorial material to avoid language influences, 
such as the Bender gestalt test (BENDER 1938), recurring-figures test (KIMURA 1963; 
ERNST 1970a; MILLER and LEWIS 1977), pictorial paired associate learning task 
(GEDYE et al. 1972), Bildertest (MULLER 1975), picture recognition (DIESFELDT 
1978), random-visual-shapes program (PEREZ et al. 1978), and Corsi's block-tap
ping task (CANTONE et al. 1978). In some both kinds of requirements are combined 
as in the Wechsler Memory Scale (PEREZ et al. 1975), Syndrom-Kurz-Test (ERZIG
KElT 1977), and Funktionspsychose-Skala-B (LEHRL et al. 1977). 

In SD, abilities for digit repetition and paired-associate learning are reduced 
(KASZNIAK et al. 1979), recognition is impaired by more liberal criterion and 
greater loss of encoding characteristics (LARNER 1977), less correct answers, and 
more mistakes than in depression (MILLER and LEWIS 1977). Patients affected by 
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SD have a worse overall memory than patients with MID or vertebrobasilar insuf
ficiency, and they are impaired in perception, attention, and recall, while Kor
sakov and depressive patients show disturbances in at most two of these functions 
(NEVILLE and FOLSTEIN 1979). 

There is evidence that function psychosis and defect syndrome can be separat
ed (LEHRL et al. 1980). 

3. Intelligence Tests 

These tests aim at the very heart of the dementia syndrome: Well installed are the 
Wechsler Adult Intelligence Scale (WAIS) (WECHSLER 1956; PEREZ et al. 1975; 
FULD 1978), Raven's Progressive Matrices Test, a nonverbal test (EYSENCK 1945; 
ORME 1957; FULD 1978), and the Reduzierter Wechsler-Intelligenz-Test fUr psych
iatrisch Kranke, derived from the W AIS and especially suitable for the psychiatri
cally ill (DAHL 1972). More recent developments are the purely verbal Mehrfach
wahl-Wortschatz-Test (LEHRL 1977) and the Wide Range Achievement Test (JAS
TAK 1965; FULD 1978). Except for the purely verbal tests a distinct deterioration 
of performance can be expected. 

4. Neuropsychological Tests 

Neuropsychological tests are very helpful in evaluating the course of SD: Gold
stein-Scheerer-Battery for abstract and concrete behavior (HORENSTEIN 1971 a), 
Weigl's sorting test (WEIGL et al. 1945), Benton-Test (BENTON and SPREEN 1972), 
Kew's cognitive map (McDoNALD 1969), Reitan's Trail Making Test (HOREN
STEIN 1971 a), and constructional apraxia test (GROSSI et al. 1978). Language 
abilities are assessed by reaction time in naming (LAWSON and BARKER 1968), 
Eisenson's Examining for Aphasia (WALLACE 1971), Halstead-Wepman-Aphasia
Screening-Test (HORENSTEIN 1971a) and the Token Test (DERENZI and VIGNOLO 
1962; ERNST 1970a) - a review was given by LANG (1981). 

Luria's method achieves the widest neuropsychological range possible (ERNST 
1970b), a German adaptation was carried out by HAMSTER et al. (1980). 

It was only by some of these tests that the importance of vi suo spatial disorders 
in SD and their selection value could be demonstrated (KASZNIAK et al. 1979). 

5. Questionnaires, Rating Scales, and Inventories 

The Minnesota Multiphasic Personality Inventory (SPREEN 1963), Zung Self-Rat
ing Depression Scale (STEUER et al. 1980), Short Portable Mental Status Question
naire (PFEIFFER 1975), Mini-Mental-Status (FOLSTEIN et al. 1975), Inpatient Mul
tidimensional Psychiatric Scale (LORR et al. 1963), Dokumentationssystem der Ar
beitsgemeinschaft fur Methodik und Dokumentation in der Psychiatrie (ANGST et 
al. 1969), and Mental Status Questionnaire and Grade Assessment Questionnaire 
(KAPLAN 1979) were all applied in SD. One obstacle is that demented patients are 
often not able to fill in self-rating scales. 
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6. Recent Developments for Senile and Demented People 

KAHN et al. (1960) communicated an indirect rating scale comprising ten questions; 
more elaborate are the Dementia Rating Scale (MATTIS 1976) and Organic Mental 
Syndrome Screening Examination (MATTIS 1976), and especially refined is the 
Automatic Behavioral Assessment System by PEREZ et al. (1977). The purposes of 
detecting and documenting SD are fulfilled by the Plutchik Geriatric Rating Scale 
(PWTCHIK et al. 1976), London Psychogeriatric Rating System (HERSCH et al. 
1978), Crichton Geriatric Behavior Rating Scale (HARE 1978), Dokumentationssy
stem der Arbeitsgemeinschaft fUr Geronto-Psychiatrie (CrOMPI and KANOWSKI 
1977), Psychological Abilities Scale for Seniles (KAPLAN 1979), Senility Rating 
Scale (BERGER 1980), Nurnberger Alters-Inventar (OSWALD 1980) and the Zahlen
Verbindungs-Test for older patients (OSWALD and ROTH 1978; OSWALD and 
FLEISCHMANN to be published). 

With the aid of the Mental Deterioration Battery, CALTAGIRONE et al. (1970) 
were able to select 71 %-91 % of demented people out of control groups of the same 
age. 

The Dementia Test by TOMLINSON et al. (1970), examining mainly memory and 
orientation, said to differentiate between Alzheimer's Disease (MA) and multi-in
farct dementia (MID) and correlated with the density of neurofibrillary tangles and 
senile plaques, and the Hachinski Score (HACHINSKI 1978), separating vascular 
from degenerative dementia, have found wide acceptance. 

Finally HERSCH et al. (1980) developed a prognostic index for time of discharge 
from hospital. 

II. Instrumental Findings 

Anamnestic and clinical findings are completed by additional examinations with 
technical instruments. They aim at excluding other, mainly curable, dementing 
processes. 

In electroencephalography since OBRIST (1951), a slowing and spread of alpha 
activity are looked upon as normal in older persons. Additionally, focal changes 
like theta and delta activity especially in the temporal lobe are age related (BUSSE 
and OBRIST 1963; KOOI et al. 1964). These changes are observed in vascular as well 
as in degenerative diseases. The hypothesis that focal EEG disturbances could in
dicate an imminent vascular crisis was not confirmed in controlled investigations 
(BUSSE and OBRIST 1963; OBRIST 1972). The EEG is especially important in differ
entiating between senile dementia of Alzheimer's type (SDAT), Creutzfeldt-Jacob 
disease (CJD), and Huntington's disease (SISHTA 1974). In SD 31 %-46% show 
normal EEG findings (MUNDY-CASTLE et al. 1953; SHERIDAN et al. 1954; BARNES 
et al. 1956). Even severe casesofSD in routine EEG sometimes show improvement 
(SHERIDAN et al. 1954). There is a statistically significant correlation between ar
gyrophile dystrophy in SD and a slowing down of alpha rhythm in EEG as seen 
in semiquantitative morphometry (DEISENHAMMER and JELLINGER 1971). Com
puter analysis of sensory-evoked responses by acoustic and optic stimulation has 
recently shown diverging responses in both hemispheres. Therefore GERSON et al. 
(1976) assume a coordination deficit of the brain in SD. 
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The possibilities of computerized axial tomography in investigating degenera
tive cerebral diseases are not yet fully realized. First normal aging populations were 
studied, establishing indices of normal brain measurements (HUCKMAN et al. 1975; 
SYNEK et al. 1976; GYLDENSTED and KOSTELJANITZ 1975; BARRON et al. 1976; REIs
NER et al. 1980; Y AMAURA et al. 1980). Then classifications of pathological findings 
were presented. According to MEESE and GRUMME (1980) about 20% of cerebral 
atrophies could be due to normal aging if this atrophy is light to moderate and 
equal in all parts of the brain. Asymmetrical atrophies, in SD accentuated in the 
parietal or frontotemporal region, resulted in an increase of pathological EEG 
findings and of psychopathological deficiencies. 

Cerebral blood flow and regional cerebral blood flow (CBF, rCBF) in SD are 
mainly found to be normal; only in advanced cases are they decreased. Investi
gations of cerebral metabolism have shown that while CMR glucose (cerebral me
tabolism rate for glucose) in the early stages is already markedly decreased, CMR 
oxygen is normal. HOYER (1980) interpretes these findings as a result of oxidation 
of cerebral substrate, due to a degenerating disease. 

Radioactive albumin or indium served in studies of CSF dynamics in SDAT 
and NPH. There are certain differential diagnostic problems resulting in the 
meningeal fibrosis often seen in SDAT, which can result in an inversion of CSF 
flow into the peri ventricular tissue (COBLENTZ 1973). This explains the success 
sometimes observed after shunt operation in cases of SDAT (SHENKIN et al. 1973). 

D. Epidemiology 

Epidemiological investigations of senile dementia meet with several methodologi
cal difficulties. Therefore the results of the few thorough studies which have ap
peared so far are only conditionally comparable. 

The main problems consist of the choice of a suitable population and of the ex
act diagnostic categorization of every proband. In many cases it is not easy to de
termine exactly the beginning of the disease and to calculate its course up to the 
date of investigation. ROTH (1978 a) in this context describes a "threshold effect," 
which shows in clinical observation of the disease. The same opinion is put forward 
by KLEEMEIER (1962) and JARVIK (1978). Nevertheless the Newcastle-upon-Tyne 
study has shown that, after 2-4 years of observation of 711 patients over 65 years 
of age, 30 had developed senile dementia, only six of which were classed as suspect 
cases at the initial examination (KAY et al. 1964; ROTH 1978a). / 

ROTH'S (1955) criteria were accepted by most investigators classifying the clini
cal appearances of their geriatric patients. Others like PECK et al. (1978) used the 
diagnostic criteria of the American Psychiatric Association, Diagnostics and Stat
istics Manual. Here a diffuse and global impairment of cerebral function is as
sumed. 

AKESSON (1969) very clearly describes the investigator's difficulties in judging 
every single case. He decided for a better separation of vascular disease from senile 
dementia to regard only the cases with a severe and irreversible symptomatology. 
Other investigators (HAGNELL 1970, GRUENBERG 1978; BRUCKMANN 1981), also in
dicate diagnostic problems. Therefore GRUENBERG (1978) proposes a sequence of 
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screening processes for a better diagnostic separation of the senile dementia cases 
from vascular diseases. Autoptic investigations (BLESSED et al. 1968) have shown 
that there is an overlapping, nevertheless. In Newcastle-upon-Tyne a ratio of 50% 
purely parenchymatous cases to 20% mixed to 30% purely vascular diseases was 
found. 

1. Prevalence 

KAY (1972) estimates the prevalence of senile dementia at 5%-10% among the gen
eral population over 65 years of age. The ratio of men/women is 1.7/4.1 in the age 
group 65-74 years and 4.4/9.3 over 75 years (ROTH 1978b). Surveying the litera
ture, we found data in this respect to vary strongly. AKESSON (1969) found the by 
far lowest prevalence of 0.74% ± 0.13%. He investigated the population of two 
large islands off the Swedish coast and took for the above reasons only the severe 
cases, none being younger than 70 years. BOLLERUP (1975) found 1.3% among the 
70-year-olds in nine Kopenhagen suburbs. STERNBERG and GAWRILOWA (1978) 
found 2.8% in Moskow, 1.1 % for men and 3.8% for women. MAYER-GROSS et al. 
(1969) transduced his 4.4 % prevalence among the population over 65 years of age 
to 3.3% for the general population. KAY et al. (1964) in Newcastle-upon-Tyne 
found a prevalence of 4.2% among those living at home, 2.9% being light cases, 
and 1.3% severe. ROTH (1978b) reported a prevalence of 5% among his 
309 patients of the early cohort, which after further investigations was corrected 
to 6.2%. So today 60% of the old living in Newcastle's nursing homes are esti
mated to suffer from senile dementia. Several investigators, such as ESSEN-MoLLER 
(1956), who found 3.9%, and PRIMROSE (1962), who found 5%, were able to con
firm the results of the Newcastle group. NIELSEN (1962), however, found a preva
lence of 18.5% on the island of Samso, taking into account that among his severe 
cases there were some with a vascular disease. In 1957 he found a prevalence of 
7.4% and in 1962 10.6% for all of Denmark. ESSEN-MaLLER'S (1956) patients from 
Lundby were reinvestigated after 10 years by HAGNELL (1970). The prevalence 
mounted from 5.5% in 1956 to 16.1 % in 1970, due to an increasing prevalence with 
age. This relationship between prevalence of senile dementia and age not only 
showed in Lundby but also in New York State (GRUENBERG 1961), Newcastle
upon-Tyne (KAY et al. 1964; KAY 1970), Sweden (AKESSON 1969; HAGNELL 1970), 
Denmark (NIELSEN 1962), and Missouri (TORACK 1978). 

All comparable studies mentioned above show an increasing morbidity with in
creasing age up to 90 years. This tendency is visible despite different methods and 
material of the investigators. Above 90 years of age TORACK (1978) could not find 
a further increase. His results rather indicate a decrease but his number of patients 
is too small for proof. 

LARSSON et al. (1963) also did not observe a further increase of morbidity above 
90 years. This tendency is also supported by the age distribution given in the autop
tic studies of FULLER (1911), UYEMATSU (1923), ROTHSCHILD (1937), CORSELLIS 
(1962), McMENEMEY (1968), PERESS et al. (1968), and TOMLINSON et al. (1970). Here 
the prevalence sinks already in the age group of 85-90 years. Therefore TORACK 
(1978) indicates "an intriguing resistance to dementia after the age of 90." 
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Fig. 2. Incidence of senile 
dementia as a percentage of 
the age-matched population 

As to the incidence there are less numerous results. ROTH (1978 b) from the basis 
of the results of his group in Newcastle-upon-Tyne reports an average yearly inci
dence of 1.4% after 4-5 years of investigation. AKESSON (1969) only found 0.38%, 
under the above-mentioned conditions. Age dependence of incidence acts similar 
to that of prevalence of senile dementia. The rate of new diseases mounts with age 
(LARSSON et al. 1963; AKESSON 1969; TORACK 1978) (Fig. 2). It sinks again among 
those above 90, according to the results of TORACK (1978) in St. Louis. Only 2% 
of his 24 pro bands above 90 became senile dements. Earlier investigations did not 
report age data sufficiently exact to support these results. According to LARSSON 
et al. (1963) there was no increasing morbidity risk during the 30-year period he 
studied. 

3. Mortality 

All patients suffering from senile dementia must be aware of a very short life ex
pectation as compared to age-matched controls. Among ROTH'S (1955) patients 
58% were dead half a year and 82% 2 years after hospitalization. Those with ce
rebrovascular disease only amounted to 33% and 73%. Consecutively the author 
reports a life expectation of 30% of the age-related average. LARSSON et al. (1963) 
found only 50% for men and 55% for women as compared to the age-related av
erage. One year after hospitalization it sinks to 40%. The relative increase of the 
mortality rate amounts to 130% for men and 90% for women. In the age groups 
over 80 this high mortality rate sinks again (LARSSON et al. 1963). AKESSON (1969) 
reports a life expectation quotient (life expectation of patients investigated by life 
expectation of the age-matched general population) of 0.63% after 3 years of ob
servation. This result is based on only 40 patients. On the other hand 15 out of 
78 pro bands lived longer than 3 years. 

4. Course 

68% of AKESSON'S (1969) patients were first taken into other hospitals because of 
some somatic disease. 72% of these were transferred to a psychiatric hospital or 
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dismissed within half a year. In the state of medium to severe dementia these 
patients were 79.5 years old on average. Thirteen percent of them had a course of 
I year after the first psychotic symptoms, 31 % up to 2 years, 28% up to 3 years, 
and 28% over 3 years (AKESSON 1969). In the very large population of LARSSON et 
al. (1963) the symptoms of senile dementia began at an average of 73.4 years for 
men and 75.3 years for women. The range was 56-92 years. Hospitalization oc
curred at an average of 76.4 years for men and 78.4 years for women. At an average 
of 2.1 years later death occurred for both sexes. This means a life expectation of 
about 5 years after the first symptoms are noted. Similar results were published by 
KAY (1972).81 % of his patients finally reached a state of total dementia and 19%, 
severe dementia. 

Memory loss seems to be an important prognostic factor. A reinvestigation of 
the patients of KAY et al. (1964) after 4 years (KAY et al. 1966) showed that light 
senile memory losses were a highly significant predictor of death 4 years later. 
BERGMANN (1976) confirms this result; EpSTEIN et al. (1964) reported death at an 
average of 6 years after the initial symptomatology. In a very thorough neurolog
ical, neuroradiological, neurophysiological, and neuropsychological investigation 
of 47 hospitalized patients these prediction criteria were stated more accurately 
(KASZNIAK et al. 1978): The degree of impairment of cerebral function seems to be 
more important as to life expectation than the degree of cerebral atrophy shown 
by the CAT scan. Additionally, the authors think they can predict the short-term 
life expectation very exactly by examining the cognitive functions. A deficit of ex
pressive language is said to indicate a very bad survival prognosis (see C.I1). 

The autoptic investigations gave few results on the exact death cause (TOMLIN
SON et al. 1970; BERGMANN 1976). Therefore the cause of death is an "interesting 
mystery" (ROTH 1978b). Several authors, however, underlined the importance of 
bronchopneumonia (KAY 1972; PARKER 1972; V ARSAMIS et al. 1972; PECK et al. 
1978). Regarding several factors as possible causes of death seems to offer the best 
possibilities for improving the bad prognosis according to our current state of 
knowledge (RoTH 1978 b). GOLDFARB (1969) and WANG (1978) have already indi
cated this view. They postulated a relationship between somatic disease and im
paired cerebral function according to the concept of function psychosis (WIECK 
1978). On the other hand an impaired cerebral function prepares the way for still 
more complications due to physical neglect such as malnutrition, vulnerations, hy
poventilation, or aspiration, e.g., following a necessary sedation because of psy
chomotor agitation and infections of the urinary tract. Finally, an increasing irre
versible damage of the circulatory system and the brain, provokes death. This opin
ion is supported by the results of BRODY et al. (1975). So the patient's care for his 
own body and the physician's judgment of cardiac function are of special prognos
tic importance. 

5. Sociological Factors 

The socioeconomic status has no influence on the occurrence of senile dementia. 
Single persons, however, have a higher hospitalization risk, according to AKESSON 
(1969). The increasing number of hospitalizations due to senile dementia, reported 



318 H. H. WIECK et al. 

from all over the western hemisphere, according to LARSSON et al. (1963), are a re
sult of changes in population structure with respect to size and age. 

6. Genetics 

Since MEGGENDORFER (1925), a hereditary factor in senile dementia has been 
known. SJOGREN et al. (1952) in their investigations on family members of 36 in 
part histologically confirmed cases found 30 secondary cases of Alzheimer's senile 
dementia. The morbidity age varied strongly. LARSSON et al. (1963), investigating 
374 families with 3,426 members, found 60 secondary cases of senile dementia. 
There was no difference compared to the sick probands of the study with respect 
to age at the beginning of the disease, symptomatology, and course. Therefore the 
authors discuss a monohybrid dominant mode of inheritance. The morbidity risk 
for parents and sibs is about 4.3 times above the average of the general population. 
According to JARVIK (1978) the morbidity risk in the general population is well 
under 1 %, for sibs of Alzheimer patients about 3.8%, and for parents about 10%. 
KALLMANN (1956) reported a concordance of senile dementia morbidity of 42.8% 
for monozygote twins and of 8 % for dizygote twins. His investigations on 
108 twin's families showed a morbidity risk of 3.4% for parents and of 6.5% for 
sibs. This resulted in his concept of a heterogene inheritance, which was also put 
forward by ZERBIN-RUDIN (1972). CONSTANTINIDIS et al. (1965) and CON
STANTINIDIS (1978) in reviewing the literature observed an occurrence of presenile 
Alzheimer's dementia over two or more generations, which would favour a dom
inant mode of inheritance. However, familiar senile cases normally occur in only 
one generation of sibs, which would favor a recessive mode. The latest results by 
CONSTANTINIDIS (1978) show an intrafamiliar concordance of two-thirds as to an 
inheritance of the presenile or senile form, a discordance of one-third. Additionally 
the female sex seems to be predominant in the higher age groups, contrary to those 
under 65 years. Altogether CONSTANTINIDIS (1978) proposes a nosological entity of 
senile and presenile dementia of the Alzheimer type. He discusses a multifactorial 
etiopathogenetical concept where constitutional factors are related with several 
genes. SLATER and COWIE (1971) express a similar opinion. LAUTER (1968), how
ever, proposes a dominant mode of inheritance. 

JARVIK (1978) presented the results of the only twin study initiated by KALL
MANN (1956). She emphasizes the prognostic importance of the cerebral function 
quantified by psychological tests. In this context she recalls the "critical loss" phe
nomenon described earlier (JARVIK and BLUM 1971). This confirms KLEEMEIER'S 
(1962) hypothesis, called "terminal drop." JARVIK (1978) further reports a hypodi
ploidy in aged women with senile dementia as opposed to women in the same age 
with cerebrovascular insufficiency. These findings are supported by the results of 
NIELSEN (1968). However, BERGENER and JUNGKLAASS (1970) found hyperdiploid 
cores in two cases of Alzheimer's disease but not in cases of senile dementia. Ex
plication of these findings is not yet possible. Similarly a conclusive interpretation 
of the connections between serum immunoglobulins, vocabulary scores, and 
chromosome losses is so far not possible. It is striking, however, that the rate of 
hypodiploidy in young and old men is equal. In fact, senile dementia is found main
ly in women (JARVIK 1978; BRUCKMANN 1981). 
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Differential diagnosis of a psychopathological syndrome like SD must predo
minently aim at discovering etiologically defined and treatable diseases before pal
liative and symptomatic measures are used (BERGERON and HANUS 1964). 

Refined means of assessment have disclosed more and more preventable and 
treatable causes of dementia-like function psychoses; Fox et al. (1975) were able 
to treat 12% of their patients with the initial diagnosis of SD successfully. This is 
why commitment to this severe diagnosis should be made only after exhaustion of 
all reasonable diagnostic procedures; LAUTER (1980) has given a checklist for that 
purpose. 

The diseases that have to be taken into account are mentioned below except for 
the ones which usually cause no serious trouble in differential diagnosis (see 
Table 1). The percentage in brackets after some ofthe diseases stem from BERGER 
(1979) and indicate the relative frequency with which they were met in a sample 
of 222 demented elderly patients. 

2. The Diseases 

Atrophying cerebral processes (51 %) are one oftwo groups to be most likely con
fused with SD. For the case of MA (presenile dementia, Alzheimer's syndrome) the 
necessity of differentiation has been disputed by many. 

Alzheimer's (1907) opinion, that he had described a special form the SD, was en
dorsed by many of his followers (MARCHAND et al. 1942; ANGEL 1977). Some re
searchers stated that MA and SD were to be easily separated on clinical and 
neuropathological grounds and therefore to be regarded as two different diseases 
(KRAEPELIN 1910; GRUNTHAL 1936), a view that presently is at least in part sup
ported by SOURANDER and SJOGREN 1970; RABINOWICZ 1972; ERBSLOH and KOHL
MEYER 1974; TODOROV et al. 1975. The exceptional position ofMA is substantiated 
by earlier onset, higher intensity and faster progression (AJURIAGUERRA and TISSOT 
1968), focal symptoms, and dominant heredity (TODOROV et al. 1975, see epi
demiology). In contrast to this the bulk of geriatricians maintain that there is no 
reason for a discrimination of adult dementia before and after the 65 th year of life 
neither on clinical nor pathological grounds (TORACK 1978). This view is favored 
by NEWTON 1948; RASKIN and EHRENBERG 1956; ARAB 1960; ALBERT 1964b; CON
STANTINIDIS 1968, 1978; TISSOT 1968; WEISS 1968; JACOB 1969; BARSTEIN 1970; 
LAUTER 1972, 1980; CIOMPI 1973; TERRY 1976; KATZMAN and KARASU 1975; MUL
DER 1976; ANGEL 1977; BRAIN 1977; KATZMAN et al. 1978b; PEREZ et al. 1978; 
WELLS 1978; BERGER 1979; and BERGENER 1980. That MA and SD have to be con
sidered a disease and not a physiological involution or "senium praecox" (KRAE
PELIN) is almost unanimously accepted. 

Those scholars who lay stress on focal symptoms prefer the term SDAT (senile 
dementia of Alzheimer type) as proposed by the nosology commission of the work
shop conference on MA/SD (KATZMAN et al. 1978 b), while others (ALBERT 
1964a, b; BARSTEIN 1970; REDLICH and FREEDMAN 1976, BERGENER 1980) do not 
make this difference. 
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Table 1. Differential diagnosis of senile dementia 

I. Cerebroatrophic processes 
1. MA (Alzheimer's disease) 

(KATZMAN et al. 1978a) 
2. Temporal lobe atrophy 

(SHIBAYAMA et al. 1978) 
3. MP (Pick's syndrome) 

(JAKOB 1979) 
4. Dementia-parkinsonism 

syndrome with Lewy bodies 
(KOSAKA and MEHRAEIN 1979; 
IKEDA et al. 1980) 

5. Dementia-parkinsonism complex 
of Guam (JACOB 1969) 

6. Parkinson's syndrome (BOWEN 
and DAVISON 1975) 

7. Huntington's chorea (CHASE et al. 
1979) 

8. Familiar senile hallucinosis 
(BERGENER et al. 1972) 

9. Rare systemic degenerations: 
a) Corticodentatonigral 

degeneration with neuronal 
achromasia 

b) Progressive nuclear palsy 
(JACOB 1969) 

c) Progressive supranuclear palsy 
(JACOB 1969, ALBERT 1978) 

d) Steele-Richardson-Olszewski 
syndrome (FOERSTER and 
REGLI 1980) 

e) Spinocerebellar degenerations 
f) Unverricht-Lundborg 

myoclonus epilepsy (NORIO and 
KOSKINIEMI 1979) 

g) Progressive multifocal 
leukoencephalopathy 

h) Hallervorden-Spatz' disease 
(DOOLING et al. 1974) 

II. Normal pressure hydrocephalus 
(JACOBS et al. 1978) 

III. Cardiovascular diseases 
1. Extracranial 

a) Cardiac insufficiency 
(Anonymous 1977) 

b) Myocardial infarction 
(HONTELA and SCHWARTZ 1979) 

c) Cardiac rhythm disorders 
d) Extracorporal circulation 

(MEYENDORF 1976; 
GOTZE 1980) 

e) Cardiac arrest (ROBINSON 1977) 
f) Subacute bacterial endocarditis 

with MID (WELLS 1978) 
g) Carotid and vertebral artery 

stenoses 

2. Intracranial 
a) Stenose of cerebral arteries and 

basilar artery 
b) Hypertensive encephalopathy 
c) Thrombangiitis obliterans 

(SCHEID 1980) 
d) Arteriovenous malformations, 

kinking (HAASE 1971) 
e) Binswanger's syndrome 

(ERBSLOH and KOHLMEYER 
1974) 

IV. Blood diseases 
1. Anemia (ROBINSON 1977) 
2. Hypercoagulation, polycythemia 

V. Respiratory disorders 
1. Chronic respiratory insufficiency 

(HUGHES 1978) 

VI. Metabolic diseases and avitaminoses 
1. Diabetes mellitus, hypoglycemia 

(ROBINSON 1977) 
2. Addison's disease (KATZMAN and 

KARASU 1975; ROTH 1978a) 
3. Cushing's disease (HUGHES 1978) 
4. Hypo- and hyperthyroidism, 

myxedema (ROBINSON 1977; 
PORTNOI 1979) 

5. Hypo- and hyperparathyroidism, 
Fahr's disease (BARWICH 1976) 

6. Electrolyte imbalance (sodium, 
potassium, calcium) (JANA and 
ROMANO-JANA 1973; HUGHES 
1978) 

8. Lipid storage diseases and 
glycogenoses (TORVIK et al. 1974) 

9. Wilson's disease (FOERSTER and 
REGLI 1980) 

10. Nephrotoxic encephalopathy, 
hemodialysis 

11. Hepatotoxic encephalopathy, 
porphyria (HUGHES 1978; 
PLUM 1978) 

12. Partial malnutrition and 
malabsorption, avitaminoses 
a) Bl and B2 , mostly in alcoholism 

with Wernicke-Korsakov 
syndrome (ANNEXTON 1978; 
VICTOR and BAKER 1978) 

b) B12, funicular myelosis 
(WIECK 1980a) 

c) Folic acid deficiency 
d) Nicotinic acid deficiency 

(ROTH 1978a) 
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Table 1. (Continued) 

VII. Exogenous intoxications 
1. Alcoholism (intoxication, delirium) 
2. Other habit-forming agents 

a) Barbiturates 
b) Benzodiazepines 
c) Bromides (RASKIND et al. 1978) 
d) Other sedatives, narcotics 

(HUGHES 1978) 
e) Analgetics 
f) Psychotomimetics 

3. Not habit-forming agents 
a) Corticoids 
b) Anticonvulsants, anti

histaminics, antidepressants, 
neuroleptics, digitalis, 
vincristine (HUGHES 1978) 

c) Gases (carbon monoxide) 
(BERGERON and HANUS 1964; 
ROBINSON 1977; BLASS 1980) 

d) Heavy metals (Mn, Pb, Hg, AI) 
(BLASS 1980; FOERSTER and 
REGLI 1980) 

e) Organic compounds (CS2) 

VIII. Infectious, parainjectious, and 
immunological diseases 

1. Meningoencephalitis (viral, 
mycotic, tuberculous) 

2. Neurosyphilis, general paralysis 
(BERGERON and HANUS 1964) 

3. Brain abscess 
4. Encephalomyelitis disseminata 
5. lakob-Creutzfeldt's disease 

(TOSI et al. 1980) 
6. Kuru (HAASE 1971) 
7. Tuberculosis and sarcoidosis 

IX. Tumorous 
1. Brain tumors (BERGERON and 

HANUS 1964) 
2. Hodgkin's disease, bronchial 

carcinoma (ROBINSON 1977; 
FOERSTER and REGLI 1980) 

X. Traumatic 
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1. Cerebral contusion, punch-drunk 
syndrome (CORSELLIS et al. 1973) 

2. Brain wounds 
3. Subdural hematoma 

XI. Epilepsies, electroconvulsive therapy 
XII. Chronic subdural hematoma and 

hygroma and subarachnoid bleeding 
XIII. Psychiatric disorders 

1. Endogenous psychoses 
("pseudodementia") (WELLS 1979; 
ROTH 1978a) 

2. Nonpsychotic disorders 
a) Reaction to trauma, KZ 

syndrome, Ganser syndrome 
("pseudodemen tia") 
(VAN DER HORST 1964) 

b) Neuroses 
c) Psychopathy 
d) Sensory loss, sensory 

deprivation (ROBINSON 1977) 
e) Connatal feeble-mindedness 

(BOWER 1971) 

M P (Pick's syndrome) as another presenile dementia is said to occur with a 
frequency of about 2% of that of MA (TERRY 1976). Figures are different, since 
the distinction ofMA and MID in the United States is not as common as in West
ern Europe (CONSTANTINIDIS et al. 1974). Brain atrophy is accentuated in the fron
tal lobes and the basal portion of the temporal lobe. Leading in symptomatology 
are changes of personality and initiative, affective blunting, moria, indifference, 
impairment of reasoning, social responsibility, and moral behavior. Memory, for
mal intelligence, and orientation are preserved in the initial stage. Aphasic symp
toms are not rare and directed toward so-called dynamic aphasia (Luria) superim
posed by word-finding difficulties, echo phenomena, reduced fluency, monotony, 
and finally mutism. Grasping reflex, oral disinhibition, and rigor appear late in the 
course. EEG is often pathological (INGVAR et al. 1978). Nonobligatory neuropath
ological signs are the Pick cell (argentophilic intraneuronal inclusions) and Hirano 
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bodies. As the cause of the presumably dominant transmittible disorder, lack of 
a specific neurotransmitter is suggested. 

Parkinson's syndrome (less than 1 %) in its final stage can imitate SD but is eas
ily discerned by its preceding neurological symptomatology (BOWEN and DAVISON 
1975). Bradyphrenia at second look and with the aid of psychological testing is not 
to be confused with dementia. Since etiology is manifold, a great number of 
varieties dominated by rigor, tremor, or akinesia exist. 

Jakob-CreutzJeldt's disease (less than 1 %) also starts with neurological symp
toms of pyramidal, extrapyramidal, cerebellar and nuclear origin; dysarthria, 
aphasia, myoclonus, visual disorders, and dementia have been observed. 
Onset during pre senium is common, progression rapid, and the course sel
dom longer than 2 years (ERBSLOH and KOHLMEYER 1974; TORAcK 1978). Typical 
EEG signs are triphasic sharp-wave complexes; histologically neuronal vacuoliz
ation is seen. The disease is thought to be a slow virus infection. 

Chorea Huntington (5%) is hereditary and autosomally dominant (BOWEN and 
DAVISON 1975; TERRY 1976); its typical choreatic hyperkinesias come about 
through degeneration of the corpus striatum and cerebral fits are no rarity. The 
so-called choreophrenia comprising personality change, apathy, affective instabil
ity, paranoid disturbances, and dementia often leads to suicide. Aphasia is not to 
be found, while mutism on the other hand not rare. Age of manifestation is clearly 
presenile (30-45 years) and the course slowly progressive over 12-15 years. 

Normal pressure hydrocephalus (6%) is diagnosed more often after the intro
duction of computer-assisted tomography. Psychopathological features are slight 
memory disturbances, which are not initial symptoms, and lack of thoughts; focal 
signs are missing. The differential diagnosis is made neurologically by proof of 
spastic atactic gait disorders and urine incontinency. Therapy is surgical by ven
triculoatrial shunt (SALMON 1969; KATZMAN and KARASU 1975; GOSCH 1976) and 
successful in 39%-64 % of all cases (LAUTER 1980). It is regarded as a primary dys
function of the formatio reticularis and presents no neocortical changes (JACOBS 
et al. 1978; TORACK 1978). 

Cardiovascular diseases (8%) constitute one of the most important groups for 
differential diagnosis of SD since they are common, similar, and in 10%-55% of 
all cases (TOMLINSON et al. 1970; LAUTER 1972; HUGHES 1978; KATZMAN et al. 
1978 b; LOEB 1980) combined with primary brain atrophy. Despite the proof that 
primary brain atrophy is more often the cause of dementing syndromes during 
senium (51 %-90%), many clinicians still favor the assumption of vascular origin 
(GERHARD 1969; LAUTER 1972; GESCHWIND 1978; STEEL and FELDMAN 1979). 

In the case of multiple tiny cerebral infarcts, MID is observed (HACHINSKI et 
al. 1974; WELLS 1978; LOEB 1980; GOLDENBERG and SAMEC 1981); if one or more 
of the big extracranial neck arteries is affected, the term "macrovascular" dementia 
is used, if small intracranial arteries and arterioles are struck, the term 
"microvascular" dementia. 

Depending on the underlying disease, hypertensive, diabetic, hyperuricemic, 
hyperlipidemic, or immunological vascular changes are met with. Differential diag
nosis is made possible through vertigo (vertebrobasilar insufficiency), hemiplegia, 
and neurological focal signs (carotid insufficiency), headache and nocturnal ex-
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Table 2. Clinical differential diagnosis of primary vascular and primary atrophic dementia 
during senium 

Vascular 

Abilities to cope with new requirements 
worsen intermittently and remittently 
(BLESSED, in ROBERTS 1980). Acute 
onset, primary personality, social 
acceptability and insight are preserved better. 
Affective instability, predominantly 
depressive, early neurological signs 
(BIRKETT 1972). Nocturnal exacerbation, 
marked fluctuations (ANDERSON 1970). 
Subjective complaints like headache, 
vertigo, sleep disorders, fatigability (LAUTER 
1972). Circumscribed focal signs, pseudo
bulbar palsy; hypertension, coronary heart 
disease, diabetes, hyperlipidemia not 
unusual (RoTH 1978). Men affected more 
often 

Atrophic 

Abilities to cope with new requirements 
worsen progressively and steadily (BLESSED, 
in ROBERTS 1980). Swwonset, more severe 
mental deterioration, memory and attention 
significantly and consistently worse, 
paranoid symptoms, hallucinations (BIRKETT 
1972; PEREZ et al. 1975). Low Hachinski score 
(HACHINSKI et al. 1975; LADURNER et al. 
1981). Highly abnormal EEG without focal 
signs (INGVAR et al. 1978), no low density 
lesions in CCT (LADURNER et al. 1981). 
More frequent during senium than vascular 
dementia, women affected more often 
(RoTH 1978a; HACHINSKI 1978) 

acerbations (see Table 2). BRAND and GORWITZ (1971) pointed out that prognosis 
in vascular dementias does not necessarily have to be more favorable than in SD. 

Endocrine disorders are represented by thyropathy - myxedema and hyper
thyroidism - (less than I %) and metabolic disorders by liver failure (ammoniacal 
encephalopathy) (less than 1%). More common are vitamin deficiencies: Lack of 
vitamin Bl especially as a consequence of alcoholism, often combined with Wer
nicke-Korsakov syndrome (6%) and lack of vitamin B12 with funicular myelosis 
(less than 1%). Of increasing importance are chronic intoxications and addiction 
(3 %); of decreasing importance (less than 1%) is general paralysis. Conditions af
ter infectious cerebral diseases were found in less than I %, space-occupying pro
cesses in 5%, chronic subdural hematoma and hygroma and subarachnoid hemor
rhage in less than I %, traumatic lesions and epilepsies in less than 1 %, involutional 
depression in 4%, and other psychiatric disorders in less than I % in BERGER'S 
(1979) group. Only in 3 % of all the 222 cases could the cause of the dementia not 
be determined. 

Under the term "pseudodementia," heterogenous disorders such as neurotic 
and psychotic disorders, are thrown together, especially endogenous depression 
and schizophrenic defects (BIRREN 1959; WELLS 1979; ROTH 1978 a). Since the word 
is also used for exaggeration and simulation of an intellectual deficit and has no 
true connection with endogenous disorders and SD (LARSSON et al. 1963; TOMLIN
SON et al. 1970), the ambiguous term should be abandoned (SHRABBER 1980). 

F. Pathology and Future Developments 

The congophilic angiopathy or amyloid micro angiopathy is sometimes found in 
the brains of demented persons. So far the importance of this observation is diffi-
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cult to estimate from the neuropathological and clinical point of view. It seems that 
a unique disease entity is indicated here. Familiar occurrence with cerebellar symp
toms, involvement mainly of the occipital lobe, sometimes only of the layers II and 
IV of the cortex, and the array of amyloid around small vessels with projections 
to senile plaques, in 25% of the neurofibrillary tangles, are the main reasons in fa
vor of this opinion (TORACK 1978, ULRICH et al. 1973). 

Senile plaques are mainly observed in the frontal and temporal lobes but also 
in the cerebellum, brain stem, basal ganglia, and white matter. They are composed 
of an amyloid core and a surrounding of thickened neurites and destructed or
ganelles. Presently it is assumed that they can either be formed "endogenously," 
e.g., in analogy to animal experiments by damaging the neurite. An "exogenous" 
factor also seems to exist in connection with the vascular system. The process pos
sibly begins with an interruption of the flow in dendrites, terminal axons, and syn
apses. The neurite thickens and is dilated by masses of organelles (WEISS 1961). A 
neuritic plaque (WISNIEWSKI and TERRY 1973), the early form of a senile plaque, 
originates. Later the amyloid is probably composed of neurofilaments and a ma
ture plaque emerges. In this context some ultrastructural changes of the synapses 
were explicable. The fibrous astrocytes represent a glious reaction, whereas the 
microglia could also produce amyloid. Perivascular plaques without neuritic affec
tion suggest another, vascular genesis of senile plaques (TORACK 1975, 1978). TOM
LINSON et al. (1968; TOMLINSON 1977) have elucidated the importance of senile 
plaques. He found, that 14 or more plaques per low-power field are a strong indi
cator of dementia. 

Furthermore the neurofibrillary tangles, bifilar helices of 130-A filaments (WIS
NIEWSKI et al. 1976) characterize SDAT. Two ways of development are discussed: 

A disturbance in the synthesis of fibrous proteins or of the environmental con
ditions for their aggregation. An excess production of filaments, answering a dis
tant vulneration of the axon or dendrite (TORACK 1978). 

Lipofuscin in the neuron increases with age; there has never been any patho
genetical importance to this observation. Especially in senile dementia the pigmen
tation of neuronal cells represents normal aging. Only in CJD and in Huntington's 
disease have indications for an involvement oflipofuscin in neuronal degeneration 
so far been observed (TORACK 1969, 1971, 1978; TELLEZ-NAGEL et al. 1973). 

The pathogenetical importance of granulovacuolar degeneration, a membrane
bound cytoplasmatic body (WOODARD 1962), has also not yet been understood 
(SCHEIBEL 1979; TORAcK 1978; TERRY 1979). It is found mainly in pyramidal cells 
of the hippocampus of demented persons. Similarly the bodies described by 
HIRANO et al. (1968) can only be mentioned here. 

SCHEIBEL (1978, 1979) emphasizes the importance of the dendritic system, 
which by its diminution also diminishes the synaptic connectivity of the areas in
volved. He indicates therefore an eventual loss of processing capabilities despite the 
known redundancy of neuronal systems. This theory is based on investigations of 
pyramidal cells in the cortex of senile dements. A deterioration of neuronal plas
ticity as a pathophysiological substrate of dementia is also postulated by SELKOE 
and SHELANSKI (1976), and by HAYFLICK (1976). 

Neurochemical investigations of late have found a marked loss of choline 
acetyltransferase (CAT), consistent with a loss of presynaptic terminals and cholin-
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ergic cell bodies (ROBERTS 1980). The monoaminergic, the acetylcholinergic, and 
the GABA system are likely to be affected (GOTTFRIES 1980; REISINE et al. 1978). 
While it is known that there is a significant relationship between the degree of clini
cal psychic deficiency and the degree of neuropathological alterations (TOMLINSON 
1980), a good correlation with levels of cholinergic neurotransmitter enzymes and 
with the CAT level in the brain could be added to these findings (PERRY et al. 1978, 
BLESSED 1980; ROBERTS 1980; PERRY and PERRY 1981). 

The question of whether the complex AD-SDAT comprises one or several dis
ease entities, could gain additional answers from further epidemiological investi
gations of already-known populations such as Lundby, Newcastle, or Framing
ham and from transcultural comparisons. We already have results from Japan 
(MATSUYAMA and NAKAMURA 1978). Analytical epidemiology can be of great help 
searching for risk factors, e.g., virus exposition, aluminum, or genetic causes. 
Chromosome 21 is of special interest because of parallels between AD and Down's 
syndrome (HESTON 1977). Chromosome 16 being the site of the gene responsible 
for Haptoglobin Hpl, which seems to be augmented in AD-SDAT, is also impor
tant (STAM and OP DEN VELDE 1978). Indications toward a lack of transmitters, 
especially cholinergic, rend future neurobiochemical and neuropharmacological 
investigations rather interesting (MCGEER 1978; DAVIES 1978). The role of alumi
num, also, needs further clarification. We need more knowledge about its site and 
mode of action. Hypotheses about a viral genesis of SDAT (GAJDUSEK and GIBBS 
1975), based on animal experiments, so far lack confirmation (JOHNSON 1979). The 
latest progress in ultrastructural research (TERRY 1979) might promote new results, 
e.g., on relations between morphological findings and possibly noxious agents such 
as aluminum, viruses, malnutrition, or on correlations between morphometry and 
psychopathometry. Immunology also promises further results. There seems to be 
a correlation between diminution in immunoglobulins and impaired cerebral func
tion (EISDORFER et al. 1978). 

G. Treatment 

Considering the poor prognosis of senile dementia we must currently confess that 
there are very few possibilities of influencing the process of neuronal loss. There 
are more therapeutical approaches in functional brain disturbances than in de
mentia, for which no accepted treatment exists to date (BAN 1980). 

Three reasons for drug therapy in patients with senile dementia have to be men
tioned: 

First of all the treatment of disturbances in the cardiovascular system, in met
abolic conditions, and in endocrinological dysfunctions, as well as in all the multi
tude of other diseases, which are summarized under the term multimorbidity, can 
sometimes influence directly the formal etiopathogenesis of senile dementia. Only 
a few elderly patients have a single complaint or a single disease managed by a 
single drug; usually several drugs are taken simultaneously. 

On the other hand, there is a group of various agents in the treatment of senile 
dementia which act according to several pathophysiological concepts: nootropic, 
psychoenergetic, or antihypoxidotic drugs. They are designed to influence CBF 
and cerebral metabolism. Theoretical concepts are based mainly on vasodilatation, 
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anti thrombotic effects, increase of glucose permeation into the neuronal cells, and 
metabolic stimulation. These various substances - acetylcholine precursors, vinca
mine, piracetam, centrophenoxin, bencyclan, kallikrein, adamantine, naftidro
furyl, pyritinol, dihydrogenated ergot alkaloids, nicergoline, and vasopressin -
(GIURGEA and SALAMA 1978; KUGLER 1975; VENN 1980; CORRODI et al. 1973; 
GAITZ and HARTFORD 1980; KUGLER et al. 1978; KUNKEL and WESTPHAL 1970; 
KUGLER et al. 1975; QUADBECK 1962) are more or less successfully used in vascular 
and functional brain disease. 

Many investigations have indicated a therapeutic efficacy. Unfortunately, 
ameliorations of dementia syndromes observed so far have only been temporary. 
Vasoactive drugs might be of some therapeutic value where there is a vascular defi
ciency. However, these substances and reconstructive arterial surgery appear un
likely to be of much value in the treatment of dementia (ROBERTS 1980). For ex
ample, methylxanthinderivatives, naftidrofuryl, vincamine, kallikrein, and papav
erine are primarily effective in this way (SATHANANTHAN and GERSHON 1975). 
Therefore possible impairments of neuronal energy metabolism in the demented 
brain ought to be considered. A number of drugs have been investigated thera
peutically, such as the purported stimulators of cerebral metabolism, e.g., pi
racetam, dihydrogenated ergot alkaloids, centrophenoxin, and vincamine. How
ever, none of these treatments has so far proved conspicuously successful. 
Neuroendocrinology in psychoactive drug evaluation in the elderly should be espe
cially considered. 

It is evident that most psychotropic substances exert their main effect on behav
ior through limbic system neurotransmitters, hypothalamic neuropeptides, and en
docrine target organ hormones (LIPTO et al. 1978; WURTMAN and RERNSTRON 
1976; ORDY et al. 1981). The recently reported significant serum prolactininhibi
tory effects of hydergine suggest that it may exert major effects on mental dopa
minergic activity (CLEMENS and FULLER 1978). Dopamine acts as the major pro
lactininhibitory factor in the hypothalamus (BURKI et al. 1968; MACLEOD 1976). 

Finally, the therapeutic possibilities of concomitant syndromes in SD are as 
manifold as the symptoms themselves. Therapeutic efforts in secondary symptom
atic appearances - general psychovegetative disorders, depressive states, paranoid
hallucinatory syndromes, states of psychomotor agitation, sleep disturbances, and 
neurological symptoms like vertigo, tinnitus, and spasticity - often prove effective 
and reduce the patient's complaints. 

A depressive state caused by senile dementia in our view should first be treated 
with a benzodiazepine. The antinociceptive effect (WIECK 1980b; BLAHA 1981), 
especially of the later developed derivatives often calms down tears, excitement, 
and psychovegetative disturbances and relieves indirectly the depressive mood. If 
there is no success or the state is severe, one of the new tetracyclic or the other new 
antidepressant drugs - maprotilin, mianserin, trazodone, nomifensin, viloxazin -
may be of additional help. These substances have proved the antidepressant effica
cy with less or lacking side effects to cardiovascular and cholinergic systems. Tri
cyclic antidepressants should be given very cautiously because of their higher rate 
of side effects (BLAHA 1978; BAN 1980). Paranoid-hallucinatory syndromes and 
states of excitement require neuroleptic therapy. The indication for high-potency 
neuroleptics in productive symptoms and low-potency neuroleptics in mere psy-
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chomotor agitation can be differentiated. Always the lowest successful dose should 
be given; butyrophenonderivatives are less complicated by cardiovascular irri
tations. Sometimes benzodiazepines with more or less sedative properties may 
prove favorable especially in excited patients. In cases of delirious symptomatolo
gy, clomethiazol is effective and well tolerated by older people. But also, depending 
on the experiences of the physician in charge, neuroleptics or diazepam may be giv
en (BLAHA 1978; STOTSKY 1975). Treatment of sleep disturbances in patients with 
SD proves quite successful with benzodiazepines and neuroleptics with a sedative 
and hypnotic component. Chloralhydrat is indicated in isolated difficulties in fal
ling asleep. 

With drug treatment in higher-aged groups specific problems have to be con
sidered (SALZMAN et al. 1975; GREENBLATT and SHADER 1981; ISRAILI and WENGER 
1981; JELLINGER 1980). 

Rarely a patient takes medication exactly the way it is prescribed. The main rea
son is forgetfulness of the sick elderly patient. A way of improving compliance 
could be prescription of scheduled drug packages. Another problem is given by the 
pharmacokinetic changes in the elderly concerning absorption, distribution, me
tabolism, excretion, altered sensitivity of receptors, and change of the physiological 
equilibrium of transmitters. Remarkably little information is available on the 
kinetics of drugs in the elderly, yet adverse drug reactions occur seven times more 
often in this age group than in persons of the 3 rd decade (JARVIK et al. 1981). Ab
sorption is changed by the activity of the intestine, its blood flow, and the physico
chemical characteristics. The alteration in distribution is caused by the changes in 
body composition, in plasma proteins, and in blood flow. Metabolism in elderly 
is influenced by a decrease of hepatic blood flow, which may decrease drug metab
olism (HOLLISTER 1981; GREENBLATT and SHADER 1981) and other factors such as 
liver enzymes, which diminish by age. Data supporting impaired drug metabolism 
in the elderly are available for only a few drugs, and many show no impairment 
(HOLLISTER 1981). Renal function also steadily decreases during life. So drugs with 
renal excretion should be given cautiously (TOZER 1974). Altered receptor sensitiv
ity is difficult to demonstrate experimentally, but it is a well-recognized clinical 
phenomenon. Older patients may show toxic confusional states on hypotensive 
crises following doses of anticholinergic drugs that are well tolerated by younger 
persons. At any rate the altered susceptibility of the atrophied brain has to be con
sidered (LEHMANN 1972; OCHS 1981). Drugs are only part of the general therapeutic 
scheme in a multifactorial onset. For instance, sociotherapy in senile dementia is 
important and should be directed toward accommodation in familiar surround
ings, protection against risk of self-damage and least possible restriction (KAUF
MANN 1981). 

Nowadays a multidisciplinary approach including not only physicians and 
nurses, but also psychologists and social workers is regarded as the best way to co
pe with this unfavorable condition (RADEBOLD et al. 1981; OESTERREICH and STET
TER 1981; BERGENER 1980). 
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Alzheimer's Disease 
and its Clinical Implications 

A.BRUN 

A. Definition of Alzheimer's Disease and Scope of Chapter 

Alzheimer's disease (AD) may be defined clinicopathologically as a progressive 
presenile dementing organic brain disease, starting insidiously between 40 and 65 
years of age. The dominant psychiatric symptoms are amnesia, apraxia, agnosia, 
and aphasia, the most prominent pathoanatomical correlate of which is cerebral 
atrophy with striking histological changes such as senile plaques and neurofibril
lary degeneration. 

ALDIS ALZHEIMER in a lecture in 1906 first presented the disease that was to bear 
his name and later published a more complete account (1907, 1911). It is striking 
how he was able to identify from a limited material most of its major features in
cluding the clinical picture. Thus he reported a bilaterally symmetrical cerebral 
atrophy that was most pronounced in the temporal and parietal lobes, less marked 
in the frontal lobes but spared the central areas. This pattern he found also to be 
parallelled by the distribution of senile plaques and neurofibrillary tangles, which 
latter structure he discovered. He also described other changes such as degener
ation mainly of the superficial cortical layers, various forms of neuronal alterations 
and spongy degeneration. Since then many of these findings seem, however, to 
have been forgotten or neglected. 

ALZHEIMER regarded the disease as separate from senile dementia. The question 
whether senile dementia of the Alzheimer type (SDAT) (dementia senilis alzhei
merisata) and AD are separate diseases or not is still debated. Attempts or sugges
tions to separate the diseases have been made on structural and topographic (SHE
FER 1977; SOURANDER and SJOGREN 1970; SCHEIBEL 1979b), clinical (RoTH 1971, 
SJOGREN et al. 1952) or genetic (LARSSON et al. 1963) grounds. The evidence has 
been regarded by others (TERRY 1978 a; CONSTANTINIDIS 1978) as unconvincing. 
An epidemiological approach is recommended by GRUFFERMAN (1978). The de
lineation from ageing is equally unclear. BOWEN et al. (1979), however, arrives at 
the conclusion that with its selective loss of cholinergic neurons AD is a primary 
degenerative nerve-cell disorder and not just simple premature ageing. Further
more, aged brains do not always show senile plaques and tangles and in SDA T 
tangles may be missing. 

By definition, AD and SDAT are presently mainly separated by age of onset, 
and also intensity of the degenerative process, differing thus rather on quantitative 
than on qualitative grounds. The three "conditions" AD, SDAT, and ageing may 
be regarded as facets of the same process (CONSTANTINIDIS 1978) or AD and SDAT 
as the same disease regardless of age of onset (NEUMANN and COHN 1978). 
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Among cases designated as AD there are some which do not conform to the 
majority with regard to main features and which are therefore set aside as atypical 
and treated separately. The main presentation to follow here concerns the great 
bulk of cases with AD conforming to the definition given above but not SDAT, 
which is treated in Chap. 8 in this volume, although structural and many clinical 
features are alike. 

Our concept stems from experiences in a collaborative study on AD involving 
psychiatrists (L. GUSTAFSON), neuropsychologists (J. RISBERG and B. HAGBERG), 
neurophysiologists (D. H. INGVAR), and neuropathologists (A. BRUN) at the Uni
versity of Lund in Sweden. AD and SDAT have been the subject of many extensive 
and elegant clinicopathological presentations through the years. During the last 
10-15 years new techniques and new branches of basic medical science have tre
mendously expanded our knowledge in this and neighbouring fields. This has re
sulted in a vast literature, difficult to cover, ranging from e.g. bio- and histochemi
cal, ultrastructural, virological, immunological, and cytogenetic research to neuro
physiological, e.g. electroencephalographic and isotope-guided blood flow studies. 
This has led to important new findings and elucidation of many older problems. 
With reverence and reference to the older literature it will therefore be covered less 
thoroughly than recent writings. 

B. Frequency and Sociomedical Importance 

AD is the most common of all organic presenile dementias. The real prevalence or 
incidence is, however, difficult to define since most figures refer to AD and SDAT 
together. Studies including cases of dementia above 65 (TOMLINSON, cit TERRY 
1978 a) and 55 (JELLINGER 1976) years of age agree on a figure of about 50% for 
dementias caused by Alzheimer lesions, while, e.g. Pick's disease accounts for little 
more than 2%. SJOGREN et al. (1952) calculated a morbidity risk of 0.1 % for Pick's 
disease and presenile AD together, meaning 75 new cases per year in Sweden, viz. 
mostly examples of presenile AD. The frequency of AD in a geriatric patient ma
terial, well documented both clinically and histopathologically, was a high as 5.6% 
(SJOGREN and SOURANDER 1962). Most studies concern relatively small groups or 
communities, but a large scale investigation may be more enlightening such as that 
presently under way in Finland (PALO et al. 1979). 

Exact figures are thus difficult to obtain for the presenile AD under discussion. 
However, with the approximate figures available and a disease duration of a few 
to 15 or even 20 years, with a considerably shortened life span, it is obvious that 
AD is a great social problem and a heavy burden to medical institutions. This state
ment is even more valid if SDAT is included in a unitarian concept of the disease. 

C. The Clinical Picture of Alzheimer's Disease 

I. Clinical Characteristics and Course of the Disease 

As early as 1907, when ALOIS ALZHEIMER in his lecture "Uber eine eigenartige Er
krankung der Hirnrinde" first described what he considered a new disease entity, 
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several of the core characteristics of Alzheimer's disease were reported. Alzheimer 
described a progressive mental deterioration starting in a 51-year-old woman. She 
developed loss of memory, disorientation as to time and place, severe language dis
turbances, perseveration and apraxia. The patient also manifested anxiety, 
paranoid delusions and auditory hallucinations. The neurological investigation 
was normal. The patient died after 4 Y2 years of disease, mutistic, incontinent, and 
bedridden. Alzheimer and other investigators have added new information from 
studies on Alzheimer's disease and thereby subsequently modified and developed 
the clinical description (PERUSINI 1909; STERTZ 1922; SJOGREN et al. 1952; SIM and 
SUSSMAN 1962; LAUTER 1968, 1970; SOURANDER and SJOGREN 1970; BRUN and 
GUSTAFSON 1976, 1978). 

Presenile AD, which will be described here, starts by definition between 40 and 
65 years of age. Few cases with the clinical and pathological characteristics of AD 
have so far been reported before the age of 40 (except in cases of Down's syndrome) 
(ROTHSCIDLD 1934; SJOGREN et al. 1952; McMENEMY 1963). 

The duration of the disease is given with some uncertainty since its onset is al
ways difficult to define. SJOGREN (1950), in his material of20 deceased cases, found 
a mean duration of the disease of8.5 years (range 5-16 years) and in a presentation 
of 18 post-mortem verified cases from 1952 (SJOGREN et al. 1952) reported 7.1 
years. LAUTER (1968), in his extensive material of 203 verified cases of AD, found 
a mean duration at death of 5.8 years (range 1-20 years) and BRUN and GUSTAFSON 
(1976) a mean duration of 8.9±2.1 years in 7 cases. 

Few systematic studies exist of the premorbid personality and psychopatho
logical characteristics during the preclinical stage of Alzheimer's disease. LAUTER 
(1968) found no specific pathological premorbid traits while SIM and SUSSMAN 
(1962) observed premorbid obsessional and anxiety features in 8 of 22 verified 
cases of AD. In general, however, patients developing AD have been reported pre
viously to be normal and socially well adapted. 

The clinical picture and the course of AD can best be described using the clas
sical three stages of the disease (SJOGREN 1950; SJOGREN et al. 1952; JERVIS 1956; 
LAUTER 1968). 

In most cases of AD the intellectual impairment starts and develops insidiously. 
A more acute onset has been described but most of these cases seem to be atypical 
from the clinical and neuropathological point of view (e.g. HOLLANDER and STRICH 
1970). In several cases there has been reported somatic or psychological events in 
close connection with the onset of AD (SIM and SUSSMAN 1962; LAUTER 1968). The 
significance of somatic disorders such as infections, skull trauma, subarachnoid 
haemorrhage or emotional stress, such as berievement, have been discussed. The 
first stage of AD lasts 1-3 years. The consistent clinical finding during this stage 
is memory failure, affecting learning and recent events but also to some extent the 
remote past. The memory dysfunction involves verbal as well as spatial material. 
It has often been pointed out that patients with AD manifest some spatial disorien
tation already at an early stage though perhaps only intermittently. Language dis
turbances are often observed by the patient himself. Nominal expressive aphasia 
is most easy to recognize but also receptive aphasia might appear in stage 1. 

Non-specific but still obvious changes of behaviour are observed during 
stage 1. The patient becomes less active and efficient, emotionally shallow and un-
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concerned about what used to interest him. The patient often complains of anxious 
and depressed feelings, tiredness and other unspecific symptoms such as headache 
and dizziness. Fainting spells and attacks of vertigo are sometimes reported but 
their relationship to AD are unclear. The attacks might be seen as participating 
factors in the development of the disease or as events secondary to the underlying 
pathological process (BRUN and GUSTAFSON 1976). Suspiciousness, jealousy, and 
sometimes even paranoid psychosis are observed during AD. Often the paranoid 
delusions are less well organized and such reactions may disappear spontaneously. 

In general, patients with AD do not appear prematurely old or mentally de
teriorated in the first stage. The patients may, however, suffer severely and plead 
for assistance or medical help referring to diffuse somatic complaints. Habitual 
personality traits are preserved and remain so even at an advanced stage of AD. 
The patient's ambition is to retain a facade of ,normal' behaviour, and all possible 
resources are used by the patient to conceal the cognitive impairment and to pro
tect the patient from catastrophic reactions. Questions are answered with general 
phrases or guesses or short confabulations may be used to conceal embarrassment. 
Fanciful confabulation is sometimes observed. The patient's general passivity is 
sometimes concealed by an aimless restlessness which might be misunderstood as 
hyperactivity. 

As pointed out by several authors (STERTZ 1922; SJOGREN et al. 1952; SOURAN
DER and SJOGREN 1970; PEARCE 1974), a change of muscular tension may be ob
served early in the course of AD. The akinetic-hypertonic character of this feature 
might be revealed by neurological investigation or seen as a disturbed rhythmicity, 
especially evident when the patient is walking. This symptom is often misinter
preted as Parkinson's disease. 

The second stage of Alzheimer's disease is dominated by the classical A-A-A 
syndrome, aphasia, apraxia, and agnosia. Stage 2 has a duration of 1-3 years. Dur
ing this stage, the memory dysfunction increases severely, affecting also memory 
of remote events. Confabulation, if present, is mostly restricted and not of the pro
ductive, fanciful type. The expressive and receptive aphasias greatly restrict the ver
bal communication. The speech becomes uncertain, paraphrasic, perseverating, 
sometimes voluble, and completely incomprehensible. A peculiar clonic type of 
stammering, logoclonia, has been related to AD, as well as echolalia. Dysarthria 
is common as well as dyslexia and dysgraphia. In spite of these language distur
bances, it is possible to achieve emotional, non-verbal social contact with most 
patients. 

During the second stage, the mental deterioration causes severe apraxia, spatial 
disorientation, and agnosia. The visual agnosia affects recognition of faces, some
times even the patient's own (mirror sign). At this stage the patient lacks insight, 
appears euphoric or rather unconcerned about his disabilities. Restless, stereotype 
movements are common but anxiety or depressive reactions are less frequent. 

In the second stage, neurological investigation reveals no or only slight sensory 
impairment including visual and hearing capacities. Simple motor functions are al
so retained and only inconstant neurological defects are reported, such as paresis 
of the facial nerve (SJOGREN et al. 1952; BRUN and GUSTAFSON 1976). 

Paroxysmal motor phenomena, such as epileptic seizures and myoclonic 
twitchings, become more frequent in the second stage of AD. SOURANDER and 
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SJOGREN (1970) reported epilepsy in 75% of 68 verified AD cases. Minor spells de
scribed as drop fits or hypokinetic fits (SJOGREN et al. 1952) were observed in 64% 
and generalized epileptic seizures in 44% of the cases. Grand mal was most com
mon in the terminal stage. SOURANDER and SJOGREN (1970) pointed out that mas
ticatory seizures related to temporal lobe damage, were observed in 45% of the 
patients. LAUTER (1968, 1970) reported seizures in 16% of 203 AD cases. Grand 
mal was recorded in 9%, syncope in 3%, and non-specific seizures in another 3% 
of this material. He found a strong relationship between frequency of epileptic sei
zures, the patient's age and onset of AD. Seizures were observed in 37.5% when 
the onset of AD was before 49 years, in 22% between 50 and 59 years and in 8.8% 
when the onset was between 60 and 69 years of age. This finding indicates the age 
dependency of certain symptoms in AD, which have also been shown in presenile 
dementia in general (GUSTAFSON 1975). Myoclonic twitchings appear in the earliest 
descriptions of AD (PERUSINI 1909). Myoclonic twitchings may even appear al
ready at an early stage but are manifested mostly at an advanced stage of AD. 
Frequencies varying from 10% (TARISKA 1970) to 80% (SOURANDER and SJOGREN 
1970) have been presented. A high frequency, however, refers to the terminal stage 
of AD. When myoclonia appears early in AD the differentiation from Jacob
Creutzfeldt's disease is difficult (JACOB 1970; BRUN and GUSTAFSON 1976; FADEN 
and TOWNSEND 1976). 

During the third and terminal stage of AD most patients become increasingly 
passive, vegetative, incontinent, and incapacitated. The patients are largely bedrid
den with stiff, rigid extremities, and an expressionless facies. Epileptic seizures and 
myoclonic phenomena are common. The myoclonic jerkings involve small groups 
of muscles, a limb, all or part of the face or the whole body. The jerkings are often 
elicited by touching the body, which may lead to strong mass discharges. The 
patients also have spells of crying or shrieking (SJOGREN et al. 1952), sometimes re
curring at regular intervals. 

A syndrome similar to the Kliiver-Bucy syndrome (KLUVER and Bucy 1938, 
1939) has been reported in AD, especially during its terminal stage (PILLERI 1966; 
SOURANDER and SJOGREN 1970; BRUN and GUSTAFSON 1976). The syndrome con
sists of visual agnosia, hyperorality, hypermetamorphosis, loss of emotions and 
sometimes hypersexuality and bulimia. Sometimes emotional deterioration 
changes to aggressiveness. The Kliiver-Bucy syndrome has been correlated with 
temporal lobe lesions but the importance of other brain structures has also been 
pointed out (PILLERI 1966). The hypersexuality and bulimia have been related to 
frontal lobe involvement in the terminal stage of AD (JELGERSMA 1964; BRUN and 
GUSTAFSON 1976, 1978). 

II. Psychometric Assessment 

The cognitive dysfunction in AD has been evaluated using psychometric tests at 
different stages of the disease. Some authors (SIM 1979; PEREZ et al. 1975) have dis
puted the efficiency of psychometric tests for early recognition of AD and for dif
ferential diagnosis. However, a proper use of psychometry and standardized ob
servations have been shown most helpful both for differentiating presenility from 
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normal ageing (HAGBERG and INGVAR 1976) as well as for promoting a better dif
ferentiation especially between early stages of the various forms of presenile de
mentia (HAGBERG 1978a,b, 1980a,c). 

In general the results emphasize the gnostic character of the intellectual dys
function in AD. This is shown as a general reduction of the capacity for handling 
symbols and abstractions in a logical-inductive way. This deficiency is generally 
found in some forms in most of the psychometric tasks offered to the patient. Two 
aspects of this cognitive defect are especially apparent: an incapacity to form ab
stractions (understand symbols) and to process symbols and abstractions in a logi
cal fashion. The results indicate that the processing capacity is most vulnerable and 
gives way in the early stages of AD. It should also be stressed that AD less often 
starts out as a selective memory deficit but has a gnostic dysfunction already at an 
early stage (HAGBERG 1978 b). When this is the case, the diagnosis of multi-infarct 
dementia seems more likely. AD cases compared to patients with hydrocephalic de
mentia or normal pressure hydrocephalus (ADAMS et al. 1965; GRANVILLE-GROSS
MAN 1971) have a test profile that differs significantly from that of hydrocephalic 
dementia, which more often seems to be characterized by the presence of construc
tional apraxia (GUSTAFSON and HAGBERG 1978). When psychometric tests are used 
for a differential diagnosis between AD and dementia of the Pick type, not only 
quantitative but also qualitative differences must be considered. These differential 
behaviour characteristics refer foremost to reactions upon and attitudes towards 
the test situation (HAGBERG 1978 a, 1980 b). In dementia a correlation between the 
degree of cognitive reduction as measured by psychometric tests and the degree of 
EEG abnormality also exists (JOHANNESSON et al. 1979) as well as with rCBF and 
structural abnormalities (HAGBERG and INGVAR 1976; HAGBERG 1978b; GUSTAF
SON et al. 1978). 

III. EEG Findings 

HANS BERGER in 1931 reported a pathological EEG in a case of Alzheimer's disease 
later confirmed histologically. In general the proportion of abnormal EEGs in 
patients with verified AD approaches 100% (GREEN et al. 1952; LETEMENDIA and 
PAMPIGLIONE 1958; SWAIN 1959; GORDON and SIM 1967; NEVIN 1967; JOHANNESSON 
et al. 1977). In most cases a diffuse, irregular slowing was found and in later stages 
a complete disorganization of the EEG pattern. A longitudinal EEG study of AD 
cases, verified post-mortem, showed progressive worsening of the abnormalities in 
most cases (JOHANNESSON et al. 1977). The first EEG was pathological in all AD 
cases while a normal or essentially normal EEG was often recorded early in Pick's 
disease. In addition to the general slowing ofEEG, bifrontal episodic delta was re
corded in four of seven AD cases but also in two of five Pick cases. This EEG char
acteristic seems to be connected to brain stem changes. Thus EEG is most useful 
for the differential diagnosis of Alzheimer's disease and Pick's disease. An abnor
mal EEG in presenile dementia favours the diagnosis of AD while a normal EEG 
makes the diagnosis of Pick's disease more likely (JOHANNESSON et al. 1977; SIM and 
SUSSMAN 1962; CHRISTIAN 1968). The relationship between EEG and rCBF was 
analysed by JOHANNESSON et al. (1977). 
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IV. Regional Cerebral Blood Flow 

Since cerebral blood flow is treated in Chap. 1, only some problems pertaining to 
AD will be briefly accounted for. The cerebral blood flow and oxygen metabolism 
is markedly reduced in senile and presenile dementia including Alzheimer's and 
Pick's diseases (FREYHAN et al. 1951 ; LASSEN et al. 1957; MUNCK and LASSEN 1957; 
INGVAR and GUSTAFSON 1970; OBRIST et al. 1970; GUSTAFSON and RISBERG 1979; 
and others). Development of the rCBF techniques based on extracranial recording 
oflocal clearance rates of the gamma-emitting, inert and diffusible tracer 133Xenon 
has made it possible to study focal circulatory disturbances in Alzheimer's disease 
and other dementing disorders. In the first studies the unilateral intra-arterial in
jection technique was used (INGVAR and LASSEN 1961) while later investigations 
have been based on the non-traumatic 133Xe-inhalation method, which allows bi
lateral and repeated measurements (OBRIST et al. 1975; RISBERG et al. 1975). In 
GUSTAFSON et al. (1977) and BRUN et al. (1975) a comparison was made between 
the distribution of degeneration of the cortex and areas of focal decrease of the 
rCBF. In AD the most marked atrophy and the lowest flow values were seen in 
postcentral, mainly parietotemporal regions, while frontal and frontotemporal 
flow changes were seen in Pick's disease. Using the 133Xenon inhalation technique, 
GUSTAFSON and RISBERG (1979) could confirm the earlier findings, including a 
small number of patients with a diagnosis verified at autopsy. 
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Fig. 1. Regional cerebral blood flow in a case of progressing AD. A woman aged 56 years 
with heredity for organic dementia, who, at the time of the first investigation (December 
1977), presented a 4-year history of progressing dementia with amnesia, dyscalculia, spatial 
disorientation and apraxia. She displayed symptoms of dysphasia but enjoyed a superficial 
and friendly conservation. The personality seemed fairly well preserved. Mean hemispheric 
flow is shown in boxes. Clock symbols show deviations from hemispheric mean. The rCBF 
showed a subnormal flow level with focal decreases in parietal and parieto-occipital regions. 
At the time of the second investigation (November 1978), the symptoms of dementia showed 
a marked progression with agrafia, agnosia, (jargon) aphasia and total apraxia. The rCBF 
results showed a slightly lower mean level with more marked focal flow decreases in 
parietotemporal regions 
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In a group of 22 patients diagnosed as Alzheimer's disease based on clinical 
features, the earliest cases had a normal rCBF level with a tentative focal low de
crease in postcentral regions. With further progress of the disease the hemispheric 
flow was significantly reduced compared to age-matched patients with depressions, 
who had a normal rCBF. In 19 of the AD cases there were focal flow decreases 
of at least 20% below the hemispheric mean in postcentral regions, predominantly 
in the parietal area but usually with sparing of most of the frontal area. A typical 
case is illustrated in Fig. 1. In more advanced cases, temporal and also frontal re
gions showed low flow values with less subnormal values seen in the Rolandic and 
occipital regions. 

D. The Neuropathological Picture of Alzheimer's Disease 

I. Gross Findings 

The brain may be entirely unremarkable in mild or early cases with little or no 
weight loss and no gross atrophy at all. In more advanced cases the brain weight 
is usually reduced to about 1,000 g, but often 800--900 g or even less is recorded 
(SOURANDER and SJOGREN 1970). The brain weight for normal 40--60 year old men 
is about 1,350 g and women 1,250 g (ARENDT 1972; BRAUNMUHL 1957). 

In these more advanced stages of the disease there is commonly noticeable gross 
atrophy. The cortical atrophy is usually not circumscribed though in some cases 
it has been of a Pick-like appearance, viz. of a more lobular, demarcated character 
(TARISKA 1970). The cortical atrophy thus is usually referred to as diffuse and bi
laterally symmetrical, though with an accent on the frontal lobes (JERVIS 1971; 
CORSELLIS 1976a; BRAUNMUHL 1957). In later years it has, however, been repeat
edly stressed also that preponderantly temporal, especially medial basal limbic 
structures are involved (SOURANDER and SJOGREN 1970; CORSELLIS 1970; HOOPER 
and VOGEL 1976; BRION 1966; TOMLINSON and HENDERSON 1976; MEHRAEIN and 
ROTHEMUND 1976). BRION (1966) points out an accentuation in the parietal lobe. 

Notably spared according to many authors, however, are the occipital lobes 
and the basal gyri except for the medial temporal limbic areas. In our own expe
rience not only the medial temporal lobe but also its basal and inferior lateral areas 
are severely atrophic (Fig. 2 a, b) together with adjoining portions of the parietal, 
postcentral areas, whereas the frontal lobe is less involved in the average case. In 
between, the central gyri stand out well preserved (Fig. 3 b). On the medial aspect 
of the hemisphere the cingulate gyrus in its posterior portion (area 23 of Brod
mann) often appears shrunken but the pericalcarine cortex and anterior cingulate 
gyrus (area 24) are well preserved (BRUN and GUSTAFSON 1976, 1978). As often 
pointed out there is, however, a discrepancy between gross and microscopic degree 
of involvement, which is why topographic mapping of the degeneration has to in
clude a microscopical study. 

The ventricular system is generally widened and the callosal body narrowed. 
Basal ganglia are in most cases grossly well preserved while the substantia nigra 
is somewhat pale. The mamillary bodies usually appear normal. The brain stem, 
and cerebellum in the average case is unremarkable or shows a slight atrophy, while 
the spinal cord is normal. 
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Fig. 2. a Alzheimer's disease. Frontal section through anterior temporal lobe with severe de
generation of the amygdaloid nucleus and adjoining basal temporal cortex but with relative 
sparing of other areas including anterior part of middle and superior temporal gyrus (tem
poral pole area). Compare a with b, a section posterior to a, and Fig. 3 a, a normal section 
through the anterior temporal lobe. Hematoxylin and eosin, x 1.5, reduced to 65%. b Alz
heimer's disease. Frontal section through midtemporal area showing pronounced collapse 
of basal parts of temporal lobe with atrophy of cortex and partial degeneration of white mat
ter in hippocampal, inferior and middle temporal gyrus but with sparing of superior tempo
ral gyrus. Note also atrophy of posterior part of cingulate gyrus but preservation of adjoin
ing motor and sensory cortex on the convexity. Hematoxylin and eosin, x 2, reduced to 65% 

The meninges, particularly the frontal, are sometimes thickened. The cerebral 
vessels in the great majority of cases often show mild or no arteriosclerotic changes, 
in only a few percent with occlusive atherosclerosis and then with a clinical picture 
showing an admixture of cerebrovascular disease. 

Similar findings have also been reported in SDAT and normal ageing: namely, 
an atrophy of the medial temporal limbic structures, frontal, and parietal lobes 
with some sparing of the calcarine and sensory-motor areas (ARENDT 1972). 

II. Microscopical Findings 

The most well-known microscopical alterations in AD are the neurofibrillary 
changes (NF) in the perikaryon of neurons, and senile or neuritic plaques (SP). 
These were the fundamental changes reported initially 1906 by ALZHEIMER and 
have since been the subject ofa vast literature. However, elucidation of their nature 
and detailed composition had to await the use of the electron microscope, and bio
chemical and subcellular fractionation methods. These changes have in common 
that they are best shown by silver impregnation methods and also react positively 
to amyloid-staining procedures and thioflavine fluorescence methods. Further
more the basic structure of NF, the paired helical filament (PH F), is also found 
in SP, possibly transported there from the nerve cell body (TERRY 1978b). 



352 A. BRUN 

Fig. 3. a Normal case with pseudodementia without morphological or blood flow changes, 
for comparison with Figs 2a, b. Note preserved, not collapsed temporal structures. Luxol 
fast blue, x 1.3, reduced to 65%. b Top view of brain from a case of Alzheimer's disease. 
Note postcentral parietal lobe atrophy with shortening of hemispheres, which do not cover 
cerebellum, but with preservation of central and also frontal gyri 

1. Senile (Neuritic) Plaques 

The SP are concentrated in grey matter, mostly the cortex, sometimes with some 
spill over into the adjoining white substance. SP are usually rounded with a diam
eter of 5-200 Ilm (TOMLINSON 1977) and involve the synaptic apparatus of the 
neuron rather than the cell body. The classical plaque consists of a central argyro
philic core of amyloid, surrounded by a halo and a ring of granules and rods, made 
up of axon terminals and pre terminals and in the periphery some astrocytes and 
microglial cells (Fig. 4a). The axonal terminals and preterminals are distended by 
abnormal mitochondria, dense bodies, lipid granules and PHF. Consequently the 
plaque is not only argyrophilic to a large extent but also PAS and Congo-red posi
tive and contains an excess of acid phosphatase demonstrable by, e.g. the Gomori 
method (FRIEDE 1965), a method which is rapid and reliable for the demonstration 
of SP. 

Numerous subtypes of plaques have been described and arranged in a sequen
tial order according to their supposed stepwise development. Here only the ex
tremes will be mentioned. An early or primitive plaque has been described as a con
densation of the ground substance often in connection with amyloid components 
(DIVRY 1927) though from ultrastructural studies the earliest change is now known 
to be degenerative changes in a few neurites, later supplemented with amyloid 
(TERRY et al. 1964; KmD 1964; WISNIEWSKI and TERRY 1973 a, b) in increasing 
amounts, and reactive glial cells to form the classical plaque. In the end the neurites 
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Fig.4a--c. Senile (neuritic) plaques (SP) and neurofibrillary degeneration (NF). Naoumen
ko, x 63. a SP in the centre of picture with dense central core surrounded by "empty" halo 
and a corona ofrods and granules. Below is a NF. b Various forms ofNF around three SP, 
which tend to coalesce. c NF within and at the periphery of SP 

decrease and disappear, and an amyloid mass may remain, bordered by some glial 
cells, representing a "burnt out," old plaque (TERRY and WISNIEWSKI 1970). 

A number of additional types have been described, though basically they are 
all variations on the same theme (BRAUNMUHL 1957; HABERLAND 1969; JERVIS 

1971 ). 
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A certain proportion of SP develop in connection with amyloid infiltration of 
intracortical arterioles and capillary vessels, the dyshoric angiopathy of MOREL 
and WILDI (1952). Here the amyloid extends out into surrounding brain tissue, but 
it is not always associated with perivascular plaque formation (TERRY and WIS
NIEWSKI 1970). Even ifin some animals the SP are chiefly perivascular (WISNIEWSKI 
et al. 1973, 1970), the relationship is not consistent enough to support a vascular 
theory of origin of SP. Other theories center around the neuron, glial cell or the 
role of neurotoxic antigen-antibody complexes with amyloid formation (WISNIEW
SKI 1979), as reviewed by TORACK (1978). 

2. Neurofibrillary Degeneration 

Alzheimer's neurofibrillary degeneration (NF) constitutes the second most exten
sively studied alteration in AD. It consists light microscopically of argyrophilic fi
brils, often assembled in loops, torch-like formations or globose forms in the 
neuronal perikaryon (Fig. 4 b). There it displaces the cell organelles, which together 
with the nucleus, tend to disintegrate, leaving in the end an isolated NF lying seem
ingly free in the neuropil. They take up Congo red and become birefringent, though 
they are not believed to be composed of amyloid (WISNIEWSKI and TERRY 1976). 
They may be found within or next to a SP (Fig.4c). 

Not until more than half a century after their recognition was their true nature 
unveiled in the electron microscope. TERRY (1963) designated them twisted tubules 
and KmD (1963) suggested a bifilar helix, a shape later confirmed by WISNIEWSKI 
et al. (1976). They thus consist of a single or usually a pair of lO-nm-wide patho
logical filaments, helically wound with twists every (65-)80 nm (WISNIEWSKI and 
SOIFER 1979). Named therefore paired helical filaments (PHF) they vary in width 
between 10 and 22 nm. They are assembled in bundles in the perikaryon creating 
an NF (Fig. 5 a, b). Their derivation has aroused much speculation. Chemical and 
immunological studies suggest that the PHF is composed of a protein similar to 
f3-tubulin of normal neuronal tubules, which thus may be involved in the origin of 
PHF and consequently also in the pathogenesis of AD (GRUNDKE-IQBAL et al. 
1979). This composition is supported also by immunofluorescencent studies by 
ISHII et al. (1979). PHF characterize NF in humans but not in animals with ex
perimentally induced or spontaneously occurring NF, where they consist of single 
straight filaments. PHF are found both in the neuronal perikaryon and its process
es including the axon and its terminals and dendritic terminals involved in the for
mation of SP. This and the fact that the SP and NF usually appear together in AD 
and that PHF occupy many of the changed neurites in SP (TERRY and WISNIEWSKI 
1970) serves to unify them as interrelated parts of the same lesion affecting soma 
and synaptic region of the neurons. They may appear in large numbers but their 
functional importance is unclear (TORACK 1978) a problem discussed by CRAPPER 
(1976). (See also Chap. 3.) 

3. Dendritic Changes 

Alterations in the synaptic ultrastructure, such as abnormal mitochondria, mul
tilamellar dense bodies and fibrillar and tubulovesicular material have been found 
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Fig.5a,b. Electron microscopical picture ofNF. a NF, consisting of bundles of paired heli
cal filaments (PHF) sweeping past the nucleus (bottom left) of a neuron. x 17,100. b Part 
of a at higher magnification, showing the double helical character of the PHF with "twists" 
at regular intervals. x 76,800 
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in or around SP (GONATAS and Moss 1975; GONATAS and GAMBETTI 1970). The 
dendritic tree also suffers a reduction of its extent including the density of spines 
as indicated by ultrastructural studies (WISNIEWSKI and TERRY 1973 a) and by Gol
gi technique investigations (MEHRAEIN et al. 1975; SCHEIBEL 1979a; FELDMAN 
1976). In this process of degeneration, neurons may also exhibit signs of irregular 
dendritic regeneration, possibly restricted to familial AD (SCHEIBEL 1979b). BUELL 
and COLEMAN (1979), however, found that normally dendrites of at least one class 
of neurons in the hippocampal gyrus continue to grow while in SDAT they fail to 
do so or even retrogress. These synaptic and dendritic alterations involve a consid
erable proportion of neurons with a deafferentation, most likely of great impor
tance for their function and thus also for the clinical picture of AD. 

4. Granulovacuolar Degeneration and Hirano Bodies 

These two changes, which are mainly restricted to the medial temporal lobe, are 
less intense than those reported above. Granulovacuolar degeneration, first de
scribed by SIMCHOWITZ (1911), consists of neuronal cytoplasmic membrane bound 
vesicles 3-5 Jlm in diameter, which are "empty" save for a centrall-Jlm-wide elec
tron-dense granule, which is argyrophilic (TERRY and WISNIEWSKI 1972). Their na
ture and derivation is not clear. They are almost entirely restricted to the hippo
campus and adjoining cortex where they may involve up to 50% of neurons, main
ly in the posterior half of the hippocampus, where their distribution largely paral
lels that ofNF (BALL and Lo 1977). Heavily affected neurons show a reduced RNA 
content and alteration in shape indicative of neuronal death (MANN 1978). 

Although thus limited in extent this form of degeneration, especially in coop
eration with other neuronal lesions, may be of functional importance. 

Hirano bodies described by HIRANO et al. (1966) are the least impressive alter
ation in AD. These are eosinophilic rods, roughly 15 Jlm wide and 30 Jlm long with 
a paracrystalline structure, situated mainly extracellularly, close to neurons but 
sometimes also found within glial, and neuronal cells (SCHOCHET and MCCORMIC 
1972). They occur particularly in the Sommer sector of the hippocampus (GIBSON 
and TOMLINSON 1977). Their derivation, nature, and importance is, however, not 
clear. 

5. Lipofuscin, Chronic Neuronal Shrinkage, and Inflated Cells 

Other neuronal changes make up a prominent part of the microscopical picture in 
AD, above all lipofuscin pigment accumulation in the perikaryon. This pigment 
has a complex composition, consisting of lipids and proteins. It has been exten
sively studied and yet its exact origin and in particular its importance is far from 
clear. Since it is dealt with in Chap. 5 it will not be treated at great length here. Li
pofuscin pigment is deposited as electron dense granules in the lysosomal vacuome, 
assembled in cytoplasmic masses rich in acid phosphatase. Different classes of 
neurons display different tendencies to accumulate the pigment. Thus cells of the 
inferior olive and lateral geniculate body show large amounts early on, whereas 
Purkinje cells of the cerebellar cortex are virtually free from lipofuscin. Though 
MANN and SINCLAIR (1978) found no increase of lipofuscin in SDAT, other con-
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sider cortical neurons, especially the larger neurons oflamina III and V, to become 
increasingly and heavily involved in AD. 

The importance of this change has been interpreted differently, from a harmless 
feature or even the expression of a protective mechanism (storing away of useless 
or harmful waste products) to an injurious process, consuming organelle space and 
manufactured neuronal enzymes, interfering with neuronal metabolism, transport 
mechanisms, and membrane functions, or more likely blocking of the normal func
tions of the lysosomal vacuome (WISNIEWSKI and TERRY 1973 a; BRUN and BRUNK 
1974; BRUNK and BRUN 1972; MANN and YATES 1979; BOWEN et al. 1973; HOCH
SCHILD 1971). The neurons so changed show a reduced amount of RNA, resulting 
in a paler-staining cytoplasm. 

Other neurons may be pale and appear empty without pigment accumulation 
but sometimes with an argyrophilic inclusion, obtaining a rounded shape, so-called 
inflated cells (BRAUNMUHL 1957). 

In this context an additional form of neuronal change may be mentioned, 
namely chronic neuronal shrinkage or sclerosis (Nissl) (BRAUNMUHL 1957). The 
nerve cells have the appearance of a dark neuron, elongated, and darkly staining 
with loss of organelles. These neurons are often found in AD, especially in lamina 
III and V in increasing numbers corresponding to increasing severity of the cortical 
degeneration (Fig. 6a, b). This may however, at least in part, be an artefact as 
pointed out by CAMMERMEYER (1961). 

6. Glial Alterations 

Glial changes are seen in more advanced degeneration of the cortex. Microglial 
proliferation is readily noted in the molecular layer of the cortex (Fig. 6c). It is not 
known whether the original astrocytic population remains unaltered or decreases, 
though BOWEN et al. (1979) noted a decrease in glial cells by age. Reactive astro
cytes, however, increase in number at all depths ofthe cortex but most prominently 
in its superficial layers (BRAUNMUHL 1957), where they form dense aggregations or 
nests similar to SP in shape and size but different in other respects (Fig. 7 a, c, d). 
These nests spread through the depth of the cortex with increasing severity of de
generation (BRUN and ENGLUND 1981). Glial conglomerates similar to these nests 
are mentioned by T ARISKA (1970). Glial cells or fibrils form a dense layer along the 
vessels and ventricular linings as well as the cortical surface as seen also in ageing 
(ARENDT 1972). 

7. Spongiosis 

Spongy degeneration or spongiosis of the cortex is a feature only rarely mentioned 
in recent literature (ALZHEIMER 1907; TARISKA 1970). It was included by BRAUN
MUHL (1957) in his extensive review of the pathology of AD together with a dis
cussion on its pathogenesis. The sponginess represents a loosening of the neuropil 
due to the presence of minute vacuoles often with a laminar distribution. The 
spongiosis first appears in laminae I-II, descending through the cortex with in
creasing severity of the degeneration (BRUN and ENGLUND 1981). It is non-specific 
and of the same appearance as that seen in other conditions, many of which have 
been surveyed by COLMANT (1968) (Fig.7b). 
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Fig,6a-c. Neuronal shrinkage (sclerosis) and gliosis. Cresyl violet. a Cerebral cortex with 
"dark" slender neurons in lamina III among preserved neurons. x 150. b Dark cortical 
neuron with partial obliteration of internal structures and loss of contact with surrounding 
neuropil. Compare preserved neighbouring neuron. x 690. c Superficial layers of cerebral 
cortex with gliosis, especially obvious in lamina I. x 100 

8. Neuronal Loss 

The question of accelerated loss of neurons in AD is a matter of controversy. 
Cortical neuronal loss in ageing was documented in several papers by BRODY 

(1955, 1970, 1976) but a loss in excess of that has not been found in SDAT by TER-
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Fig.7. a Cerebral cortex with glial nest consisting of a meshwork of glial fibrils and sur
rounded by glial (astrocytic) nuclei. Note abscence of central core or other characteristics 
of a SP. Holzer's stain, x 275. b Cerebral cortex with slight (grade I) degeneration. Note 
spongy degeneration concentrated in lamina II. Hematoxylin and eosin, x 150. c Cerebral 
cortex with SP mainly in laminae III- IV. Same area as in d, for comparison. Naoumenko, 
x 45. d Cerebral cortex with many glial nests in laminae I - II. Same area as c for comparison 
of location of SP versus glial nests. Holzer's stain, x 45 



360 A. BRUN 

RY et al. (1977; TERRY 1978c, 1979) and TOMLINSON and HENDERSON (1976), and 
DEKoSKY and BASS (1980) and the cortical thickness was reported as unchanged. 

BOWEN, however, found with biochemical methods a temporal lobe neuronal 
loss in SDAT expressed as 57%-70% reduction in neuronal markers (BOWEN et 
al. 1976; BOWEN 1979). In AD others have found a severe decrease of neurons, e.g. 
in the hippocampus or its subicular part (BALL 1977; SHEFER 1972, 1977) and Co
LON (1973) noted an overall 57% loss of cortical neurons, with a distribution dif
ferent from that in ageing, and in addition a reduction in cortical thickness. Also 
SHEFER (1972) noted a neuronal loss from the neocortex. There are also reports, 
based more on impression than quantitation, which are in agreement with the latter 
opinion and state that neuronal loss and shrinkage occur. In view of the profound 
and extensive neuronal lesions in AD it would be surprising not to find a neuronal 
decrement if AD and SDAT are closely related. Ageing and SDAT may, however, 
be different from AD on this point with additional amplification of the difference 
in terms of a tendency to regional accentuation of the degenerative process in AD. 
Our results of cell counting have shown a marked loss of neurons and a concomi
tant shrinkage of the cortical thickness in AD. Thus in advanced cases some areas 
such as the posterior cingulate gyrus and superior and inferior parietal lobules 
loose as much as 60%-80% of their neurons, whereas in the motor and sensory 
area and anterior cingulate gyrus the loss is only around 30%. In between falls the 
temporal lobe with average figures comparable to those of BOWEN, whereas the 
frontal lobe is somewhat less damaged (BRUN and ENGLUND 1981). There is thus 
a regionally varying loss of neurons to be compared later with rCBF alterations. 

Within the cortex, JERVIS (1971) and CORSELLIS (1969) found a neuronal loss 
in the outer three layers of the cortex, more than in its inner layers in AD in agree
ment with ALZHEIMER'S own findings. The opposite opinion has been expressed by 
others (COLON 1973) while layers II and IV have been pointed out by BRODY (1976, 
1978). 

The neuronal loss, SP, NF, gliosis, dark neurons, spongiosis, and other param
eters result in a blurring of the cortical cytoarchitecture (Fig. 8c) and an atrophy 
increasing with the severity of the degenerative process. On the basis of these pa
rameters a rough grading of the severity of the neocortical degeneration was done 
for a correlation with clinical parameters (BRUN and GUSTAFSON 1976, 1978). This 
grading was further analysed and supplemented with neuronal countings and 
measurements of the cortical shrinkage (BRUN and ENGLUND 1981). Four grades, 
1-4, of advancement of the degeneration were defined beyond a basic stage, 0, with 
only SP and NF (Fig. 8 a-c). These grades correlated well with brain weight reduc
tion, neuronal loss, and cortical shrinkage, as well as rCBF changes and symptoms 
as discussed later in connection with correlations between the clinical and patho
logical picture. 

9. Regional Variations 

A lobe or even gyrus is rarely uniformly involved in this "diffuse encephalopathy." 
Smaller adjoining compartments of the cortex show a variation in severity of the 
various parameters constituting the degeneration, especially in not too far ad
vanced cases. A well-known example of this is the great abundance of SP in the 
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depth of sulci compared to the adjoining bank or crown of the gyrus and also their 
preference for superficial compared to deeper cortical layers. These small scale 
variations may not be traceable in terms of symptoms or rCBF changes. 

There are, however, consistent variations between larger brain regions, though 
mostly described on the basis of studies on SDAT. 

SP and NF in general vary concomitantly. JAMADA and MEHRAEIN (1968) found 
the highest counts in the amygdala compared to other limbic and some non-limbic 
areas. Others have also stressed the limbic involvement though again mostly in 
SDAT. Thus HOOPER and VOGEL (1976), in a study including quantitation ofNF, 
SP, and granulovacuolar degeneration, reported a preponderance oflimbic degen
eration, especially in the amygdala and hippocampus with entorhinal cortex, less 
in the mamillary bodies. Similarly CORSELLIS (1970) found the amygdaloid nucleus, 
particularly its medial half, to bear the brunt of the disease in AD. Only mild 
changes were found in the mamillary bodies (CORSELLIS 1970; JAMADA and MEH
RAEIN 1968). 

Within the hippocampus the posterior portion was much more affected in AD 
with cell loss and NF (BALL 1977) and in the hippocampal cortex the same author 
(BALL 1978) mapped out the varying density ofNF and granulovacuolar degener
ation in different regions. 

In SDAT KEMPER (1978) also recorded the distribution of NF within the hip
pocampus, arriving at striking regional variations with an accent on the subicular 
cortex and adjoining first portion of the pyramidal hippocampal band, areas which 
may be cardinal zones for the production of the clinical symptoms of dementia. 
SOURANDER and SJOGREN (1970) also stressed a medial temporal limbic involve
ment with numerous tangles in these structures and even in the temporal neocortex 
and somewhat less in the frontal and especially the occipital cortex. 

MANDYBUR (1975) found least NF in prefrontal portions of the hemispheres. 
The central sensory motor area was the least involved according to JAMADA and 
MEHRAEIN (1968). It may be pointed out here that there are regional variations also 
in ageing, with more severe atrophy reported to occur in the temp oro frontal areas 
whereas the calcarine and motor areas appear resistant (ARENDT 1972). 

In very advanced degeneration the SP become less prominent or even tend to 
disappear (BRUN and ENGLUND 1981) (Fig. 9a-(;). A preservation in AD of the su
perior temporal gyrus, especially the auditory area with clearly less neuronal drop 
out, SP, and NF compared to adjoining areas, was noted by MUTRUX (1947). In 
SDAT these changes were less pronounced than in AD, a point of differentiation 
between the two diseases. 

The distribution with preponderance in, e.g. the amygdala even in early and 
mild cases, points to these structures and possibly also the hippocampal formation 
as the starting area with later and less intense involvement of other areas. Regional 
variations are of importance for the clinical picture and rCBF variations and 
thereby for diagnostic considerations. 

It is difficult to pin down a lesion pattern in AD on the basis of a compilation 
of opinions put forward in the literature due to the admixture of SDAT, which 
brings with it a contamination of pure ageing phenomena. Some opinions may also 
be based on the gross picture, which can give an erroneous impression of degener
ation or lack thereof. Taking these factors into account and on the basis of our own 
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Fig. to. Schematic picture of typical case of rather advanced AD, showing the distribution 
of cortical degeneration. The darker the shade the more severe the degeneration. The de
lineation of areas with different severity of degeneration is less sharp than shown in figure. 
Subject to a certain individual variation in distribution, the regional accentuations largely 
follow the pattern shown in the figure of the lateral and medial aspect of the cerebral hemi
sphere and as detailed in the text 

experience we have arrived at the following pattern, which also finds support in 
clinical parameters. The main and earliest changes are found in the limbic grey, 
predominantly the amygdaloid nucleus, the hippocampus and, possibly somewhat 
later, in the posterior cingulate gyrus. Then follow changes in the neocortex, espe
cially in the postcentral portion of the parietal lobe and particularly in the superior 
parietal lobule and basolateral temporal areas. When very severe the disease also 
involves the frontal lobes more heavily, still with a relative sparing of the sen
sorimotor and calcarine areas, the anterior cingulate gyrus and often parts of the 
superior temporal gyrus (Fig. 2 a, band 10). 

10. Changes in Non-cortical Including Limbic Areas 

At sites other than cortical and limbic areas there are also changes, according to 
BRAUNMUHL (1957) in his large workup on SDAT and AD. Thus the white matter 
suffers a reduction in volume with some pallor of myelin staining and astrocytic 
gliosis but with little deposition of breakdown products. As a consequence the ven
tricles are widened. The striate body, pallidum, and thalamus show some atrophy 
with loss of neurons and lipofuscinosis, but NF and SP only to a limited extent. 
Here a relationship between cortical areas of accentuated involvement and subcor
tical nuclear degeneration may exist. Also the substantia nigra in AD is mildly or 
less involved than in the older patients with SDAT. PEARCE (1974) on the other 
hand reports on the common occurrence of Parkinson symptoms in AD, though 
the diagnosis in these cases was not verified histopathologically. Large numbers of 
Lewy bodies in the substantia nigra were found in a case of AD (ROSENBLUM and 
GHATAK 1979), though lacking Parkinson symptoms. The pons, medulla, and cer
ebellum are by some regarded as atrophied though less than the telencephalon 
(TOMLINSON 1977, 1979). CORSELLIS ( 1976 b) found a Purkinje cell loss and an 18 % 
difference in total cerebellar volume between dements of unspecified type and nor
mals of the same age. The situation is often different in atypical and familial cases 
where, e.g. SP occur in the cerebellum (BRAUNMUHL 1957). 

It is our impression that in sporadic AD the cerebellum, pons, and medulla 
largely escape the Alzheimer type of degeneration, showing only few SP and NF 
in agreement with MANDYBUR (1975). The Purkinje cells thus never show NF and 
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little, if any, lipofuscin. Yet these cells become reduced in number in ageing and 
to some extent also in AD. This then may be a secondary loss rather than a primary 
effect of the AD, e.g. due to the common epileptic seizures of the later stages of 
AD or secondary to fallout of other neuronal groups. This may be true also for 
other nuclei of the brain stem, though some have been reported to have a stable 
cell population (KONIGSMARK and MURPHY 1972). The spinal cord likewise shows 
little or no primary involvement but may suffer secondarily when long tracts de
generate due to cerebral neuronal fallout. YAMADA (1978) noted no NF in spinal 
cord neurons in AD but some in SDAT, together with lipofuscin increase. 

11. Vascular Changes 

Congophilic angiopathy (CA) has for a long time been known to occur in both age
ing and SDAT and AD, though some regard it as unusual. Familial and sporadic 
forms of CA appear to be primary microangiopathies distinct from AD in several 
ways (TORACK 1978), though some features may be shared by the amyloid angio
pathy in AD, such as involvement of the same calibre of vessels and also a related 
perivascular plaque formation. One of the pioneers in this field was SCHOLZ (1938) 
and also DIVRY, who wrote a series of papers on amyloid in SP and vessels. His 
concept was summarized by VAN BOGAERT (1970), who stated that cerebral amyloid 
angiopathy is most frequently found in AD, a conclusion also arrived at by 
SCHWARTZ (1968). 

MANDYBUR (1975) in material to a large extent composed of AD of the type 
under consideration here, found CA in 13 of 15 cases. In agreement with this we 
have found CA to be very common in AD (BRUN and CAMERON 1981) and entirely 
missing in only few cases. It is usually of a regionally varying extent and severity, 
though there are reports on a more consistent regional accentuation (SCHOLZ 
1938). It involves both meningeal and intracerebral, especially cortical vessels. The 
amyloid is deposited under the endothelium and in the media, sometimes extending 
through the adventitia out into the surrounding brain tissue. Here it is not always 
associated with plaque formation (TERRY and WISNIEWSKI 1970). 

The amyloid shows a clearly segmental distribution in the meningeal and often 
also the intracerebral vessels, the involved segments often being expanded in a 
bead-like manner (BRUN and CAMERON 1981). 

CA has been implicated as a cause of cerebral haemorrhage or small infarcts 
in cases reported as hereditary cerebral haemorrhage (GUDMUNDSSON et al. 1972), 
senile dementia, hypertensives or atypical AD (OKAZAKI et al. 1979; LEE and STEM
MERMAN 1978; MANDYBUR and BATES 1978; SCHMITT and BARZ 1978). JELLINGER 
(1977) in a survey of the problem found it to be a rare cause of haemorrhage. To 
our knowledge it is distinctly rare in the presenile AD under consideration here. 
Not a single instance of either haemorrhage or infarction occurred in our large ma
terial of AD where CA is of common occurrence. Using thioflavine fluorescence 
SCHWARTZ (1968) found amyloid in the heart, pancreas, and also aorta, not only 
in ageing and senile dementia but also in AD. We are of the opinion, however, that 
in presenile AD the cerebromeningeal CA appears to be selective with little or no 
amyloid deposition at extracranial sites. This also agrees with findings of others, 
e.g. PANTELAKIS (1954) as well as HOLLANDER and STRICH (1970) in atypical AD. 
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Arteriosclerosis of the meningeal or basal vessels is not a prominent feature of 
AD (SOURANDER and SJOGREN 1970; SJOGREN et al. 1965). Intracerebral capillary 
vessels often show a non-amyloid change (MANCARDI et al. 1980), a thickening of 
the basal membrane clearly in excess of what is seen in controls. It is, however, not 
specific for AD since the same change is found in several other dementing cerebral 
disorders. The cerebral vessels in addition show the hyaline thickening and fibrosis 
seen in ageing (GELLERSTEDT 1933), thus also a non-specific change, as well as more 
severe degeneration similar to hypertensive angiopathy. Such vascular changes 
may playa part in the pathogenesis of the encephalopathy in AD (SJOGREN et al. 
1965), but is probably of greater relevance in SDAT with its more frequent white 
matter sclerosis. 

E. Atypical Alzheimer's Disease 

If AD is defined as a presenile disorder with the clinical character, course and histo
pathological picture quantitatively and topographically described above, then 
there are a number of cases which for one reason or other fall outside that frame 
and which should be designated according to deviating, dominating features, or 
called atypical. 

The age of onset may be considerably lower than 40-65 years of age, particu
larly in familial cases. This is exemplified by the father and three children who all 
between 31 and 34 years of age developed AD, according to LOEWENBERG and 
WAGGONER (1934, cit. BRAUNMUHL 1957), or the juvenile case with Alzheimer 
changes reported by LOKKEN and CYVIN (1954). 

The clinical picture may be ,typical' of AD but the histopathology lacks some 
or all features of AD. Thus in some cases there have been NF but no SP (RASKIN 
and EHRENBERG 1956, CORSELLIS 1976a). Other cases have neither SP nor NF, 
though a clinical diagnosis of AD was regarded as firmly established (BRAUNMUHL 
1957). It is, however, conceivable that cerebral changes other than those of AD 
could, e.g. with limbic and temporoparietal distribution produce symptoms like 
those of AD. 

The opposite situation, SP, and NF without the clinical picture of AD or SDAT 
is not a rare occurrence in patients succumbing from other causes, e.g. patients with 
Down's syndrome dying in their thirties or forties due to leukemia or heart malfor
mation. 

The latter combination of Alzheimer lesions and Down's syndrome was spo
radically mentioned prior to JERVIS' (1948) paper on the subject, followed by, e.g. 
OLSON and SHAW (1969). A survey of such cases from the literature is presented 
by WHALLEY and BUCKTON (1979). This association is almost universal. Clinically 
some report a non-characteristic brain-ageing syndrome (HIRABA Y ASHI et al. 1979) 
while others also find, except for mental retardation, a reduced abstract reasoning 
in slightly retarded cases (STICKLAND 1954) and a reduced short-term memory 
above 43 years of age (DALTON et al. 1974). Such features were also reported by 
WISNIEWSKI et al. (1978). In a retrospective and prospective study (BRUN et al. 
1978 b), there were signs of dementia with onset between the ages 47 and 63, often 
combined with the onset of epilepsy. Symptoms included increasing incapacity to 
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manage daily living activities, memory disturbances and also spatial disorienta
tion. Myoclonic phenomena and insecure gait were also found. rCBF and EEG ab
normalities were of the same kind as in sporadic presenile AD. In younger cases 
there were the same though less intense brain changes, slowly increasing from 
around age 20. The neuropathology was identical to that of sporadic AD in its full 
extent including electron microscopical features, as found by others (ELLIS 1974; 
SCHOCHET et al. 1973; OHARA 1972; HABERLAND 1969). 

There are thus enough clinical and especially pathoanatomical similarities be
tween sporadic AD and the presenile dementing disorder in Down's syndrome to 
include it as a subgroup of AD. 

There are also cases on record which, in addition to SP, NF, and other changes 
met with in AD, show numerous Lewy-type inclusions in the neocortical neurons 
(y AGISHITA et al. 1980). 

CA with dementia and histopathological changes of AD may be termed an 
atypical form or separate disease since not only symptoms but even distribution 
of changes is often at variance with that of AD (TORACK 1978). It occurs as a spo
radic or familial disease with amyloid microangiopathy and perivascular plaques, 
originally called drusige Entartung (SCHOLZ 1938) and dyshoric angiopathy 
(MOREL and WILDI 1952). The onset of dementia may be acute and NF may be 
missing (HOLLANDER and STRICH 1970). The amyloidosis is, however, as in ordi
nary AD, restricted to the brain. 

A further divergent feature may be the circumscription of the atrophy in certain 
restricted areas. In our experience the focal atrophies are just accentuations of the 
general process with no abrupt transitions towards better preserved parenchyma, 
and sharp limits should arouse suspicion of Pick's disease or a vascular etiology. 
Combinations of Pick's disease and AD or a severe frontotemporal atrophy in AD 
are also known to occur (cit. CORSELLIS 1976a). AD may also concur with Jacob
Creutzfeldt's disease (GACHES et al. 1977). 

Cases of this type often show features clearly departing from ordinary AD. 
Thus in the series reported by TARISKA (1970) there was a circumscribed type of 
atrophy with "knife blade" atrophy. In addition the distribution ofNF and SP was 
unusual, seen especially in the brain stem while there were no SP in some cases. On 
the other hand the sponginess and plaque-like gliosis reported in the cortex is a reg
ular feature of ordinary AD in our experience. 

At the far end of this spectrum there are a number of conditions which have 
little or nothing to do with AD but in which one finds one or more of the prominent 
histopathological changes of AD. Thus NF and SP in varying proportions and 
even granulovacuolar degeneration have been recorded in various structures, often 
the central grey nuclei and brain stem in a large number of diverse diseases such 
as "normal pressure hydrocephalus," certain inborn errors of metabolism, Parkin
sonism-dementia complex of Guam, kuru, amyotrophic lateral sclerosis syndrome 
of Guam, progressive multifocal leucoencephalopathy, encephalitis lethargica, 
subacute sclerosing panencephalitis, postencephalitic Parkinsonism, and progres
sive supranuclear palsy. In most of these the NF is of the same PHF type as in AD 
except in progressive supranuclear palsy where they are found to be straight 
filaments (WISNIEWSKI and SOIFER 1979). Also the posttraumatic dementia after 
single or repeated trauma shows the changes seen in AD including CA, NF, and 
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SP and with much the same distribution as in AD, though in some examples with 
few or no SP. 

These examples underscore the non-specificity of the individual pathological 
traits of AD. 

F. Correlation Between Clinical and Pathological Features 

The functional impairment has been related to the tissue changes. Thus the concen
tration of SP and to a lesser extent NF in the cortex have been found to correlate 
with degree of dementia (CORSELLIS 1962; ROTH et al. 1967; TOMLINSON et al. 1970). 
Beyond a mean count of about 10 SP per low-power field the intellectual capacity 
was impaired. This amount constitutes a threshold level. Above that level, BLESSED 
and TOMLINSON (1965) found a decline of test scores for the mental performance. 
This relationship exists only until the degeneration is severe. This would fit in with 
a decrease in plaque density in the severest degree of degeneration (Fig.9b). 

The plaque count also correlates with a decrease in CAT activity but not with 
y-aminobutyric acid changes (PERRY et al. 1978), the latter system thus being less 
closely associated with AD than the cholinergic. 

A plaque count of an area may be significant and related to the dementia in 
a diffuse disease like AD where regional accentuations in a constant pattern are 
implicit and responsible for much of the symptomatology. This also means that the 
same count may not be related to the degree of dementia in other diseases or 
varieties of AD with a different pattern of regional accentuations and other lesions 
as often met with in atypical, e.g. familial cases. This may explain some of the 
situations where a correlation is lacking. 

There are also other pitfalls inherent in the use of SP as a correlate, not only 
those connected with regional accentuations of the degenerative process, and the 
tendency of SP to decrease in more advanced stages, as mentioned above, but also 
a well-known variability in the outcome of silver impregnations mostly used for 
their demonstration, and the considerable morphological variation of SP, e.g. a di
ameter varying between 5 and 200 ~m! 

The relationship between SP and dementia may reflect a destruction of synaptic 
structures. This as well as the loss of dendrites and their spines may make early de
mentia and other symptoms an effect of a deafferentation of the neurons. Neuronal 
loss is the next level of morphological expression of the degeneration. Our own re
sults show a relationship between decrease in neuronal cell counts in AD (relative 
to age-matched controls) and severity of the disease expressed as length of history 
and severity of clinical picture in general. 

The pattern of accentuated neuronal loss also corresponds very well with the 
topographic pattern of lesions summarized in Fig. 10. This means that neuronal 
loss may relate directly to rCBF or symptom patterns especially in more advanced 
stages of AD. In early stages a synaptic decrement may be the only and less easily 
documented structural correlate. 

The distribution of lesions shows important correlations to symptoms in AD 
with early presenile onset under consideration here. This tallies with LAUTER'S find
ing (1968, 1970) that the earlier the onset the more pronounced the focalization of 
the symptom pattern becomes. 
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A correlation exists between the early and progressive memory failure and the 
early and severe degeneration of the medial, temporal limbic structures, underlined 
by so many neuropathologists. 

When productive confabulation of the fantastic type is found in AD as well as 
in Pick's disease it possibly indicates lesions in the hypothalamic diencephalic 
structures, the prefrontal cortex or the anterior cingulum (ULE 1958; BRIERLY 1961; 
MEHRAEIN and ROTHEMUND 1976; PETERS 1967; BRUN and GUSTAFSON 1978). Also 
the epileptic phenomena in AD might be related to a severe degeneration of the 
temporal limbic structures including the amygdaloid nucleus. Subcortical lesions, 
as indicated by EEG (INGVAR and GUSTAFSON 1970; JOHANNESSON et al. 1977, 
1979) might also be of importance for epileptic seizures. It also seems justified to 
relate the typical symptom constellation of aphasia, agnosia, spatial desorienta
tion, and apraxia to the consistent involvement of the association cortex of the tem
poroparieto-occipital region of the brain (MuTRux 1947; BRION 1966; SJOGREN 
1950; BRUN and GUSTAFSON 1976). This focalized symptom pattern dominates the 
second stage of AD and is also to some extent to be found as early as stage 1. The 
early manifestation of these symptoms indicates the significance of tem
poroparieto-occipitallesions for the mental deterioration in AD as well as in de
mentia in general (GUSTAFSON and RISBERG 1974; INGVAR et al. 1975; BRUN and 
GUSTAFSON 1976). 

Moreover, the widespread involvement of the temporal lobe might be related 
to the Kliiver-Bucy-like syndrome observed in AD. The syndrome is, however, on
ly partial and indicates the importance of other brain structures for the symptom 
pattern (PILLERI 1966; BRUN and GUSTAFSON 1976). The relative lack of hyper sex
uality and bulimia is possibly due to less marked frontal lobe involvement in pre
senile AD as discussed by BRUN and GUSTAFSON (1976, 1978). 

The emotional and personality changes in AD may relate to the involvement 
oflimbic structures. Even at an advanced stage most AD cases appear amiable and 
cautious, capable of a non-verbal emotional contact. These characteristics might 
be related to the relative sparing of the frontal lobe cortex and especially of the an
terior cingulate gyrus. When euphoria and disinhibition are present it possibly in
dicates a more pronounced frontal degeneration. These findings are in contrast 
with the pronounced personality alterations appearing early and dominating the 
clinical picture of Pick's disease, where prefrontal, anterior temporal and anterior 
cingulate cortex degeneration is more important. 

As long as an adequate neurological examination can be performed, no or only 
slight sensory, sight and hearing impairment is noted in AD, and simple motor 
functions are retained. This correlates well with the sparing of the sensorimotor 
and calcarine areas and with the relative preservation of the superior temporal 
gyrus. However, motor disturbances of an akinetic-hypertronic character, unstea
dy gait or a "supranuclear type of extrapyramidal disorder" (PEARCE 1974) may 
be present. This seems to be related to the basal ganglia or cerebellar alterations 
which are encountered in some cases (BRUN and GUSTAFSON 1976), rather than to 
motor or prefrontal cortical lesions. 

The relationship between ratings of symptoms of dementia and the rCBF re
sults was studied by GUSTAFSON and RISBERG (1974). Significant correlations were 
found, the most important being a coupling between postcentral decrease of flow 
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Fig.H. Progress of dementia related to changes of mean rCBF. Correlation diagram be
tween ranking of the degree of mental deterioration over a 5-6 year period in 12 patients 
with presenile dementia and changes of left hemisphere mean CBF. The first rCBF exam
ination was made by the 133Xe intra-arterial injection technique (flO' height over area flow) 
and the second by the 133Xe inhalation method (ISI). A highly significant correlation (rank) 
is found 

and severity of symptoms such as amnesia, apraxia, confusion, agraphia, and 
alexia. More productive psychiatric symptoms such as paranoia, delusions, and de
pressions were coupled to more preserved flow conditions. Similar close relation
ships between scores on psychometric tests and the rCBF results have been report
ed by HAGBERG (I978a) and HAGBERG and INGVAR (1976). 

Yearly examinations make it possible to relate changes of the clinical picture 
to changes in rCBF (Figs. 1 and 11). Figure 11 illustrates such a relationship re
garding average CBF in a group of 12 patients (mixed group of AD and multi-in
farct dementia) comparing change of flow level to degree of mental deterioration 
during a 5-6 year period of disease (RISBERG 1980a). A highly significant correla
tion of 0.75 was found, implying that a fast progression of dementia was accom
panied by a rapid decrease in mean CBF. In cases of progressing AD an early more 
focal flow decrease in postcentral regions was recognized in the first examination 
while a more widespread and severe flow decrease was seen in later re-examinations 
(Fig. I). It should be added that further significant information is obtained if the 
rCBF measurements are made during mental activation. INGVAR et al. (1975) 
showed a reduced amplitude of the flow response to mental activation as well as 
abnormal patterns of flow changes in some cases. These findings have been con
firmed in series, studied by the inhalation technique (RISBERG I980b). 

G. Differential Diagnosis of Alzheimer's Disease 

The differentiation of AD from other presenile dementias is difficult especially at 
an early stage. In dementia of the Pick type, the brain disease predominantly in-
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volves frontal and anteriotemporal regions. The clinical picture is from the onset 
dominated by emotional and personality deterioration and less by cognitive dys
function (ONARI and SPATZ 1926; SCHNEIDER 1927; SJOGREN et al. 1952; MANSVELT 
1954; ESCOUROLLE 1958; ROBERTSON et al. 1958; SIM and SUSSMAN 1962). Loss of 
insight, disinhibition in behaviour and emotional bluntness are common and ap
pear early, in contrast with the emotional amiability and relatively preserved per
sonality traits in Alzheimer's disease even at an advanced stage. Memory function 
is less affected at an early stage as are practical abilities and spatial orientation. 
Confabulation of a fanciful, productive type may dominate. There is often after 
a period of disinhibited overactivity a change to apathy and stereotypy in behav
iour. This change also involves language and mimical functions. Verbal spontane
ity decreases, often ending in a mutistic state. Mimical movements disappear, 
sometimes ending in complete amimia. The combination ofpallilalia, ecolalia, mu
tism, and amimia, the PEMA syndrome (GUIRAUD 1956), is considered pathogno
monic of Pick's disease (ESCOUROLLE 1958). Other clinical features that might dif
ferentiate between AD and Pick's disease are epileptic seizures and myoclonia, 
which are more common in AD. The increased muscle tension and small-stepped 
gait, which are common in an advanced stage of AD, are rarely seen in Pick's dis
ease. Moreover hyperalgesia is often reported in early and middle stages of Pick's 
disease (ROBERTSON et al. 1958). 

EEG gives important information for the differentiation of AD and Pick's dis
ease. In Alzheimer's disease EEG is always pathological while in Pick's disease it 
is considered normal at an early stage and may remain so for several years. For 
further information on this subject see the section on EEG findings in this chapter. 
The differentiation between AD and Pick's disease using psychometric tests is de
scribed in the section on psychometric assessment in this chapter. 

The most common differential diagnostic problem involves AD and dementia 
due to cerebrovascular disorders also known as multi-infarct dementia (HACIDNSKI 
et al. 1974). Various diagnostic procedures have been developed for this purpose, 
e.g. ischemic score (HACmNSKI et al. 1975), and for differentiating AD, Pick's dis
ease, and cerebrovascular dementia (GUSTAFSON and NILSSON 1981). In cerebro
vascular dementia the onset is more abrupt and the course often shows marked 
fluctuations with stepwise deterioration. 

Confusional episodes, preservation of personality, and depressive reactions are 
more common in cerebrovascular dementia as are hypertension, strokes, athero
sclerosis, and focal neurological symptoms and signs. Psychometric tests, EEG, 
rCBF, and computerized tomography can give clues important to the differential 
diagnosis. 

The differentiation of AD from Jacob-Creutzfeldt's disease is usually easy due 
to the rapid course and the type of neurological defect in Jacob-Creutzfeldt's dis
ease. However, when myoclonic twitchings and extrapyramidal signs appear early 
in the course of AD the differentiation might be difficult. 

Differentiations between AD and hydrocephalic dementia may be important 
with respect to therapeutic shunting. The possibility of differentiation on psychiat
ric and psychometric grounds has been discussed by GUSTAFSON and HAGBERG 
(1978). The typical patient with hydrocephalic dementia shows a Korsakoff-like 
syndrome, gait disturbance and urinary incontinence, but not aphasia, agnosia, 
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Fig. 12. Typical cases of AD, Pick's disease and multi-infarct dementia. Diagnoses con
firmed at autopsy. Mean hemispheric flows shown in the boxes. Regional flows are indicated 
as clock symbols showing percent deviation from hemispheric mean 

and apraxia to the same extent as AD cases. In AD, however, the increase in muscle 
tension and a small-stepped gait might sometimes resemble the gait disturbance of 
hydrocephalic dementia. In AD the urinary incontinence begins later in the course 
of the disease. 

Regional cerebral blood flow measurements will in many cases add significant 
and sometimes decisive information for the differential diagnosis of organic de
mentia. In the early cases of AD the first pathological sign in rCBF is a focal flow 
diminution in postcentral, especially parietal regions. The abnormality commonly 
involves both hemispheres to an equal extent. The mean hemispheric flow level is 
in the lower normal range in these early cases, but will fall to subnormal levels dur
ing the progress of the disease. In moderately severe AD the focal flow pathology 
will be more marked involving major postcentral, except occipital, areas, and 
sometimes also temporal regions (a typical case is illustrated in Fig. 12). In the late 
and terminal stages of AD the flow level is markedly subnormal (sometimes down 
by 60%) with pronounced flow decreases now also in frontal regions and thus with 
a global distribution. 

In Pick's disease the typical sign is sometimes a very marked flow decrease in 
frontal and frontotemporal regions with better preserved perfusion in other parts 
of the hemispheres. In some cases a mixture of decreased and elevated flows might 
be seen in frontal and frontotemporal regions. A typical picture is shown in Fig. 13. 
The flow changes are symmetrically distributed in the hemispheres. The flow level 
is generally reduced but shows larger variations than in AD with occasionally 
rather high values in fairly advanced cases. 

Early cases of cerebrovascular dementia commonly have a normal CBF level 
and regional pattern and are difficult to differentiate from normal healthy control 
subjects with regard to rCBF. In later stages the typical indication is a spotty and 
asymmetrical rCBF pattern (a typical case is shown in Fig. 13) in marked contrast 
to the symmetrical flow changes seen in AD and Pick's disease. 
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A global decrease of the rCBF without focal flow changes is seen in many cases 
of suspected brain stem infarcts but is also seen in many other, e.g. toxic con
ditions. The results thus indicate that a differential diagnosis of organic dementia 
is possible with the bilateral 133Xe-inhalation method, the degenerative dementias 
being more easily recognizable than the cerebrovascular ones. rCBF can also be 
used for a differential diagnosis between AD and pseudodementia (GUSTAFSON and 
RISBERG 1979). 

H. Aetiology and Pathogenesis 

I. Immunological, Toxic, Viral, and Hereditary Factors 

The aetiology of AD is unknown. This is not surprising for a disease in which the 
separate structural components are non-specific or non-pathognomonic and in 
which up until now the early or preclinical stages of development of the disease 
have been beyond the reach of scientific exploration. Nevertheless a number of new 
hypotheses exist, which are presently under scrutiny and deserve a short review. 

The possibility of immunological or auto-immune factors was suggested orig
inally by the presence of amyloid both in vessel walls (CA) and in the central core 
ofSP, and lately by the immunodeficiencies in Down's syndrome. Further evidence 
has been added, such as the finding of immunoglobulins in the central (amyloid) 
core of the SP. Others have found this amyloid to be closer to apud amyloid 
(POWERS and SPICER 1977). The exact derivation of this and the vascular amyloid 
is unclear though several possibilities exist (GLENNER 1978). In the SP a possible 
macrophage-mediated production of amyloid from local proteins may be a likely 
alternative, though circulating systemic factors such as immunoglobulins or SAA 
proteins may also be the source. The amyloid may also be a viral derivative as seen 
in other diseases caused by a virus or virus-like micro-organism, e.g. kuru; scrapie 
and Jacob-Creutzfeldt's disease, where amyloid is also found in SP. In CA the amy
loidogenic source would most likely be a serum factor though the peculiar segmen
tal deposition requires supplementary explanations not yet available. 

Further, neuron-specific antibodies (NANDY 1978) have been found to increase 
in the serum of the aged and particularly in AD. This is of great interest with re
spect to neuronal loss in AD. The stimulus may be a NF protein, shown by 
SCHLAEPFER and LYNCH (1976) to be antigenic. The neurotubular proteins pre
sumed to be precursors of the NF (GRUNDKE-IQBAL et al. 1979) should then be in 
a central position in the etiopathogenesis of AD. 

A prerequisite may be an incompetence of the blood-brain barrier and presum
ably also of the immune apparatus such as an inability of T cells to respond pro
perly to cell mitogens with a protein synthesis (BEHAN and BEHAN 1979) or a B-cell 
dyscrasia related to the former (for further information on immunological aspects 
see Chap. 7). As with many other factors a genetic predisposition may play an im
portant or supplementary role. 

The theory of a toxic environmental agent has also been entertained. Lead has 
been shown to produce in the rabbit, though not in the humans, encephalopathy 
with NF. The metal most often and most vividly proposed as an aetiological agent 
is aluminum. The aluminum is bound to neuronal nuclear chromatin in AD (DE 
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BONI et al. 1974), a feature of importance with respect to cellular functions such 
as information transfer. As with many other substances it has been shown ex
perimentally to produce NF (KLATZO et al. 1965), though not of the PHF type seen 
in AD (WISNIEWSKI and SOIFER 1979), and of a different distribution. Aluminum 
also produced NF-like changes, again not of the PHF type, in cultured human 
neurons (CRAPPER et al. 1978). The validity of the latter finding, however, is not 
clear. Aluminum has also been found in increased amounts in the cortex in AD, 
both the sporadic form and in Down's syndrome with AD (CRAPPER et al. 1978). 
McDERMoTTet al. (1979) did not find aluminum increase in SDAT in excess of that 
in age-matched controls. TRAPP et al. (1978) reported the same finding in SDAT 
but a l.4-fold increase in AD. A condition in which clearly raised levels of non
nuclear aluminum have been documented by several authors (e.g. ALFREY et al. 
1976; McDERMOTT et al. 1978) is dialysis dementia, though NF and SP have not 
been reported. BRUN and DICTOR (1981), however, found SP and NF in the cortex 
of five out of seven dialysed patients, of which four had developed dementia. SP 
were more frequent than NF and the distribution was different from that usually 
seen in AD. All cases belonged to the presenile age group. 

Even if aluminum is more closely related to NF than SP, an effect on SP would 
not be entirely unexpected since SP contain PHF in the distended neurites. 
DUCKETT and GALLE (1976) furthermore found aluminum increase in SP, and also 
in lysosomes using electron microprobe technique (GALLE et al. 1980). 

Speculation has been aroused as to the mechanism involved in the production 
of PHF. One possibility is that altered protein metabolism occurs in response to 
nuclear deposition of aluminum or more directly through interference with the as
sembly of micro tubules, the constituent proteins of which may be essential to the 
production of NF. 

The aluminum debate was summarized by HENIG (1980), Parenthetically it was 
added that fluoridation of water may prevent aluminum from being absorbed since 
fluoride competes with aluminum for absorption. This measure is not therapeutic 
but preventive and of interest for aetiological considerations. In view of the con
flicting results of quantitation studies, however, no conclusions can at present be 
drawn with respect to the aetiological role of aluminum, which could even be sec
ondarily absorbed by the nervous system deteriorating from other causes. 

Other metals studied include iron, the amount of which is not increased in the 
cortex but possibly redistributed, resulting in an increase of stainable iron (HALL
GREN and SOURANDER 1960). 

The possibility of a slow virus aetiology both of the conventional (EDMOND 
1979) and unconventional type as in, e.g. Jacob-Creutzfeldt's disease has also been 
proposed, on the basis of e.g. the concurrence of Jacob-Creutzfeldt's disease and 
AD (GACHES et al. 1977). Jacob-Creutzfeldt's disease is characterized by neuronal 
loss and spongiform encephalopathy, both present also in AD though of somewhat 
different character and seen also in scrapie. Also suggestive of a viral theory is the 
appearance of complete SP as in AD, neurite thickening and amyloid depositions 
in experimental scrapie (WISNIEWSKI et al. 1975) and the appearance ofNF in sub
acute spongiform panencephalitis and progressive multifocalleucoencephalopathy 
(HADFIELD et al. 1974; MANDYBUR et al. 1977), examples of unconventional and 
conventional virus diseases respectively. 



Alzheimer's Disease and its Clinical Implications 375 

Cultured fetal human neurons, exposed to extracts, including cell-free prepara
tions, from a deceased case of AD, developed PHF in many of the neuronal pro
cesses (DE BONI and CRAPPER 1978). This could be due to metabolic products or 
a viral agent, the latter alternative being favoured by the authors. A viral mecha
nism is possible (WISNIEWSKI 1978) with regard to the microtubule involvement in 
virus replication (DALES 1975). Tubulin does not make neurotubules but forms 
PHF with viral protein. 

Attempts have also been made to induce AD in experimental animals by trans
mission from human cases. Two such familial cases resulted in a spongiform en
cephalopathy in the animal brain though without SP or NF, and the disease proved 
to be serially transmissible (GIBBS and GAJDUSEK 1978; REWCASTLE et al. 1978). 
However, material from sporadic cases did not result in an experimental disease. 
This may be a difference between familial and sporadic AD in addition to those 
pointed out above. 

If reduced immunocompetence is required, then the above-mentioned decrease 
in this function with advancing age, particularly in SDAT, may again become im
portant. In this context it is of interest that AD may be associated with histocom
patibility antigens, e.g. HLA-BW 15 as discussed by RENVOIZE et al. (1979) or 
HLA-A 2, suggesting a role for immune response genes (BEHAN and BEHAN 1979) 
though WHALLEY and BUCKTON (1979) and WHALLEY et al. (1979, 1980) found no 
such association with AD. 

Genetic factors have been touched upon in connection with aetiological or pre
cipitating factors. The association between AD and Down's syndrome, which has 
an extra chromosome 21, has led to a search for chromosomal abnormalities in 
AD, in particular pertaining to chromosome 21, which by TAN et al. (1973) was 
proposed to harbour the gene for antiviral protein. This brings up again the possi
bility of a viral cause. Chromosomal abberrations in AD have also been reported 
(NIELSEN 1968; BERGENER and JUNGKLAASS 1970) but were not verified by others 
(MARK and BRUN 1973; BRUN et al. 1978a; SULKAvAet al. 1979) using Giemsa ban
ding technique and sister chromatid exchange studies. In ageing patients, however, 
GALLOWAY and BUCKTON (1978) found a loss of chromosome 21 in peripheral 
blood lymphocytes. WHALLEY and BUCKTON (1979) argue that such an abnormal
ity of the immune surveillance cell system can not be excluded in AD until a large 
proportion of cells have been studied. If present, such a defect would allow a con
ventional virus to contribute to the development of the neuropathological changes, 
especially in the senile group. 

WARD et al. (1979) reported aneuploidy in both sporadic and especially familial 
cases of presenile AD and to some extent in groups of siblings of affected patients. 
The question was asked whether this change might herald the onset of the disease. 

Further indications of a genetic factor are the increased risks for first degree 
relatives of AD patients to develop the disease and the increased morbidity risk for 
Down's syndrome and haematological malignancies (HESTON and MASTRI 1977). 
Furthermore the female relative of an AD patient is much more likely to have a 
Down's child than a male relative, this occurring in nearly 2% off em ale relatives 
of AD patients (HESTON 1979). 

There are a limited number of population studies, the results of which are dif
ficult to interpret since in some, AD and SDAT and even Pick's disease are not 
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treated separately, nor is more than a proportion of cases histologically verified. 
According to some investigators (PRATT 1970; ZERBIN-RuDIN 1967), 10%-15% of 
cases with AD have a positive heredity, while thus the majority is of the sporadic 
type. The true familial cases often deviate from the great bulk of sporadic cases by 
showing a dominant genetic pattern and, in addition, differ with respect to many 
clinical and histopathological features as noted above. 

For the sporadic cases the possibility of multifactorial inheritance was pointed 
out (SJOGREN et al. 1952), though an exact determination of the mode of inheri
tance could not be made. Further careful studies by LARSSON et al. (1963) and CON
STANTINIDES et al. (1962) disagree on the occurrence of AD among first degree rela
tives. PRATT (1970) in his review on the matter concludes that a polygenic inheri
tance with a shared predisposition both to AD and SDAT is more likely than a 
single autosomal dominant gene. 

Against this background we feel, however, that it would be premature to nomi
nate the most likely aetiological agent or agents or a sequence of pathogenetic 
events. The aetiological alternatives, viral, immunological, and toxic environmen
tal agents may interact to produce the disease (CRAPPER and DE BONI 1978), and 
may also interact with hereditary factors. 

II. Transmitters 

Newer research results include the finding of a disturbance of transmitter sub
stances and functions. 

Catecholamine disturbances and substitution therapy with L-dopa and dopa
mine agonists have been reported in AD and SDAT by, e.g. the Gottfries group 
(ADOLFSSON et al. 1978, 1979), with increase of monoamine oxidase activity and 
reduced levels of dopamine and norepinephrine though without direct correlation 
to dementia. The main interest has lately shifted from catecholamines, GABA, and 
pep tides towards cholinergic mechanisms, though REISINE et al. (1978, 1980) point 
out the importance of the other systems and their dependence on the cholinergic 
system. Both in monkeys and humans the short-term memory is less dependent on 
dopamineergic than cholinergic systems (BARTUS 1978), which have a specific rela
tionship to memory and other cognitive functions (DRACHMAN 1977). There are 
some conflicting or hard to interprete results but it now appears safe to conclude 
that on the presynaptic side cholinacetyltransferase (CAT) is reduced in AD 
(DAVIES and MALONEY 1976), a reduction that is selective and possibly a key 
change in AD (BOWEN et al. 1979), separating AD from ageing. It may be an early 
indicator of synaptic failure preceeding the disappearance of the neuron and the 
appearance of regional blood flow changes. There seems also to be a reduction in 
acetylcholine esterase (AChE) though this would be less specific (DAVIES and MA
LONEY 1976). The reduction in CAT also correlates with the neuropathology. Thus 
BOWEN (1979) found that whole temporal lobe assessment revealed no loss of CAT 
in non-demented controls but a significant loss in AD. This is interesting in view 
of the regional accentuation of the atrophy in the temporal lobe in AD. The atro
phy is, however, not uniformly distributed in the temporal cortex but spares some 
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neocortical areas such as the temporal pole and superior temporal gyrus with a cor
responding preservation of neurons. The atrophy is much more pronounced than 
in SDAT and especially in ageing. It seems reasonable to assume that exclusion of 
these less affected areas would have further amplified the difference between AD 
and controls in the biochemical study. 

A CAT reduction was also found by PERRY et al. (1977, 1978) to occur in the 
parietal lobe. This is another area of accentuated degeneration with prominent cell 
loss according to our experience. DAVIES (1978, 1979) found a loss of choline acety
lase to be greater than 87% in hippocampus, amygdala, midtemporal gyrus, and 
parietal cortex, 79%-83% in the frontal cortex and insignificant in, e.g. occipital 
and central gyri. The pattern revealed by loss of cholinergic substances thus shown 
by BOWEN, PERRY and DAVIES above agrees well with the pattern of accentuated 
degeneration (BRUN and GUSTAFSON 1976, 1978) and distribution of neuronal cell 
loss and degree of severity of the degeneration in AD (BRUN and ENGLUND 1981). 
Unfortunately, figures for the cingulate gyrus are not specified as to anterior or 
posterior part, which are dramatically different with respect to severity of degen
eration. The low figures for the hippocampus correspond well with several ob
servations on the extent and severity of lesions including cell loss here (BALL 1977; 
KEMPER 1978; SHEFER 1977). It still remains to be clarified whether CAT reduction 
is primary or secondary, whether it is due to loss of synaptic structures or chemical 
synthesis alone and also whether acetylcholine is reduced (BOWEN 1979). The an
swer to such questions will be decisive for future therapeutic attempts. Neurotrans
mitters are more fully treated in Chap. 6. 

I. Treatment with Transmitter Substances 

In the decline of the synaptic apparatus described, part of it may long remain in
tact, in particular on the postsynaptic side. Muscarinic acetylcholine receptor bind
ing capacity was found by DAVIES and VERTH (1978) to be preserved, something 
that can be taken to indicate a compensatory increase in these receptors by the sur
viving neurons. Preservation of such neuronal structures and functions would be 
a prerequisite for meaningful treatment. The knowledge that enhanced cholinergic 
activity facilitates cognitive functions and the discovery of a failure of mainly, but 
not exclusively cholinergic transmitters in AD has prompted attempts to substitute 
or preserve the transmitters in analogy with therapeutics in Parkinsons disease. 
Therapeutic pilot studies have been made with, e.g. choline in moderately ad
vanced cases of AD or rather SDAT with no definite clinical improvement (ETIEN
NE et al. 1978a). Some clinical benefit was noted when lecithin was given at early 
stages of the disease (ETIENNEet al. 1978 b). Others have not shown an effect, which 
may be due either to insensitivity of the test instrument or of the patient, having 
too far advanced structural changes to respond to treatment (RENVOIZE and JER
RAM 1979). Other as yet mostly theoretical alternatives, such as selectively centrally 
active anticholinesterase, remain to be tested. Before that or any other therapeutic 
measure can be tested, other problems have to be solved, above all that of an early 
and reliable diagnosis of AD. 
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J. Early Diagnosis of Alzheimer's Disease 

Early recognition of AD has for a long time been of mainly academic interest. A 
more relevant objective has now been added, viz. the possibility of symptomatic 
treatment as outlined above. An early diagnosis is important considering the irre
parable tissue damage with loss ofirreplacable structures including neurons in later 
stages of AD. 

Biopsy has been evaluated (SMIlH et al. 1966) and is by some regarded as not 
justified. With reference to the pattern of regional accentuation of the disease pro
cess the best site would be the parietal superior lobule both from a practical point 
of view and with regard to its early and prominent involvement. Intraregional vari
ations influence the size of the biopsy specimen needed for a safe diagnosis. 

The computerized tomography scan has been employed for diagnostic pur
poses and for a correlation with degree of dementia. It is the opinion of several 
writers that this method has little positive help to offer (e.g. RAMAN! et al. 1979; 
Fox et al. 1979) but may exclude other causes of dementia such as infarctions, 
haemorrhages, and tumours. This is important especially in early stages (DONALD
SON 1979) when there may be little weight loss, gross atrophy or ventricular widen
ing in spite of a clear-cut dementia. The problems of early diagnosis were debated 
at a colloquium in Edinburgh (GLEN and WHALLEY 1979). Criteria for an early di
agnosis have been outlined by, e.g. GLEN and CHRISTIE (1979 and SIM (1979). 

The early diagnosis of AD has to rest upon the exclusion of other causes, above 
all Pick's disease, Jacob-Creutzfeldt's disease, cerebrovascular disease, normal 
pressure hydrocephalus, and inorganic dementias but also alcoholism, head injury, 
anaemias including pernicious anaemia and other metabolic or deficiency states. 
The positive diagnostic criteria of AD have been outlined in the clinical workup 
of the disease. As pointed out there, an early diagnosis, based on the symptomatol
ogy alone is hardly practicable at present but may be supported by psychometric 
tests, EEG and rCBF (JOHANNESSON et al. 1977; GUSTAFSON 1979). Diagnostic 
criteria must, however, be tested against neuropathological data until the criteria 
for the various methods for an early diagnosis are well worked out. 

K. Concluding Remarks 

The fact that all the histopathological changes in AD and SDAT are identical and 
are furthermore also seen in many other conditions makes these changes rather un
specific and may also indicate a varied aetiology. The same might apply to the 
symptomatology, which would rather be based on the structures involved than on 
the nature of the underlying tissue process. Consequently these factors are of 
limited value as evidence for identity between AD and SDAT. 

The main differences between these two diseases relate to age of onset, course 
and intensity of the disease process, differences which are again rather vague. Ac
cording to our experience however, SDAT differs from AD with respect to a dis
tinctly higher rate of not only infarctions but also white matter "degeneration," a 
demyelination possibly related to intracerebral vascular sclerosis. The question of 
identity or not between the two diseases can thus presently not be settled convin
cingly. For the time being it would therefore be an advantage to state the type of 
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disease under discussion or keep the diseases apart in scientific reports simply by 
setting the age limit at 65 years of age. This would help avoid confusion, e.g. as 
to prevalence or cell loss and enable the reader to evaluate similarities or differ
ences. It is reasonable to assume, however, that research results pertaining to the 
PHF in particular might apply to both conditions, since they belong to the two 
main lesions, the NF and SP, of both AD and SDAT. They can be induced ex
perimentally in vivo and in vitro and can be logically associated with several of the 
aetiological and pathogenetic possibilities. 

Alzheimer's disease is a diffuse mainly cortical disorder but with regional ac
centuations, appearing chronologically and topographically in a fairly consistent 
pattern. Chronology, topography, and intensity of the regional accentuations are 
reflected in the course and intensity of symptoms and rCBF changes. These accen
tuations thus seem to characterize the disease. 

Before the changes reach the level of intensity that produces symptoms, they 
may have run through a long period of build up, possibly as protracted as in 
Down's syndrome, where the lesions may develop during 25-30 years or more be
fore symptoms set in. During such a "preclinic" period these changes may create 
an erroneous impression of a particular "premorbid personality." 

Considering the short period of survival sometimes reported and an average 
survival of 5-7 years this latter phase of the disease appears to be one of accelerated 
progression. Against this background AD may be regarded as an extremely pro
tracted disease with a slow preclinical and a fast clinical phase. 

In spite of the considerable recent research achievements much remains to be 
done, in particular with regard to aetiology and pathogenesis and also epidemiol
ogy and even purely diagnostic especially early diagnostic criteria. A preclinical pe
riod would presumably be of greater interest from the aetiological and patho
genetic point of view than even the earliest definable period of clinical symptoms. 

An early diagnosis is also of importance with respect to therapeutic, e.g. symp
tomatic, transmitter-related or curative, attempts since any response is dependent 
upon structural integrity, and little would be gained by halting the disease in a se
verely incapacitated phase. Furthermore, the possibility of regeneration of synap
tic structures at an early stage cannot be excluded. The magnitude of the problem 
from a medical and social point of view and the promises afforded by recent re
search work certainly make this field of investigation one of the most worthwhile 
and important. 
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A. Introductory Remarks on Physiology and Pathophysiology 

I. Cerebral Blood Flow and Disorders 

The normal amount of cerebral blood flow (CBF) lies around 750-1,000 ml/min 
or, related to brain weight, 50-55 ml/l00 g per minute. These data refer to the glo
bal blood flow of the brain whereas there are considerable differences in regional 
cerebral blood flow between various brain areas. The relationship between gray 
and white matter is approximately 4: I. 

Continuous blood flow is necessary to provide the brain with oxygen and glu
cose. The consumption of oxygen is 500-600 ml/min and that of glucose 75-
100 mg/min. 

Because of the relatively high consumption of oxygen, the brain is dependent 
on continuous blood flow. This demand is accomplished by means of special regu
latory mechanisms of cerebral blood flow. In spite of the variations of systemic 
blood pressure and cardiac output, global cerebral blood flow is kept constant by 
these mechanisms, which are termed "autoregulation." However, depending on 
the actual functional state, regional ,blood flow varies considerably. 

The cerebral blood flow results from the relationship of effective blood pressure 
to cerebral vascular resistance. Blood pressure is influenced by cardiac perfor
mance and the distribution of the blood volume including arterial flow toward and 
venous flow from the brain. Vascular resistance, on the other hand, is determined 
by the diameter of the vessels and by vessel content, i.e., rheologic factors. 

Autoregulation is effected mainly by reflectory changes of vessel caliber, which 
are probably performed through constriction and dilatation of the arteries. 

1. Cerebral Blood Flow and Blood Pressure 

Investigating the relationship between blood pressure and the magnitude of cere
bral blood flow, two ranges can be distinguished. There is a lower range up to 
about 70 mm Hg, in which with rising blood pressure there is an increase of blood 
flow. Then the profile of blood flow values stays constant over a blood pressure 
range from 60-70 mmHg upward. This steadiness is the effect of autoregulation, 
whereby adaptive regulation of vascular resistance is causative. These mechanisms 
are, however, not indefinitIy effective. With very high blood pressure values the au
toregulation fails to work. Moreover, in patients with fixed hypertonia the critical 
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threshold for autoregulatory adaptation is shifted, so that when blood pressure is 
decreased ischemia may occur at far higher pressures than usual. 

Autoregulation prevents the brain from getting more oxygen offered than it 
needs. In brain lesions, especially ischemic lesions, autoregulation can be impaired. 
Thus a surplus of oxygen supply of infarcted brain tissue may occur in spite of nor
mal blood pressure with or without intracerebral steal. This phenomenon has been 
described as luxury perfusion (LASSEN 1966). 

Whether the cardiac output itself influences cerebral blood flow or whether this 
happens via an increase of arterial blood pressure has been discussed in cases in 
which cardiac output was increased by implantation of electronic pacemaker. 

2. Cerebral Blood Flow and the Influence of Carbon Dioxide Tension 
and Blood pH 

There is a significant relationship between the pC02 of the arterial blood and ce
rebral blood flow, which can be expressed in a characteristic response curve. Low 
pC02 values of 15-20 mmHg are accompanied by an equally low blood flow of 
about half normal, followed by a rather steep increase of blood flow with rising 
pC02 in the range 20-70 mm Hg. Then in the upper range of 70-80 mm Hg and 
above the cerebral blood flow is maximally raised but remains on a constant level, 
presumably due to extreme vasodilatation. 

The relationship between paC02 and cerebral blood flow is influenced by 
blood pressure. The curve presenting this relationship becomes less steep when ar
terial blood pressure decreases. In low values around 50 mm Hg this relationship 
completely disappears. 

Contradictory results have been obtained in experiments on the influence of pH 
of arterial blood upon cerebral blood flow. The same is true of the extracellular 
pH and of the difference of intra- and extracellular pH. 

3. Cerebral Blood Flow and the Influence of Oxygen and Glucose 

Acute hypoxia leads to an elevation of blood flow in the brain, as can be seen in 
experiments with inhalation of gas mixtures of various oxygen content. With nor
mal pC02 an increase of CBF occurs only when the arterial p02 is less than 
60 mm Hg. In hypercapnia the rate of CBF increase is higher. It has been shown 
that the relationship is more evident for the oxygen tension of venous blood (pv02) 
so that this may be the parameter relevant for changing cerebral blood flow. A rise 
under normal conditions will begin at a venous oxygen tension of 25-28 mmHg. 
When a critical threshold of venous oxygen tension of 70 mm Hg is reached, clini
cal signs of severe hypoxia occur, the most important being disorders of conscious
ness. Brain edema results from failure of the blood-brain barrier. The situation is 
different when there is a chronic hypoxia. 

There is obviously no dependency of cerebral blood flow on the glucose blood 
level or glucose consumption of brain tissue; at least there is no compensatory rise 
of CBF in glucose deficit. 
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4. Cerebral Blood Flow and Nervous Influences 

Findings on influences of stimulation of sympathetic or parasympathetic nerves on 
the cerebral blood flow are inconsistent. The role of nervous influences on cerebral 
blood flow in normal and abnormal situations is not yet precisely known. It seems 
as if the actual initial situation influences the nervous reactions in experimental 
situations decisively. 

The nervous elements possibly concerned with regulation of cerebral blood 
flow via vascular innervation and vasomotor control are sympathetic fibers arising 
from cervical ganglia, parasympathetic fibers partly running in the superficial pe
trosal nerve, and others. Following stimulation of sympathetic fibers, a constric
tion of pial vessels has been described (BETZ 1972 b, survey). This constriction 
would lead to decrease of cerebral blood flow, although this is not proven in man. 

Stimulation of the dilatatory parasympathetic fibers may increase cerebral 
blood flow. Neurogenic dilatation following ischemia is supposed to come also 
from fibers not accompanying the pial vessels but arising directly from the gray 
matter lying underneath. 

There is supposed to be an interaction between vegetative vasomotor control 
mechanisms and autoregulation i.e., the pC02 response. In animal experiments the 
responses to blood pressure and to pC02 changes were shown to be different in 
sympathectomy, stimulation of sympathetic nerve fibers, and normals. Controver
sial effects were described after transsection and stimulation of the vagus nerve. 

ll. Energetic Brain Metabolism and Its Disorders 

The human brain needs about 17 cal/l00 g per minute. For the total adult brain 
this would amount to around 250 cal/min, which is approximately 20% of the en
ergy need of the whole organism at rest. In relation to brain weight (2% of the body 
weight) the cerebral enery need is about ten times as high as that of other organs. 

The energy is necessary for different purposes: for the preservation of brain 
structure, various metabolic processes, and for the maintenance and restitution of 
electric excitability. Energy-consuming processes include, for example, those main
taining balance of electrolytes which cause the resting potential of the cells and syn
thesis of proteins. 

Energy for brain functions is physiologically provided by the aerobic (oxida
tive) reduction of glucose. One mole of glucose delivers 38 mol energy-producing 
ATP. About 92% of glucose is reduced in the aerobic and only about 8% in the 
anaerobic way. Anaerobic glycolysis is much less effective in producing ATP and 
would not be sufficient for the energy demands of the brain. 

The consumption or cerebral metabolic rate of glucose (CMR gluc.) can be cal
culated by the product of cerebral blood flow and arteriovenous difference of glu
cose concentration (a-v D gluc.) to lie between 5 and 5.5 mg/IOO g per minute. The 
uptake of glucose into the brain tissue is influenced by a carrier function between 
blood and brain. 

Oxidation of glucose is performed in two ways. It can run via glycolysis and 
the Krebs cycle (according to Embden-Meyerhof) and via a hexose monophos
phate shunt. 
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Storage of glucose in brain cells is only very poor. It would merely suffice for 
a few minutes if there was no supply and if the rate of oxidation remained equal. 

The effects of hypoglycemia on brain functions is of great practical importance. 
The term hypoglycemia is applied if blood glucose level sinks below 50 mg-%. Up 
to this level the glucose uptake remains fairly constant and fluctuations of glucose 
level in the physiological range practically do not influence glucose uptake of the 
brain. In hypoglycemia below 40--50 mg-%, disorders of cerebral functions occur 
but even in low levels of about 20 mg- % their intensity varies from one case to an
other. Glucose uptake decreases in hypoglycemia but not to the same extent as the 
glucose blood level. Clinical symptoms following severe hypoglycemia are disor
ders of consciousness, seizures, and neurological deficits including focal disorders, 
such as hemiparesis, aphasia, or others. 

Other substrates besides glucose are believed to be used in the case of glucose 
deficit, for instance, amino acids and phosphatides. Amino acids can be directed 
into the Krebs cycle via the GABA shunt and thus be called upon for energetic 
needs in emergency situations. 

The glucose uptake in the brain is not a matter of pure diffusion. Increased 
blood glucose level does not cause an increase of glucose uptake, except when glu
cose is infused together with insulin (GOTTSTEIN et al. 1970). 

In the case of chronic glucose deficit or very slow decrease of glucose input, 
keto bodies can take part in energetic metabolism. 

Oxygen consumption [cerebral metabolic rate of oxygen (CMR O2)] is fairly 
constant during rest. This concerns the total amount for the whole brain, although 
there are regional differences depending upon the active or resting state. According 
to some experimental data, regional oxygen consumption of the cortex may vary 
between 8 and 12 mi/IOO g per minute. It is decreased in barbiturate narcosis. An 
increase is found in states of activity of the brain region investigated and in ex
perimental stimulations. Thus oxygen consumption rises in attention, mental 
tasks, emotional stress, and during seizure activity, in which maximal increase oc
curs. In hypothermia a decrease of oxygen consumption is found as in various 
pathologic states of diffuse brain disorder (metabolic coma, acute intoxications, 
dementia). 

The oxidative process necessary for energy gain in the tissue is performed in the 
mitochondria. Inside the mitochondria are respiratory enzymes, especially 
cytochromoxydase, the sites of which oxygen reactions take place at. Correspond
ing to differences of oxygen consumption in different brain regions regional differ
ences of enzyme concentrations have also been found. 

Oxygen transport from the capillaries to the mitochondria is performed mainly 
by diffusion. According to the classic model of Krogh, the capillaries supply cylin
dric areas in such a way that in the case of insufficient perfusion the venous end 
first becomes hypoxic. The model was modified by Diemer and by Lubbers and 
Grunewald. As a consequence of oxygen diffusion, distribution curves of oxygen 
tension in tissue can be measured. In mitochondria oxygen tension can be as low 
as 1 mm Hg without disorder of oxidation, but in hypoxia the histogram of oxygen 
tensions shows an increase of low values. A decrease of venous oxygen tension be
Iowa critical value of 20 mm Hg leads to diminution of cerebral oxygen consump
tion. 
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III. Special Features in Old Age 

Cerebral blood flow differs, depending on age. Above the age of 50 years mean ce
rebral blood flow begins to decrease. In healthy aged, however, cerebral blood flow 
may be the same as in younger adults. The difference of mean values, therefore, 
seems to be due to a relatively high percentage of arteriosclerosis in the older people 
investigated. 

The same profile of the age curve is found for oxygen consumption and for glu
cose uptake of the brain. There is a nearly parallel course of all three variables. 

Differences of cerebral blood flow were found between healthy old people, per
sons with mild cerebral ("pseudoneurasthenic") disorders and old people with 
marked mental deterioration (GOTTSTEIN 1965). The decrease of oxygen consump
tion in old age is also explained with the frequency of arteriosclerotic vascular 
changes and with the decrease of brain weight following loss of nerve cells. 

B. Morphologic Findings in Stroke and Underlying Disorders 

I. Cerebral Infarction 

The morphologic substrata of the clinical event "stroke" (or apoplexy) are cerebral 
infarction (or encephalomalacy) and intracerebral hemorrhage. Infarcts can occur 
as the consequence of a vascular obturation or without obturation. In the latter 
case there may be a proximal stenosis and infarction can also be caused by hemo
dynamic insufficiency or failure of collateral circulation. Frequently more than one 
factor work together to cause acute localized ischemia. 

In transient ischemia causing reversible clinical disorders, morphological 
changes are not found, at least with conventional histological methods. 

Infarctions can be distinguished according to their topography (ZULCH 1971) 
into (a) infarcts in borderline areas of different regions of arterial supply, (b) in
farcts in the terminal area of arterial supply, and (c) infarcts in the center of an area 
supplied by the artery. Borderline infarctions are mainly situated at the convexity 
in a borderline zone of the middle and anterior cerebral artery (frontotemporal cor
tex) or between the middle and posterior cerebral arteries. Further areas frequently 
concerned are the occipital cortex and the cerebellum. In the genesis of these bor
derline infarcts mostly diffuse cerebrovascular or hemodynamic changes are in
volved. Infarcts of the terminal region often concern the middle and anterior cere
bral arteries, corresponding to the caudatum and the centrum semiovale. Infarcts 
within the area of arterial blood supply can have the character of total infarction 
(affecting the whole territory supplied) or they can include only parts, for instance, 
the central part of the territory. 

Sometimes very small (minimal) infarctions occur, for example, including the 
Broca area ofthe frontal lobe, causing selective expressive aphasia. Incomplete in
farctions of the regions supplied by the vertebral and basilar arteries and their 
branches may cause a number of different clinical syndromes as little differences 
of localization can change the symptomatology markedly. 

There are different stages of ischemic brain lesions (CERV6s-NAVARRO 1980). 
One type is described as elective necrosis of parenchyma or anoxic (ischemic) ne-
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crosis of ganglion cells and in association there may be glial reaction of varying ex
tent. In "total necrosis" there is not only anoxic lesion of the ganglion cells but also 
breakdown of glial metabolism and even of vascular and connective tissue. In total 
necrosis also, different phases can be distinguished. First there is necrosis charac
terized by the fact that nuclei will not be stained and the necrotic tissue becomes 
edematous and softened. In the second phase, which can last over weeks to months, 
one finds colliquation and resorption of necrotic material. The third phase is that 
of the formation of scars (or pseudocysts). In the case of multiple small cortical 
glial scars the cortical surface appears bumpy and this finding has led to the term 
"granular atrophy." Small foci of the myelon have a spongious character. Large in
farcts will be transformed into cysts in which ependyma remains preserved. 

Hemorrhagic infarcts exhibit a secondary diapedic bleeding and must not be 
mistaken for intracerebral hemorrhage or for hemorrhagic infarction in venous ce
rebral thrombosis. Hemorrhagic infarcts usually affect terminal parts ofthe region 
supplied by an artery and are mostly limited to the gray matter, whereas intracere
bral hemorrhage may transgress the area of supply of one single artery. As to the 
pathogenesis of hemorrhagic infarcts, secondary bleeding into the ischemic ne
crotic lesion may be caused by increase of hemodynamic blood pressure in the ve
nous compartment to such an extent that capillaries in the necrotic area become 
retrogradely filled with blood. Because of the capillary lesion, hemorrhage into the 
necrotic tissue will result. Experimental hemorrhagic infarcts were produced by 
embolization, additional venous compression, stasis, and recirculation after tem
porary arterial occlusion. 

II. Diffuse Ischemic Lesions 

In global ischemia, which in most cases is preceded by heart arrest and reanimation, 
different morphologic changes dependent on the duration of cerebral hypoxia are 
found. They can be generalized and usually predominantly affect the borderline 
zones of cerebral and cerebellar cortex, frequently also the hippocampal and tha
lamic areas. Patterns of ischemic encephalopathy are influenced by brain edema 
and effects of mass shifting and compression. Histologic changes range from elec
tive laminar necrosis to total necrosis of the cerebral cortex. Early changes are isch
emic cell alterations (tigrolysis, shrinking, vacuolization) and they are followed by 
cell necrosis, excrescence of microglia, and degeneration of myelin sheath in the 
deep medullary substance. A mechanism involved in causing irreversible damage 
is the so-called no-reflow-phenomenon, which results from compression of vascu
lar lumen. 

In cerebrovascular disease multifocal ischemic lesions with the histologic 
changes of infarction are more important than global affection. Small multiple 
microinfarcts with prevalence in the basal ganglia and pons constitute "status 
lacunaris. " The clinical symptoms correlated with these findings are disseminated 
neurologic disorders of a chronic and progressive kind. 

Another type of generalized cerebrovascular lesion is found as a sequela of se
vere long-lasting hypertension. Multiple and symmetric small perivascular lesions 
forming the morphologic pattern of" status cribrosus" and the diffuse degeneration 
of medullar substance and cysts characteristic of Binswanger's encephalopathy are 
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explained as complications of hypertension and arteriosclerosis. The term "hyper
tensive encephalopathy" is clinically and morphologically not clearly defined. 

III. Intracerebral Hypertensive Hemorrhage 

There are several possible causes of intracerebral hemorrhage. Most frequent and 
especially predominant in old age is hypertensive hemorrhage. Usually there is a 
history of severe hypertension and cerebral or general arteriosclerosis. About 
three-quarters of hypertensive bleedings are situated in the basal ganglia, especially 
the putamen. They originate from ruptures of the lenticulostriate arteries and can 
primarily affect lateral, intermediate, or medial parts of the basal ganglia and also 
the thalamus and internal capsule. Other sites of predilection are the pons, the 
thalamus, and rarely the cerebellar hemispheres. Hemorrhages of the basal ganglia 
often penetrate into the ventricular system. The sequelae of intracerebral he
matoma for the brain are determined by direct destructive lesions and compression 
of the hematoma as a space-occupying process. 

In the course of time following hemorrhagic apoplexy the blood will be cleared 
away and finally a cystic cave or a narrow gap with brownish or yellowish color 
will remain. This change of color may be the only feature permitting differentiation 
between the end stage of an infarct or that of a hemorrhage. 

Hypertension causes the alterations of the arterial wall (hyalinosis) as well as 
the actual rupture when it happens during an acute hypertensive crisis. Other 
causes of hemorrhage will be mentioned later in this article. They may concern 
other vascular diseases (next chapter) or pathologic disorders of blood vessel con
tent, for instance, hemorrhagic diathesis and anticoagulant treatment. 

IV. Diseases of Cerebral Blood Vessels Leading to Stroke 

1. Arteriosclerosis 

Arteriosclerosis is the most frequent disease underlying ischemic and hemorrhagic 
stroke. Although in the individual cases there are differences of incidence and se
verity of arteriosclerosis between the arteries of different regions, i.e., coronaries, 
peripheral arteries, and cerebral arteries, arteriosclerosis is fundamentally a general 
disease of the arterial vascular system. Nevertheless there may be cases of selective 
affection of cerebral vessels. Mostly, however, and especially in old age, arterio
sclerosis concerns cerebral as well as other arteries. Cerebral arteries usually be
come involved later than the coronaries and aorta. 

The general morphologic findings and epidemiologic data are valid for the 
vascular disease irrespective of the organs affected. Arteriosclerosis is localized 
predominantly at the intima of the arterial wall. The process is of a multifocal char
acter and has a predilection to certain parts of the arterial system. At the extracra
nial parts of the carotids the internal carotid is most frequently affected at the level 
of the carotid sinus near the bifurcation and at the syphon. The segment between 
the sinus and syphon is only rarely involved. At the vertebral artery there is pre
dilection of arteriosclerosis near the origin of the subclavian artery and here the 
plaques often have their origin. 
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At these extracranial places the process leads to ulcerations, stenosis, and fi
nally complete obturation. 

The basal cerebral arteries are usually affected later in the course of arterio
sclerosis and to a lesser extent than the internal carotid artery. Arteries with wide 
lumina are more strongly involved than those with narrow lumina. Typical sites 
of predilection are the initial part of the middle cerebral artery and regions with 
curves in the course of the anterior, middle, and posterior cerebral arteries. The ar
teries of cerebral convexity may show arteriosclerotic changes in cases with or 
without involvement of basal arteries. They are relatively rare in comparison to 
other localizations. Of the intracerebral arteries the small vessels supplying the 
basal ganglia are mainly involved. 

As to the pathogenetic mechanisms causing arteriosclerosis, the decisive initial 
mechanism is not yet known. There has been a lot of discussion about various the
ories. Mechanisms claimed to be a primary lesion are subintimal edema, deposition 
of lipids, fibroelastic plaques of the intima, and mechanic lesions like shearing. 

Theories concerning the etiology of arteriosclerosis include those of primary 
abnormalities of lipid metabolisms, inflammation, and hemodynamic-mechanical 
causation. Because of the multitude of etiologic and pathogenetic concepts and the 
lack of a single theory explaining all findings, a multifactorial constellation of 
pathogenesis is generally assumed. 

Risk factors of arteriosclerosis are advanced on the basis of epidemiologic stud
ies. Old age is highly correlated with the incidence of arteriosclerosis. This is true 
for all manifestations including cerebral arteriosclerosis. Nevertheless, even very 
aged persons in the 9 th decade need not be affected. 

Between 3 % and 11 % of autopsied patients of this age in a general hospital ex
hibited no cerebral arteriosclerosis (ULE and KOLKHANN 1972, survey). These find
ings and the occurrence of arteriosclerosis in younger persons indicate that age is 
not an essential condition for the development of arteriosclerosis. Hypertension 
undoubtedly promotes arteriosclerosis and this also seems to be true for obesity 
and diabetes mellitus. The role of genetic factors is uncertain. There are geographi
cal differences, the reasons of which are not clear. A possible role of nutritional 
influences is discussed. The significance of cigarette smoking is not entirely clear 
for cerebral arteriosclerosis in contrast to myocardial infarct and peripheral ar
teriosclerosis. This also refers to the problem of silent stress. 

2. Hypertensive Cerebrovascular Disease 

Apart from the role of hypertension in the genesis of arteriosclerosis there are 
vascular alterations of another type associated with long-lasting and severe hyper
tension. They concern mainly the arterioles and may be independent from arterio
sclerosis. Typical features are hypertrophy of the media, hyalinosis, miliary 
aneurysms, and hemorrhage. 

3. Congopbilic Angiopathy (Cerebrovascular Amyloidosis) 

This rare type of angiopathy previously described as "dysoric angiopathy" and 
"senile necrosis of vessel wall" occurs predominantly in old age. It is a disease of 
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the intracerebral and meningeal arterioles with a predilection in the occipital lobes. 
There is metachromatic mass deposition in the tunica media and it can be stained 
with Congo red. 

Senile plaques are constant findings. In congophilic angiopathy too, etiology 
is not yet certain. An unspecific toxic or inflammatory reaction was discussed to
gether with a local disorder of polysaccharide metabolism. Familiar occurrence.of 
clinical disorders combined with congophilic angiopathy was reported (GUD
MUNDSSON et al. 1972). Relatively frequent sequelae are intracerebral hemorrhages 
(ULRICH et al. 1973; TORACK 1975; JELLINGER 1977; SCHMITT et al. 1978). There is 
also often a brain atrophy of mild or moderate degree. 

4. Inflammatory Diseases of Brain Vessels 

Angiitis may represent primary vascular disease or a secondary affection in con
nection with meningoencephalitis. In the cases of primary angiitis etiology is fre
quently one of immunologic pathology. The position of cerebrovascular thromb
angitis obliterans is controversial. Two forms had been differentiated: one with ir
regular multifocallocalization and a second type with regular affection of distal 
parts of intracerebral arteries. The first type manifests itself with multiple infarcts 
and the second type with a diffuse granular cortical atrophy. 

Panarteriitis nodosa is a generalized angiitis and the incidence of cerebrovascu
lar affection is estimated to lie between 10%-80%. Distinct predilections at the 
brain arteries are not found. The intensity of proliferations at the intima and 
granulomatous alterations is variable. Sequelae at the brain parenchyma are isch
emic lesions, focal areas of demyelinization, infarctions, and hemorrhages (FLUGEL 
et al. 1980b). 

Together with lupus erythematodes, sc/erodermia, and dermatomyositis, periar
teriitis nodosa is classified as so-called collagen disease. 

Giant cell arteritis (Horton's arteritis) mostly manifests itself at the extracere
bra1 cranial arteries (not merely at the temporal artery), the ophthalmic artery and 
the aortic arch, but occasionally also at the intracranial arterial system. Giant cell 
arteritis is a disease of old age and is met most frequently in the 7 th and 8 th 
decades. It will only extremely seldomly represent the cause of stroke (HuGHES and 
BROWNELL 1966; BURGER et al. 1977; RUSSI et al. 1980; WEISS et al. 1980). Central 
hemorrhage may in occasional instances occur as a late complication of Wegener's 
granulomatosis. 

Young females are seized with Takayasu's disease, a special form of aortic arch 
syndrome with inflammatory etiology. There may be similarities to luetic aortitis. 
The disease has practically no significance for old age. 

5. Other Vascular Diseases 

Traumatic lesions of cerebral and extracerebral vessels may give rise to thrombotic 
obstruction and thus to the clinical picture of stroke. The trauma itself may be re
markably mild when there is preexisting arteriosclerosis. This is especially true for 
the extracranial internal carotid artery and neck trauma. The lesions involved are 
dissections of the intima and media, and intramural hematomas may result. The 
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problem of late hemorrhagic apoplexy after cranial trauma and the possible role 
of traumatic aneurysm is regarded as very controversial. 

Obliterative alterations of blood vessels and secondary lesions of brain tissue 
have been postulated to occur as sequelae of radiotherapy. 

A rare nonarteriosclerotic type of angiopathy is fibromuscular dysplasia (or hy
perplasia) with a yet unknown etiology. Morphologic and angiographic charac
teristics are pathognomonic. The internal carotid artery is often affected. Female 
patients of younger or middle adult age prevail. The disease can lead to stenosis 
or obturation of the affected artery with consecutive brain infarct. 

Similar consequences are observed in Ehlers-Danlos syndrome, a rare congeni
tal disease of connective tissue. 

6. Anomalies and Dysplasias of Cerebral Blood Vessels 

Anomalies (aplasia, hypoplasia, anomalies of origin, and others) of cranial arteries 
have generally no direct effect on cerebral function, but they may modify the con
sequences of additional vascular disease. Arterial dysplasias not infrequently cause 
intracerebral hemorrhage and also ischemic stroke. The most important forms of 
malformations are angiomas and aneurysms. Hemorrhages from angiomas are 
more likely to occur in angioma cavernosum than in angioma capillare ectaticum. 
Another type of angioma, namely, angioma capillare et venosum calcificans (Stur
ge-Weber syndrome) leads to atrophic changes, focal nutritional disorders, and fre
quently convulsions with consecutive lesions. The arteriovenous angiomas 
(angioma arteriovenosum aneurysmaticum) cause arteriovenous shunt (fistula) 
and malnutrition leading to atrophy. These angiomas can also rupture and bring 
about intracerebral hemorrhage. 

Aneurysms of the basal cerebral arteries are important sources of intracerebral 
hemorrhage, which are regularly combined with subarachnoid bleedings. Another 
complication is the occurrence of spasms of the intracerebral arteries, which can 
cause ischemic infarcts or diffuse ischemic lesions. It seems as though the incidence 
of ischemic infarcts is increased with anti fibrinolytic treatment, which itselflowers 
the risk of relapsing hemorrhage. Late complications of spasms after proliferative 
subarachnoid hemorrhages and necrotic lesions of the arteries have been observed. 

C. Clinical Manifestations of Stroke 

I. Symptoms of Stroke Affecting the Carotid System 

1. General Remarks 

The term stroke marks the apoplectic occurrence of a neurologic deficit caused by 
cerebrovascular disorder. Primarily, it describes a purely clinical event which can 
be brought about by different mechanisms including thrombosis, embolism, and 
hemorrhage. In many cases stroke is associated with unilateral palsy and therefore 
stroke and hemiplegia are sometimes spoken of synonymously, although this 
symptom is present only in a part of cases. Symptoms depend upon the region of 
the brain affected by the disorder of circulation. On the other hand the course of 
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time of manifest symptoms is closely related to the underlying pathogenetic mech
anisms. The symptoms described in the following chapters according to the af
fected artery can principally be reversible and transient, or permanently persisting. 

2. Internal Carotid Artery 

Of all cranial arteries the internal carotid artery most frequently shows arterio
sclerotic changes with stenosis or occlusion. Sites of predilection are the area of bi
furcation and less frequently the syphon. Other causes than arteriosclerosis play 
a subordinate role. 

Cases labeled "asymptomatic" are those in which stenosis or even occlusion is 
present without any corresponding neurologic symptoms. There is frequently a 
bruit to be heard in the area of carotid bifurcation when the neck region is auscul
tated. The special problems of asymtomatic cases concerning ways of prophylaxis 
will be discussed later. 

In manifest cases characteristic symptoms are: hemiparesis and/or sensory dis
orders on the contralateral side, pronounced at or even limited to the face and up
per extremity (brachiofacial hemiparesis) and when the dominant (mostly left) 
hemisphere is affected, aphasia (dysphasia) of a motor, sensory or mixed type. The 
symptoms are more or less identical to those of a lesion in the area supplied by the 
middle cerebral artery. Horner's syndrome or initial disorders of vision caused by 
ischemia in the area of the ophthalmic artery indicate that the obturation is situ
ated in the carotid artery. 

Further possible symptoms are epileptiform seizures, generalized, or Jackson
ian. Optical atrophy is rare. In the case of abnormal vascular topography, for in
stance, if both anterior arteries and one posterior cerebral artery originate from the 
internal carotid artery, then homonymous hemianopsia and psychopathologic dis
orders will be present. In completed stroke these symptoms may persist but they 
can also be transient and last only a very short time. The fact that occlusion of in
ternal carotid artery may remain without clinical symptoms in asymptomatic cases 
is explained by the collateral circulation via the communicating anterior artery and 
the vertebrobasilar system and also via the external carotid artery, i.e., the collat
erals of ophthalmic artery. 

3. Common Carotid Artery 

When a stenosis or occlusion is located in the common carotid artery, a rare event, 
no carotid pulse will be felt on the affected side. Asymptomatic unilateral occlusion 
is not infrequent. In this case there is collateral supply with retrograde circulation 
of the external carotid artery, leading blood from the vertebral artery via occipital 
arterial anostomosis and from the external carotid artery of the opposite side and 
other sources. Even asymptomatic bilateral occlusion of the common carotid ar
teries may occur in rare instances. 

In cases of brain infarction resulting from common carotid artery occlusion, 
marked edema covering the whole hemisphere may be seen in computerized 
tomography, corresponding to severe neurologic deficit on the contralateral side. 
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4. Aortic Arch 

Obliterating disease of the aortic arch and the large vessels originating there is 
mainly of arteritic origin and as it affects younger adults more frequently than old 
people it is of minor interest to gerontologists. In Japan Takayasu syndrome or 
pulseless disease was first observed. The aortic arch syndrome has, in respect to the 
low blod pressure in craniocervical vessels, been attributed as a kind of reverse to 
stenosis of isthmus aortae. Occlusion of common carotid artery (uni- or bilateral) 
and subclavian steal syndrome are parts of the manifestations of aortic arch syn
drome together with ophthalmic symptoms and ischemic signs of the face and up
per extremities. 

5. Anterior Cerebral Artery 

Obliterations of the anterior cerebral artery are seen only less than 10% as fre
quently as those of the middle cerebral artery. If the communicating anterior artery 
leading blood from the opposite side is involved, a paresis of the contralateral 
lower extremity results. Primitive motor phenomena like grasping and oral auto
matisms can also be present, as well as apraxia of ideomotor type. Infarcts in both 
frontal lobes in the case of bilateral occlusion are followed by marked psychopa
thologic disturbances mainly affecting drive and producing a stuporous and 
akinetic syndrome. They may be associated with spastic paraparesis of both legs. 

If the artery is occluded before the communicating anterior artery leaves, a syn
drome results which cannot be definitely differentiated from internal carotid or me
dial cerebral artery occlusion on clinical grounds. One finds brachiofacial hemipar
esis as the ischemia affects the anterior part of the internal capsule. 

6. Middle Cerebral Artery 

Of all intracranial arteries, the middle cerebral artery is most often involved. This 
is true for thrombotic disorders as well as for embolism. Symptoms depend on the 
location of the obstruction. Proximal thromboses have more severe consequences 
than occlusion of distal artery branches. They cause ischemia of the dorsal part of 
the internal capsule and of the basal ganglia. Occlusion of single distal branches 
can at best occur without persistent deficit. In lesions of the dominant hemisphere, 
complete aphasia will be combined with hemiplegia and disorders of epicritic sen
sory perception. Ischemia in the area of anterior parietal artery causes a disorder 
of postural sensitivity and stereoagnosia in the contralateral hand. Dorsal parietal 
lesion is associated with hemianopsia, akalkulia, finger agnosia, disturbances of 
body image, and a sensory aphasia if the dominant hemisphere is damaged and 
anosognosia if the lesion is of the nondominant hemisphere. A mild hemiparesis 
sometimes only affecting the face and dysarthria is found in ischemia of anterior 
branches. 

7. Anterior Choroid Artery 

This artery arises from the internal carotid artery near the posterior communicat
ing artery and supplies parts of the temporal lobe, the occipital part of the internal 
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capsule, tractus opticus, and lateral geniculate body. Isolated occlusion is very rare 
and may be asymptomatic but hemiplegia, hemihypalgesia, and homonymous 
hemianopsia to the opposite side are reported. 

8. Posterior Communicating Artery and Posterior Cerebral Artery 

The posterior communicating artery forms an anastomosing artery between the 
carotid and vertebrobasilar part of the circulus arteriosus. The posterior cerebral 
artery itself may originate in the internal carotid artery (between 5% and 30%) but 
usually this is the terminal artery of the basilar artery. Posterior comunicating and 
posterior cerebral arteries belong embryologically to the carotid system but in re
spect to hemodynamics must be regarded as a part of the basilar system. Therefore, 
clinical symptoms are described in the next section. 

II. Symptoms of Strokes Affecting the Vertebrobasilar System 

Occlusion and stenoses in the vertebral artery and basilar artery and ischemia in 
brain areas supplied by these arteries and their branches cause a variety of clinical 
syndromes depending on the place and size of the ischemic lesion. 

The classic brain stem syndromes of mesencephalon, pons, and medulla ob
longata are observed only in a part of cases and in others there are variations. Most 
of the classic syndromes are characterized by a combination of ipsilateral cranial 
nerve disorders and contralateral hemiparesis or sensory deficit. Relatively often 
Wallenberg's syndrome can be seen. 

The syndromes of transitory ischemic attacks (TIAs) in the vertebrobasilar sys
tem usually are even more variable and ambiguous. Vertigo, dizziness, blurred vi
sion, and diplopia can be caused by different disorders apart from those of cerebro
vascular origin. Also the so-called drop attacks, a relapsing sudden loss of muscle 
control and muscle tone in the legs with falling down and only lasting for a few 
seconds, are not pathognomonic. On the other hand, this symptom is a very impor
tant sign ofvertebrobasilar ischemia and apparently it is also often misinterpreted. 

When occurring only transiently, cranial nerve disorders - evoked by transitory 
ischemia of brain stem structures - are difficult to recognize on the strength of 
anamnestic data when the attack has passed by. 

Persistent syndromes of disorder may follow the classic brain stem syndromes 
as mentioned before or show some aberrations. A relatively frequent type is Wal
lenberg's syndrome or the syndrome of posterior inferior cerebellar artery, supply
ing the dorsolateral part of medulla oblongata. The syndrome cannot only occur 
on the base of an occlusion of the posterior inferior cerebellar artery (which is an 
end artery) but often in more proximally situated occlusion or stenosis of a verte
bral artery. 

A very severe pattern of disorders is seen in total basilar artery occlusion lead
ing to an infarction of the ventral pons and clinically characterized by "locked-in" 
syndrome with tetraplegia and cranial nerve palsies leading to de-efferentiation in 
spite of unclouded consciousness. The locked-in syndrome can be incomplete with 
some motor functions preserved. 
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Ischemia in a region of posterior cerebral artery is seen in cerebral arterio
clerosis of these vessels or basilar artery but also in embolism. Areas of supply are 
the visual cortex and visual tract, parts of the thalamus, and rostral brain stem. The 
most prominent symptom is disorder of visual field in the form of homonymous 
hemianopsia or quadrantanopsia. 

Because of the topographic situation both posterior cerebral arteries are often 
involved, leading to cortical (bilateral) blindness, which can be combined with 
anosognosia in respect to the visual deficit (Anton's syndrome). In these cases 
amaurosis is present in spite of normal light reaction of the pupils. In unilateral 
infarction of the posterior cerebral artery, one finds besides hemianopsia a contra
lateral hypalgesia and loss of proprioception and transient and mild hemiparesis. 
As a late sequela spontaneous pains and hyperpathia of the contralateral ex
tremities may be observed. 

There is some evidence to assume that the syndrome of transient global amnesia 
(TGA) is caused by acute transitory ischemia in portions of the medial temporal 
lobe supplied by arterial branches from the vertebrobasilar system. Older persons 
are affected frequently and in many cases signs of cerebrovascular disease are evi
dent (FRANK 1981, survey). We observed the onset of an attack of TGA in 
one patient immediately after selective catheter arteriography of a vertebral artery. 
The opposite artery had been hypoplastic in this case. It has been discussed that 
in cases of TGA the affected brain areas concerned with short-term memory are 
supplied by arteries originating from only one communicating posterior cerebral 
artery (GANNER 1974). 

TGA is characterized by a failure of recent memory with apoplectic onset, last
ing for some hours and followed by amnesia for the time of the attack. It is, how
ever, not proven that TGA really is a cerebrovascular local symptom. A combina
tion with other vertebrobasilar symptoms is not usual and remittent occurrence 
seems to be exceptional. 

III. Symptoms in Diffuse Cerebrovascular Disorders 

In bilateral, multifocal, and diffusely localized cerebrovascular disorders, psycho
pathologic symptoms used to be predominant features. The symptoms are gener
ally included in the term organic brain syndrome. The psychopathologic phenom
ena themselves are unspecific with regard to the etiology of brain dysfunction, i.e., 
whether ischemic, neoplastic, degenerative, or otherwise. However, the course of 
disease, its acuity, and dynamics would influence symptomatology. Still more im
portant is the degree of severity of impairment and this corresponds with the sever
ity of underlying cerebral dysfunction. Another important question to determine 
is whether the disorders are reversible or whether they are persisting deficits caused 
by irreversible loss of brain tissue. 

Organic brain syndrome has been classified into syndromes with global cogni
tive impairment (delirium, subacute amnestic-confusional state, dementia), syn
dromes with selective psychological deficit (amnestic syndrome and others), and 
"symptomatic functional syndromes" showing similarity to endogenous psy
choses. 
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In subacute or chronic cerebral diseases, like most instances of diffuse cerebro
vascular disorders, psychological deficits appear as alterations of personality. 

Multifocal neurologic symptoms, including the extrapyramidal system, can be 
combined with psychopathologic disturbances. These combinations of symptoms 
can be present both in degenerative cerebral atrophy and in cerebrovascular dis
ease. In the differential diagnosis of multifocal and diffuse cerebrovascular disor
ders, Jakob-Creutzfeldt's disease (spongiform encephalopathy), a slow virus infec
tion of the brain, must also be considered. 

Fluctuations of severity and intercurrent appearance of acute symptoms can in
dicate ischemic etiology of organic brain syndrome (multiinfarct dementia) and 
help to differentiate it from progressive degenerative brain atrophy. 

There is increasing evidence that in the dementias of middle and late life cere
bral vascular disease is not the major cause but that these processes in most cases 
must be ascribed to Alzheimer's disease, which itself is not etiopathogenetically 
linked with cerebrovascular disorders. In only about 8% of dementias does ar
teriosclerosis seem to be responsible (WELLS 1978). 

D. Clinical Stages of Stroke 

Four stages of stroke are distinguished on the grounds of clinical conditions. 
Stage I means the stenoses or occlusions of a cerebral or extracranial artery 

without neurologic symptoms and signs (asymptomatic stage). Stage II is that of 
transient ischemic attacks (TIAs). With stage III a condition is described in which 
neurologic deficits develop acutely but stepwise. This stage is also called stroke in 
evolution or progressive stroke. In stage IV, completed stroke, neurologic symp
toms are manifest and have occurred in an apoplectic manner. In the further course 
there can be protracted recovery or the deficit may fully persist. 

I. Asymptomatic Stenosis or Occlusion (Stage I, "Asymptomatic Bruit") 

This stage of arteriosclerotic disease has gained practical interest as to the question 
of surgical preventive procedures. Stenosis or occlusion of one or both extracranial 
carotid arteries can in the asymptomatic stage be discovered by chance or after 
carefully directed diagnosis. Most frequently asymptomatic stenosis is diagnosed 
on the grounds of a carotid bruit searched for because of known peripheral or cor
onary arteriosclerotic disease. 

The typical bruit caused by carotid stenosis is localized in the middle of the 
carotid artery and diminished toward the thoracic outlet. The bruit is most evident 
in stenosis of 50% and more but may disappear when stenosis is more than 85%. 
In about 80% of cases audible bruit is correlated with a stenosis of internal carotid 
artery. However, only about 60% of all stenoses are combined with a bruit. In the 
differential diagnosis one must consider bruits that are propagated, stenosis of ex
ternal carotid artery, incipient murmurs, kinking, and other possible causes. Dopp
ler sonography is a useful tool in the diagnosis of asymptomatic stenosis of higher 
degree and occlusion. 
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The diagnosis of an asymptomatic stenosis raises the question which conse
quences will have to be drawn (FIELDS 1978). The procedures are of an entirely pro
phylactic character as there is actually no need for therapy. The justification to pro
phylaxis results from the fact that asymptomatic stenosis may at any time become 
symptomatic. Transient ischemic attacks can follow the asymptomatic stage but 
completed stroke can also develop acutely without preceding attacks. The acute 
manifestation can be caused by thrombotic occlusion of the previously stenotic ar
tery. On the other hand, even asymptomatic occlusion can suddenly become symp
tomatic because of acute failure of collateral circulation or other conditions. 

Considerations about prophylaxis can be of immediate interest in different 
situations. A bruit can, for instance, be recognized in a patient who exhibits symp
toms that indicated a lesion of the opposite side and in whom bilateral carotid al
terations are found, one being asymptomatic. Another situation would be a patient 
who is about to be operated on for thoracic, peripheral, or renal arteriosclerotic 
disease and in whom uni- or bilateral stenosis (bruit) is found by directed investi
gation. Finally, diagnosis can be made on the grounds of routine examination in 
clinically healthy persons, diabetic or hypertonic patients, or others. 

Under the assumption that these vascular alterations are prestroke lesions, 
ideas about possible prevention have been propagated. The indication for surgery 
in these cases is a relative one. Patients who have risk factors as to the operation 
itself will generally be excluded. If such risk factors are not present, the surgical 
treatment of asymptomatic carotid stenosis in patients about to undergo major ar
terial reconstructive operations on other organs is able to reduce the frequency of 
intra- or postoperative stroke. 

In the group of healthy persons with asymptomatic stenosis diagnosed by 
chance, the risk of complications of operation and preoperative angiography must 
be set off against the probability of spontaneous stroke. In most cases nonsurgical 
methods of prophylaxis, i.e., antiplatelet adherent agents, but not anticoagulants, 
will be preferred. 

Until now no randomized prospective study of surgically and nonsurgically 
matched groups has been completed and most investigators agree that such a study 
is urgently needed to decide the proper way of proceeding. 

II. Transient Ischemic Attacks (Stage II) 

Transient ischemic attack (TIA) is regarded to be the most important warning 
symptom of impeding stroke. TIA is defined as temporary focal cerebral dysfunc
tion which lasts for only short time between a few minutes and maximally 24 hand 
which is fully reversible without any resting disorders. The attack is always of 
vascular origin. The focal dysfunction can concern the carotid or vertebrobasilar 
system. The number of attacks and the frequency of their occurrence is very vari
able. The more frequent they are, the more probable is the transition into com
pleted stroke. Altogether, roughly a third of the patients with TIAs will suffer from 
stroke within I year's time. 

TIAs in the carotid system are most frequently associated with stenosis of the 
internal carotid artery at the bifurcation; less common are lesions at the syphon. 
As extracranial carotid stenosis is suitable for vascular surgery and because of the 
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high risk of completed stroke in untreated TIAs, this stage is of utmost importance 
in respect to diagnostic and therapeutic or prophylactic procedures. 

The pathogenetic mechanisms underlying TIA in the carotid system is either 
transitory hemodynamic insufficiency, or platelet-fibrin emboli or atheromatous 
(cholesterol) emboli arising from arteriosclerotic ulcerated plaques in the carotid 
artery. In these cases the degree of stenosis is not of major significance. 

The diagnosis of TIA is based on clinical symptoms, whereas the recognition 
of the causative lesion requires special investigation. In most cases clinical signs are 
no longer present when the patients come to medical examination. The decision on 
whether TIA or other transient disorders has occurred must rely on the patient's 
statements. Essential criteria that must be established are the type of transient 
neurologic deficits, details of their incidence and cessation, their duration and pos
sible concomitant phenomena (e.g., unilateral headache in migraine accompag
nee), relapsing occurrence with identical symptoms, and others. The diagnosis is 
less difficult to make when clinical signs are still present when the physician sees 
the patient. If investigation can be done during an attack of amaurosis fugax, it 
may be possible to observe cholesterol or platelet-fibrin emboli directly in the ret
inal arterioles. 

The common symptoms of carotid and vertebrobasilar attacks are specified in 
Sect. C. In summary, they are for the carotid artery and branches: amaurosis fugax, 
i.e., monocular blindness or monocular blurring of previously normal vision, 
aphasia, contralateral paresis of the arm or leg or both, contralateral sensory dis
turbances (numbness), and unilateral facial weakness. Symptoms of vertebro
basilar attacks are vertigo, bilateral visual blurring, diplopia, ataxia, drop spells, 
and rarely bilateral weakness or numbness in the face and extremities. 

Differential diagnosis of TIAs in the carotid system include: acute and brief 
confusional states, focal epileptic seizures, migrainous attacks, and syncopal 
episodes. These disorders can in many cases be ruled out on the grounds of anam
nestic and purely clinical data. 

In the differential diagnosis ofvertebrobasilar attacks distinction is more diffi
cult as the symptoms are less characteristic. Recurrent attacks of vertigo are also 
found in Meniere's syndrome, but this is more frequent in younger persons than 
in the aged. Moreover, "dizziness" is a very ambiguous complaint and must be dif
ferentiated from true vertigo. Diplopia can occur in many different disorders rang
ing from cerebral pathology to myasthenia gravis. Episodic ataxia must be distin
guished from toxic states caused by alcohol or drug intake. Similar difficulties are 
to be encountered in the interpretation of drop attacks. 

Transient ischemic attacks are defined on the basis of clinical phenomena, 
which include short duration and complete recovery. Studies of computerized 
tomography (CT) in patients with TIA have, however, frequently shown signs of 
persisting parenchymatous lesions without corresponding neurologic deficit. Even 
in asymptomatic patients CT sometimes reveals small areas of hypo density indicat
ing previous ischemic lesions. These experiences show that the clinical regression 
is not identical with morphologic integrity. 

TIA is not a disease entity. The definition and classification as stage II of stroke 
is arbitrary in still another respect. Ischemia can be transient and fully reversible 
but can take a longer time than 24 h. Therefore, regardless of its duration reversible 



408 K.A. FLUGEL 

neurologic deficit can be distinguished from completed stroke with only partial or 
no recovery at all. However, for the time being TIAs are still defined, as it were, 
with the limitation of 24 h and strokes with recovery taking more than this limit 
are classified as prolonged reversible ischemic neurologic deficit (PRIND) or as 
prolonged TIAs but properly ascribed to stage II. 

Outside the attacks signs of neurologic deficit are not to be found but there may 
be a carotid bruit depending on the degree of stenosis. However, the absence of a 
bruit does not rule out stenosis and, on the other hand, bruits may have an origin 
different from carotid stenosis. 

Transient vertebrobasilar attacks are of a minor practical importance com
pared with those of the carotid system. Both a reduction of blood flow and em
bolism can also obviously occur in the posterior circulation. The significance oflo
calized obliteration is not comparable with that of the carotids, for usually the ar
teriosclerotic plaquing is more diffuse. Also in stenosis of the subclavian artery and 
the subclavian vertebral junction, vascular surgery is in most cases not as efficient 
as in carotid stenosis. If TIAs of the vertebrobasilar system are diagnosed, the 
treatment of choice will generally be the use of antiplatelet drugs. 

ITI. Stroke in Evolution (Stage ITI) 

This stage is really a special variant of completed stroke with regard to its develop
ment. Neurologic deficit does not manifest itself at once in full strength but it de
velops with a stepwise progression over a period of hours or a few days. The pro
gression may be more or less continuous or going on with attacks frequently fol
lowing one another and producing an increasing deficit. The pathogenetic mecha
nism seems in most cases to be the propagation of a thrombus in the carotid or 
basilar arteries. Accordingly, the clinical symptoms advance under the physician's 
eyes without being influenced by the therapy usually performed in acute stroke. 
Therefore, some clinicians propagate an active strategy using anticoagulant or 
even fibrinolytic therapy at the start of progressive stroke. These procedures 
require an immediate diagnosis. Differential diagnosis must consider lesions with 
very rapid space occupation including intracranial hemorrhages and cerebral ve
nous thrombosis. 

IV. Completed Stroke (Stage IV) 

Stage IV of stroke or completed stroke means cerebral infarction. Clinical symp
toms develop rapidly over minutes and there may be some further progression in 
the first hours. Apoplexies with succeeding complete recovery but taking longer 
time than classical TIAs are regarded as a special kind of reversible ischemia dis
tinct from completed stroke with permanent deficit. However, if the recovery takes 
a long time (for instance, some weeks) the stroke will generally be regarded as 
stage IV or completed stroke. 

The typical symptoms of completed stroke depend on the affected areas of 
brain and have been described earlier. 

In most cases of completed stroke with sudden onset, neither etiology nor prog
nosis can be recognized with security. Computerized tomography (CT) has shown 



Stroke 409 

that previous views on differentiation between ischemia and hemorrhage on the ba
sis of clinical symptoms cannot be relied on, especially in the case of smaller hem
orrhages and extensive infarction. Emboli of cardiac origin have some typical 
features which, however, are not sufficiently specific to prove embolic etiology. The 
features are: sudden onset of focal deficit up to a maximum in a few minutes, focal 
or generalized seizures, some degree of hemorrhage (erythrocytes) in the CBF, 
hemorrhagic infarction (CT), frequently multiple lesions, and preference of the left 
hemisphere. 

In the case of nonembolic thrombotic vascular occlusion different vascular dis
eases or lesions must be considered concerning etiology, but in old people arterio
sclerosis is most common. 

The treatment must depend upon the question whether stroke is caused by in
farction or hemorrhage and in the case of infarction whether it is of thrombotic 
or embolic origin. 

As far as the prognosis is concerned, this can also not be definitely decided in 
the initial stage. Even in the case of maximal hemiplegia, recovery cannot be 
predicted or ruled out, even if there is no tendency to be seen during the first days. 

A maximum of neurologic deficit is found mostly within the first 48-72 h. Pro
gressive deterioration with fatal outcome may occur on the basis of an extensive 
brain edema. Start of recovery is usually observed within 2-4 weeks from the onset 
and in most cases recovery is achieved after 12 weeks. 

Further improvement cannot be expected when 6 or 9 months have passed 
since the apoplexy. 

E. Pathogenetic Mechanisms of Stroke 

I. Vascular Stenosis and Thrombotic Occlusions 

1. Basic Diseases 

Arteriosclerosis is by far the most important vascular disease leading to stroke, 
especially in old age. As stated in Sect. B.IV.l arteriosclerotic plaquing shows cer
tain places of predilection in the carotid system whereas it is more diffusely spread 
in the vertebrobasilar system. Poststenotic ischemia occurs acutely if the mech
anisms which help in compensating the increased vascular resistance fail to work. 
Moreover, stenosis can suddenly reach such a degree that poststenotic circulation 
becomes insufficient. These mechanisms can manifest themselves under the clinical 
syndrome of transient attack, progressive stroke, or acute completed stroke. 
Thrombotic obstruction will lead to progressive stroke or a completed stroke with 
apoplectic onset. 

Nonarteriosclerotic vascular diseases occurring in old age and possibly causing 
neurologic deficit are congophilic angiopathy (cerebral amyloidosis) and related 
angiopathies, described as dysoric or senile angiopathy. Congophilic angiopathy 
is often combined with hypertension and intracerebral hemorrhage. 

Inflammatory angiopathies may form the cause of thrombotic or hemorrhagic 
complications also in old age, although they are more frequent in younger patients. 
Vasculitis belonging to the group of collagen diseases are periarteritis nodosa and 
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generalized lupus erythematodes. Extremely rare are cerebral dysfunctions in cra
nial giant cell arteriitis, which is found nearly exclusively in old age. Affected are 
in most cases extracranial arteries, mainly the superficial temporal artery, occipital 
arteries, and ophthalmic artery. In exceptional cases, however, also cerebral ar
teries can be involved. 

2. Additional Factors 

In addition to the increase of vascular resistance caused by arteriosclerotic obliter
ation, some other factors take part in the development of stroke. Acute hypotonia 
can be involved and this can happen spontaneously or can be induced by antihy
pertensive treatment. Acute cardiac arrhythmia may not only bring about em
bolism but also may be an additional factor in producing poststenotic ischemia. 
Although the medical lowering of blood sugar is an important and useful measure 
for improving one risk factor of cerebrovascular disease, the induced hypoglycemia 
can provoke symptoms of stroke, for instance, when oral antidiabetics or insulin 
is given in an overdosage and in the case of preexisting vascular disease. These ac
cidents are more likely to happen in older patients. 

Apart from the insufficiency of cerebral blood flow in poststenotic and post
thrombotic brain areas, another mechanism of acute neurologic dysfunction is to 
be considered, namely, microembolisms of fibrin platelets or cholesterol particles 
from ulcerating plaques in an artery, especially the internal carotid artery. Whether 
this pathogenetic mechanism of stroke is perhaps overestimated is under dis
cussion. 

Another way that ischemia or infarction can develop is by steal-syndromes. 
Vascular occlusion leads to a reverse direction of blood flow in order to compen
sate for the obstructive lesion and this is realized at the expense of another brain 
area. Steal phenomena can also be produced by incorrect treatment of acute cere
brovascular disorders. 

Spasms play no role in the genesis of spontaneous stroke but they are a com
mon feature in direct lesions of vessels and in subarachnoid hemorrhage. In the lat
ter, factors originating from the blood in the subarachnoid space are made respon
sible for vasoconstriction. These spasms can be very marked and spread and they 
not infrequently cause infarction in one or more brain regions. Although subarach
noid hemorrhage is more frequently found in middle-aged persons it can also occur 
in old age. 

Traumatic lesions of arteries occasionally lead to thrombotic stroke. Younger 
persons are affected in connection with head or neck trauma, which can appear rel
atively harmless and a similar situation can also arise in older persons. Cervical 
manipulation has repeatedly been the cause of vertebrobasilar stroke and in some 
cases older patients were involved. Arteriosclerosis may be a predisposing factor 
in such cases. 

II. Embolism 

It is important to differentiate between the situations brought about by stenosis or 
thrombosis and by embolism of cardiac origin. The diagnosis of cardiac emboliz-
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ation is based either on the proof of cardiac disorder associated with stroke or on 
certain characteristics of the history and findings. In old people cerebrovascular ar
teriosclerosis much more frequently causes stroke than embolism, whereas in 
younger people the relationship is different. 

Therefore, embolism of cardiac origin is more a problem of stroke in early and 
middle life, but, of course, it can also occur in older age. 

Cerebral emboli can be caused by rheumatic heart disease with mitral or aortic 
valvular disease with and without atrial fibrillation. Heart disease is often indicated 
by murmur. 

Prostetic aortal and mitral valves may be the source of embolization of platelet
fibrin clots. Following myocardial infarction cerebral embolism can occur arising 
from a thrombus due to ischemic lesion of endocardium and subsequent nidation 
of thrombosis. There can be an interval of some months between myocardial in
farction and cerebral embolism. Other possible sources of cerebral embolism with 
cardiac origin are congenital vitium cordis, myopathies of the heart muscle, pro
lapse of the mitral valve and atrial myxoma - both occurring more frequently in 
younger than in old people - congestive heart failure, and marantic, non bacterial 
endocarditis, which may be associated with malignant neoplasma. 

Apart from the signs of cardiac disease other criteria indicating cerebral em
bolism are the finding of multiple embolic infarctions, especially if there is dissemi
nated location, and the finding of a hemorrhagic infarction. In respect to clinical 
symptomatology focal or generalized epileptiform seizures are more frequent with 
embolic than with other causes of cerebral infarction. Neurologic deficit usually 
occurs suddenly and becomes maximal in the course of minutes. Unless there is 
generalized seizure activity, consciousness remains unclouded. 

Infected emboli arise from acute or subacute bacterial endocarditis, which de
velops on the base of a lesion of heart valves, prosthetic valves, and congenital car
diac defects. In addition to a neurologic deficit one can find symptoms resembling 
meningitis, such as nuchal rigidity, psychopathologic disorders (acute brain syn
drome), and general symptoms of infection. Embolization in other organs mayor 
may not be recognizable from clinical symptoms. 

Important clinical signs of cardiac origin are arrhythmia and episodes of atrial 
fibrillation, anamnestic data of myocardial infarction, and abnormal heart sounds. 
Intermittent arrhythmia is diagnosed with long-term continuous electrocardio
graphic monitoring. Intracardiac thrombus, tumor, and valve disease can be rec
ognized with echocardiography. 

The main ways of preventing embolism are anticoagulant therapy and surgical 
elimination of the source of embolization. For both alternatives, old age means a 
limitation as the risk of bleeding complications in anticoagulation and the risk of 
intra- and postoperative complications increase with age. 

III. Hemorrhages 

Spontaneous intracerebral hemorrhage is a frequent complication of arteriosclero
sis and severe hypertension, sometimes occurring in connection with hypertensive 
crisis. Hypertensive hemorrhage is caused by the rupture of a cerebral arterial 
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vessel. Neurologic deficit and destruction of brain tissue is not limited to the area 
of one definite artery. Clinical symptoms are dependent on the localization and size 
of the hematoma. Large bleedings cause the destruction of great parts of a brain 
hemisphere and mass shifting. In these situations consciousness will be grossly de
teriorated. Small hemorrhages, on the other hand, can be associated with pure 
neurologic deficit and cannot be differentiated from ischemic stroke on the 
grounds of clinical signs alone. Diagnosis is settled by CT. Sites of predilection are 
mentioned in Sect. B.Ill. Apart from the site and size of the hemorrhage and sur
rounding edema, symptoms and prognosis also depend on age, the state of general 
brain function, and additional disorders. 

Hemorrhages in the posterior fossa and intraventricular bleedings are liable to 
cause obstruction of CSF flow, resulting in hydrocephalus and raised intracranial 
pressure and demanding surgical CSF drainage. 

Other vascular diseases causing cerebral hemorrhage are various types of angii
tis and amyloid (congophilic) angiopathy. A possible cause of intracerebral hem
orrhage of great practical importance is anticoagulant treatment. Together with 
subdural hematoma and sub- and epidural spinal hematomas, intracerebral hem
orrhage is one of the most frequent and most serious complications of the long
lasting treatment with coumadin. Arteriosclerosis, hypertension, and old age pro
mote this complication. Apparently it is not dependent on the reason of anticoa
gulation. Other therapy apart from coumadin influencing hemostasis may occa
sionally cause intracerebral hemorrhage, as for instance, fibrinolytic substances. 
Moreover, there may be underlying hemorrhagic diathesis on the ground of he
matologic disease or severe hepatic dysfunction. 

A very important cause of spontaneous hemorrhage is the rupture of a cerebral 
aneurysma or angioma. Bleedings of aneurysmatic origin mostly concern the sub
arachnoid space, causing the typical symptoms, but in about a third of all cases a 
subarachnoid hemorrhage is associated with an intracerebral hematoma. Rupture 
of aneurysma is not uncommon in old aged persons. Intracerebral hemorrhage is 
to be distinguished from a hemorrhagic infarction, and this differentiation is gen
erally possible with the aid of CT. 

IV. Rheologic Causes 

Alterations of blood condition with increased viscosity can be the cause of throm
botic ischemia either as an additional factor to arterial wall disease or as an isolated 
disorder. 

The best-known disorder of this kind is polycythemia which both in its primary 
and secondary variant can cause cerebrovascular disease (MILLIKAN et al. 1960). 
Increase of blood viscosity begins with a hematocrit of more than 55%. Abnormal 
platelet function can be a further pathogenetic factor in polycythemia vera and in 
secondary polycythemia there may be hypoxemia in addition. 

States of hyper coagulability and hyperviscosity are brought about by various 
disorders and different types of coagulopathy. There can be increased rate of coa
gulation, diminution of factors that inhibit coagulation, increase of activities inhib
iting fibrinolysis, or decrease of fibrinolytic activity. Disorders of coagulation have 
been reported in patients with arterial vascular diseases and with cardiac and ce-
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rebral infarction. Special interest is attributed to the problem of platelet aggrega
tion on the vessel wall. 

An increase of thrombotic brain infarctions has been reported as a complica
tion of antifibrinolytic therapy in subarachnoid hemorrhage. 

In hemoglobinopathies like sickle cell anemia and in some other disorders of 
blood proteins and cells, stroke may occur as a consequence of thrombosis. 

F. Diagnostic Technical Procedures 

I. Cerebral Angiography 

Cerebral angiography, nowadays generally performed with catheter technique, is 
the only method of directly demonstrating extra- and intracranial blood vessels. 
Stenoses and occlusions, irregularities of vascular caliber, and spasms and malfor
mations like aneurysma and angioma are therefore diagnosed angiographically. 
Moreover, serial angiography provides information on collateral circulation, 
velocity of blood flow, and modes of venous drainage. 

The changes in the nervous parenchyma, i.e., outside the vessel itself, is not di
rectly shown in the angiogram and can be best indicated by shifting and other in
direct signs. The parenchymatous alterations can be displayed by CT and brain 
scanning. 

Angiography can thus give certain information and the possibilities and limi
tations of this method must be known when it is indicated. One must take into ac
count that cerebral angiography is not without risks and that complications con
sisting of seizures, neurologic deficit, or general symptoms of allergic reaction oc
cur in between 0.7% and 2%, even fatal outcome in a small proportion of cases 
(SCHIEFER 1972b, survey). Therefore, the risks and benefits of angiographic diag
noses must be carefully considered. The question of possible therapeutic conse
quences is decisive, and here age must again be taken into account as a factor that 
restricts the indications for surgical treatment. 

Complications due to puncture and injection can be largely reduced by catheter 
technique and selective angiography. Old age favors the incidence of permanent 
complications (PATTERSON et al. 1964), whereas the overall frequency is not depen
dent on age. However, cardiovascular diseases are a strongly predisposing factor 
and these disorders occur predominantly in older patients. 

ll. Measurements of Cerebral Blood Flow 

Quantitative and regional cerebral blood flow (CBF) is measured on the basis of 
determining the clearance of radioactive substances. For practical diagnostic pur
poses 133Xenon has proven to be a suitable substance. 

The traditional method of Kety and Schmidt can only give a mean value ofthe 
global cerebral blood flow, whereas local differences are not indicated. 

The intracarotid injection method (INGVAR et al. 1965) has the disadvantage of 
being an invasive procedure. In this respect progress was achieved with the estab-
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lishment of the 133Xenon inhalation method of determining regional cerebral 
blood flow (OBRIST et al. 1975; MEYER et al. 1978). Investigations with this tech
nique have shown that in normal individuals with advancing age, blood flow in the 
gray matter declines progressively. A differentiation of CBF into gray and white 
matter and of extracranial structures is possible using a 2 or 3 compartmented 
analysis proposed by OBRIST et al. Values were found to agree well with those of 
the intracarotid injection technique. 

Following cerebral infarction, flow values are reduced but in ischemia with re
covery, increased flow in circumscribed areas indicates relative hyperemia (luxury 
perfusion). In the acute phase of infarction there may be regional reduction of 
blood flow not only in the area of infarction but also in other regions such as the 
corresponding area of the opposite hemisphere. Severe reduction of mean blood 
flow (below 23 ml/l00 g/min) in the area of ischemia following stroke generally in
dicates a pure prognosis for functional recovery. Regional CBF changes can be 
found in subarachnoid hemorrhage due to ischemia caused by spasms. Following 
bypass and reconstructive surgery, CBF measurements can prove the effectiveness 
of the procedure. In spite of the various indications, measurements of CBF are not 
yet available as a routine method in most departments but are restricted to some 
specialized departments, although with the improvement of noninvasive technique, 
increased and more widespread application can be expected. 

ill. Computerized Tomography 

Computerized tomography (CT) shows to some extent the alterations that are pro
duced by circulatory disorders in the brain tissue. The morphologic alterations of 
the blood vessels themselves are not visible except for large malformations like 
angioma or aneurysma. 

The great importance of CT diagnosis in the initial stage of stroke is the possi
bility of differentiating between hemorrhage and ischemia, and this is possible im
mediately after the apoplexy on account of increased density of fresh blood. The 
ischemic lesion is not immediately visible but takes about 20-40 h until lowered 
density can be seen. For direct differentiation CT is a unique diagnostic tool. In 
the acute stage hemorrhagic infarction can also be demonstrated and in general it 
can be distinguished from primary hemorrhage. 

Both hyperdensity of hematoma and hypodensity of infarcted tissue change in 
the course of time, leaving a scar expressing itself in the zone of lowered density, 
which can be very discrete. In this late stage, whether intracerebral hemorrhage or 
infarction has preceded cannot be recognized. 

Apart from the differential diagnosis of stroke disorders which may simulate 
stroke can also be ruled out, such as primary or metastatic brain tumor, venous 
thrombosis, traumatic lesions, and others. 

The fact that CT changes can be found following TIAs shows that tissue dam
age not always goes parallel with clinically recognizable disorders of function. In 
some parts of the brain small ischemic lesions can apparently even pass without 
clinical symptoms, at least none that are realized by the patient and his environ
ment. 



Stroke 415 

IV. Electroencephalography 

The information given by electroencephalography (EEG) in stroke is predomi
nantly indirect and nonspecific. Ischemic stroke and hemorrhage cause localized 
abnormalities of bioelectric activity. Alterations of background (basic) activity can 
indicate the state of general brain function and are correlated with consciousness 
and disorders. In brain stem lesions discrepancies between the state of conscious
ness and EEG can be found. 

Unlike CT, angiography, brain scanning, and other methods, the EEG reflects 
cerebral function at the time of investigation. A great advantage is that recordings 
can be repeated unobjectionably. Investigations in the course of illness can give 
prognostic information (VANDER DRIFT et al. 1972, 1973). 

A differential diagnosis between causes of stroke and cerebrovascular disease 
and other disorders is not possible on the basis of EEG except for some rare 
situations, such as acute or subacute encephalitis. Diffuse cerebrovascular disor
ders will manifest themselves in diffuse slow wave activity, which, however, is also 
not specifically different from other pathologic conditions. 

Special significance is attributed to the EEG for the diagnosis of epileptic syn
dromes. Embolic or thrombotic stroke can produce a focus of epileptic activity and 
in these cases EEG is the most suitable method for recognition and control of 
therapeutic effectiveness. 

V. Doppler Sonography 

Doppler ultrasonics has proven a useful method for evaluating the state of extra
cranial carotid arteries and especially of carotid bifurcation. 

Directional Doppler sonography of the supratrochlear artery, a branch of the 
ophthalmic artery anastomosing with the external carotid artery indicates occlu
sion of the internal carotid artery when blood flow takes a reverse direction, i.e., 
from external to internal carotid artery. Antidromic blood flow occurs in complete 
obstruction and in very severe stenosis. Direct investigation of the carotid arteries 
at the neck allows differentiation between common, external, and internal carotid 
arteries in most cases. Stenoses can be recognized on account of increased current 
flow and turbulence and in the poststenotic part pulse amplitude is decreased. In 
complete occlusion above it, no pulse signal can be recorded. Similar findings can 
be obtained in stenoses and occlusions of the internal and external carotid artery. 

Findings are much less reliable in vertebral artery investigations. The rate of 
correct ultrasonic diagnosis depends on the special skill and experience of the in
vestigator. 

In severe stenoses and occlusion this is correctly established by directional 
Doppler sonography in 80%-90% of cases. VON REUTERN et al. (1979) found posi
tive findings with direct sonography of the carotids in all cases with angiographi
cally verified severe stenosis of the internal carotid artery. Stenoses were distin
guished from occlusions in more than 95% of cases. 

A modification of direct carotid sonography has been developed using contin
uous-wave Doppler-shift ultrasound (SPENCER et al. 1974) and spectral analysis for 
imaging the carotid bifurcation (LEWIS et al. 1978). 
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Negative results of sonography are likely to be received in stenoses ofless than 
50% of vessel lumen. As small ulcerating stenoses can cause TIAs by way of em
bolism, angiography has to be performed in cases ofTIA, even if Doppler sonogra
phy is normal. 

VI. Brain Scanning 

Until the introduction of CT, conventional brain scanning was the most important 
noninvasive method of revealing structural changes of the brain parenchyma. Ab
normal findings rest on localized disorders of the blood-brain barrier, leading to 
abnormal enhancement of radioactive marked isotope, as for instance, Te133m as 
pertechnatate. 

A characteristic feature of infarction is the change of enhancement in the course 
of time. During the first 5 days there is generally no positive finding but between 
the 2 nd and 3 rd week increased activity occurs and disappears after the 4 th or 6 th 
week. Hematomas in general keep the enhancement a little longer but a definite 
differentiation is not possible. The time-dependent changes enable cerebrovascular 
lesion to be distinguished from brain tumor. 

Scintigraphy is now considerably less important since the establishment ofCT, 
which gives much more direct information. 

An extension that conventional brain scanning has experienced is the develope
ment of radioangiography or dynamic brain scanning, in which, following intrave
nous injection, a serial scanning is performed with a gamma camera and different 
phases of blood flow are analyzed. Pathologic vascularization and unilateral retar
dation of perfusion can thus be seen. 

VII. Other Noninvasive Methods 

Some other methods can give partial information on cerebral circulation and are 
used as screening procedures before angiography. 

Thermography can indicate localized differences of skin temperature which may 
be caused by different blood flow. Decrease of skin temperature in the medial su
praorbit region of one side may be caused by severe stenosis or occlusion of the 
internal carotid artery. Altogether, thermography is far less instructive than Dopp
ler sonography. 

Ophthalmodynamography is one of the oldest of these methods. Systolic and di
astolic blood pressure of the ophthalmic artery and the volume of pulsations are 
measured on both sides, applying external pressure on both eyes. Side differences 
can indicate unilateral stenosis or occlusion of the carotid artery. This method, too, 
is insecure and vague. In the case of bilateral stenoses (or occlusion), which is not 
very rare, no side differences and thus no signs will be received. 

Rheoencephalography is also an almost traditional method. Findings are in
fluenced by many different factors, making the method only of very little use. 
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G. Prevention, Treatment, and Prognosis 

I. Prevention 

1. Treatment and Prevention of Risk Factors 

417 

A first step of preventing cerebrovascular disease is the prophylaxis and therapy 
of risk factors, which are involved in the etiopathogenesis of stroke. These include 
the factors that are looked upon as favoring the development of arteriosclerosis. 
Factors that induce or favor cardiovascular disease like obesity and lack of physi
cal activity can also be regarded as risk factors for cerebrovascular pathology. 

As hypertensilJn plays an important role in most kinds of stroke, early and suf
ficient treatment of hypertension can help prevent arteriosclerotic thrombosis and 
hypertensive hemorrhage. A reduction of the incidence of cerebrovascular disease 
in the United States has been referred to an intensified treatment of this risk factor 
(SOLTERO et al. 1978). 

Similarly early and adequate treatment of diabetes mellitus will be able to pre
vent diabetic angiopathy and stroke in many patients. This may also be true for 
disorders of lipid metabolism. 

2. Medical Prevention 

a) Anticoagulant Treatment 

Thrombosis is the most important mechanism leading to cerebral infarction and 
embolism. Antithrombotic therapy therefore means an ingenious approach of pro
phylaxis and it can theoretically be indicated in cases of disturbed hemostasis (hy
percoagibility), in patients with obliterating and ulcerating vascular disease, and 
in cases with cardiac disorders with the tendency of cerebral embolism. 

There has been a lot of investigation and discussion about the application of 
anti thrombotic treatment and its objections. 

Two main ways of therapy are available: 
1. Anticoagulant agents including oral anticoagulants and heparin 
2. Substances interfering with platelet aggregation and not influencing the factors 

of hemostasis. 
The oral anticoagulants, as for instance, warfarin, inhibit the synthesis of coa

gulation factors II, VII, IX, and X in the liver and the action of vitamin K. De
pression of clotting factor activity after warfarin sets in only some time after the 
start of therapy and the restoration of coagulation to normal after withdrawal is 
reached with some delay. 

Heparin, on the other hand, does not cause deficiencies of coagulation factors, 
but it interferes with the process of coagulation in a different respect. Activation 
of factor IX as well as IXa, Xa, and thrombin is inhibited and by the inhibition 
of thrombin factor XIII cannot be activated. The propagation of thrombosis is in
terrupted. Heparin can only be given intravenously or subcutaneously and is there
fore not suited for a long-term prophylaxis. 

The use of oral anticoagulants is mainly limited by the risk of hemorrhagic 
complications and among these especially intracerebral and subdural hematoma. 
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The decision whether anticoagulants should be given must be taken for each indi
vidual case. 

Contraindications include previous hemorrhages of the CNS and peptic ulcer, 
hepatic, and renal dysfunctions, hypertension (blood pressure above 160/ 
90 mm Hg), and hemorrhagic diathesis of any kind. Moreover, trustworthy coop
eration with the patient and his family (patient compliance) and careful control of 
diagnostic tests of hemostasis must be guaranteed. 

The risk of complication is increased if the treatment is performed for more 
than 12 months. Therefore, limitation of the application to some months is advis
able. 

In patients with TIA the indications are controversial and depend on the indi
vidual situation. The prevention of subsequent stroke is not sure enough to justify 
the risk of bleeding. Also in ischemic progressive stroke the risk of hemorrhagic 
infarction is great; on the other hand, in this situation one has to try all possible 
measures to influence the otherwise progressive lesion. There is no sense in giving 
anticoagulant treatment in completed stroke. An important indication can be em
bolism of cardiac origin as in these cases younger persons without hypertension of
ten are affected. 

b) Platelet-Inhibiting Agents 

Under platelet antagonists or platelet-inhibiting agents, one understands drugs 
which can quantitatively alter certain platelet properties, such as aggregation, ad
hesion, and retention and inhibit thrombus formation induced by platelets. Fur
thermore, they can prolong survival of platelets in states of pathologic or ex
perimentally induced decrease of survival as can be the case in increased activation. 

The most prominent agent of this group is acetylsalicylic acid ( ASA). Platelet 
aggregation is partly inhibited by the means of interference with the prostaglandin 
and thromboxane A 2 synthesis. Platelet survival is not definitely affected. Acetyl
salicylic acid is administered in therapeutic doses of 1-1,5 g daily and usually 
means a long-term therapy. Prophylaxis in patients with TIA has proven useful 
in various studies (FIELDS et al. 1977; BARNETT et al. 1978; FIELDS et al. 1978). 
Some authors propagate a short-term initial treatment with anticoagulants for a 
few months and thereafter antiplatelet therapy (OLSSON et al. 1980). FIELDS found 
a significant reduction ofTIA under ASA compared with placebo but no difference 
of the lethality, which is mostly determined by cardiovascular disorders (FIELDS et 
al. 1977, 1978). 

The Canadian cooperative study revealed a sex difference of prophylactic ef
fect, as there was a significant anti thrombotic effect of ASA in men but not in fe
male patients. This difference was not found by OLSSON et al. (1980), who described 
an equally significant antithrombotic effect of long-term anticoagulant and anti
platelet treatment. Bleeding complications are rare under ASA. Other side effects 
mainly concern the gastrointestinal tract. 

Some other antiinflammatory drugs show anti thrombotic efficacy to some ex
tent, which, however, is not proven for the prophylaxis of stroke. 

Su/finpyrazone affects platelet adhesiveness in vitro and platelet survival, but 
bleeding time, release reaction, and collagen-induced platelet aggregation are not 
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influenced. The substance is introduced as a uricosuric agent for the treatment of 
gout. 

Dipyridamole used as a coronary vasodilator was found to have anti thrombotic 
effects by decreasing platelet adhesion and aggregation, probably via potentiation 
of endogenous prostacyclin (MONCADA and KORBUT 1978). A prophylactic effec
tiveness against cerebral infarction was not proven in patients with reversible cere
brovascular disorders. The combined application of acetylsalicylic acid and dipy
ridamole and of ASA and sulfinpyrazone is widespread. The effectiveness is, ac
cording to the Canadian report, equivalent to that of ASA alone. 

The indication for antiplatelet agents is given in many cases of reversible isch
emic strokes including typical TIA if surgical treatment is for any reason not pos
sible and in cases that have undergone reconstructive operation of the carotid ar
tery or bypass operation. 

3. Surgical Prevention 

a) Reconstructive Surgery 

Thirty years ago the first reconstruction of carotid artery in its extracranial part 
was performed. In the meantime carotid surgery is a routine procedure indicated 
in many situations. Operative mortality depends on the clinical situation (stage of 
stroke), general physical condition, and the skill and experience of the surgeon. In 
special centers mortality of operation performed in patients with TIA (stage II) lies 
between 0.7% and 1 %, morbidity (neurologic deficit after operation) around 1 %, 
and transient deficits a little more frequent than permanent disorders. In an asymp
tomatic stage of carotid stenosis mortality is cited to be far less than 1 % and mor
bidity between 0% and 3%. In stage III (stroke in evolution) the risks of operative 
therapy are very great, mortality lying over 20%. Some authors refuse to perform 
vascular surgery in this stage. In completed stroke operation is, if at all, not ex
ecuted in the acute stage but some weeks to months after apoplexy. Mortality 
ranges between 3% and 8% (WYLIE et al. 1970; THOMPSON et al. 1970, 1976; FLEM
ING et al. 1977; RAITHEL 1977, 1978). 

Carotid reconstruction can be indicated in obliterations leading to poststenotic 
insufficiency of blood flow. This is the case when stenoses amount to more than 
50% of the vessel lumen. Also in stenosis of lesser severity, operation can be indi
cated as in these cases ulcerative plaques may be the origin of intermittent em
bolism. Both situations can manifest themselves as TIA and this clinical situation 
is generally regarded as the most important indication for carotid reconstruction. 

Not infrequently stenoses are bilateral and in this case operation is performed 
with an interval of 1-2 weeks on both sides. In purely ulcerative plaque without 
marked stenosis prophylaxis of stroke can at first be attempted with antiplatelet 
medication (or anticoagulants) and if TIAs continue, surgery can be performed 
subsequently. 

Carotid kinking will be the reason for surgery only if combined with stenosis 
or if it causes intermittent neurologic deficit. 

Complications may arise from remittent thrombosis, embolism, and intracere
bral hemorrhage (CAPLAN et al. 1978). Further risks are local hemorrhagic compli
cations and peripheral nerve lesions at the neck. 
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In most cases of stenoses at the bifurcation and internal carotid artery, endar
terectomy is sufficient. Stenoses at the proximal portion of the common carotid ar
tery, the truncus branchiocephalicus, and the subclavian artery are mostly cor
rected with an extrathoracal bypass. Stenoses of the vertebral arteries are generally 
not suitable for surgical treatment. Besides, the lesions in vertebrobasilar insuffi
ciency are usually more diffusely localized. In some cases with a combination of 
vertebrobasilar symptoms and carotid stenosis, carotid reconstruction can im
prove or even remove the neurologic symptoms. 

b) Extraintracranial Arterial Anastomosis 

In vascular disorders that are not accessible to extracranial vascular reconstruc
tion, such as intracranial stenoses and occlusions, complete extracranial occlusion, 
or extended obliterations of the internal carotids, improvement of arterial blood 
supply can be achieved by means of operative bypass between the superficial tem
poral artery (originating from external carotid artery) and the medial cerebral ar
tery in the form of end-to-side anastomosis (GRATZEL et al. 1976). With this 
method a condition is produced, which on principle is a physiologic process of 
adaptation, i.e., the formation of collaterals between external and internal carotid 
systems. 

Clinical situations or stages of stroke in which extra-intracranial arterial bypass 
can be indicated include TIAs, prolonged reversible neurologic deficit, and com
pleted stroke (eventually developed as stroke in evolution), but stages III and IV 
not in the initial phase. The underlying pathogenetic situations at the vascular sys
tem are crucial for the indication. They are diagnosed with angiogram and CT. 
Measurement of regional cerebral blood flow can be useful for determining perfu
sion in the affected region pre- and postoperatively (FENSKE et al. 1980). The patho
logic situations are: stenosis of internal carotid artery in the area of the syphon, 
extracranial occlusion of internal carotid artery in the region of bifurcation, and 
occlusion of medial cerebral artery (and its branches). In cases with extracranial 
stenosis of the internal carotid artery on one side and occlusion on the other, Koos 
(1980) recommends performing endarterectomy on the stenotic side first and by
pass on the side of occlusion some time afterwards, if this is necessary. 

Reserve is advisable concerning indication in stenoses of medial cerebral artery 
in younger persons as these are not infrequently reversible, and in occlusions of the 
syphon with persistent neurologic deficit. 

There is no indication for operation in stroke with severe neurologic deficit 
without tendency toward restitution, stroke in the acute phase, and if combined 
with other diseases which exclude operability altogether, and in generalized severe 
cerebrovascular disease with multiple obliterations. Old age per se is no contrain
dication. Of the patients treated by Koos, 18% were over 60 years. 

After the operation with functioning bypass, its full effect on perfusion is seen 
only after a few months. Improvement was found in 72% of cases with moderate 
neurologic deficit and in 44% of cases of severe deficit, whereas the incidence of 
unchanged findings was 19% in the cases with moderate deficit and 50% in the 
patients with severe deficit (Koos 1980). 
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II. Treatment 

1. Management of Stroke in the Initial Stage 

In acute stroke a differentiation between ischemic lesion and hemorrhage is neces
sary for adequate treatment. In the acute phase of ischemic stroke, therapy aims 
at the following effects: improvement and normalization of perfusion in the af
fected region, limitation of the extent of infarction, and prevention of secondary 
lesions. Ultimate morbidity is to be decreased as far as possible and acute illness 
shortened and relieved. 

General treatment of the acute stage includes management of respiratory func
tion, prophylaxis against aspiration, clearing the airway of secretions, prevention 
of bronchopneumonia and other infections, control of urinary excretion, balancing 
of fluid and electrolytes, and prophylaxis against venous thrombosis of the ex
tremities. Special problems are met in unconscious or severely obnubilated 
patients. 

In order to normalize cerebral blood flow, therapy must provide for improve
ment of heart function, normal blood pressure, rheologic properties of the blood, 
and abolition of brain edema. 

Cardiac therapy is not only necessary in cerebral embolism of cardiac origin but 
also in other causes of stroke, which in most cases are accompanied with hyperten
sion and arteriosclerosis and often lead to cardiac insufficiency in the initial period. 
In old patients suffering from stroke, cardiac therapy is of major importance. Car
diac output should be kept on an optimal level. Digitalis glycosides are admin
istered in an individual fashion. Arrhythmia is to be treated adequately, by the im
plantation of a pacemaker if necessary. 

Blood pressure must be held on a level as near to normal as possible. There may 
initially be low pressure or hypertension and sometimes blood pressure strongly 
fluctuates. Medical decrease of pressure must be performed carefully as hypoten
sion would favor cerebral ischemia. It is, on the other hand, necessary to treat hy
pertension as physiologic autoregulation of CBF is impaired in acute ischemia and 
high blood pressure may cause secondary hemorrhage. There is usually no need to 
lower blood pressure if it is moderately elevated in the first days after stroke in a 
previously normotensive patient, as hypertension can be a regulatory mechanism 
in order to improve CBF. A transient elevation of catecholamines in the plasma 
during the initial stage of stroke has been reported by KOMATSUMOTO et al. (1980). 
In patients with long-lasting hypertension, values should not be decreased to below 
160-180 mmHg. 

Improvement of rheologic blood properties can influence blood perfusion and 
this is attempted with various substances. Hemodilution, decreased viscosity, and 
platelet adhesiveness with the consequence of increased CBF can be achieved by 
infusion of low molecular weight dextran (GILROY et al. 1969; GOTTSTEIN et al. 
1976). As in some cases anaphylactic reactions after dextran may occur and excep
tionally may be lethal (RICHTER et al. 1980), Dextran should not be infused without 
premedication. Some clinicians renounce dextran altogether for this reason. 

Brain edema is counteracted with glucocorticoids, diuretics, and hyperosmolar 
solutions. Although the efficacy of corticosteroids against ischemic edema is not 
definitely proven, steroid therapy (dexamethasone) is generally performed in acute 
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stroke (PATTEN et al. 1972; NORRIS 1976). Recommended dosages differ. The value 
of glycerol, which is also frequently used, is controversial. Mannitol is often given 
in combination with dextran. Among the diuretics furosemide mainly is used but 
in most cases it is also combined with other agents such as dexamethasone. 

Application of vasodilatory drugs in the initial phase is not recommended be
cause of the risk of provoking steal phenomena as vasodilators will act on periph
eral vessels and CBP may be decreased via drop of blood pressure. Vasodilators 
may be used in a later stage of cerebrovascular disease. 

Symptomatic treatment is indicated if seizures occur in the course of stroke, 
and also concerning pain, sleep disorders, depression, or other psychopathologic 
troubles. Special treatment is indicated in inflammatory vascular disease causing 
stroke, polycythemia, subarachnoid hemorrhage with ischemia on the base of 
spasms, and in other conditions. Intracerebral hemorrhage will demand the general 
measures described. The management of brain edema is of primary importance. 
Space occupation may demand for surgical relief (shunt or removal of he
matoma). Indications for the operative removal of the hematoma are dependent 
on consciousnes, size and localization of the hemorrhage, and the patient's general 
condition. 

In all stroke patients naturally proper nursing and physical training are of cru
cial importance for prognosis. 

2. Rehabilitation 

Rehabilitation sensu strictiori is of minor importance in gerontology. If the term 
is used in this context it does not refer to working capability but to a maximum 
of independence in everyday life. 

Rehabilitation begins in the acute phase, as many possible complications aris
ing at that time influence prognosis persistently. Lack of correct placement of par
etic extremities will lead to painful contractures and Sudeck syndrome and can de
lay or even prevent restoration off unction. Decubitus and infections also obstruct 
the process of recovery. 

In completed stroke with permanent neurologic deficit, differentiated physical 
training aims at an optimal compensation of impaired functions and this happens 
with special regard to practical everyday performances like dressing, taking meals, 
realizing defecation, and so on. The patient's mental state influences the capability 
of rehabilitation and so do preexistent and independent diseases. Dysphasia offers 
special problems of training. 

III. Prognosis 

In TIA the risk of turning over into completed stroke is high and therefore surgical 
or medical prevention must be performed ifpossible. Both ways of prophylaxis im
prove the prognosis as to the incidence of further cerebrovascular accidents. The 
probability of completed stroke is greater in typical TIAs - especially with frequent 
occurrence - than in prolonged reversible ischemic neurologic deficit (PRIND). 
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The prognosis of completed stroke with persistent symptoms depends among 
other things on the size and site of the infarction, the patient's age, and concomi
tant disorders. 

Large infarctions with severe and long-lasting impairment of consciousness 
generally have a poorer prognosis than cases without these features. Old age also 
impairs the prognosis. Mortality of patients beyond 80 years is about twice as high 
as that of patients between 51 and 80 years (FEIGENSON et al. 1977 a, b). Coronary 
arteriosclerosis and hypertension are factors that negatively influence prognosis. 
FEIGENSON et al. found that concerning outcome and length of stay at the stroke 
rehabilitation unit the following factors had negative prognostic influence: severe 
weakness at admission, long interval between onset and admission, presence of 
perceptual or cognitive dysfunction, homonymous hemianopsia and multiple 
neurologic deficits as well as slow recovery and poor motivation. No influence was 
found for dysphasia, hemisensory deficit, age (up to 80 years and more) and the 
presence of diabetes and hypertension. 

Patients who survive 2-5 years after stroke in approximately 40%-60% of 
cases are independent of external care and aids and 10%-20% of cases remain in 
a state that requires constant nursing and medical care (MARX 1977). 
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A. Introduction 

The prevalence ofthe vertebrobasilar syndrome in later life reflects the age-related 
multifactorial determinants of this condition. 

DAVENMUEHLE et al. (1961) found clinical evidence of arteriosclerosis in 27% 
of community volunteers over the age of 60. OBRIST et al. (1963) noted a close cor
relation between the EEG pattern and investigatory evidence of cardiovascular or 
cerebrovascular arteriosclerosis in elderly asymptomatic volunteers. In critically 
evaluated studies of cerebral blood flow, GERAUD et al. (1969) and O'BRIEN and 
MALLET (1970) presented evidence of early cerebrovascular disease in a proportion 
of elderly subjects. Autopsy studies clearly confirm the increasing prevalence and 
degree of atherosclerosis in the aorta and cerebral vessels after the 6 th decade (SA
DosmMA et al. 1973). The incidence of strokes increases markedly with age (KURTZ
KE 1976). 

The prevalence rates of transient ischaemic attacks (TIAs) without subsequent 
established strokes increase from approximately 1 % in the decade 65-74 to almost 
2% in those aged 75 and over (WmsNANT et al. 1973). The established stroke rate 
with TIAs in either the carotid or the vertebrobasilar system increases with age 
(MATSUMATO et al. 1973). Serious cardiac dysrhythmias occur with increasing 
frequency in later life. YATES (1976) considered that a quarter of patients with TIAs 
belong to the group of patients with episodic failure of cardiac output. Difficulty 
arises over the clinical term TIA, which covers brief strokes of heterogenous causa
tion. 

During normal ageing, the water content of cartilage slightly decreases and the 
proteoglycan content slightly increases (MAROUDAS and VENN 1977). The fibres of 
the annulus fibrosis of the intervertebral discs become thickened (HIRSCH et al. 
1953) with occasional areas of mucoid degeneration and calcifation (BOEMKE 
1951). With increasing age, clefts and cavities develop with subsequent fibrous 
scarring (HIRSCH et al. 1953). The nucleus pulposus also shows considerable age
related change. It becomes progressively more acellular with increasing reduction 
of the mucoid gel and subsequent fibrous replacement. WEIGHTMAN (1975) and 
KEMPSON (1975) have demonstrated a significant reduction of biomaterial wear 
properties of articular cartilage as a function of ageing. The combination of these 
cervical disc changes and osteoarthrosis of the cervical diarthrodial joints increase 
the vulnerability of the vertebral arteries to compression as they traverse the ver
tebral canal, with possible vertebrobasilar ischaemia. 

OSTBERG (1973) found evidence of arteritis in 1.7% of routine autopsy cases. 
Histiological findings suggested that at least 2% of elderly subjects may have been 
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affected by the giant-cell arteritis-polymyalgia rheumatica complex. DIXON et al. 
(1966) noted that the giant-cell arteritis-polymyalgia rheumatic complex usually 
occurs in persons over the age of 60. 

The vertebral arteries arise from the first part of the subclavian arteries in 91 % 
of cases (DASELER and ANSON 1959), but occasionally from the aorta or carotid ar
teries. The vertebral arteries transverse the foramina of the upper six cervical ver
tebrae. Within the vertebral canal they are closely related on their anteromedial as
pect to the neurocentraljoints of Luschka and on their posterior aspect to the apo
physeal joints; they lie immediately anterior to the emerging cervical nerve roots. 
On leaving the axis for the atlas, the vertebral artery passes around and under the 
lateral mass of the atlas and enters the skull below the lower border of the posterior 
atlanto-occipital membrane and foramen magnum. The vertebral arteries com
monly unite at the level of the lower border of the pons to form the basilar artery. 
MECKEL (1828) noted both a variation in the diameter of the two vertebral arteries 
and in the precise level of the formation of the basilar artery. Variability in size of 
the vertebral arteries is common and might range from minor calibre differences 
to atresia of one artery and the presence of a large dominant vessel on the other 
side (HUTCHINSON and YATES 1956). Absence of union of the two vertebral arteries, 
either due to occlusion or from developmental anomaly is not uncommon. In this 
event the basilar artery is the continuation of one vessel with the other vertebral 
artery largely supplying the cerebellum. 

The vertebrobasilar syndrome may result from any condition which com
promises the blood flow in the vertebrobasilar territory sufficiently to produce sig
nificant ischaemia of brain stem, cerebellum, occipital lobe or temporal lobe. One 
or a combination of any of these areas of the nervous system may be affected. The 
presence of an adequate collateral circulation may obviate the effect of an occlusive 
lesion as was clearly demonstrated by WILLIS in 1720. BRAIN (1957) considered that 
the function of the circle of Willis is to equilibrate the distribution of blood to all 
parts of the brain whatever the position of the head in relation to the trunk may 
be. TOOLE and TUCKER (1960) and HARDESTY et al. (1962) support this thesis. In 
addition to this normal function, the circle of Willis acts as a major site of collateral 
circulation in the event of obstruction in the carotid and vertebral artery territory. 
The potential of the circle of Willis to circumvent the consequences of occlusion 
in the carotid or vertebrobasilar system is dependent on the absence of significant 
intraluminal calibre reduction of its component vessels, either from congenital or 
pathological causes. V AN DER EEKEN and ADAMS (1953) and GILLIAN (1959) discuss 
the role of leptomeningeal anastomoses in modifying the ischaemic impact of oc
clusions distal to the circle of Willis. LOEB and MEYER (1965) reviewed the anas
tomotic channels between the vertebrobasilar and carotid circulations and FIELDS 
et al. (1965) discussed the extensive potential collateral systems that might moder
ate the effect of occlusive arterial disease involving the brain. 

B. Determinants of the Vertebrobasilar Syndrome 

The vertebrobasilar blood supply of the brain stem, cerebellum, and occipital lobes 
may be jeopardised by a wide variety of haemodynamic or mechanical factors. 
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NARITOMI et al. (1979) have drawn attention to the importance of disordered au
toregulation in the pathogenesis of symptoms of long-standing vertebrobasilar in
sufficiency. DE KLEYN (1939) clearly showed that obstruction of blood flow in the 
contralateral-vertebral artery may occur following rotation and extension of the 
head. Patients with evidence of severe cervical atherosclerosis may develop tran
sient neurological symptoms, mainly dysarthria, and nystagmus following com
bined rotation and extension of the neck (BIEMOND 1951). HUTcmNsoN and YATES 
(1956) showed at autopsy that the vertebral arteries could be markedly distorted 
by osteophytic outgrowths and they concluded that transient vertebrobasilar isch
aemia could well have occurred in life following rotation ofthe head. The vertebral 
arteries may be compressed due to subluxation and deformation of the cervical 
apophyseal joints (KOVACS 1955). The consequences of stenosis or occlusion of the 
vertebral artery may range from symptomless or insignificant to catastrophic, de
pending on the integrity and calibre of the opposite vertebral artery, the adequacy 
of the cardiac output, the systemic blood pressure and on a functional collateral 
circulation. The clinical phenomena associated with the vertebrobasilar syndrome 
may be manifested by recurrent momentary neurological symptoms from brief ex
ternal obstruction of the vertebral artery in its course along the vertebral canal; 
transient neurological deficits due to platelet or thrombotic emboli; or more sub
stantial and lasting neurological features due to infarction of any part of the ner
vous system whose blood supply is derived from the vertebrobasilar system. 

The relationship between stenosis of the vertebral arteries to the occurrence of 
infarction remains a topic of dispute. HUTCHINSON and YATES (1956) in a system
atic autopsy examination of 100 subjects who had had clinical evidence of cerebro
vascular disease, found stenosis greater than 50% in 46 cases of infarction. Sub
sequent studies by SCHWARTZ and MITCHELL (1961), WmSNANT et al. (1961), and 
MCGEE et al. (1962) produced broadly similar results and indicated that severe ath
erosclerosis was commonly present in the vertebral arteries of people with and 
without cerebrovascular lesions. FISHER et al. (1965), BATTACHARJI (1965), 
MITCHELL and SCHWARTZ (1965), and BATTACHARJI et al. (1967) found that ap
proximately a quarter of cases over the age of 35 years had evidence of severe ver
tebral artery stenosis, based on un selected autopsy series. The predominant site of 
vertebral artery stenosis has been variously located at the point of origin of the ver
tebral artery from the subclavian artery (MARTIN et al. 1960; SCHWARTZ and 
MITCHELL 1961; WHISNANT et al. 1961; BAUER et al. 1962), in the vertebral artery 
in the vertebral canal (HUTCHINSON and YATES 1956; MCGEE et al. 1962) or the os
tium of the artery (FISHER et al. 1965; BATTARCHARJI et al. 1967). FISHER et al. 
(1965) considered that brain infarction commonly followed intracranial vertebral 
artery occlusion, but did not occur when the cervical segment of the vertebral ar
tery was occluded. Later FISHER (1970) recorded patients presenting with symp
toms of recurrent transient brain stem ischaemia associated with bilateral occlu
sion of the first part of the vertebral arteries. 

CASTAIGNE et al. (1973) found that 50% of cases of vertebral artery thrombosis 
were associated with infarction in the territory of blood supply of the vertebro
basilar artery. Though stenosis of the extracranial cervical arteries is common, 
other factors such as thrombosis or emboli from atherosclerotic plaques, acute 
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haemodynamic states causing sudden hypotension or hypertensive crises may be 
necessary to precipitate infarction. The influence of stenosis or occlusion of the ex
tracranial and/or cerebral arteries in the pathogenesis of infarction in the boundary 
zones between major cerebral arteries, has been considered by ROMANUL and AB
RAMOWICZ (1964) and by ROMANUL (1970, 1976). They pointed out that the site of 
infarction following occlusion of the vertebral arteries was unpredictable and in
constant due to variability in the vertebrobasilar arterial tree and in the calibre of 
the posterior communicating arteries. The variability in the site and extent of ath
erosclerotic changes in the basilar artery is often critical. CASTAIGNE et al. (1973) 
dealt with both vertebral and basilar occlusions in a study of 44 patients with post
mortem data. "In 35 of the 44 patients the demonstrable cause of the arterial oc
clusion was atherosclerosis, in four patients cardiac embolism was responsible and 
in five the occlusion was classified as undetermined." 

Of 31 patients with primary occlusive thrombosis there were 40 occlusions, 
95% of which were in or near pre-existing stenosis and 95% of the stenoses were 
classified as "tight." They pointed out that only 9% of vertebral and/or basilar oc
clusions resulted from cardiac emboli as against 22% in the carotid arteries. Ante
grade thrombosis was noted to progress occasionally along the vertebral artery to 
the junction of the two vertebral vessels. Retrograde spread of thrombosis from the 
basilar artery may obstruct the vertebral artery, but more commonly, antegrade 
spread from the vertebral artery involves the basilar artery. KUBIK and ADAMS 
(1946) found that occlusion of the basilar artery occurred from an embolus in 39% 
of their 18 cases, but Castaigne reported that basilar artery occlusion resulted from 
atherosclerotic thrombosis in 94.4% of 18 cases. LOEB and MEYER (1965) summar
ised the clinicopathological findings of 64 cases of basilar artery thrombosis in a 
literature survey. They noted that "the ischaemic lesion was regional in 34.4%, 
usually in the pons (28.1 %), rarely in the occipital lobe (3.1 %) and extremely rarely 
in the medulla or in the cerebellum. In 61 % there were scattered infarcts and rarely 
(4.6%) there were combined softenings". 

Posterior cerebral artery occlusion may be due to either thrombosis or an em
bolus, but where infarction occurs in the territory of the posterior cerebral artery, 
Castaigne and his colleagues found that all cases in their study were due to an em
bolism. 

It is no longer tenable to use some of the past eponymic names allegedly associ
ated with precise segmental syndromes following infarction within the territory of 
the vertebrobasilar blood supply. However, in a more general way it is meaningful 
to identify focal infarction of brain stem, occipital lobe, cerebellum or temporal 
lobe or lesions involving two or more of these areas or lesions involving both the 
carotid and vertebral-basilar systems. As noted earlier the role of stenosis of the 
extracranial arteries in the pathogenesis of infarction has been overstated in the 
past. Gross vertebral artery stenosis may certainly be a major component of the 
complex amalgam of factors that may lead to under-perfusion of the hind-brain 
sufficient to precipitate infarction. It may more significantly be a source of recur
rent emboli. JORGENSEN and TORVIK (1966) considered the majority of infarcts to 
be caused by thrombo-emboli. Stenosis of the cerebral arteries is more identifiably 
associated with thrombotic infarction (KAMEYAMA and OKINAKA 1963). 



Vertebrobasilar Syndrome 435 

I. Cervical Spondylosis 

With advancing age the progressive desiccation of the mucopolysaccharide gel 
(PUSCHEL 1930) and diminution of the mucopolysaccharide protein complex (TAY
LOR 1953) of the nucleus pulposus encourages disc degeneration and subsequent 
degenerative changes. Loss of height in the cervical spine from multiple disc degen
eration leads to the vertebral arteries, which are only loosely attached to the trans
verse foramina, becoming tortuous, and kinked. 

Radiological evidence of cervical disc degeneration is common after the age of 
65. PALLIS et al. (1954) found significant radiological changes in 75% of persons 
aged 65 and over and LAWRENCE et al. (1963) found evidence of disc degeneration 
in 87% of males and 74% of females in the age group 65-74 years. FRYKHOLM 
(1951) classified disc protrusions into four main types based on the predominate 
site of disc change. An annular lateral disc protrusion comes from the uncinate part 
of the disc and may compress the vertebral artery. Disc degeneration gives rise to 
secondary osteophytosis around the margins of the vertebral bodies which may dis
place the vertebral arteries. Depending on the magnitude of the spondylotic bosses, 
the vertebral arteries may be displaced laterally or even posteriorly (PALLIS et al. 
1954). 

The neurocentral and apophyseal joints are diarthrodial joints and are suscep
tible to osteoarthrosis. As previously noted these joints are in close relationship to 
the vertebral artery. Osteophytes may cause angulation or compression of the 
closely related vertebral artery, particularly on head rotation. SHEEHAN et al. (1960) 
undertook a detailed angiographic study in 46 patients with cerebrovascular symp
toms due to cervical spondylosis. Percutaneous retrograde subclavian vertebral 
angiography was initially employed, but in the later part of the study this was 
changed to transbrachial vertebral arteriography, which was considered to be a less 
hazardous technique. In 26 patients with symptoms due to spondylosis, vertebral 
artery displacement was demonstrated in all cases. The vertebral arteries were ex
ceedingly tortuous in the presence of severe spondylosis. The fifth and sixth and 
fourth and fifth intervertebral spaces were the most common sites of arterial dis
placement. Sheehan and her colleagues noted that severe vertebral artery compres
sion due to osteophytes may be converted to complete obstruction by rotating the 
head. Angiographic retrograde filling of the basilar artery and its branches may oc
cur from transient complete vertebral arterial osteophytic obstruction (VAN DER 
ZWAN 1954). Some patients with cervical osteoarthritic spurs may have associated 
constricting peri-arterial fibrosis which plays a role in the pathogenesis of symp
toms (P'ASZTOR 1978). 

The clinical sequelae of vertebral artery obstruction in cervical spondylosis is 
influenced by the calibre of the opposite vertebral artery. During continuous am
bulatory EeG tape monitoring in patients with repeated transient ischaemic at
tacks and evidence of symptomatic cervical spondylosis, we have been impressed 
by the alleviation of repeated syncopal or dizzy attacks by either controlling the 
dysrhythmia or by preventing recurrent transitory vertebral artery occlusion by 
immobilising the neck in a well-fitting cervical collar. We noted a similar correla
tion between postural hypotension and cardiac dysrhythmia in the development of 
symptoms; the treatment of either factor may give symptomatic relief. A single op-



436 M.S.J. PATHY 

erative factor may not impair cerebral perfusion to a sufficient degree to induce 
symptoms. 

IT. The Subclavian Steal Syndrome 

The subclavian steal syndrome (TOOLE 1964) is also termed the subclavian artery 
obstruction syndrome (CONTORNI 1960) or the brachial-basilar insufficiency syn
drome (NORTH et al. 1962). Atheromatous lesions develop at any point throughout 
the subclavian arteries. Atherosclerotic occlusive disease may involve the innomi
nate, right subclavian or right or left common arteries, usually at or in the vicinity 
of their origins. Multiple lesions are not uncommon. However, isolated occlusions 
occur five times more commonly in the left subclavian artery than in any of the 
other vessels (DE BAKEY and CRAWFORD 1969). Atheromatous stenosis of the sub
clavian artery proximal to the origin of the vertebral artery, which is severe enough 
to reduce the pressure beyond the stenosis, may cause blood to flow down the ver
tebral artery into the subclavian artery instead of caudally along the vertebral ar
tery. The reversed flow allows the vertebral artery to act as a significant collateral 
to the deprived upper limb. A steal syndrome may occasionally occur on the right 
when the stenosis is in the innominate artery. The physiopathogenesis of the sub
clavian steal syndrome was convincingly established by the experimental work of 
REIVICH et al. (1961) on dogs using an electromagnetic flow metre. In man, the ma
jor collateral role of the vertebral artery was simply demonstrated by reducing 
retrograde vertebral blood flow during cuff-induced ischaemia of the arm 
(MAGAARD and EKESTROM 1975). Postischaemic hyperaemia of the affected upper 
limb magnifies the retrograde vertebral flow. 

ITI. Other Causes of the Vertebrobasilar Syndrome 

Intermittent symptoms of vertebrobasilar insufficiency may be a manifestation of 
atlanto-axial subluxation in rheumatoid arthritis (JONES and KAUFMAN 1976) or 
more rarely tumour emboli (DE REUCK et al. 1979). MARSHALL et al. (1978) have 
suggested that the frequency of vertebrobasilar spasm as a sequelae of head injury 
has been overlooked in the past. 

IV. Giant-Cell Arteritis 

In a review of deaths from giant-cell arteritis, CARDELL and HANLEY (1961) consid
ered that cerebrovascular accidents were responsible for the fatal outcome in half 
the reported cases. Vertebral or, less commonly carotid artery occlusion is the pre
dominant cause of brain infarction from giant-cell arteritis. The vertebral or 
basilar arteries may be involved in polyarteritis nodosa, but lesions are usually 
small and multiple and rarely associated with infarction. Syphilis may be the aetio
logical factor in thrombosis at any point in the vertebrobasilar system and HENDIN 
et al. (1973) report occlusion of the basilar artery due to tuberculous meningitis. 
Vertebral artery occlusion by cervical hour-glass neurofibroma has been described 
by GEISSINGER et al. (1971). 
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V. Transient Vertebrobasiliar Ischaemic Attacks: Aetiology 

1. Haemodynamic Crises 

This hypothesis was introduced by DENNy-BROWN (1951) to emphasise the depen
dence of collateral circulations on systemic blood pressure in the presence of arte
riosclerotic narrowing in the caroticovertebrobasilar system. A temporary gener
alised fall in cerebral perfusion might result in a transient ischaemic event localised 
to the region of the collateral blood supply or to watershed areas of anastomoses 
of distal branches of major territorial arteries. If hypotension persists, focal infarc
tion may occur. KENDALL and MARSHALL (1963) studied the effect oflowering the 
blood pressure in patients with transient ischaemic attacks, but were unable to pro
duce focal before generalised ischaemia. In an unpublished study of a group of el
derly patients with postural hypotension and intermittent dysrhythmia recorded by 
24-h ambulatory ECG monitoring, we found that treatment of either the arrhyth
mia or the postural hypotension would abolish the frequent brief TIAs. 

2. Embolic Mechanisms 

ZUCKER (1947), FISHER (1954), and DENNy-BROWN (1960) produced evidence that 
embolic phenomena playa causal role in TIA. Subsequent work has underlined the 
pre-eminence ofthrombo-embolism. FISHER (1959) and Ross-RusSELL (1961,1963) 
were able to demonstrate micro-emboli traversing the retinal vessels, which at 
autopsy have been shown to variously consist of platelet aggregation (McBRIEN et 
al. 1963), cholesterol esters (HOLLENHORST 1961; DAVID et al. 1963) or lipid (COGAN 
et al. 1964). Emboli from infective endocarditis, non-bacterial thrombolic endocar
ditis, cardiac aneurysm or a postmyocardial infarction akinetic ventricular seg
ment may give rise to transient ischaemic attacks, though more persistent neuro
logical deficits are likely from emboli from these cardiac sites. 

Vertebral artery compression by spondylotic spurs due to cervical spondylosis 
may induce TIAs (SHEEHAN et al. 1960), particularly in association with rotation 
of the cervical spine (TOOLE 1964). 

The neurological manifestations ofpolycythaemia vera are many and TIA's are 
among the more common features (MILLIKAN et al. 1960; SILVERSTEIN et al. 1962). 
MODAN and MODAN (1968) have suggested that transient CNS ischaemia may be 
associated with benign erythrocytosis. Hyperviscosity due to multiple myeloma or 
macroglobulinaemia may also be associated with TIAs. 

TIAs may occur in the presence of severe anaemia and subside once the 
anaemia is corrected (SIEKERT et al. 1960). Transient cardiac arrhythmias may give 
rise to characteristic features ofvertebrobasilar ischaemic attacks, presumably due 
to a fall in cerebral perfusion subsequent to a fall in left ventricular output in the 
presence of vertebrobasilar arterial disease or compression. Sudden hypertensive 
crises have been recorded as precipitating TIAs (KENDALL and MARSHALL 1963; 
MARSHALL 1968; WHISNANT 1974; V ARNETT 1976; KEITH 1977). 

Dissecting aneurysms due to cystic medial necrosis or due to trauma may in
volve the vertebral arteries producing transient ischaemic episodes (LHERMITTE 
1966; Ross-RusSEL 1976). 
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VI. Clinical Features of the Vertebrobasilar Syndrome 

The clinical presentation of disorders of the vertebrobasilar system may be charac
terised not only by a group of symptoms or signs at a point in time, but often by 
repetitive constellations of symptoms occurring over days, weeks, months or lon
ger periods. The association of visual disorders due to occipital lobe dysfunction 
with brain stem symptoms can only be due to vascular insufficiency involving the 
vertebrobasilar distribution. The variable involvement of brain stem, occipital 10-
bes and part of a temporal lobe, determines the wide spectrum of clinical presen
tation. The grouping of symptoms is almost kaleidoscopic, but visual phenomena 
occur in two-thirds (WILLIAMS 1969) to 83% (IVANOV and MATEV 1973) of patients. 
Visual hallucinations of spots before the eyes are common; more elaborate hallu
cinations are uncommon. HO'Yever, visual hallucinations may be associated with 
formalised auditory hallucinations from temporal lobe ischaemia due to hypoper
fusion of the anterior temporal branch of the posterior cerebral artery, which is de
rived from the termination of the basilar artery. Other visual features include blur
ring of vision, visual field defects, teichopsia, diplopia or uncommonly hemiano
pia. Temporary achromatopsia is discussed by LAPRESLE et al. (1977). A frequent 
combination of symptoms is visual disturbances and giddiness, ataxia, and nausea. 
Meniere's disease may be closely simulated (PREIBISCH-EFFENBERGER 1970). Indeed 
recurrent episodes of giddiness or vertigo is the commonest single symptom ofver
tebrobasilar insufficiency. 

Nystagmus may occur during the episode of vertigo or may persist for a period 
after symptoms have abated. When witnessed, the nystagmus is of central type 
characterised by being multidirectional and often vertical. The amplitude of the 
nystagmus is greater in the abducting eye. Rotation and extension of the neck as
sociated with forcible manoeuvres of the upper limb, e.g. driving screws into the 
undersurface of objects may be followed by intense vertigo, lasting from one to sev
eral days and often associated with nausea or even hours of profuse vomiting. 

The advent of grand mal epilepsy or of temporal lobe epilepsy may be mislead
ing unless the history preceding the epileptic event indicates other features of tran
sient vertebrobasilar insufficiency. Drop attacks (SHELDON 1960; SHEEHAN et al. 
1960) are particularly characteristic of recurrent vertebrobasilar ischaemia and 
they most frequently occur in women. Momentary failure of blood supply to the 
reticular formation has been postulated as being responsible for these attacks 
(MARSHALL 1976). Turning, or extension of the neck is a frequent precipitating fac
tor. These attacks occur without warning, the patient suddenly falling limply on 
to her flexed knees and hands. Consciousness is normally retained or only momen
tarily lost, but the patient is usually able to rise to her feet immediately. Occasion
ally, the old person exhibits general hypotonus and may be unable to attain the 
erect position until the feet are pressed against an unyielding surface, such as a wall. 

Recurrent dysarthria, dysphagia or hemiplegia are encountered, but eventual 
progress to established hemiplegia may occur. Involvement of one side of the face 
and the contralateral side of the body is indicative of a brain stem lesion. Paras
thesiae over the face or upper limb or transient facial weakness are occasional 
features. A third of patients with vertebrobasilar insufficiency have evidence of 
slight to moderate hearing impairment (BASSERES et al. 1974; DECROIX et al. 1975; 
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CARRE and HUBER 1975; LUXON 1980). Luxon found the hearing loss to be bilat
erally and symmetrical in 83% of subjects. The ninth or tenth nerves may be 
paralysed. Occipital headache, often intense and sometimes associated with 
marked tenderness over the back of the scalp and upper part of the neck, may 
prove misleading. Akinetic mutism is a rare transient feature ofvertebrobasilar in
sufficiency, but is not uncommon following basilar artery occlusion. Changes in 
level of consciousness ranging from stupour to profound coma were reported to 
occur in 13% of cases (LOEB and MEYER 1965). 

VII. Transient Ischaemic Attacks 

Transient ischaemic attacks are temporary episodes of neurological dysfunction 
due to vascular ischaemic events and their cardinal clinical features are represented 
by their brief duration, spontaneous resolution without neurological deficit and a 
tendency to recur. The majority of TIAs last for only minutes and less commonly 
for one or several hours. By agreed definition complete resolution occurs within 
24 h. These attacks may result from involvement of the carotid or the vertebro
basilar territory. We are concerned only with the latter group. 

The diagnostic difficulties in establishing a diagnosis of vertebrobasilar TIAs 
should not be underrated. The large hospital cooperative study into the frequency 
and characteristics of transient ischaemic attacks (DYKEN et al. 1977; SWANSON et 
al. 1977; HAERER et al. 1977; CALANCHINI et al. 1977; FUTTY et al. 1977; PRICE et 
al. 1977), indicated that the condition was erroneously diagnosed in 30% of the 
patients. Several factors contribute to the diagnostic difficulties: many conditions 
simulate TIAs, the aetiology ofTIAs is multiple and attacks are frequently unwit
nessed by the physician. The careful evaluation of minutiae in the historical evi
dence of patient or relative may form the cornerstone of diagnosis. 

A combination of features indicating occipital lobe or brain stem dysfunction 
is highly suggestive of a vertebrobasilar TIA, but such a combination is uncom
mon. FUTTY et al. (1977) considered that this presentation occurred in only 0.6% 
of patients. Our experience is that symptoms indicating involvement of more than 
one focal nervous system area is frequently obscured by the elderly characteristi
cally dwelling on the symptoms that most concern them; subsequent interviews of
ten elicit additional diagnostic information. 

Vertigo is undoubtedly by far the commonest symptom, but also the most dif
ficult to interpret in old age. Only meticulous attention to the details associated 
with the onset of vertigo, the characteristics and duration of the symptoms and the 
presence of other apparently minor associated features either during a current or 
past episode can lead to diagnostic possibility or certainty of a TIA. 

Transient visual field impairment; hemianopia, unilateral or bilateral visual 
loss; perceptual disturbances; and diplopia are common features. Dysarthria is fre
quently seen, but dysphagia is less common. Disorders of sensation over one or 
both sides of the face may be the presenting manifestation. Of considerable diag
nostic value is the infrequent occurrence of hemiparesis and hemisensory distur
bance on alternate sides in repetitive episodes. Drop attacks occur in about 5% of 
subjects. Vomiting and ataxia may occur, but are commonly associated with ver
tigo. Transient attacks of confusion may be difficult to identify with vertebro-
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basilar ischaemia in the absence of other diagnostic features. Recurrent occipital 
headache, which is often intense, may be associated with scalp tenderness. Syncope 
has been reported in l.5% of patients with vertebrobasilar TIAs (FUTTY et al. 
1977). 

VIII. Subclavian Steal Syndrome 

Occlusion or severe stenosis of the subclavian artery proximal to the origin of the 
vertebral artery may induce a reversal of blood flow in the ipsilateral-vertebral ar
tery into the subclavian artery distal to the stenosis to provide the blood supply 
to the corresponding upper limb. REIVIeR et al. (1961) and NORTH et al. (1962) dis
cussed the effects of this condition of the cerebral circulation. Transient ischaemic 
attacks may be a clinical manifestation of this circulatory disorder, particularly fol
lowing exercise-induced vasodilation of the arm. Severe occipital headache may be 
precipitated by exercising the arm on the affected side or pain may be localised to 
the ipsilateral arm. If the atheromatous process extends to involve the vertebral ar
tery, claudication in the upper limb may be the cardinal symptom. The predomi
nant presenting features are giddiness and visual disturbances on using the arm on 
the affected side, but the condition may be entirely asymptomatic. A bruit is com
monly present over the subclavian artery behind the origin of the sternomastroid 
muscle. The blood pressure in the two arms, usually shows a systolic difference of 
20--40 mm Hg pressure. 

IX. Arterial Occlusion in the Vertebrobasilar Territory 

The tradition that the branch vessel in which occlusion has occurred could be in
fallibly identified clinically is now appreciated to be unfounded. This is exemplified 
by the lateral medullary syndrome of Wallenberg, which was firmly attributed to 
obstruction of the posterior inferior cerebellar artery. It is now recognised that this 
syndrome is more often due to obstruction of one of the vertebral arteries (JANZEN 
et al. 1979). Clinical features of the lateral medullary syndrome result from infarc
tion of the lateral aspect of the medulla and inferior surface of the cerebellum. 
Typically, the onset is acute with intense vertigo aggravated by attempts to sit up 
or to stand. Distressing vomiting is common. Dysphagia with ipsilateral paralyses 
of the soft palate and pharynx due to involvement of the nucleus ambiguous and 
nystagmus and ipsilateral inco-ordination due to cerebellar involvement are char
acteristic of the syndrome. Horner's syndrome and sensory loss, mainly to pain and 
temperature, over the face or the side of the lesion and, to a variable degree, over 
the trunk and limbs on the opposite side are common. Contralateral hemiplegia 
may complete the picture. 

Occlusion of the vertebral artery may be entirely symptomless or it may give 
rise to a picture indistinguishable from basilar artery occlusion. CASTAIGNE et al. 
(1973) found autopsy evidence of infarction of the medulla or cerebellum or both 
in 12 out of 22 cases of vertebral artery occlusion. Crossed hemiplegia with defec
tive postural sensibility and bilateral involvement of the bulbar cranial nerves may 
result from occlusion of the paramedian branches of the vertebral artery which 
supply the medial anterior medullary region. Regional infarction in the medullary 
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area, pons, and midbrain may give rise to well-recognised localising clinical 
features. 

Thrombosis of the superior cerebellar artery largely affects the superior cerebel
lar peduncle and the most common feature is ipsilateral cerebellar signs. With more 
extensive infarction, contralateral thermoanaesthesia, and analgesia, a Horner's 
syndrome on the side of the lesion, partial deafness and contralateral facial paresis 
of upper motor neurone type may be evident. 

Pontine infarction is commonly associated with contralateral hemiplegia or less 
commonly quadriplegia. Involvement of the sixth and seventh cranial nerve fibres 
give rise to lateral rectus and facial paresis respectively. Lateral conjugate eye 
movement to the side of the lesion may be impaired. The sensory tracts subserving 
pain and temperature are often affected in infarction of the middle third of the 
pons, resulting in homolateral facial anaesthesia and contralateral hemianaes
thesia. The sixth and seventh cranial nerve nuclei and the spinal root of the fifth 
nerve may be involved with lateral rectus and facial paresis and homolateral anaes
thesia respectively. The lateral portion of the pons receives a blood supply from 
branches of the basilar artery and from several cerebellar arteries, and vascular 
lesions involving this area may give rise to impairment of coordination of move
ment on the affected side. The characteristic picture of involvement of the upper 
part of the pons results from occlusion of the superior cerebellar artery. The clinical 
features are variable, but are commonly represented by cerebellar signs on the in
farcted side and contralateral impairment of sensation for pain and temperature. 
A Horner's syndrome and tremor are often present. 

Infarction of the mid-brain is relatively uncommon. Some of the neurological 
features of mid-brain infarction, such as paralysis of vertical conjugate deviation 
of the eyes, are often due to basilar or superior cerebellar artery occlusion and are 
associated with signs of involvement of other areas of the brain stem. 

X. Basilar Artery Thrombosis 

Basilar artery thrombosis was for long considered an uncommon and invariably 
fatal condition. Where the basilar artery is thrombosed throughout its length, 
abrupt onset of coma, pin-point pupils and a flaccid hemiplegia with absent reflex
es typify this extensive vascular catastrophe. The classic report by KUBIK and 
ADAMS (1946) demonstrated that a segment of the basilar artery could be throm
bosed and that the clinical presentation was dependent on the precise area of 
basilar occlusion. BIEMOND (1951) discussed the changing clinical picture and WIL
LIAMS and WILSON (1962) described the features of basilar artery insufficiency. Se
venty per cent of autopsy proven cases of basilar artery thrombosis have transitory 
premonitory ischaemic symptoms within the vertebrobasilar territory (GAUTffiER 
1963). Transient vertigo, dysarthria, occulomotor or limb paresis or syncope oc
curred in 70% of cases. 

The level of consciousness following thrombosis of the basilar artery is im
paired and ranges from slight drowsiness to profound coma. The onset may be 
abrupt with deep coma or slowly progressive. The level of consciousness may fluc
tuate considerably over hours or days. Where consciousness is marginally de
pressed, vertigo, ataxia, vomiting, dysarthria or anarthria may be evident. Disor-



442 M.S.J. PATHY 

ders of conjugate eye movements, occulomotor paresis, cortical blindness 
(MELAMED et al. 1974), pseudobulbar signs, hemiparesis or quadriparesis, unilater
al or bilateral seventh or eighth nerve paresis may variously dominate the clinical 
scene. Akinetic mutism is a not uncommon manifestation of basilar artery occlu
sion (REUTHER and DORNDORF 1973), and is characterised by the preservation of 
consciousness in a patient who remains motionless, apart from his eyes following 
events around him. The site of damage is probably in the reticular formation in the 
upper brain stem. 

In some patients with an acute onset it may be possible to clinically identify the 
site of a segmental basilar occlusion. More commonly any attempt at clinical cor
relation between segmental basilar occlusion or vertebral artery occlusion is ren
dered sterile due to anatomical or haemodynamic factors. 

C. Investigations 

I. Laboratory 

The relevant investigations will largely depend on clinical presentation and associ
ated features. Considerable elevation of the ESR will be commonly noted in cer
vical cord tumours, tumour emboli from distal primary neoplasms, multiple 
myeloma, giant-cell arteritis, polyarteritis nodosa, and active rheumatoid arthritis. 
Serological examination for syphilis may be indicated by signs other than those in
volving the vertebrobasilar system. Where hyperviscosity states are responsible for 
impaired vertebrobasilar perfusion, an immunoglobulin profile may confirm 
myeloma or macroglobulinaemia. Haemoglobin estimation, haematocrit value, 
and red cell mass determination are relevant in the diagnosis of polycythaemia. 
Positive blood cultures may confirm infective endocarditis, but negative cultures 
do not exclude the diagnosis. An elevated titre of the differential agglutination test 
(sheeps' red cells) may help to establish the diagnosis of rheumatoid arthritis of the 
cervical spine, but an isolated positive latex slide test is of little diagnostic value 
in old age. Elevation of the enzyme, CPK, and particularly its M-B isoenzyme, with 
a progressive fall to normal over the subsequent few days is of considerable diag
nostic assistance in confirming a myocardial infarction whose only presenting fea
ture may be a stroke (PATHY 1967). 

Electrocardiographic evidence of a myocardial infarction or of an arrhythmia 
may identify the occasional cardiac basis of vertebrobasilar signs and symptoms. 
However, POLIAKOFF (1972) has pointed out that in basilar artery thrombosis the 
ECG may simulate myocardial infarction. 

II. Radiology 

LAWRENCE et al. (1966) showed that 83.5% of males and 80% offemales had ra
diological evidence of cervical disc degeneration after the age of 55 and that os
teoarthrosis of the cervical zygapophyseal joints become increasingly common in 
later life. However, this study was based only on a lateral radiograph of the cervical 
spine. PALLIS et al. (1954) undertook a more detailed radiological study to include 
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anteroposterior, lateral and both oblique radiographs. A close correlation was 
found between the clinical picture and combinations of radiological changes. 

Due to the upward and outward direction of the lateral part of the neurocentral 
joint, ostophytes arising from this area are likely to impinge on the vertebral artery 
and can be visualised in anteroposterior and oblique views. The vertebral artery 
may be compressed by zygapophyseal osteophytes, which are demonstrated by an 
oblique view, though both obliques are preferable. PARIS and YOUNG (1967) 
showed that an "off lateral" view demonstrates the zygapophysealjoints in profile. 
In the presence of posterior subluxation, the inferior articular facet can compress 
the vertebal artery. Erosion of bone with marginal sclerosis may result from kink
ing of the vertebral artery. 

IT!. Angiography 

This is not a procedure to be undertaken lightly in the older patient and the indi
cations must be precisely defined. Diagnostic uncertainty may justify this pro
cedure. CAPLAN and ROSENBAUM (1975) found angiography was of particular value 
in separating posterior fossa occlusive vascular lesions from space-occupying 
lesions. With the introduction of microvascular surgery, KHODAD et al. (1977) have 
suggested that anastomosis between the occipital artery and posterior inferior cer
ebellar artery may be indicated in symptomatic low vertebrobasilar artery perfu
sion states. Preliminary angiography is mandatory. Vertebral angiography via 
brachial artery catheterisation is the most suitable technique (WOOD and HILAL 
1969). Simultaneous tomography with cerebral angiography permits better iden
tification of the vertebrobasilar circulation (ROSA 1976; SARTOR 1978). 

ABRAHAM et al. (1975) found that visual evoked potentials (VEPs) performed 
early in patients with occipital blindness following basilar artery occlusion was of 
prognostic rather than diagnostic value. Responses of normal shape and amplitude 
after monocular and binocular stimulation were followed by complete recovery of 
vision. Lack of VEP was a preceding sign of permanent blindness. 

IV. Percutaneous Ultrasonic Doppler Technique 

KANEDA et al. (1977) compared the percutaneous ultrasonic Doppler technique 
with angiography and found it to be a useful screening test. KELLER et al. (1976) 
found the use of a bidirectional continuous wave Doppler ultrasound system ap
plied non-invasively under local anaesthetic to the oropharynx gave 82% accurate 
results when compared with angiography, appearing to have merit as a safe screen
ing method. 

V. Computerised Tomography 

With considerable experience and under optimum conditions, computerised 
tomography (CT) can outline major intracerebral vessels and define aneurysmal 
changes. With recordings of high technical quality, small haemorrhages of 0.5-
2 cm in diameter can be identified. It has value in detecting small posterior fossa 
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tumours which may simulate vertebrobasilar arterial lesions. KINGSLEY et al. 
(1980) found that the CT scan was of diagnostic value if performed within 2 weeks 
of the ictus in clinically diagnosed infarct or a stroke in evolution, but no CT 
change was demonstrated in any patients with clinically diagnosed transient isch
aemic attacks. 

D. Management of the Vertebrobasilar Syndrome 

While treatment will be dictated by the causal factors, it is appropriate to limit dis
cussion to those conditions in which vertebrobasilar dysfunction is the cardinal is
sue. 

I. Cervical Spondylosis 

The objective is to reduce excessive or even moderate neck movement in order to 
prevent compression of the extracranial segment of the vertebral arteries. In the el
derly a light adjustable plastic collar which can be secured by Velco fastenings is 
normally very satisfactory. Considerable debate exists as to the frequency and total 
duration that a collar should be worn. Whereas the osteophytic spurs and bony 
bosses cannot diminish, it is our experience that symptoms rapidly abate over 2 or 
3 days, and that if the collar is worn during the day for 3 months and then only 
during periods of significant physical activity, most patients will obtain long 
periods of symptomatic relief. Co-existing postural hypotension or paroxysmal ar
rhythmias should receive attention. Traction and manipulation play no part in the 
treatment of vertebrobasilar syndrome due to cervical spondylosis. Where pain 
from associated radiotherapy is severe, 7-10 days of phenylbutazone in doses not 
exceeding 300 mg daily or indomethacine often gives rapid relief. 

II. Surgery 

Radiological changes compatible with possible vertebral artery compression by os
teophytes is an indication for angiography if symptoms are severe. If the vertebral 
artery is compressed by spondylotic outgrowths, particularly in the absence ofma
jor atheromatous changes, surgical decompression should be seriously considered. 
P' ASZTOR (1978) has shown that division of constricting peri-arterial fibrous tissue 
may occasionally be required in addition to the removal of bony osteophytes and 
bosses. 

III. Subclavian Steal Syndrome 

Most often no treatment other than advice to refrain from vigorous use of the limb 
on the affected side is required. Where symptoms are frequent and severe, sub
clavian endarterectomy, or now more commonly a by-pass operation in the neck 
(e.g. carotid subclavian vein by-pass graft, EASTCOTT 1976), will relieve symptoms. 
However, brain infarction virtually never occurs in this condition in the absence 
of concomitant carotid artery disease. In these cases, carotid endarterectomy will 
prevent a stroke (FIELDS and LEMAK 1972). 
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IV. Vertebral Artery Stenosis 

Progress to infarction is very uncommon and unlike carotid artery stenosis, pre
ventive reconstructive surgery is rarely practical. However, where there is associ
ated internal carotid artery stenosis in an otherwise fit person, reconstruction of 
the accompanying carotid stenosis may relieve major symptoms and prevent an es
tablished stroke. However, impaired mentation may be improved in patients with 
low perfusion rates by extracranial to intracranial by-pass (FERGUSSON and PEER
LESS 1976; LUMLEY 1979). KHODAD et al. (1977) have suggested that anastomosis 
between occipital artery and the posterior inferior cerebellar artery may be indi
cated in low perfusion in the vertebrobasilar system. 

V. Transient Ischemic Attacks Involving the Vertebrobasilar System 

It is fundamental to any logical therapeutic approach that the criteria for diagnosis 
ofTIA is precise. Only a transitory neurological deficit within the area of the cen
tral nervous system supplied by the vertebrobasilar vasculature, in which no resid
ual deficity should exist after 24 h, may be considered as a TIA. Indeed, evidence 
of neurological impairment would commonly last minutes and rarely be detectable 
for more than 3 h. Any recurrent associated or precipitating factor such as cardiac 
arrhythmias or postural hypotension requires initial correction. Where recurrent 
micro-embolisation is reasonably certain and involves the internal carotid artery 
territory, where the risk of eventual established strokes is significantly greater than 
in TIAs of the vertebrobasilar system, considerable debate on the role of anticoa
gulation continues. This is largely due to questionable diagnostic criteria, poor trial 
design - particularly lack of effective randomisation between treatment and con
trol groups, inadequate number of patients in single studies and variable assess
ment criteria of therapeutic effects. Many of those who recommend anticoagula
tion for TIAs would only advocate this regime where the transient neurological 
deficits are in the internal carotid artery territory. We continue to believe that an
ticoagulants have a valuable role in the management of confirmed recurrent TIAs 
in the vertebrobasilar territory. The anticoagulant preferred is Warfarin. It is im
portant to appreciate that the dose of Warfarin at age 65 years is approximately 
a half of that required by young adults to achieve the same degree of anticoagula
tion, and by age 80 years the equivalent dose is one-quarter of that of the young 
adult. Treatment is continued for at least 3 years provided each patient is able to 
routinely attend an anticoagulant clinic which is organised to follow strict guide 
lines of detailed management. 

VI. Drugs Affecting Platelet Aggregation 

Several drugs affect platelet aggregability, but those which have been widely evalu
ated clinically include aspirin, sulphinpyrazone, and dipyridamole. The meticulous 
study by FIELDS et al. (1977) on aspirin and the large Canadian study (THE CANA
DIAN CO-OPERATIVE STUDY GROUP 1978), comparing four groups receiving aspirin 
or sulphinpyrazone, or aspirin and sulphinpyrazone, or placebo, indicated that as
pirin reduces the risk of strokes after a TIA in 50% of men, but afforded no pro-
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tection to women. Sulphinpyrazone was no more effective than placebo, but the 
combination of sulphinpyrazone and aspirin was demonstrated to be slightly more 
effective than aspirin alone. The optimum dose of aspirin has yet to be established. 
From experimental evidence, MONCADA and VANE (1978) suggests that aspirin 
should probably only be administered in weekly doses. 

The possibility of preventing TIAs by drug therapy appears promising, but 
more carefully designed trials are required before definitive regimes can be advo
cated. It is nevertheless important that general advice should include reassurance 
that the frequency ofTIAs may diminish with time, and that TIAs in the vertebro
basilar territory carry a generally good prognosis. Control of hypertension, weight 
reduction, avoidance of cigarette smoking and regular exercise are general 
measures which have cardinal merit. 
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