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FOREWORD

The year was 1943. As a third-year medical student at Stanford, I was about to
witness the beginning of a medical miracle. Dr. Arthur Bloomfield, Professor of
Medicine, had selected my patient, a middle aged man, who was dying of acute
pneumococcal pneumonia, as one of the first patients to receive miniscule doses
(by today’s standards) of his meagre supply of a new drug - penicillin. The
patient’s response amazed everyone especially this impressionable medical
student. The rest of the story is history. With one stroke, the introduction of
penicillin removed from the medical scene the ‘friend of the aged’ - lobar
pneumonia. The consequences, which no one could have imagined at the time,
are still becoming manifest as other ‘miracles’ such as respirators, artificial
kidneys and many potent new antibiotics have come upon the scene.

All of us are aware that these miracles have created a variety of new challenges
around the states of dying and near dying. We have no easy answers for these
problems. Nevertheless as dialysis techniques, especially CAPD, are applied
more widely to the treatment of the elderly, the task of helping the patient meet
death with dignity becomes increasingly important and vexing because once
begun, dialysis is difficult to terminate. Indeed, in my 1964 Presidential Address
to the American Society for Artificial Internal Organs (ASAIO), I predicted that
it would prove much more difficult to stop dialysis than to select new patients
(1). The major source of difficulty in this area of care is a legal one. Today in
most legal jurisdictions, dialysis is regarded as ’routine care’ in a class with
antibiotic therapy or nutritional support rather than ’extraordinary care’ like
respirator treatment in an ICU.

This is not the place to discuss this vexing issue in depth. However the danger
flags are flying and as nephrologists, we must face this issue sooner rather than
later especially now that the cost of medical care has become a major concern
to legislators and the public. (Some authorities have estimated that, in the USA,
50% of the entire Medicare budget is spend on patients during their last six
months of life).

If we increase our commitment to dialysis of the elderly, we must expect a
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marked increase in the number of such patients whose quality of life later will
deteriorate because of complications such as myocardial infarctions or
cerebrovascular accidents. At that point confusion and conflict begins and at
present we can contemplate no fair or humane solutions unless we have prepared
the necessary legal steps in advance.

At present two legal options are open in the State of Washington and many
other jurisdictions. One is the ‘living will’; the other is a new legal instrument
called a durable-power-of-attorney. Experience to date suggests that the latter
mechanism is preferable. With a durable power of attorney, the patient can
delegate to a specific relative or friend or his physician the right to discontinue
all forms of life support, including dialysis whenever it seems appropriate. The
patient does not have to be terminally ill as is necessary to invoke most living
wills. I would urge nephrologists to become familiar with this new legal approach
to a difficult medical and ethical dilemma.

By focusing on this difficult subject of terminating care, I do not wish to imply
that I'm against the use of dialysis in the elderly patient. On the contrary, just
as antibiotics are used to prolong the useful lives of elderly patients, so improved
dialysis techniques and in some cases transplantation also can be used. At the
same time, just as we are becoming more and more concerned about the ethics
of using antibiotics to prolong the life of a semi-comatose octogenerian in a
nursing home, we now are facing increasingly frequent ethical problems with
continuing dialysis in the elderly patient who develops a stroke. I believe that
whenever possible, it is wise to anticipate with the patient and family these
potential complications and lessen the emotional trauma by planning in advance
with the appropriate legal instrument.

Belding H. Scribner, M.D.
Professor of Medicine
School of Medicine
University of Washington
Seattle, WA 98195

REFERENCE

1. Scribner BH. Presidential address. Trans ASAIO 1964;10:209-212.



1. INTRODUCTION

Even five or ten years ago, few dialysis patients were elderly. However, during
the past decade most dialysis units have opened their doors to elderly patients
with end-stage renal disease.

In Canada during 1983, of new patients with ESRD, 312 (24%) were over the
age of 65. Similarly, in Europe, during the years 1980-1982, 25% of all new
patients were over the age of 60.

This high percentage of elderly patients on dialysis is a common phenomenon
in most North American centers and in most developed countries with the
exception of Great Britain. This high percentage of elderly patients on dialysis
is due to: 1) The liberalization of criteria for acceptance for dialysis - old age is
no longer a contraindication; 2) The increasing success of dialysis which has kept
more patients alive longer, and 3) The aging of the population as a whole. As
a result and with increasing frequency nephrology teams are encountering the
many special problems inherent in the elderly even though many have not had
the training which would prepare them to recognize and manage these complex
situations.

Since our goal is not only to provide dialysis and extend life but also to give
the patient a life of reasonably high quality, it is timely to review existing
knowledge in this field with the understanding that a fuller description and
recommendations for their management will require the collaboration of other
disciplines.

Problems arising in the elderly patient on dialysis may be surveyed under four
headings: 1) Medical, 2) Dialysis-related, 3) Psychosocial and 4) Ethical.

Medical-Problems: Usually elderly patients have multiple-system disease, of
which cardiovascular lesions are prominent. Frequently they have some degree
of mental impairment, which often is aggravated by the side effects of various
medications. Most of these patients receive several or even many different
medications and the physician should be alert for evidence of synergism,
antagonism and side effects.

Dialysis-Related-Problems: An unstable cardiovascular system and the poor
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condition of the blood vessels make hemodialysis a difficult procedure and hence
some form of peritoneal dialysis seems preferable. Management becomes even
more complicated when the elderly patient on dialysis becomes confused or even
demented. Then it may be advisable to discontinue dialysis but often this is not
an easy decision.

Psychosocial Problems: The main psychological hazards are loneliness and/or
depression. In Western society, the bonds between young and the old are so loose
that a major disease like ESRD will rupture these bonds almost completely; then
the burden of the elderly patient becomes unbearable and the family surrenders
the patient to institutional or other public health care. Depression and its
consequences reflect the lack of purpose in the patient$ life, and the perceived
lack of concern and care from children and grandchildren. Under these
circumstances one might expect the elderly to give up, nevertheless most seem to
prefer to live, even on dialysis. Life is worth living for reasons that most may
perceive to be small. One day, one of my elderly patients who, in addition to
renal failure also had respiratory failure, told me how happy she was because
that morning, when she looked out of her window, she saw some blossoming
flowers. Again and again I have observed how important family support and care
is to the wellbeing and even survival of the elderly. Unfortunately while we are
equipped to treat ESRD effectively, we are poorly prepared and get little support
from society when we attempt to make the last years of these patients pleasant
and meaningful. This problem becomes even more difficult when the family
struggles with an additional handicap - poverty.

I am impressed how important it is for the elderly patient to continue to live
and eventually die at home amid familiar surroundings. If we can satisfy this
desire, we will make each elderly person happier and we will save money because
a bed at home is so much less expensive than a bed in an institution. Ironically,
society often makes it easier to spend more money and put these patients in an
institution than to assist them to stay at home.

Ethical Problems: As a society and as professionals we face a number of
agonizing questions: First, should we accept all elderly patients for dialysis? In
my view this decision should be based chiefly on the patient’s wishes.

Secondly, should we accept for dialysis patients in poor health who have little
prospect for improvement but want to continue to live? Of course all would wish
to be in a position to grant all such requests, but often funds are not available
to offer dialysis to all.

Recently in the USA and Canada health-care professionals have come under
increasingly severe financial constraint and the time seems close at hand when
doctors will be forced to make the choice ‘Who will live? and Who will die?’ In
that day, the elderly will be the first to suffer and be refused treatment because
their management is the least ‘cost-effective’.

Finally the physician faces special problems in the demented elderly patient
who requires dialysis. If he recognizes the dementia before he considers dialysis,



the physician may be able to convince the relatives that it should not be started.
However, once dialysis has been instituted, it is difficult to discontinue it,
especially if the family objects.

The physician or other staff members will require much compassion and
understanding, if they are to convince the relatives that they should consent to
the discontinuation of treatment. When the elderly dialysis patient is in pain or
is suffering from complications in other systems, the doctor or the nurse should
be prepared to discuss the options with the patient and, from time to time,
remind them that they can discontinue dialysis if they so desire. We should make
sure that no patient continues dialysis - even though they may be suffering only
because they do not want to disappoint their doctors.

The first International Symposium on Geriatric Nephrology was held in
Toronto on May 23 and 24 1985 because these problems will become more
numerous and more acute as time passes. This course was arranged with the
collaboration of an international advisory board - C.R.Blagg, Seattle;
E.Friedman, New York; D.Hamburger, Indianapolis; M.Kaye, Montreal;
D.Kerr, London; M.Kessel, Berlin; C.M.Kjellstrand, Minneapolis; J.D.Kopple,
Los Angeles; N.Lameire, Gent; M.Legrain, Paris; K.D.Nolph, Columbia;
F.Parsons, Leeds; J.D.E.Price, Vancouver; G.E.Schreiner, Georgetown; and
T.Reiff, Boston, and a local board - S.S.Fenton, W.Williams, B.Goldlist,
C.Saiphoo, R.Meier, S.Kline, R.Fisher.

This book includes the papers presented on this conference and the discussion
after each presentation. With the publication of the proceedings of this
conference, we hope to establish the foundations of the subspecialty of geriatric
nephrology, which is urgently need with the increasing numbers of elderly
patients with renal disease. I hope subsequent conferences will build on the
knowledge accumulated in this conference.

The success of this conference and the prompt publication of its proceedings
are the result of hard work by a large team. First I would like to thank the
members of the International Advisory Board for their many valuable
suggestions. The members of the local organizing committee worked ciosely
together to produce the program. I want also to thank Donald Joseph of
Travenol Laboratories who generously guaranteed the expenses of the
conference in the event that the registration was not large enough to defray our
costs, and Bob Janosko Marketing Services Manager of Travenol, for his expert
contributions. Pam Graham, of Congress Canada, and my secretaries -
Margarida Silva, Rosa Muhlbacher and Dianna Taylor, provided invaluable help
during the organization of the symposium.

This publication would not have been possible without the prompt cooperation
of all authors. Dr. J.O. Godden helped immensely by editing all of these papers
and my secretaries spent many hours typing the manuscripts. Finally, since a man
can do only so much with his time, I thank my wife and our children for
surrendering their claim on much of my time during the two years it took to
prepare this conference and this book.

D.G. Oreopoulos



2. PHYSIOLOGY OF AGING

C. I. GRYFE, M.D,, F.R.C.P.(C)

AGING VS. AILING

Normal aging is physiology, and not pathology. This statement may be difficult
to reconcile with Comfort’s definition of aging (which gives little comfort): A
deteriorative process characterized by a decrease in viability and an increase in
vulnerability with increasing chronological age (1).

Because the intellectual discipline that we call physiology’ is the study of
functioning homeostasis (2), it is difficult to perceive a physiological
phenomenon as a decremental process. We are conditioned to understand
physiology as it represents the optimally functioning young-adult animal. This
is the physiology found in the standard textbooks.

The study of disease or pathology is familiar to us as a decremental process.
Since both normal aging and the progression of disease diminish vitality and
increase vulnerability, and normal aging is not merely the accumulation of
diseases, how can we differentiate the two phenomena? For example, how can
the clinician decide if the disease diabetes mellitus is present? If traditional
standards of glucose tolerance are used, 50% of people over 70 years old might
be classified as latent diabetics, but, in this age grouup, the actual prevalence of
frank diabetes is probably no greater than 8%. Alternatively, if ‘normal’ is
defined to include those serum glucose values lying within two standard
deviations of the mean, then 2.3% would have latent diabetes (3).

CRITERIA OF AGING

Strehler (4) has proposed a set of criteria to define the normal aging process, in
distinction to the natural history of disease. The most obvious feature of normal
aging is ‘deleteriousness’ (Strehler’s term). That is to say deterioration or
degeneration, which also characterize the process of disease and therefore the
term does little to differentiate the concepts of physiology and pathology.



However, rates of deterioration may be different in two otherwise similar
phenomena. Osteoporosis, the progressive loss of bone substance, provides one
example. Some old women lose skeletal mass at a rate apparently higher than
normal. These individuals may be regarded as having pathological bone loss,
while the reference group had physiological bone loss (5). The slopes of the
decline curves for the pathological group are clearly steeper than the average
slope for the physiological group.

In more general terms, the different slopes may be members of a set of slopes
which includes the range between maximum possible, age-specific function, and
disuse-atrophic function (Williams 1984). Below the latter lie the slopes of
disease-induced dysfunction, and in many instances these steeper slopes
demonstrate the combined effects of disuse atrophy and pathology.

Strehler’s next criterion, ‘intrinsicality’ also requires some qualification.
Uniformity or sequential predictability of various manifestations of aging imply
an inherently programed ‘biological clock’, that is in genetic material, which
becomes exhausted at a predictable rate.

His third criterion, ‘universality’ clearly distinguishes aging from any known
disease entity. No morphological lesion or functional aberration, which we
perceive as a disease, can be said to affect every member of a susceptible species.
Some possible exceptions spring to mind such as atherosclerosis (7), but,
although it is widely prevalent after middle age, atherosclerosis still misses
occasional individuals in industrial societies and is rare in some primitive
societies. Such reservations on the universality of atherosclerosis are even more
meaningful if we focus on site-specific atheromatous lesions.

Also militating against atherosclerosis as a normal aging process is Strehler’s
fourth criterion of ‘progressiveness’ or irreversibility. Again, examples are
infrequent but atherosclerotic plaques can regress and disappear (8-10). The
aging process, being time-determined, cannot be expected to reverse any more
than time itself can reverse.

RATES OF AGING

Clinically, there seems to be a time-determined inter-relationship between the
normal aging process and the natural history of disease - an interaction which
is complex and subtle. Aging proceeds at different rates in different species (men
live longer than mice). Also, it has different rates of progression in different
organs and tissues.

The per cent loss of tissue mass varies widely among specific organs, ranging
from about 5% in lungs to about 48% in spleen during the five decades between
35 and 85 years of age (11-12). As a consequence, the relative masses of major
tissue elements are different in older subjects than in their younger counterparts.
Especially important are the changes in total body fat, lean muscle and water,



because of their implications for metabolic activity, nutritional management and
drug use.

Even within the same organ, such as the skin and its integument, there are
variations, e.g. graying of the hair characteristically occurs earlier in the temples
than in the eyebrows.

Morphological changes also are seen at the molecular level, particularly those
affecting the spatial orientation or racemization of individual protein structures.
The ratio of dextro- to levoisomers varies with chronological age (13,14), but
whether this has functional consequences is as yet unknown.

Variation in rate is seen most importantly among the different physiological
systems. For example, the systems subserved by paired organs, such as
respiration and the lungs, or excretion and the kidneys, decline at a faster rate
than single-organ functions such as cerebration or cardiomechanics. Another
determinant of the rate of decline of physiological functions is the complexity of
the system selected. Nerve-conduction velocity involves only the nervous system
and declines only about 10% in six decades, but cardiac output involves the
endocrine and nervous systems as well as the circulatory system and the overall
decrease between 30 and 90 years of age is almost 30%. This principle also is
illustrated in testing muscle power if static strength, as measured by
dynamometry is compared with the co-ordinated kinetic test of wheel-cranking
(195).

Defining the rates of observed decline may be difficult, because Calloway (16)
has found at least three different shapes of the regression curves. By definition,
simple zero-order mathematical functions produce a linear regression when
arithmetic differences in physiological capability are plotted against arithmetic
differences in time. Nerve conduction velocity exemplifies such a relationship
an7.

First-order mathematical functions produce a linear regression when
logarithmic differences in physiological capacity are plotted against arithmetic
differences in time, such as with the threshold of vibration perception (18).

The third type of regression, i.e. second-order mathematical function, is linear
when logarithmic differences in both function and age are plotted graphically.
Many examples have been described, including per cent body water (19), a
particularly important clinical consideration.

PHYSIOLOGICAL VARIANCE

To consider only the physiology of the optimally functioning, young-adult
animal is the biological equivalent of looking at a still photograph instead of a
cinema. There are different physiologies for each pericd of life: growth, maturity
and senescence. But compared to the study of optimal adult function, the study
of senescence presents practical and conceptual difficulties, because of the need



to deal with a moving homeostasis, or homeorrhesis (20).

In terms of a systems operational model, aging is the loss of information
leading to system deterioration and secondary compensations. In biological
terms, there is a consequent failure of adaptation, initially partial and often
individually irregular. The deterioration of homeostasis produces a steady
increase in variance. Among individuals, there is variation in the system most
subject to variance, resulting in even greater variation in surviving compensatory
mechanisms.

Genetic determinants specify in which system deterioration will be dominant.
These genetic factors determine the primary rate of decline, but system selection
and rate of failure are modified by environmental factors. Inversely,
environmental determinants may initiate deterioration in a system and determine
its decremental rate, while underlying genetic factors influence the process,
particularly from the reserve capacity inherent through constitutional
endowment.

Many physiological parameters in populations have been analyzed statistically
using data acquired in both cross-sectional and longitudinal studies. The analyses
have aimed to characterize the general trends in physiological responses with age,
and to predict the likelihood of particular changes in particular individuals. In
subjects of a given old age, any cross-sectional study of function transects a wide
and diverging distribution. The range and variance increase with age, as in age-
specific excretion of gonadotrophins (21). This increasing variance makes it
necessary to study larger populations in order to assure representative samples.
However, there are progressively fewer survivors as a population ages, making
it more difficult to obtain samples. The distribution of values may be normal,
bimodal or even plurimodal. Increasing variance is illustrated in the diastolic
blood pressure; here the mean age-specific value rises in a gentle curve, but the
rise in age-specific variance is steeper and the increase in age-specific range
proceeds even more steeply (22).

These observations suggest that homeostasis becomes increasingly unstable.
Pertubations requiring homeostatic response become larger, while capacity to
respond becomes smaller. Incipient failures mobilize fall-back or compensatory
mechanisms at all levels and these adaptations initially can mask a shift in the
homeostatic balance point.

For example, senescent nephron loss may be compensated by hypertrophy of
surviving nephrons, but evenutally these will lose the capacity for further
compensation, either inherently or from vascular, interstitial or extrarenal
factors, or from a combination of these.

EVOLUTION OF AGING

These adaptive age changes are not random, but appear to have evolved with the



increasing life span characterising those mammals which have a long post-
reproductive life (2).

Sacher (23) has developed a mathematical model for the homeostatic process,
using a specific point of failure. In reality, each primary physiological process
is underpinned by a secondary process, and there may be many more layers of
compensation - each with its own point of failure. In essence this is a system of
‘overinsurance’ (2), of adaptation by the capacity for drift in each major system.
Thus in higher animals, homeostatic reliability has been achieved through
secondary adaptations rather than by an age-proof primary process. Such
overinsurance’ probably operates in intracellular as well as in inter-tissue
systems. This complex, ‘adaptive regulatory’ process (20) tends to preserve the
organism’s vitality and prolong its life span.

Ultimately however, the repertoire of adaptation becomes exhausted. The
amplitude of the challenge to homeostasis which can be met effectively, is
diminished. The path of homeorrhesis becomes narrowed and the physiology of
aging can be summarized in the term ‘homeostenosis’ (24) - a term probably
familiar to every nephrologist. Homeostenosis - the erosion of homeostatic
controls, usually is demonstrable during severe stress only. The critical level of
homeostatic tolerance has decreased progressively with age but only in very
advanced age do minimal insults cause death.

This concept will echo through the discussions regarding chronic renal failure.
Increasingly severe degrees of renal insufficiency have their counterparts in
phases of senescence. Stages of old age also have been described: The first is that
time when one has indeed aged but when he alone is aware that he has grown
old; the second is when an individual realizes that he has grown old and the rest
of the world also is aware of this; and finally, the third stage of senescence is that
time when the individual who has grown old is no longer aware of the fact that
he is old, but the rest of the world patently is aware of it (25).

In summary, normal aging is an involuntionary process which is apparent both
functionally and morphologically. Senescence may be regarded as the analog of
chronic renal insufficiency at a whole body level. The consequent decrease in
adaptation strongly resembles the natural history of a disease. The distinction
between physiology and pathology is not easy. In our real world, attempts to
make this distinction may appropriately evoke a traditional invocation: Give me
the peace to allow me to accept what I cannot change, to give me courage to
change what I can, and to give me the wisdom to distinguish between the two.’
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3. SENILITY AND MATURITY:
PSYCHOSOCIAL ASPECTS OF AGING

H.M. ROSEMARY MEIER, MB, CHB., MSC., MRCPSYCH., FRCP(C)
RICHARD IAN OGILVIE MD, FRCPC, FACP

This meeting has been convened out of concern for the impact on the elderly of
end-stage renal disease (ESRD). This paper will present an overview of the
psychosocial aspects of aging and will emphasise the theme of development,
regarding aging as part of the continuum of life. The perspective is that of a
psychiatrist, and the theme echoes Jarvik’s salutary reminder that ‘elderly
designates a heterogeneous group of persons united by chronologic age, but not
necessarily by physiologic, psychologic, or social functioning.’ (1) We may focus
on the development and experience of the individual, but at no age or stage of
life is a man ‘entire of himself’ (2), and any consideration of aging must take into
account the context of the society and times in which the man lives. Here ‘man’
denotes a ‘person’; John Donne was referring to mankind, and the human
experience. In this context, we may have to distinguish between person, man, or
woman, in order to recognise differences in psychological and physiological
development, and socio-cultural experience of men and of women. In our day
and age, many of the issues of aging -- becoming old, being old, caring for the
old -- are women’s issues. Planners of health care services and individual care
givers are beginning to recognize the importance of the interactions between the
individual and society, and the necessity of considering each individual and
environment.

William Shakespeare (3) described the seventh age of man as ‘last scene of all
that ends this strange eventful history’. This view of the aged as ‘second
childishness, and mere oblivion, sans teeth, sans eyes, sans taste, sans everything’
persist even today, even though we recognise several aspects, which are
independent of chronological age. ‘Vigor’ represents biological age, while
‘functional age’ is an aspect of individual psychological age. Social aging
represents the interplay between the individual and society, and the environment
in general. Erik Eriksen (4) by describing eight states of development in which
each stage has a specific task, has provided a helpful conceptual background to
the care of the elderly, which also may be valuable in individual therapy. This
epigenetic approach can be accepted only if one recognizes the importance of



12

factors common to the cohort, or group born at the same time. Many
assumptions about aging are confusing because they are based on observations
made at the same time but on people of different ages -- cross-sectional slices -
these have been interpreted as if they related to change over time, and could be
equated with change associated with aging. To extrapolate change over time, one
needs to observe a group over time, ideally a prospective longitudinal study. The
educational and economic experience of the group depends on the size of birth
cohort, and not only on the proportion of the elderly in a population at a
particular time.

The concept of adulthood has a strong influence on the experience of aging.
Jung (5) reflected that ‘a human being would certainly not grow to be 70 or 80
years old if his longevity had no meaning for the species to which he belongs...
The afternoon of human life must also have a significance of its own, and cannot
be merely a pitiful appendage to life’s morning.’ In addition to the meaning of
an individual’s life, the sequence of Eriksen’s tasks culminates in the ‘acceptance
of one$ one and only life’ and a sense of integrity rather than despair. The
concept of ‘the stewardship of life’ is reminiscent of Kohlberg’s (6) theory of
moral development. Beginning with primitive ideas of retribution, stages of
moral cognition arise which contribute to the establishment of adult moral values
and the capacity for mature behaviour. It is important for those who see the
- consequences of aging chiefly in terms of social or medical pathology to
recognize that the process of aging has many dimensions.

PSYCHOSOCIAL CONCEPTS

The development of identity is a function of the integration of personality: it is
affected by the wishes, fears, defences and conflicts characteristic of the human
condition. Many of the explanations of the life cycle are based on observations
of patients, or of those identified as needing help. Normality seems difficult to
define in the later stages and the findings are lively but confusing. Mandell and
Salk (7) describe the developmental fusion of intuition and reason as ‘apparent
random processes that self-organise in time, becoming complex, yet stable,
structures’, implying a ‘hidden organization’. Neugarten (8) offers the idea of
the ‘social clock’, according to which life events are either ‘on time’ or occur
unexpectedly, and, being ‘off time’, represent crises. Freud (9) attributes a vital
role to the unconscious, which mediates interactions between biological
constitution and psychological experience. ‘Timing’ is seen in the stages pf
psychosexual development, and in the integration of internal psychological
forces with external social pressures. Hartmann (10) conceptualizes adaptation
as ‘primarily a reciprocal relationship between the organism and its
environment’. The tasks associated with life stages emphasize that transition and
adaptation are part of normal development, rather than pathological crises.
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Indeed, like adolescence, aging includes several ‘normative crises’.

As in adolescence, the individual’s life cycle has to be considered in context
of the life cycle of the family. The most rapid increase in any age group 65 and
over is among those 85 and over; the children of those ‘old-old’ are themselves
‘young-old’ because they are aged 65 or more. Their children in their 40’s may
be coping with their adolescents, and also keeping an eye on both parents and
grandparents. The ‘young-old’ may also be a ‘sandwich generation’, finding that
the ‘empty nest’ is inhabited again by middle-aged children returning home after
the end of a marriage, or the end of employment. The age range (65 and over),
can extend over four decades. The ‘frail elderly’ aged 85 and over differ from
those under 75, even if they are in good health.

SOCIOCULTURAL ASPECTS

The range of life events encountered by an individual has been studied by Holmes
and Rahe (11). If an event is anticipated, it causes less stress than if it occurs
unexpectedly. Neugarten and her colleagues (8) compared the consequences of
an event such as widowhood, when it is anticipated at an appropriate age - in the
late 60’s or 70’s -- and when it is ‘off time’, for example, in the 30’s or 40’s.

Social supports help us to cope with ‘on time’ events, however stressful they
are. Often the individual’s ‘age status’ is crucial in the development of a social
network at a specific time, particularly if this network is developed because of
recognised needs, such as frailty or specific illness. The individual’s social role
is reflected in the way he accepts, or develops, a place in such a specific social
network, which is created often at the instigation of others, such as health-care
workers. Throughout life an individual may have ‘role portfolio’, a multiplicity
of attributes and functions; however, usually this becomes progressively depleted
and, as life goes on, one’s place in society becomes more marginal. Few norms
exist to guide behaviour as one grows old and very old, or for determining what
is expected or acceptable. The status of the very old is changing because there
are more such people, even though society perceives their needs and perhaps their
very existence as ‘a problem’. As Rosow (12) forthrightly observes, the crucial
people in the aging problem are not the old, but the younger groups, because it
is the rest of us who determine the status and position of the old person in the
social order.

SENSE OF CONTINUITY

The stages of development provide a framework for a sense of continuity of the
individual, but it also has relevance for the relationships between generations. An
elderly Bernard Berenson (13) asserted that ‘difference of age never made any
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difference to me at any moment in my life, nor does it now. That is to say, it
would not, but for the increasing age consciousness that has crept upon us since
I myself was a young person. During my visits to the U.S.A., I began to feel more
and more parked into a round where we had to keep turning with our
contemporaries in their circle of Dante’s inferno, seldom meeting the older,
never the young. Indeed, we never saw the children of our best friends at their
own table, and seldom knew them by sight’. This wry observation reminds us of
the concept of generativity - Eriksen’s task of midlife. The literature,
professional and more literary, contains many references to the relationship
between middle and old age, between maturity and senility. Vida Scudder asserts
that ‘an energetic middle life is, I think, the only safe precursor of a vitally happy
old age’. Janet Baird (17) comments that ‘the dangerous and pitiful deterioration
of later life is not the product of the aging process, but of a stagnant and inert
period of maturity’. Henry Ward Beecher reminds us that ‘if you have only two
or three things that you can enjoy, and these are things which time and decay
remove from you, what are you going to do in old age?’. An important element
in the sense of continuity throughout the life cycle is this sens= of active
participation and commitment beyond work and immediate concerns. It is
consolidated in the resilience and responsibility which can mark late adult life --
the epitome of maturity. One marker of the attainment of this stage is the change
in perspective, when age is measured not as time since birth -- the candles on the
birthday cake -- but in terms of time left to live. Again, the timing and sequence
of life events often determine how they can be dealt with. The settings of the
biological and social clock tend to coincide.

EPIPHENOMENA OF AGING

Often regarded as synonymous with aging are events which tend to occur because
one has lived to a particular age or stage: Blazer and Busse (13) contrast
senescence or primary aging with senility or secondary aging (Table I).

Chronic and later end-stage renal disease introduce factors that influence the
usual course of senescence and thus contribute to the development of senility.
Individual success in coping with these events, which come because one has lived
to the later stages of life, depends upon such factors as previous life experience,
and how one has prepared for the particular event: perception of the event itself,
and the resources available, which include not only state of physical health but
cognitive function, state of mind, and socio-economic resources.

We can regard retirement as a normal or expected crisis, although professional
workers may see Wilder Penfield’s syndrome of retirement neurosis or ‘false
senility’. To cope with retirement, one tackles the adaptive tasks of later life
which have been described by Pfeiffer (14), which include adapting to loss and
also reviewing one’s identity (one’s sense of continuity with life beycnd work),
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Table I: Aging*

Primary aging: Senescence
- Hereditary factors
- Independent of stress
Trauma
Acquired disease
Secondary aging: Senility
- Environmental factors
- Particularly trauma
Disease

* Busse and Blazer, (13).

and finally remaining active in order to retain function. Here we emphasize the
importance of continuing physical activity, social interactions, intellectual and
emotional stimulation - all of which reinforce the capacity for self care.

Widowhood, in contrast, follows bereavement. In the weeks following, one
needs to do ‘grief work’ and mourning continues through its stages over many
months -- and perhaps is never completed. Kubler-Ross’s {15) familiar stages
may not be altogether relevant to the elderly. The idea of a sequence of stages
is helpful for the bereaved of all ages, and also to those concerned for them. But
the vogue has passed for an active working through of the stages of denial, anger,
and acceptance; we now adopt a quieter and more experiential approach,
particularly if the bereavement is not unexpected. Widowhood may have a
profound influence on both biological and psychosocial function, because
widows and widowers are more susceptible to physical illness not only in the
period immediately following bereavement, but also within the first year (16).
Biological vulnerability is increased by such psychosocial factors as increasing
social isolation, and poverty. The most disadvantaged group in our society are
widows.

With increasing geographic and social mobility, and with divorce, remarriage,
and the complexities of reconstituted families, being a grandparent is not what
it used to be. As grandparents age, they assume an increasingly peripheral role
in the lives of grandchildren. Grandparents seem to have increasingly symbolic
and emotional functions, and indeed access to grandchildren depends
increasingly upon the goodwill and maturity of the adult children. This access is
an aspect of filial maturity - anther stage in the family life cycle. According to
Sussman (17), the adult child must assume the help-giving role in such a way that
the aging parent experiences that child as dependable, while he or she is not made
to feel that they have become a burden. The degree of help required is related
not only to the grandparent’s health, but also to the quality of the couple’s
marriage. During the later stages of life household management, care during
iliness, and emotional gratification are some of the major expectations of
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marriage. However, emotional gratification is the vital aspect, and now we are
more accepting of the need for emotional and sexual gratification in the elderly.
The clinical assessment should enquire about sexual activity even when the
assessor may be as young as the patient’s children or grandchildren.

SURVIVAL AND LONGEVITY

Contemporary changes in survival and longevity have altered greatly traditional
life experiences. Health more than age per se determines the place of work and
marriage, and intergenerational relationships in individual lives, and declining
health forces profound changes in individual functioning. Morale, another key
factor, includes a zest for life in the present, a positive self-concept and mood
tone, qualities of resolution and fortitude, a sense of congruence of future goals,
and a sense of achievement in the past -- similar to the sense of continuity.
Neugarten (18) calls the factors contributing to homeostasis in the face of severe
crisis an ‘adaptive paranoia of old age’, reminding one of the adage, ‘It’s not that
one becomes crabby the longer one lives, the crabby live longer’. Lieberman (19),
describes this homeostasis as a dimension of maturity, rather than senility, and
noted that being aggressive, irritating, narcissistic, and demanding, with a certain
amount of magical thinking and perceiving oneself as the centre of the universe,
seemed to contribute to homeostasis in the face of crisis. The elderly are helped
to deal with changes to come by a sense of active mastery over what has
happened before (20). The clinical history taking may serve the function of life
review and hence constitute a form of therapy.

With respect to cognitive changes over time, evaluation of cognitive function
is a crucial part of clinical assessment, but here one is handicapped by many
confounding variables, several of which reflect health status rather than age per
se. Piaget’s (21) scheme of cognitive development provides another epigenetic
view of development. These stages have not been studied much beyond early
adult life, but it appears that cognitive competence 2iso is lost by stages; the
individual regresses toward earlier, more concrete operations, as he loses his
higher functions and abstract abilities. Frequently this is manifested in post-
operative confusional states, where the patient loses acquired languages and then
regains them in the sequence in which they were learned: the mother tongue is
retained best. Shaie’s (22) concepts of cognitive re-organization across the
lifespan, in relation to life experiences also sheds light on the psychosocial
aspects of aging.

SENILITY AND MATURITY

This ‘age irrelevant but sequence relevant’ (23) approach provides a
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multidimensional perspective of aging, which views growing older in terms of the
ability to adapt to change. Intrapersonal and interpersonal psychological factors
contribute to the sense of identity, and to the rhythms of the individual and
family life cycle. Socio-cultural factors, including sex roles and marital status,
contribute to the individual’s sense of continuity, and to his perspective of the
life course. At 70, Wilma Donoghue (24) asserted: ‘I have more measure of
feeling about aging when I see people I was young with, at the University, and
all of a sudden I see them in the version of old people. I may not have seen them
for a long time, and then I see them after theyve stepped over the threshold, and
are now looking old. I have never thought of them as older people, and suddenly
I see them as old, and I gather a sense of their being different, and I have thought
about this. To them, just like I am to myself, there is a consistent personality.
I don’t recognize that I was 20,30, 40, 50, 60, and so forth. I just seem to be a
consistent personality, that’s lived a whole life. I realize I look the same to them,
as they look to me. As far as my feeling is concerned, I don’t have that sense.
I have the same sense of being a whole person, with spirit and interests that are
consistent with my life’.

Weinberg (25) emphasizes that aging is associated with a new balance in the
world view, with a self assuming a greater importance. There is a greater
preoccupation with the inner life, greater concern with satisfaction of one’s own
needs, and decreased emotional ties to people and objects; this may be because
attachments are fewer, following losses and bereavements, than because these
attachments are less intense. This process leads the individual to focus on past
life experiences, reminiscences, inner affective experiences, and also on health
and bodily functions; he meets essential needs by ‘exclusion of stimuli’ -- being
able to restrict attention to the most psychologically relevant stimuli, and
apparently ignoring the multitude of details of everyday life which have less
psychological relevance. When their well-being is under discussion, deaf older
people, for example, may seem to hear what they are not expected to hear.
Weinberg associates this exclusion of stimuli with the psychoanalytic concept of
subception, and distinguishes it from denial. This mechanism also may help us
to understand apparent discrepancies in the individual’s understanding, and
acceptance of illness or impending death.

The concept of developmental stages in many dimensions of individual life --
psychological, psychosexual, psychosocial, moral and cognitive -- can help us to
understand the apparent variability in intellectual and emotional insight, or in
the understanding of impending death and ‘being ready to die’. Anticipation and
preparation for the stages and transitions of life contribute to developing
maturity, including the capacity to make choices, and to sustain an adaptive
value system. This development of a philosophy of life, whether couched in
spiritual or religious terms, includes an acceptance of mortality. Maturity is not
necessarily synonymous with wisdom, but is comprised of as series of abilities
and biological systems, which peak at different times. Maturity is a phase of
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primary aging or senescence. Aging compromised by psychosocial dysfunction or
poor health is secondary aging or senility. The great challenge to the individual
and to society is senility rather than aging.
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4. PHARMACOKINETICS AND
PHARMACODYNAMICS IN
THE ELDERLY

RICHARD IAN OGILVIE MD, FRCPC, FACP

INTRODUCTION

The past 15 years have been marked by a great increase in knowledge about the
time course and magnitude of absorption, distribution, biotransformation and
elimination of drugs in normal volunteers and in patients with disease. Combined
with knowledge of the time course and magnitude of drug effects, we can plan
dose schedules, initiate treatment and in many instances follow it by monitoring
therapeutic drug concentration to optimize drug efficacy and prevent or reduce
drug toxicity. ’

Adverse drug reactions are common, averaging 10-18% in many studies (1).
Although Ogilvie and Ruedy found no increase in incidence in the elderly (1), a
study in Northern Ireland found an incidence of 6.3% in 667 patients less than
60 years old and 15.4% in 493 patients more than 60 years of age (2). Another
group in Great Britain found that 81.3% of 1998 admissions to departments of
geriatric medicine were ingesting prescribed drugs at the time of admission and
15.3% of them had adverse reactions (3). It has been demonstrated that the
application of simple kinetic knowledge to the prescribing of digoxin can reduce
markedly the incidence of adverse reactions (4). Better knowledge of alterations
in kinetics and dynamics of drugs with age may help to reduce adverse drug
reactions in the elderly.

Drug kinetic and dynamic information is being assembled for special groups
such as neonates, children, pregnant females, patients with renal or liver failure
and the elderly. Although the elderly have a disproportionate number of illnesses
and receive a disproportionate quantity and number of drugs we do not have
adequate data regarding pharmacokinetics and pharmacodynamics in them. Few
centers are dedicated to such studies, for example, in Canada, only the University
of Manitoba (Drs. P. Mitenko, F. Aoki and D. Sitar) has a geriatric clinical
pharmacology unit. Healthy elderly individuals are not ready volunteers for
clinical pharmacological studies, often claiming that they have already ‘done
their bit for society.” The search for information about a single drug in the sick
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elderly patient is complicated by the presence of multiple diseases and the variety
of drugs that these patients receive. Most studies have too few volunteers or
patients, and in addition, the design of all current studies are cross-sectional
rather than longitudinal and provide information only about age differences in
pharmacokinetics rather than changes with aging. Except for drugs
predominantly excreted by the kidney, one cannot easily generalize on the
magnitude of age differences in pharmacokinetics. As with other age groups,
interindividual differences due to environmental, genetic, or physiological
differences are important determinants.

DRUG ABSORPTION

There has been little evidence of altered drug absorption in the elderly compared
to younger individuals, despite a reduction in gastric acid production with age,
delayed gastric emptying and intestinal motility or a reduction in the number of
absorbing cells. Considerable interindividual variation in lag times and the rates
and extent of absorption of most drugs at any age, makes it difficult to
demonstrate changes with age in small numbers of subjects. For example, Shader
et al (5) observed a slower apparent first-order half-time of 20 min for
chlordiazepoxide in eight elderly subjects compared with an absorption half-time
of 6 min in 28 younger subjects. However, variability made it impossible to
demonstrate a statistically significant difference. A study by Cusack et a/ (6)
showed that the time to peak plasma digoxin concentrations was delayed 60 min
in the elderly compared to young subjects but overall bioavailability was similar
in both groups. On the other hand, several workers have reported diminished
first-pass biotransformation of propranolol (7), labetalol (8), lidocaine (9) and
I-dopa (10) and raised the possibility that these drugs would have increased
plasma concentrations and effect in the elderly patient.

Decreased absorption of drugs absorbed by active transport mechanisms ( eg.
iron, thiamin, vitamin B12) has been suggested but not confirmed. As noted
earlier, the overall bioavailability of I-dopa is increased because of a decreased
first-pass biotransformation in the elderly. Also, the absorption of acid-labile
drugs such as potassium penicillin may be increased.

DRUG DISTRIBUTION

Lean body mass as a proportion of total body weight is reduced in the elderly.
After comparing age groups 18-25 years of age and 65-85 years, Novak (11)
estimated that body fat increased from 18 to 36% of body weight in men and
from 33 to 45% in women. The apparent volume of distribution of lipid soluble
drugs such as diazepam (12) and lidocaine (9) is increased in the elderly. Total
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body water may be reduced some 10-15%, thus, in-older subjects the ingestion
of drugs such as ethanol, which are distributed in body water, would produce
higher peak plasma concentrations although rates of biotransformation are
unchanged (13). Their reduced lean body mass results in higher plasma digoxin
concentrations because digoxin is largely distributed to skeletal muscle (5,14).
This effect is in addition to the delayed elimination caused by impaired renal
function (4,6).

Occasionally, the elderly have reduced serum albumin concentrations and
hence may have increased plasma clearance of highly bound drugs such as
warfarin, phenytoin or phenylbutazone (15-17). However, changes in plasma
protein binding of drugs generally have been small and hence a concomitant
increased plasma clearance of the free portion would not be expected to alter the
clinical effects at steady state. Apparently genetic differences are more important
in determining steady state concentrations of a drug like phenytoin than are age,
weight, or gender (18). In contrast to the slight reduction in plasma protein
binding of acidic drugs, the binding of basic drugs may be increased because
alpha 1 - glycoprotein concentrations tend to increase with age.

Bender has estimated that cardiac output decreases some 30% from age 25 to
65 years (19). Cerebral, skeletal and coronary blood flow do not decrease in
proportion to the overall decrease in cardiac output. The splanchnic, liver and
renal circulations are decreased more than the percentage change in total cardiac
output. Thus, the distribution of drugs to the brain and heart may be more
efficient in the aged but the distribution of drugs to the liver and kidney is
probably less efficient.

Reduced renal blood flow in the elderly reduces the rate of delivery of
furosemide to the inner tubular cell - site of action. Its peak effect is less
prominent and delayed although the total water and electrolyte loss it produces
is similar to that in younger patients (20). A delay in distribution may be
responsible inpart for the delayed and blunted blood sugar response to
intravenous tolbutamide in the elderly (21) however, this may also reflect a
decreased insulin receptor number or responsiveness.

DRUG ELIMINATION

Total body clearance is the estimate of the patient’s ability to eliminate the drug
either by biotransformation or by excretion. This figure represents a hypothetical
volume of blood from which the drug is completely cleared per unit of time.
Most drugs are eliminated by hepatic biotransformation or renal excretion. Total
clearance cannot exceed the total blood flow to the organ or organs responsible
for elimination. Total clearance determines the extent of drug accumulation, that
is, the plasma concentration at steady state (Css), during repeated dosing at equal
intervals .
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dose per interval of time
Css =

clearance

This formula assumes complete bioavailability. A reduction in clearance will
produce higher steady-state plasma-drug concentrations with the possibility for
greater (beneficial or toxic) effects. Obviously, knowledge of the patient’s ability
to clear a drug is important for rational therapy.

Hepatic biotransformation of drugs: Relative to changes in cardiac output,
hepatic blood flow is disproportionately decreased in the elderly (19). Hepatic
cell and enzyme activity also are reduced but routine measurements of liver
function do not change with age. In spite of these changes, interindividual
variation in drug elimination by the liver apparently is more important than
aging per se, for example, a reduction in hepatic blood flow should lead to a
reduction in total clearance of drugs with flow-dependent clearance. However
the data are conflicting. Reduced clearance in the elderly has been observed for
propranolol (7) but not for lidocaine (9) although both undergo flow-dependent
clearance. Antipyrene elimination is reduced in old age (22) suggesting that
elimination by phase 1 oxidative mechanisms (hydroxylation and N-dealkylation)
may be impaired in the elderly. However, studies of drugs such as the
benzodiazepines (23) or theophylline (24) have given conflicting results.
Apparently ageing has even a lesser effect on phase II glucuronide-conjugation
mechanisms.

Environmental and genetic factors probably have a very large influence, for
exampie, Vestal er a/ (25) reported a sixfold interindividual variation in the
hepatic biotransformation of the marker drug-antipyrene, far exceeding the
effect of age. In fact, only 3% of the variance in clearance could be attributed
to age alone. Hepatic biotransforming enzymes in the elderly are less susceptible
to induction by drugs (26) or by environmental factors such as cigarette smoking
(27). Thus the average total clearance of a drug like theophylline may be at the
upper end of the range for younger subjects due to decreased enzyme induction
by protein or smoking in the elderly patient (24,28). The aged may show a
decreased total clearance for drugs such as the barbiturates, benzodiazepines,
imipramine, nortriptyline, acetaminophen, phenylbutazone, quinidine,
theophylline, caffeine and tolbutamide but probably interindividual variation is
more important than the effect of aging on liver function.

Renal excretion of drugs: Renal elimination is reduced for drugs eliminated by
glomerular filtration because creatinine clearance declines with age. Cockcroft
and Gault (29) have provided a formula for estimating changes in creatinine
clearance derived from age, weight and serum creatinine.

(140 - age in years) x (1.2) x (wt in kg)
Creatinine clearance =

serum creatinine in u Mol/L
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for males or (1.0) x (wt in kg) for females to give an estimate in ml/min/1.73
M 2. In severe obesity or malnourishment, one should use ideal body weight
for the calculation. In this formula age is important because the decline in muscle
mass may result in an unaltered serum creatinine. The physician should make
reductions proportional to changes in renal function for the maintenance doses
of a large list of drugs that include digoxin, quinidine, cimetidine,
aminoglycoside antibiotics, lithium, salicylates, chlorpropamide and several
other oral antidiabetic agents.

It is important to recall that many drugs have active metabolites which are
eliminated by the kidney. Thus in the elderly decreased renal function may result
in significant accumulation of these metabolite(s). For example, the major
metabolite of the antiarrhythmic - disopyramide has much greater
anticholinergic properties and a longer half-life than the parent compound (30).
Accumulation of this metabolite may produce severe mental confusion,
psychosis, blurred vision, bladder atony and tachycardia. Monitoring plasma
concentrations of the parent drug alone would not detect increased
concentrations of the metabolite. Procainamide is excreted partly unchanged by
the kidney and is partly biotransformed to N-acetylprocainamide, which is also
eliminated by the kidney; it too has a longer half-life than the parent compound.
Renal failure can lead to altered proportions of the two compounds (31). In
monitoring plasma concentrations, one must be aware of the assay specificity for
parent and metabolite, because some assays do not differentiate between them.
The metabolites of meperidine can produce hyperexcitability, mood change,
tremor, myoclonus or seizures. In addition, meperidine clearance is reduced in
the elderly (32). As another example, the active metabolites of diazepam and
flurazepam are largely eliminated by the kidneys.

Considerable interindividual differences exist in the changes of renal function
with age. Also, congestive heart failure, malnourishment or dehydration may
alter renal function. For these reasons it is desirable to measure creatinine
clearances by 24-hour urinary collections as well as monitor plasma-drug
concentrations.

The elimination of salicylates follows non-linear kinetics after as little as two
aspirin tablets which can saturate the hepatic enzymes responsible for
conjugation (33). With increasing doses of A.S.A., the kidneys eliminate a
greater proportion unchanged as salicylic acid and as a result, the elderly may
accumulate salicylates due to renal impairment (34). In addition, one cannot use
tinnitus as a guideline in the elderly because they may have coexistent hearing loss
and decreased VIII cranial-nerve function.

ALTERED SENSITIVITY TO DRUGS

A major problem in the elderly is altered sensitivity to drugs in the absence of
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major alterations in their kinetic disposition. In some instances, this has been
related to changes in specific receptor number or affinity. The concentration of
receptors for steroids, insulin, glucagon and prolactin are reduced with age (35)
whereas the affinity of beta-adrenergic receptors was reduced rather than a
change in receptor density (36). Whatever the mechanism, the elderly have a
reduced responsiveness to isoproterenol and other beta agonists (37). Also
baroreflex sensitivity is reduced in the elderly making them more sensitive to
orthostatic hypotension, especially when on antihypertensive, neuropsychiatric
or other vascular active agents.

Benzodiazepines are more active in the elderly in spite of lower concentrations
(due to an increased volume of distribution) and unaltered clearance
(5,23,38,40). Increased responsiveness to analgesics such as morphine (41) may
be due to increased distribution to the central nervous system (42) because total
clearance is little altered. The minimum alveolar concentration for halothane is
the highest in newborns and lowest in the elderly (43). The amount of local
anesthetic required to anesthetize a given number of spinal segments by epidural
blockade decreases with age (44). Elimination of the neuromuscular blocking
agents, pancuronium and d-turbocurarine, is reduced because of reduced renal
function (44-45) but this only partly explains the increased responsiveness and
prolonged effect in the elderly. Because warfarin kinetics are apparently
unaltered in the elderly, their increased bleeding tendency, when on this drug, has
been attributed to reduced production of clotting factors, and changes in blood
vessels and platelet function (47). There is also increased bleeding in older
patients on heparin (48).

IMPLICATIONS FOR DRUG-USE IN THE ELDERLY

This brief review makes it clear that, except for drugs predominantly excreted by
the kidney, one cannot generalize concerning the magnitude of age differences
in pharmacokinetics. Interindividual variations due to environmental, genetic or
physiological differences are important determinants. Knowledge of the route of
elimination and active metabolites of the drug is essential for rational therapeutic
decisions. Measurement of renal function and plasma drug concentrations can
be quite useful. The elderly show an increased responsiveness to drugs that act
on CNS regardless of kinetic considerations and often show decreased
responsiveness to hormones and agonists to hormonal receptors.

The reader is urged to consult recent reviews and monographs for a more
extensive bibliography (49-52).
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5. FLUID AND ELECTROLYTE
DISORDERS IN THE ELDERLY

ROBERT M.A. RICHARDSON, M.D., F.R.C.P.(C)

INTRODUCTION

Disorders of the volume and composition of body fluids are common in the
elderly and are often life-threatening. In part, these disorders are frequent and
severe because the elderly are susceptible to illnesses which directly alter body
water volume and composition, and in part because of their impaired ability to
defend against and correct these alterations. For example, sodium and water
losses due to gastrointestinal disturbances are common in them, but the normal
defence mechanisms against salt and water deficiency - renal conservation of salt
and water, and thirst - become progressively less efficient with age. This chapter
will discuss the common fluid-electrolyte disorders in the elderly, emphasizing
reasons for their susceptibility and the ways age impairs the normal defence
mechanisms.

DISORDERS OF SODIUM BALANCE

Sodium, with the anions chloride and bicarbonate, is the principal extracellular
fluid (ECF) osmole, and therefore the quantity of total body sodium determines
ECF volume. Excess sodium can lead to peripheral edema, pulmonary edema or
hypertension; sodium deficiency may cause hypotension or shock. Table I shows
the common causes of disordered sodium balance. The causes of sodium excess,
which are similar to those in younger patients, will not be discussed further. Since
ECF volume depletion is particularly serious in the elderly, it will be discussed
in more detail.

The elderly are particularly prone to developing ECF volume depletion.
Frequently they are placed on diuretic drugs for control of edema as in congestive
heart failure or for hypertension. Diuretics, particularly the potent loop agents
such as furosemide, can induce excessive sodium loss, leading to reductions in
central venous pressure, arterial blood pressure and states such as prerenal
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Table I: Common Disorders of Sodium Balance

Sodium deficiency Sodium excess
Gastrointestinal loss Congestive heart failure
— Diarrhea Renal failure
— Vomiting Nephrotic syndrome
— Pancreatitis
Renal loss Cirrhosis of the liver

* — Diuretic drugs

*— Osmotic diuresis
(Hyperglycemia)

* — Tubulointerstitial disease
Aldosterone deficiency

Sweating burns
*Reduced intake

*Discussed in more detail in text.

failure, postural hypotension or even shock. In addition to the frequent use of
diuretics in the elderly, sodium loss may be greater in them than in the young.
For example, 80 mg of furosemide given intravenously produced a greater
sodium loss over 24 hours in eight men aged 60-70 years compared to 10 men
aged 29-35 years, although the early response was blunted (1).

Hyperglycemic non-ketotic syndrome is a syndrome seen almost exclusively in
the elderly. It is characterized by a slowly progressive, often severe
hyperglycemia, by severe ECF volume depletion attributable to the natriuretic
effects of the glucose-induced osmotic diuresis, and reduced or inadequate
sodium intake; and often by hypernatremia (discussed below). The state of
insulin deficiency or resistance which allows hyperglycemia to develop frequently
is reversible, and is precipitated by conditions such as stroke, myocardial
infarction or sepsis - all of which are more common in the elderly. This syndrome
has a high mortality rate, primarily because of the usually serious precipitating
illness (2).

Inadequate dietary intake of sodium may aggravate sodium depletion states in
the aged. Anorexia due to drugs, such as digoxin and analgesics, neuromuscular
disorders or disabling arthritis which impair mobility, and socioeconomic factors
may contribute to dietary deficiencies.

Faced with sodium deficit and reduced ECF volume, the elderly are less able
than younger persons to reduce urine sodium loss. Epstein and Hollenberg
measured the rate at which urine sodium excretion decreased when dietary
sodium was reduced from normal to 10 mmol/day (3) (Table II). The half-time
for the reduction in urine sodium excretion was significantly prolonged in those
over-60, implying that a sodium-depleted elder person would suffer significant
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urine sodium loss before balance would occur. The cause of this impairment in
renal sodium conservation is unknown. Plasma renin and aldosterone levels tend
to be lower in the elderly, but it is not clear if this contributes to the defect in
sodium reabsorption (4). Certainly a variety of renal tubulo-interstitial lesions
such as urinary tract obstruction or hypertensive nephrosclerosis could impair
sodium conservation in elderly patients.

Table II: The effect of age on creatinine clearance and the half-time for the reduction in urinary
sodium excretion. Subjects were placed on a 10umol sodium diet for at least five days and 24 hour
urine sodium excretion rates were measured. The Na t 1/2 in individuals over 60 was significantly
longer than for those under 30 and those 30-59 years. (P < .01). Adapted from reference 3.

Age (years)

<30 30-39 40-49 50-59 >60

No. of subjects 34 8 25 14 8
Na t 1/2 (hours) -14.6 -23.8 -23.2 -23.5 -30.9
(S.E.M.) 0.7) (1.1) (1.8) (1.6) (2.8)

Ccr (mL/min) 112 109 106 89 67

(S.E.M.) (5) @] 3) ) 4)

Sodium depletion is identified on clinical examination; for example, a useful
clue is the reduction in jugular venous pressure, manifested by flat jugular veins
with the patient supine. Postural hypotension is a valuable sign, but it may
appear in the absence of intravascular volume depletion with autonomic
neuropathy in diabetes mellitus or amyloidosis and with antihypertensive drugs.
Skin turgor is an unreliable sign in the elderly because skin elastic tissue is greatly
reduced. Treatment by oral fluids or intravenous saline should be guided by
measurements of blood pressure, jugular venous pressure, examination of lung
fields and heart sounds, and by detection of edema. I believe physicians often
are too cautious in administering normal saline to severely volume depleted
elderly patients, because they are afraid of precipitating congestive heart failure.
The best way to prevent this complication is frequent, careful physical
examination.

DISORDERS OF WATER BALANCE

Disorders of body-water tonicity (or osmolality) potentially are serious because
of their effect on cell volume and brain function. Intracellular volume is inversely
proportional to the ‘effective’ ECF osmolality. As ECF osmolality rises, water
is drawn out of cells and cell volume decreases; as ECF osmolality falls, water
enters cells and expands their volume. The term ’effective’ denotes osmoles
which are relatively confined to the ECF space, cross cell membranes poorly and
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therefore are active osmotically. The most important effective osmoles are
sodium and glucose. Urea is an ineffective osmole, because it readily crosses cell
membranes.

When ECF osmolality changes acutely, the volume of all cells including brain
exhibit rapid changes. Because changes in brain volume are potentially
catastrophic, these cells apparently have the capacity to adjust their volumes to
normal when exposed to changes in ECF osmolality over several days (5). They
normalize by generating new intracellular solute in hypernatremia, or reducing
solute content, in hyponatremia. The cost of adjusting cell volume is abnormal
cellular function, so that chronic hyponatremia and hypernatremia are
characterized by progressive derangements of central nervous system function

(5).

HYPERNATREMIA

Hypernatremia may be due to the ingestion or administration of salt or
hypertonic sodium solutions, but more commonly represents water deficiency.

Only the latter deficit will be discussed here.

Table 11I: Hypernatremia - Causes of Water Depletion

Excess Water Loss Inadequate Water Intake
Skin - burns, sweating Altered level of consciousness
Lungs - hyperventilation Abnormality of thirst
- Aging
Gastrointestinal tract
- vomiting, diarrhea No access to water
- bedridden

Urine - diuretics
- Hyperglycemia, mannitol
- Interstitial nephritis
- ADH deficiency

Table III outlines the pathogenesis of water deficiency. Excessive water loss is
common, and may be lost from the gastrointestinal tract, kidneys or skin, or may
be insensible from the respiratory tract. Typical causes in the elderly are
diarrhea, vomiting, diuretic administration, pneumonia with hyperventilation
and fever, obstructive uropathy and uncontrolled diabetes mellitus.

Normally water loss and hypernatremia bring into play two different
mechanisms which prevent further losses and correct the water deficit: Namely,
the renal concentrating mechanism, which prevents inordinate water losses from
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the kidney; and thirst, which stimulates fluid repletion. Both processes are
defective in the elderly.

Many studies have shown that the ability to maximally concentrate the urine
declines with age (6-8). One such study (Table IV), shows not only that maximal
urine osmolality following water deprivation is reduced in the elderly but as well,
urine solute excretion is higher (8). In the elderly, the net result is an increase in
urine excretion of about 0.5 ml/min, or over 700 ml/day. Obviously, over several
days this increase in urine flow would produce significant water depletion. As a
result of renal damage, many elderly patients have even lower maximum urinary
osmolalites and, when hypernatremic, would have proportionately greater renal
water losses.

Table 1V: Effect of Age on Urine Concentration

Age Urine Osmolality Urine Flow Solute Excretion
mosm/kg ml/min mosm/min
20-39 1,109 = 27 0.49 = 0.03 0.54 = 0.04
40-59 1,051 = 19 0.63 = 0.03 0.66 + 0.03
60-79 882 + 49% 1.03 = 0.13* 0.91 = 0.13*

Subjects were participants in the Baltimore Longitudinal Study of Aging. They were studied after 12
hours of water deprivation. Subjects with renal disease or any systemic illness, which could affect
kidney function, were excluded. Results are expressed as mean + S.E.M.

* Significantly different from 29-39 age group (P < .01)
Adapted from reference 8.

The causes of the renal concentrating defect is unknown, although it has been
well documented that it is not due to ADH deficiency (9,10). Indeed, ADH levels
are higher in the elderly during hypernatremia induced by infusion of hypertonic
saline (10). The failure of the kidney to increase urine osmolality normally does
not appear to be due to insensitivity of collecting ducts to ADH, because
Lindeman, et a/ demonstrated that ADH infusion during water diuresis produced
an appropriate decrease in free water clearance (7). Hence, the major
abnormality in the aged kidney probably is impaired ability to generate a highly
concentrated medullary interstitium - the cause of which is unknown.

Even with large extrarenal or renal losses, hypernatremia will not develop
unless fluid intake is inadequate. The normal person becomes thirsty when serum
osmolality rises above about 295 mosm/kg, and he drinks water until thirst is
relieved. As noted earlier, fluid intake may be reduced in the elderly for several
reasons: First, they may suffer from acute or chronic disorders of the central
nervous system which impair consciousness, e.g. febrile septic states, stroke,
hypotension and dementia. Frequently, the elderly are bedridden and socially
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isolated, so that even if they are thirsty they may be unable to gain access to water
or control its administration. Some elderly patients, who have had strokes in the
past but no alteration in level of consciousness, have defective sensation of thirst
(11). Finally, the otherwise normal elderly, when water deprived, ess
appreciation of thirst than a younger person with the same degree of water loss
and even when it is available, drinks less water (12). This behaviour is seen
despite higher levels of ADH so its cause does not appear to be osmoreceptor
dysfunction. The exact basis for this thirst disorder is not clear.

The net result of an increased susceptibility to disorders which cause water
loss, impaired urinary concentrating ability and impaired thirst response is that
the elderly, far more frequently than the young, develop severe water depletion
and hypernatremia. Frequently, sodium deficiency also is present, so that severe
ECF volume depletion, with hypotension and prerenal failure, often coexists
with hypernatremia.

The major defect associated with hypernatremia is central nervous system
dysfunction, with progressive obtundation leading to coma and even death.
Chronic hypernatremia (more than several days) provokes the accumulation
within brain cells of additional solutes, including electrolytes and other
unidentified, osmotically active solutes - ‘idiogenic osmoles’. These solutes are
important because they restore brain volume to normal and disappear slowly
when hypernatremia is corrected. Thus, rapid administration to a hypernatremic
person of hypotonic fluid may cause rapid brain swelling, seizures, coma and
death (5). In treating hypernatremia, one should follow two important
guidelines. First, if there is intravascular volume depletion, it should be corrected
rapidly with normal saline. Second, hypertonicity should be corrected slowly
over two to three days with hypotonic fluid. The water deficit (in litres) is
calculated as follows: water deficit = BW x 0.6 Mwhere

PNa
BW is body weight in kilograms and PNa is the current plasma sodium
concentration. This formula is not exact because often the usual body weight is
unknown. However, the water deficit calculated by this formula gives a good
approximation. In elderly women, the formula should be
BW x 0.50 ——(PN;I\_] 140) because elderly women generally have smaller volumes

a

of body water than men. One should exercise caution if using large volumes of
5% glucose as the hypotonic replacement fluid; it may provoke hyperglycemia
and an osmotic diuresis, leading to further water loss. If that happens, one-half
normal saline should be used. Despite slow correction, altered consciousness may
persist for many days. Mortality with severe hypernatremia is high.
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HYPONATREMIA

Usually, hyponatremia represents a state of water excess and the basic defect is
failure of the kidneys to excrete water and restore osmolality. Other causes
include factitious hyponatremia, due to severe hyperlipidemia or
hyperproteinemia, both of which are rare, and hyperosmotic hypernatremia, due
to hyperglycemia or mannitol administration which is easy to recognize. Because
it is essential to make a correct diagnosis of the common forms of
hypernatremia, I will focus on the pathophysiology of these disorders.

A normal individual, who ingests water and lowers his serum sodium
concentration, responds by suppressing the release of ADH (mediated by the
osmoreceptor located in or near the hypothalmus), which allows the kidney to
excrete larger volumes of more dilute urine. ‘Therefore, failure to excrete water
may reflect a failure to adequately suppress ADH release or impaired renal
diluting ability. Both are common in the elderly.’

The ADH secretory process has been studied intensively since a reliable
radioimmunoassay became available for the hormone. Figure I shows normal
osmoreceptor-mediated ADH release. Below a threshold value of serum
osmolality - about 280 mosm/kg, plasma ADH is completely suppressed and
urine osmolality is minimal, usually less than 100 mosm/kg (13). As serum
osmolality rises, ADH levels rise more or less linearly, and urine concentration
also rises. When serum osmolality is above about 295 mosm/kg, serum levels of
ADH are high enough to induce maximal urine concentration.

Impaired osmoreceptor function does not seem to be a common cause of
hyponatremia. Rather, hyponatremia most often is caused by elevated ADH
levels associated with stimuli other than osmotic. Table IV lists the non-osmotic
stimuli for ADH release. Reductions in blood volume - ‘effective circulating
volume’ probably are the most common causes of hyponatremia. Reductions in
central venous pressure, via vagal afferents from atrial stretch receptors, or
reductions in arterial pressure, via baroreceptors located in the carotid sinus,
both stimulate ADH secretion. Table V lists the common causes of hyponatremia
due to volume-mediated ADH release. Note that in these cases, absolute ECF
volume may be reduced, normal or increased.

ADH levels may be increased and cause hyponatremia where none of the
factors listed in Table V seem to operate. In this case, patients are said to have
the ‘syndrome of inappropriate ADH’ release, (SIADH). This may result from
ectopic hormone production by tumors, or from central release of ADH due to
central nervous system disorders, intrathoracic disease or drugs (Table VI).

Often, the elderly have disorders which cause ADH release. Frequently they
are ECF volume depleted and often they develop heart failure or are using
diuretics. They may develop oat-cell carcinoma of the lung, and even
pneumonia, so common in the elderly, can cause SIADH (14).

Impaired renal diluting ability may induce or contribute to hyponatremia even
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Figure 1: The upper figure shows the normal relationship between plasma vasopressin and plasma
osmolality. The lower figure shows the effect of plasma vasopressin levels on urine osmolality. See
text for further discussion.

where ADH levels are appropriately suppressed. In severe ECF volume depletion
(or reduced effective circulating volume as in heart failure), sodium delivery to
the thick ascending limb of the loop of Henle may be sufficiently reduced to limit
the excretion of dilute urine. Similarly, renal failure or medullary interstitial
diseases, such as obstructive uropathy or pyelonephritis, may impair the kidney’s
ability to excrete dilute urine.

Usually, the diagnosis of hyponatremia is straightforward, however it may be
difficult to differente those with SIADH from those with elevated ADH levels
due to a volume stimulus. If ECF volume appears relatively normal on physical
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Table V: Non-osmotic Stimuli For ADH Release

Hemodynamic
Reduced absolute or effective blood volume
- Diuretics
- Diarrhea, vomiting
- Congestive heart failure
- Adrenal insufficiency
- Cirrhosis
- Nephrotic syndrome
- Positive pressure breathing

Emetic

- Nausea
- Drugs (cyclophosphamide, morphine, etc.)

Table VI: Causes of the Syndrome of Inappropriate Anti-diuretic Hormone Secretion (SIADH)

Carcinomas

- lung, pancreas, thymus etc.
Pulmonary Disorders

- pneumonia

- abscess, tuberculosis

- asthma, etc.
Central Nervous System Disorder

- Encephalitis, meningitis

- Trauma

- Gullain-Barre syndrome, etc.
Drugs

- Vincristine

- Carbamazepine

- Chlorpropamide etc.

examination. Physical assessment of ECF volume may be misleading (15), and
probably the best single test is the urine sodium concentration. A value less than
30 mmol/L favors a volume stimulus for ADH release; a value greater than 30
favors SIADH. A high blood urea/serum creatinine ratio or a high serum urate
also favors volume mediated ADH release whereas, in SIADH, blood urea and
serum urate values typically are very low.

The therapy of hyponatremia depends on the cause and severity.
Asymptomatic hyponatremia does not require urgent treatment. If the patient is
volume depleted, the treatment of choice is normal saline. Where indicated,
measures to improving hemodynamics in heart failure, or reduction in the dose
of diuretic may be helpful. Water restriction is effective but often poorly
tolerated. In chronic SIADH, demeclocycline, which antagonizes ADH action on
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the collecting duct, is helpful. In severe hyponatremia when the patient has such
CNS symptoms as obtundation or seizures, hypertonic saline should be given to
raise the serum sodium concentration to not more than 125 umol/L for the first
12 hours. More rapid correction has been associated with permanent
neurological damage (5).
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6. SODIUM HOMEOSTASIS WITH
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INTRODUCTION

Since the kidney plays a dominant role in the maintenance of volume in the body
fluid spaces through its influence on sodium and water excretion; it must be
involved in all forms of hypertension. As Guyton (1) has indicated renal
perfusion pressure is a major determinant of sodium and water excretion and
hypertension could not be maintained, unless the relationship had been altered
between renal perfusion pressure and its output of sodium and water. Korner et
al (2) have proposed that excessive activity of sympathetic nervous system and
a failure of the kidney to excrete sufficient sodium and water in response to
elevation of blood pressure. The presumed relationship between the primary
mechanism behind the development of hypertension sodium homeostasis and use
of diuretics as antihypertensive agents all over the world, but only recently we
have recognized the various hyponatremic syndromes. Little attention has been
paid to the special needs of geriatric patients who tend to excrete more sodium
because of poor tubular concentration, especially in the tropics. Labeuw et a/ (3)
have found that fractional excretion of sodium is a helpful denominator in
planning the administration of diuretics. A consideration of these factors led the
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authors to undertake the present study of fractional excretion of sodium and
plasma PGE-1 in elderly hypertensives in the tropics.

MATERIALS AND METHODS

At the University Hospital, Division of Nephrology, Banaras Hindu University,
we chose for study 20 elderly hypertensives of whom 12 had clinical and
biochemical evidence of essential hypertension, the remaining eight were shown
to have renal-artery stenosis by angiography. Each had detailed clinical profile
with 24 hour urinary sodium, serum sodium and fractional excretion of sodium
(FENa) by the method of Espinel et a/ (4). All antihypertensive agents were
withdrawn for a week. The patient’s were put on uniform salt diet (<0.5 g/day)
without diuretics, aspirin or anti-inflammatory drugs during the period of study.
Plasma PGE-1 was estimated by the method of Charles et al/ (5).

OBSERVATION

In control patients the mean serum sodium value was 130.01 + 16.1 whereas the
24-hour urinary excretion was 40.55+20.32. These values were constant
throughout the year. However, during summer values do change and the patient
tends to lose more sodium in sweat and urinary sodium excretion falls (serum
128 +10.2 mEq/L urinary 28 +0.15). In essential hypertension the urinary
sodium loss did not change much although marked differences were seen in the
serum sodium values which is often 110+ 10.33. These differences do not reach
statistical significance. However FENa is about three times higher in essential
hypertension and twice as high in those with the renovascular disease. The
plasma prostaglandin E-1 also seems to be significantly lower in the renovascular
patients than in those with essential hypertension (Table I & II).

In essential hypertension we found a significant positive correlation between age
and mean arterial pressure and FENa r= +0.516, p<0.02 and r= +0.688
p<0.001 respectively. However, in those with renovascular disease both
comparisons were statistically insignificant. Endogenous creatinine clearance
also showed a negative correlation between essential hypertension and
renovascular hypertension (p <0.001).

DISCUSSION

The kidneys have long been seen as the source of arterial hypertension. Peart (6)
postulated that kidney exercises a protective function by secreting vasodilator
substances in the presence of hypertension. Earlier Muirhead (7) had isolated a
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low molecular weight lipid from the renal medulla which demonstrated an
antihypertensive property and Lee et a/ (8) identified it as prostaglandin
compound.

Earlier Goldring ef a/ (9) had shown that in essential hypertension, glomerular
filtration rate remains stable and the filtration fraction is increased resulting in
natriuresis which ultimately affects the fractional sodium (FENa) excretion. This
FENa is a mathematical depiction of tubular sodium reabsorption. Clinical
conditions which alter sodium transport along the proximal and distal tubule

affect the interpretation of this test. In 1976, Epsinel used it to differentiate
between prerenal and acute tubular necrosis. In prerenal azotemia, there is a
persistent afferent arteriolar constriction, which leads to a fall in glomerular
filtration rate and a decreased delivery of sodium to the tubules.

In 1979, Kikuchi er a/ (10) demonstrated a positive correlation between
pressure natriuresis and a FENa. In our study we found an almost similar
phenomena, namely a positive correlation between mean arterial pressure and
FENa (Table IV). However this does not exist in renovascular hypertension. The
validity of these phenomena is supported further by the observation of a
significant negative correlation between endogenous creatinine clearance and
FENa in both essential and renovascular hypertension both (Table V). Thus
FENa becomes an important tool in clinical investigation in elderly hypertensives
who tend to lose more urinary sodium than young ones and during the summer
often develop symptoms of hyponatremia if there is complete salt restriction.
The situation worsens when diuretics are administered to treat the hypertension,
because hyponatremia often increases renin secretion.

Also the plasma prostaglandin activity is reduced when serum sodium
increases although there is a relative pressure natriuresis. Henceforth, in the
tropic’s, we should measure serum sodium, urinary sodium, and FENa before
starting diuretics and in elderly patients should restrict salt only when there is
clinical and laboratory evidence of sodium and water retention. The use of beta
blockers, converting-enzyme inhibitors, and minoxidil constitute a more rational
approach to the treatment of elderly hypertensive who are sodium-depleted,
hyponatremic, and hyperreninemic than that of diuretics.
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7. AGING AND BODY WATER

THEODORE R. REIFF, M.D.

INTRODUCTION

We have evolved from the sea and are composed mostly of water. Evidence from
phylogeny* and ontogeny** suggest that the amount of water appears to
decrease continually as we age. An embryo is about 90% water, a newborn child
about 80% water, a mature adult about 70% water, and an older adult about
60% water. Recent work indicates that in senescence the body water is below
60%.

A review of previous work indicates considerable confusion, discrepancy, and
disagreement about body water changes with age. Some of the conflicting
findings relate to the manner in which water content was measured and how it
was expressed, i.e. water/individual, water/total body mass, water/lean body
mass.

PREVIOUS WORK AND METHODS

The literature (1-11) draws conflicting conclusions concerning the degree of
water loss between intracellular and extracellular compartments. Various
experimental methods have been applied in the tracer used to measure body
compartments. Although antipyrine has been used (2,5) others believe that
deuterium oxide and/or tritium oxide (3,4,11) is superior for the measurement
of total body water and, from a physico-chemical point of view, deuterard or
tritiated water would appear to be preferable.

Inulin, bromide, sulfate, and thiocyanate have been used to estimate
extracellular fluid. Usually intracellular fluid has been calculated from the
difference between total body water and extracellular fluid.

* PHYLOGENY: Development of the species.
** ONTOGENY: Development of the individual organism.
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Figure 1: In the osmometer a macromolecular solution is separated from pure solvent by
semipermeable membrane, permeable by solvent by not by solute. Net flow of solvent will be toward
solution because the chemical potential (concentration) of the solvent is lower on solution side (top).
This flow of solvent will be halted by applying a sufficiently high pressure (the osmotic pressure) to
the solution. Such equilibrium will be attained when enough solvent has been transported across the
membrane to raise the height of the solution sufficiently to exert an osmotic pressure (bottom).

Although earlier studies indicated that the loss in total body water with age was
chiefly from the intracellular compartment, Steen ef @/ (11) have demonstrated
significant decrements in extracellular water as well.

COLLOID OSMOTIC HYPOTHESIS OF SENESCENT WATER LOSS

Theoretically there is good reason to expect profound changes in the chemical
potential of intracellular and interstitial water with age, related to increasing
macromolecular interaction or aggregation - crosslinking, polymerization,
insolubility, etc. The increase in macromolecular solute-solute interaction would
be accompanied by a decrease in macromolecular solute-solvent interaction
resulting in a higher solvent (water) chemical potential. This would allow for an
easier loss of bound water with age.

Water is retained in cells by the oncotic pressure or colloid osmotic pressure
exerted by macromolecules, largely protein within the cell. Osmotic pressure can
best be explained by reference to the osmometer - a device that measures osmotic
pressure. This is a container divided into two sections by a semipermeable
membrane, which allows solvent particles (water molecules) to pass through in
either direction (Fig. 1). The rates of movement of solvent through the
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Figure 2: Relationship of osmotic pressure and solute concentration is linear only for ‘ideal’ solutions
of intermediate-size molecules. For solutions of micromoleculr particles, solute-solute interaction
predominates, lowering osmotic pressure from the ideal by reducing particle number. For solutions
of macromolecules e.g., protein, solute-solvent interaction is predominant, raising osmotic pressure
by effectively raising concentration of solute as macromolecular micelles trap solvent.

membrane may be represented by vectors whose length is proportional to the rate
of transport of solvent from one side to the other. The algebraic sum i.e. the
difference between the two vectors, is the net rate of transport of solvent across
the membrane. One side of the container holds pure solvent; the other a solution
of macromolecular solute in solvent. The rate of transport of solvent from the
solution side is less than the rate from tne pure solvent side, because the
concentration of solvent on the solution side is less than the concentration of
solvent on the pure solvent side. The rate of transport is proportional to the
concentration of the material being transported, i.e. the solvent.

Accordingly, net solvent will be transported from the pure solvent to the
solution side until the differential pressure is high enough to equalize the rates
of transport from one side to the other, resulting in an equilibrium.

The pressure necessary to equalize the rates of solvent transport, resulting in
zero net solvent transport, is the osmotic pressure. The relationship of a
solution’s osmotic pressure to the solute concentration, or number of molecules
of solute per unit volume of solution, is linear for ‘ideal’ solutions (Fig. 2).

With low molecular-weight solutes the osmotic pressure is lower than
expected. This is because the solute-solute interaction, which, reduces the
concentration of solute particles that have partially combined with each other,
lowers solute-solvent interaction, and so reduces the osmotic pressure. Solute-
solute interaction can be thought of as making a negative contribution to the
ideal line, resulting in a lower than ideal osmotic pressure. For high-molecular-
weight solutes such as proteins, the osmotic pressure is higher than expected.
This is because of increased solute-solvent interaction, which has the effect of
raising the osmotic pressure as if there was a higher concentration of solute.
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Figure 3: Osmotic pressure curve of extracellular albumin suggests that high concentrations of
proteins within the cell would generate intolerably high pressures incompatible with cell viability.
(Fig. A) Increased solute-solute interaction at very high solute concentrations may be responsible for
less-than-expected intracellular osmotic pressure curve of hemoglobin. (Fig. B)

Increased solute-solvent interaction can be thought of as adding a positive
contribution to the ideal line. The increased solute-solvent interaction can be
attributed to the trapping of solvent by macromolecular micelles or clusters,
which form at high concentrations and to the Gibbs-Donnan effect of charged
macromolecules, which produce ionic imbalances and increased solute-solvent
interaction.

An alternative, and simpler way of viewing osmotic pressure is to think of two
types of attraction or interaction: solute-solvent interaction in which the solute
attracts water (the solvent), and solute-solute interaction, in which the solute
attracts other solute molecules. When solute-solute interaction predominates,
less water interacts with or is bound to the solute resulting in a lower osmotic
pressure because the water is more able to transfer across the membrane. When
solute-solvent interaction predominates and is greater than one would expect
from the concentration of the solute, the osmotic pressure will be higher. The
factor responsible for dissolving a solute in a solvent is solute-solvent interaction.
In an ‘ideal’ solution, there is a linear relationship between the solute particles
concentration and the osmotic pressure.

Macromolecules, which cannot pass through cell membranes, hold water in the
body. Macromolecules manifest increased solute-solvent interaction, resulting in
very high osmotic pressures. Figure 3 shows the osmotic pressure-concentration
curve for the protein macromolecule albumin which is largely responsible for
maintaining plasma volume.

* An ‘ideal’ solution is one in which colligative properties of the solution are directly proportional
to solute concentration.
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The oncotic pressure of blood plasma with 5 g/dl albumin is about 25mm Hg.
A fivefold increase in concentration to 25 gm/dl will produce a more than 30 fold
increase in osmotic pressure - to about 760mm Hg (one atmosphere).
Hemoglobin, the major macromolecule in the erythrocyte, has a molecular
weight nearly equivalent to that of albumin, about 68,000 Daltons. Thus, it
might be presumed that the oncotic pressure of hemoglobin would be about
equal to that of albumin. The concentration of hemoglobin within the
erythrocyte is about 34 g/dl, which should produce an oncotic pressure of several
atmospheres, according to the oncotic pressure concentration curve. Obviously,
cell membranes cannot withstand pressures of that magnitude without bursting.
What mechanism reduces the intracellular pressure to more reasonable levels?
The usual explanation is that the cell membrane has ’active’ transport capability
and can pump small micromolecules out of the cell to lower internal pressure.
Although this undoubtedly is a factor I think that the oncotic pressure within the
cell may be considerably less than expected because of increased solute-solute
interaction at the high intracellular protein concentration.

The high concentration of solute molecules would result in greater solute-
solute interaction and a lowered osmotic pressure. In fact, one could extend that
concept to the point where osmotic pressure would begin to decrease as solute
concentration increased to very high levels - i.e. when the solute was actually
aggregating. The concept could be extended further to the point where osmotic
pressure would approach zero, meaning that the solute was no longer in solution,
but had precipitated out. One could even visualize a system in which the osmotic
pressure would become negative, signifying that solvent was being
hydrophobically squeezed out of a precipitating or crystallizing solute; as a result
the solvent then might be in a metastable state, in which it would be transiently
more reactive chemically than pure solvent. Water of crystallization may be the
end result: here the water has been induced to combine in a fixed proportion at
certain sites on the crystallized solute. In fact, it has been shown that the osmotic
pressure at high hemoglobin concentrations (25 g/dl) does tend to be lower than
expected. These experiments have not been extended past 30 g/dl to approach
normal intracellular concentrations because of technical difficulties in working
with highly viscous solutions.

However, a pathophysiologic model - sickle-cell anemia, demonstrates the
phenomenon of decreased osmotic pressure resulting from solute-solvent
aggregation in cells, which have protein in high concentration. Hemoglobin S,
the abnormal hemoglobin in sickle-cell anemia, has a high degree of solute-solute
interaction. When exposed to a low partial pressure of oxygen, the hemoglobin
S molecules stick together forming a giant aggregate called a tactoid. Figure 4
illustrates the sequence of events in the sickling phenomenon. The sickling cell
initially shows the tactoid with clear space between it and the cell membrane.

As the process continues, the clear space disappears and the membrane
collapses around the tactoid. The clear space appears to be cell water, which
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Figure 4: Sickle cell anemia provides a model for osmotic water loss in aging cells. High level of
solute-solute interaction of hemoglobin molecules leads, at low oxygen tensions, to aggregation of
hemoglobin molecules into a tactoid surrounded by cell water. As aggregation reduces osmotic
pressure, water diffuses out of the cell and the cell membrane collapses around the hemoglobin
tactoid.

diffuses out of the cell because the solute-solute interaction of the aggregating
hemoglobin - taking the hemoglobin out of solution - reduces the internal
osmotic pressure to the point where the sickled cell cannot retain the solvent
(water).

I postulate that, in aging, the macromolecules within the cells undergo
increased solute-solute interaction with a consequent lowering of intracellular
oncotic pressure. This could result in water loss from the cell causing a higher
concentration of macromolecules which would produce even greater solute-
solute interaction, further lowering of the oncotic pressure, and even greater
water loss. If we could find ways to reduce this interaction, the cycle might be
interrupted.

Obviously a careful investigation is needed of the chemical potential of water
and the content of water in individual cells as a function of age.

PHYCIOLOGICAL CONSEQUENCES OF BODY WATER LOSS

When one considers some of the functions of water in the body, it becomes
apparent that the loss of water with age can effect many different functions. One
of water’s prime functions is to dilute water soluble medications. Since the
therapeutic effect and toxicity of medication is related to its concentration within
body fluids, it is evident that if one gives the same dosage of water-soluble drug
to an older person as to a younger, the drug will be distributed in a smaller
volume in the former resulting in a higher concentration and greater therapeutic
and toxic potential. This can be demonstrated simply by the equation -
concentration equals mass of drug administered/volume of distribution’; this
implies that older persons may need lower doses of water-soluble drugs to
achieve the same therapeutic effects. In addition, other influences tend to make
older persons more susceptible to drug toxicity; for example, they may excrete
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water soluble drugs more slowly because of decreased renal function with age,
and they may metabolize drugs more slowly because of decreased hepatic
function and peripheral tissue degradation.

Water in the body also acts as a thermal buffer. Water is well adapted to this
function because of its high specific heat, i.e. the number of calories required to
be removed or added to effect a change in temperature of one degree centigrade
per gram. Water has a specific heat of one calorie per gram degree centigrade.
Metals have much lower specific heats. If one places 100g of iron in a glass and
100g of water in another glass and puts both under the windshield of an
automobile in the summer, the glasses each receive the same amount of radiant
heat from the sun. If one returns in an hour and touches the metal, it will burn
him. The water however, will be warm but not hot enough to inflict a burn; in
fact it could cool the burn received from the metal. Thus, although both glasses
receive the same amount of radiant energy, the temperature of the iron rose
much more than that of the water because its specific heat was less. By the same
token if an 80-year old and a 30-year old sat in the sun for an hour, only the older
person has risked environmental hyperthermia. The older person has less water
and therefore less thermal buffering capacity; his body temperature rises more
than that of the younger person who has much more body water to absorb
radiant energy and prevent an elevation in body temperature. Alternatively if one
were to expose the 80-year old and the 30-year old to temperatures below
freezing, the older individual would develop environmental hypothermia much
more rapidly becasue he doesn’t have a large amount of body water to act as a
reservoir of body heat. Thus older persons are more susceptable to
environmental hypothermia and environmental hyperthermia than are younger
persons. There are other reasons for the increased sensitivity of older persons to
hyper- and hypothermia namely altered central-nervous-system control,
decreased sweating,and other factors.

The diminished total body water of older persons makes them more susceptible
to dehydration because they have a smaller reserve. In addition, because they
have less capacity to store body water, they are more susceptible to
overhydration because they have a smaller volume in which to dilute exogenous
water.

Recently, Phillips et al (12) showed that healthy elderly men have reduced
thirst after water deprivation, compared to younger persons. During 24 hours of
water deprivation, they studyied plasma osmolality and plasma vasopressin levels
along with urine osmolality and sensations of thirst and mouth dryness. Older
persons, although exhibiting slightly higher serum osmolality and vasopressin
levels, did not complain of thirst or mouth dryness as did younger persons. This
indicates that older persons have a tendency to ingest, and they did ingest, less
water in response to water deprivation than did younger persons. This significant
study further demonstrates that older persons are at considerably more risk of
dehydration, not only due to their decreased body water content, but because
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they seem to experience reduced thirst sensations. Earlier Helderman et a/ (13),
showed that older persons showed less response to vasopressin, which they
believed was due to decreased renal response, presumably because of decreased
renal function with age.

Often we neglect these physiologic differences between elderly and younger
patients and hence expose them to unnecessary risk. No one would give infants
the same dose of medication as adults but relatively few physicians give adequate
consideration to the physiological differences of body water and other changes
in body composition when prescribing for the elderly.

The decrease in body water with age also makes older persons much more
sensitive to and susceptible to hypovolemia and dehydration during diuretic
therapy and dialysis. The increased emphasis on treatment of hypertension in the
elderly including isolated systolic hypertension tempts us to overprescribe
powerful diuretics for older persons. While younger persons may tolerate daily
diuretic medication, often systolic hypertension in the elderly can be controlled
with a diuretic every other day or every third day. It is incumbent upon the
physician to adjust medication assiduously and to monitor the older patient more
carefully than is needed with younger patients.
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END-STAGE RENAL DISEASE IN THE ELDERLY: A GERIATRICIAN’S
VIEWPOINT

A patient aged 70 with end-stage renal failure living in the United Kingdom is
unlikely to receive active treatment by renal transplantation or even by dialysis.
This happens in a country which has for 40 years enjoyed a ‘free’ National
Health Service and which boasts the most highly developed geriatric service in
the world. Is this association fortuitous, or is there some sinister connection?

THE FACTS IN THE UNITED KINGDOM

Ten years ago 82% of renal units imposed an upper age limit on the acceptance
of patients for treatment (1). More recently Ross Taylor, et a/ (2) found that, in
only three of the eight centres they surveyed, were more than 10% of the treated
patients aged 55 or over. At first sight one might explain this age-related reticence
to treat by concluding that the results of dialysis were poor or that patients did
not have long to live anyway. Neither explanation is correct. Taube, et a/ (3)
found that nearly two thirds of a group of patients aged 55 to 72 years who
suffered from end-stage renal disease and who were treated actively survived for
five years; and two thirds of the survivors continued to lead active independent
lives. Moreover a man of 55 can anticipate 20 more years of life, a man of 70
can expect 10 years, and even a man of 80 has, on the average 6 more years to
live. For women we can add five years to the lower figure and two years to the
higher one (4). We must seek the reason has elsewhere.

THE GERIATRICIAN AND HIS PATIENT

At first sight, it would seem that clinical decision making in geriatric medicine
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Table I: Simple model of clinical decision-making

Risk
+
Gain = Pain
+
Cost

operates, on a fairly simple model (Table 1). On one side of the equation is the
gain to be derived from implementing a policy of treatment. On the other side
are three factors: the risk the treatment will entail, that is, the chance of some
undesired outcome; the pain or discomfort inherent in the treatment itself; and
the cost payment by or on behalf of the patient to the private or public purse.

Using this model the geriatrician faced with an elderly patient suffering from
end-stage renal disease will analyse the situation as follows:

Gain

The man of 70 belongs to an age group with an average life expectancy of 10
years. He is far below that average because of his renal disease. Without his renal
disease what would be his life expectancy? How many years would we obtain for
him by active treatment - one year, five or 10 or more than 10 years?

Geriatricians dislike being seen to be in pursuit of added years. Indeed the
motto of the British Geriatrics Society states explicitly that its purpose is ‘Not
to add years to life, but to add life to years’. In considering treatment of end-
stage renal disease the geriatrician sees himself, not as adding new years but as
restoring lost years. Therefore he likely will conclude that positive intervention
will improve the quantity of life.

Physicians working with older people also are concerned about ‘quality of
life’. There is a general belief that it is a good thing to prolong life only if a
certain quality can be assured. Geriatricians accept this view, if the word
‘quality’ is defined as relative freedom from major illness and disability. There
is little point in taking active steps to prolong the life of an old person who would
be doomed thereby to a longer period of suffering and dependence. Geriatricians
see that as a medical rather than as a moral decision, one they are competent to
make, and one that they readily make. It is quite different if the definition of
‘quality of life’ is extended to non-medical matters, such as the patient’s
happiness, his family relationships or his financial status. The geriatrician does
not see these as legitimate concerns when he makes the decision to treat or not
to treat. The geriatrician does not disassociate himself entirely from these
matters, however he knows from experience the many traps contained in
statements (by patients or their relatives) about happiness and misery; and he is
aware that his authority over patients does not extend beyond the bounds of his
professional training.
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Risk

The concept of ‘acceptable risk’ influences decision making in geriatric
medicine, yet both of these words call for definition. Acceptable to whom? - the
surgeon, the nephrologist, the geriatrician, the patient? What of the risk of not
taking action? Risk, itself a difficult concept, is based on accumulation of past
experience. That the risk of a given operation is 10% means that 10% of
patients who have undergone that treatment did not survive. Witinin this field
there is scarcely enough experience in any one unit to give any individual a clear
idea of what percentage figures should be attached to the risk. Even if this could
be done it does not tell the patient what he wants to know: will he survive the
operation or will he not? My rule is that I recommend a procedure to my patients
if I believe that the risk of undertaking it is less than the risk of not undertaking
it; and when the latter approaches 100% the former comes in as a strong chance.

Pain

This concept is better represented by the Latin word ‘dolor’ - all the grief,
suffering, anxiety and discomfort attendant upon a given line of treatment. A
natural instinct is to protect the elderly patient against the ‘pain’ inherent in a
procedure. This attitude is widely expressed as a distaste for unnecessary
investigations and manipulations. We give much weight to leaving the old person
undisturbed; indeed this wish often is expressed by the patient himself, by his
family and by his closest advocate, the general practitioner. However the
geriatrician must consider ‘dolor’ as a price often worth paying for long-term
gain. He has no hesitation in putting patients through the discomfort of a
cataract operation to secure improved vision; or pinning a femur to regain
mobility. Elderly patients often are more tolerant of these inflictions than we give
them credit for. Just because they may not have long to live does not mean that
they are not prepared to pass through a tunnel of pain in order to reach the
sunlight beyond.

With respect to cost, most old people are poor, and in a free market they could
not afford to purchase intensive kidney treatment. However, in the United
Kingdom the National Health Service takes care of the cost; Hence no one of any
age need be debarred because he cannot pay.

On the simple model, therefore, the geriatrician favors active treatment of
people with end-stage renal failure by dialysis and transplantation. Since this
does not happen there must be, obtruding itself upon the decision-making
process, another agenda, another system of values.

THE SECOND AGENDA

The geriatrician and his patient are not the only ones making these medical
decisions. In the United Kingdom, and in other health care systems, other
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Table II: Those involved in the foreground or background of clinical decisions

Decision-Makers

Patient Hospital Manager
General Practioner Health Authority
Consultant Physician Department of Health
Nephrologist Cabinet

Geriatrician Public

interests shape the decision (Table 2). In assigning a role to each player, the
description must be speculative, because little research has been done into these
issues. In this area I depend largely on experience and intuition.

The Patient

By and large the ancient Briton is a humble, unassertive, uncomplaining chap.
He expects little and is grateful for what he gets. I suspect that unless they were
told, few aged patients with end-stage renal failure would know, that an
operation was available that could add years to their lives or life to their years;
and probably they would be the first to question its value. If they believed there
was a resource shortage, and that they could receive a kidney or a place on a
dialysis machine only at the expense of someone younger, they would be the first
to refuse. Many would not wish to be consulted, preferring to leave the decision
to their doctors.

I am conscious that here I present a stereotype, not supported by research. I
could be very far wrong; and even if I am right the fault, if fault it be, lies not
with our old people but with a society that has made them adopt this attitude.
But, whether it is true or not, it is believed to be true, and that belief perpetuates
complacency and inertia among doctors.

The General Practitioner

The general practitioner is in continuing relationship with his patient and has
been so for many years. Many a practitioner sees himself as a trusted counsellor
and advisor of the patient and as his protector. Many might see it as their duty
to protect patients from what they believe to be dolorous procedures of
uncertain outcome, involving the introduction of tubes into many body orifices-
procedures which the elderly patient does not want.

Consultant Physician

Access to the renal unit is almost always via the consultant physician. After
a study of the negative selection of patients for dialysis and transplantation in
the United Kingdom Challah er al (5) identified low levels of referral to
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nephrclogists as the major cause of the low rate of active treatment in the United
Kingdom.

I suspect that another factor operates here. Nephrologists often are accused of
‘playing God’ - an unfair charge to level at those whom we force by depriving
them of resources to make choices we would rather not make ourselves, but other
consultants wish to spare the nephrologist so they take it upon themselves to fix
the flow of patients to a level at which the nephrologist does not have to
choose whom he will save and whom he will allow to die. Erecting a formal age
barrier is the easiest way to avoid the difficulty and the most popular way of
solving it. When there is no formal barrier, the consultant physician helps by not
pressing too strongly the claims of the oldest patients.

The Geriatrician

In the study of Challah, et al (5), the consultant geriatrician made the
following startling statement ’I have no experience whatever in this field....I do
not ever have to consider patients for treatment of renal failure.” I would have
said much the same. Geriatric medicine in Britain is largely about people aged
75 and over suffering from multiple disease and disability. In that age group we
rarely see patients with nice ‘clean’ renal failure unaccompanied by other life-
threatening disease, or when the suitable patient does turn up we are looking the
other way. Also the geriatrician often is not called upon to advise others about
the relative risks and benefits of treatment. In the future this may increase with
the closer integration between departments of geriatric medicine and
departments of general medicine in the United Kingdom. However the process
is slow.

Also geriatricians ‘have not been active in raising the age barrier in renal
transplantation. I asked 20 British geriatricians what they would do if they were
given an extra million pounds to spend on developing services for the elderly in
their districts. I offered them a range of choices which included developing
nephrology services, but none of them chose this option (Table III).

Hospital Manager

The National Health Service is at a virtual standstill and there are limited
possibilities of development of new services. Every department in every hospital
can make an excellent case for expanding its services, and hospital managers have
to avoid supporting unpopular causes. Kidney transplantation is a popular cause;
but extending kidney transplantation to treat more old people is a less
competitive proposition. One might argue that it is better to spend money on
preventing disease in later life than on sustaining chronic disability but this is
countered by the argument that it is better to save young lives than older ones.
There even may be the unspoken argument that to save an old person’s life
merely postpones his death; and the financial and resource cost of treatment is
but a fraction of the cumulative costs engendered by his prolonged survival.
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Local Health Authorities

The Regional and District Health Authorities in England are responsible for
resource allocation and resource planning. If they were so minded, they could
provide the resources necessary to extend active treatment of kidney disease to
the levels seen in other countries. Their failure to do so perhaps reflects the
perception that what old people need is community services to sustain them in
their own homes. The success of the geriatrician in calling attention to the plight
of ill old people and their careers in the community has prompted the
government to designate community care for the elderly as a national and local
priority for health service expenditure. As a result, old people have good
community services. Money can be spent only once, expecially when it is
National Health Service money. I do not suppose that a conscious decision was
ever made to put the money into incontinence pads rather than into the kidneys
which produce the urine that soaks the pads; but the public perception of the
needs of old people is that they should be looked after, not that they should be
operated on. It is this perception apparently that informs policy.

Department of Health

I daresay international comparisons showing the low level of activity in United
Kingdom embarrasses the Department of Health. But the Government insists
that it leaves decisions on how to spend Health Service money to the local Health
Authorities and would not dream of interfering; at least, I suspect, if there is no
great political advantage. The people of Britain are not yet marching to the polls
to demand that more kidneys be transplanted.

The Cabinet

Occasionally a voice is heard stating that if the Government spent less on
defense there might be more for the National Health Service. Indeed there
would; but will they spend less? Even if they did would the money reach the renal
units and be used for older patients? I doubt it.

The Public

I do not understand what makes news. Every year we are told that ‘thousands
of old people will die this winter of hypothermia.’ It is untrue but it goes on being
repeated. But a headline stating that hundreds of old people will die because they
will not receive a kidney is unlikely to be printed prominently. The trouble with
our public and our political activists is that they nail their colours to but one
mast. They are either all for nuclear disarmament or against vivisection or they
want to take the lead out of petrol. Old people’s kidneys have not attained the
status of a Cause. Maybe it never will.
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CONCLUSION

The inverse relationship noted between the intensity and quality of community
geriatric services and the level of transplantation and active dialysis for old
people may be more than coincidence. Removal of the burden of payment at the
time of delivery of service, as in the National Health Service, means that all of
us have to pay for each other’s treatment, and introduces a whole range of
political, psychological and social issues into the question of resource provision.
This system also increases our professional perceptions of one another. If the
pound can only be spent once it had better be spent on my service, so we all say.
Old people with kidney disease have to compete against young people with
kidney disease and against old people with other diseases.

We have learned how to make appropriate clinical decisions, but not how to
design health care systems, which ensure the adequate implementation of our
decisions. Geriatricians are not the only ones who have failed to meet the
challenge. Challah, ef a/ (5) concluded that many patients with end-stage renal
failure are being denied a nephrologist’s opinion, but went on to say that it will
be of little value to change referral practice unless there is an increase in
nephrologists. That is going to take time and money which we do not have.

Decision-making in an organisation as complex in its aims and structures as
the United Kingdom National Health Service inevitably creates vast distances
between the clinical and the resource decision. An organisation which attempts
to do the greatest good for the greatest number will in the process fail to do lesser
good for smaller numbers, without sinister intent. The problem is not whether
to transplant the older patient or the younger one, but how to organise and
finance a service that does both. Equally the problem is not whether to provide
kidneys or incontinence pads, but how to organise and finance a service that does
both. Until the latter problem is solved we are forced to debate the wrong
question.
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9. DECLINE OF RENAL FUNCTION
WITH AGE:

MECHANISMS, RISK FACTORS AND
THERAPEUTIC IMPLICATIONS

SHARON ANDERSON, M.D.

The biologic price of aging includes progressive deterioration of renal function
and structure. Changes in renal function during normal aging are among the
most dramatic of any organ system, so that the glomerular filtration rate of
healthy octagenarians is only one-half to two-thirds that measured in young
adults (1,2). In the absence of therapeutic intervention, acquired renal disease
superimposed on the kidney already compromised by age-related structural and
function changes may hasten appreciably progression to end-stage renal disease.
This chapter considers the functional and structural changes that occur in the
aging kidney, and the factors which modify the progressive course of age- and
disease-related progressive renal insufficiency.

AGE-RELATED CHANGES IN RENAL FUNCTION

The glomerular filtration rate (GFR) is low at birth, approaches adult levels by
the end of the second year of life, and is maintained at approximately 140
ml/min/1.73 m? until the age of 30. Thereafter, GFR declines in a roughly linear
manner by about 8 ml/min/1.73m?/decade (1,2). The reduction in creatinine
clearance with aging is accompanied by a reduction in daily urinary creatinine
excretion, reflecting decreased muscle mass (2). Therefore, the relationship of
serum creatinine to creatinine clearance changes with age; the net effect is near-
constancy of serum creatinine concentration while GFR (and creatinine
clearance) declines. Thus, a serum creatinine level of 1 mg/dl may represent a
creatinine clearance of 120 ml/min at age 20, but only 60 ml/min at age 80. The
approximate creatinine clearance in adult males can be derived from the serum
creatinine value with the following formula:

Creatinine clearance = (140 - age)(wt in kg)/72 x serum creatinine and, in
females, by multiplying the calculated value by 0.85 (3). Parallel changes occur
in renal blood flow (RBF), so that RBF is well maintained at about 350
ml/min/1.73m? until approximately the fourth decade, and then declines by



58

about 10% per decade (4,5). The reduction in total RBF is due not solely to loss
of renal mass; xenon-washout studies demonstrate a progressive reduction in
blood flow per unit kidney mass with advancing age (5). The decrement in renal
perfusion associated with aging is most profound in the cortex; redistribution of
flow from cortex to medulla may account for the slight increase in filtration
fraction seen in the elderly (4,5).

Studies in laboratory rats, whose age-related renal changes resemble an
accelerated version of those seen in humans, suggest that another functional
change in the aging kidney is an increase in glomerular basement membrane
(GBM) permeability, leading to an increase in urinary protein excretion. Young
rats excrete very little protein and virtually no albumin. With aging, both the
total amount of protein and the percentage of albumin rise sharply. Eventually,
the full spectrum of serum proteins appears in the urine (6,7). This progressive
proteinuria heralds the development of age-associated glomerular structural
injury.

AGE-RELATED CHANGES IN RENAL STRUCTURE

Renal mass increases from about 50 g at birth to over 400 g during the 3rd and
4th decades, and then declines to under 300 g by the 9th decade. The loss of renal
mass primarily is cortical, with relative sparing of the renal medulla (8). The
number of functioning glomeruli declines roughly in accord with the changes in
renal weight, while the size of the remaining glomeruli increases (9,10). With
maturation and aging, important changes also occur in glomerular shape (9). The
spherical glomerulus in the fetal kidney develops lobular indentations as it
matures, which increases the surface area available for filtration. With aging,
lobulation tends to diminish and the length of the glomerular-tuft perimeter
decreases relative to its area. Studies using microangiopathic and histologic
techniques have elucidated the sequence of glomerular structural changes with
aging (11-13). Briefly summarized, the GBM undergoes progressive folding and
then thickening. This stage is accompanied by glomerular simplification, with the
formation of free anastomoses between a reduced number of glomerular
capillary loops. Frequently, dilatation of the afferent arteriole near the hilum is
seen at this stage. Eventually, the folded and thickened GBM condenses into
hyaline material with collapse of the glomerular tuft. Degeneration of glomeruli
in the renal cortex results in atrophy of the afferent and efferent arterioles, with
eventual global sclerosis. However, a different pattern of change predominates in
the juxtamedullary area. In these units, sclerosis of the glomerular tuft is
accompanied by the formation of a direct channel between afferent and efferent
arterioles, resulting in the arteriolae rectae verae, or aglomerular arterioles
(12,13). Presumably, the formation of these direct channels contributes to the
maintenance of medullary blood flow as cortical perfusion declines. The
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Table I: Factors Which Modify Age-Related Proteinuria and Glomerular Sclerosis

Accelerating Factors Protective Factors

Overfeeding (19,20) Food restriction (16, 24, 34-37)
High protein diet (16,21,22) Protein restriction (16,28,35,40)
High sodium diet (23) Sodium restriction (18)

Male gender (16,18,22,24) Female Gender (16,18,22,24)
Androgen therapy (25,26) Castration (25,26)
Uninephrectomy (19,27-29) Adrenalectomy (41)

Renal irradiation (29-31) Hypophysectomy (42)

Thyroid supplements (32)
Thymectomy (33)

aglomerular arterioles rarely are found in kidneys from healthy young persons;
their frequency increases both in aging kidneys and in kidneys from patients with
intrinsic renal disease (13).

The incidence of sclerotic glomeruli increases with advancing age. To the age of
40, sclerotic glomeruli comprise fewer than 5% of the total. With increasing age
thereafter, the incidence increases so that sclerosis involves 10 to 30% of the total
glomerular population by the eighth decade (14,15). Accordingly, diminished
glomerular lobulation and glomerular loss contribute to a reduction of the surface
area available for filtration and thus to the observed age-related decline in GFR

9).

DIETARY MODIFICATION OF AGE-RELATED GLOMERULAR
SCLEROSIS

Progressive glomerular sclerosis, heralded by proteinuria, takes place in aging
animals of many species as well as humans (16-18). Attempts to elucidate the
mechanisms responsible for age-related glomerular sclerosis have identified a
number of factors which modify the process in experimental animals (Table I). Of
these, dietary manipulations have been the most promising and the most
extensively studied. McCay and colleagues (43) in 1935 first recognized the
importance of nutrition in the aging process when they demonstrated that
restriction of food intake increases the lifespan of laboratory rats. During the next
50 years, many investigators have offered evidence that food restriction slows the
aging process, as manifested by [1] extension of lifespan, [2] retardation of age-
related physiologic processes, and [3] retardation of age-related disease processes
in experimental animals (44). In 1941, Saxton and Kimball (16) noted that ‘chronic
nephrosis’ was second in frequency only to chronic pneumonia in pathologic
lesions found in aged rats, and that limitation of caloric intake resulted in fewer
glomerular lesions. Female animals, which eat less and have smaller kidneys,
acquire renal lesions more slowly (16,18,22,24). Subsequent studies have
confirmed that renal lesions may be delayed by making food available on alternate
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days, or by limiting the amount of food to one-half to two-thirds the amount
consumed by animals fed ad /libitum (24,34-36). In contrast, progression of
glomerular sclerosis in rats is hastened when the overeating is conditioned by
heredity (20) or induced by hypothalamic injury (19). In these rats, as in normal
rats fed ad libitum, progression of glomerular injury may be retarded by restricting
food intake (20). Reduction of dietary protein content delays the development of
age-related proteinuria and glomerular scleroisis, even when total caloric intake is
not restricted (16,28,39,40). Although the most complete protection of the kidney
is afforded by restricting protein intake to levels low enough to limit body growth,
significant protection is also afforded by reducing protein intake to a level that
does not impair growth (39,42).

It seems likely that hemodynamic alterations mediate these glomerular
structural changes (45). While dietary intake of carbohydrates and fats have little
effect on the kidney, renal size, structure and function are markedly influenced by
protein intake. Renal blood flow and glomerular filtration rates rise acutely by 40
to 100% in dogs fed a meal of meat (46,47), and significant increases in GFR (48)
and RBF (49) follow meat-feeding in normal humans. The postprandial increase in
RBF is unrelated to changes in cardiac output (49,50); thus, ingestion of protein,
as opposed to other nutrients, appears to result in a preferential increase in renal
perfusion and GFR. When animals are maintained continuously on protein-rich
diets, the mechanisms which increase RBF and GFR after individual protein meals
are presumed to lead, by cumulative effect, to sustained increases in GFR and RBF
and to renal hypertrophy (46,51). In humans, baseline GFR values have been
found to be markedly higher in subjects eating conventional diets than in
vegetarians eating less quantities of protein-rich foods (48).

The mechanism by which protein ingestion increases renal perfusion and
filtration remains unclear. The renal hemodynamic changes triggered by a meat
meal may be reproduced by gastric instillation or intravenous infusion of amino
acids /52-55), but not by consumption of urea, sulfate or acid in amounts
equivalent to those produced by catabolism of the meat (56,57). Administration of
somatostatin recently has been reported to block the increases in GFR and RBF
otherwise seen following amino acid infusions in humans (55) and in rats (54), and
GFR fails to rise after a protein load in growth hormone-deficient adults (58). It
seems likely, therefore, that amino acids trigger the release of a circulating
hormone or other intermediate effector, which in turn is responsible for increasing
RBF and GFR.

It has been suggested that the protein-rich diet characteristic of modern Western
society itself induces chronic renal hyperfiltration and hyperperfusion, and
thereby contributes to the functional and structural deterioration of the aging
kidney (45). According to this hypothesis, the excessive glomerular pressures and
flows necessary to meet demands of a protein-rich diet may contribute to eventual
glomerular sclerosis. The potential mechanisms and consequences of this process
are summarized in Fig. 1 (5§9). The bottom panel depicts the nephron population
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Figure 1. Sequential adaptation of the nephron population to normal aging. SN, single nephron; GFR,
glomerular filtration rate. See text for discussion. (Reproduced from reference 59 with permission).

typical of the healthy young rat, and presumably the healthy young human as well.
Single nephron GFR (SNGFR) values for the entire glomerular population follow
a relatively narrow Gaussian distribution, with the mean value depicted by the
dashed line. By eating our modern protein-rich diet, a fraction of the glomeruli at
the upper end of the function scale (the shaded area in the bottom panel) is
considered to be burdened, due to the adaptive increases in pressures and flows
that account for their relative hyperfiltration. Over time, these glomeruli develop
progressive sclerosis and eventually fail, giving rise, as shown in the middle panel,
to populations of non-functioning and poorly functioning nephrons. In
consequence, more normal glomeruli hyperfilter to accommodate the high protein
diet in the face of fewer functioning nephrons. Therefore SNGFR values widen
considerably in distribution and in doing so, all operate at risk, as depicted by the
marked expansion of the shaded area. This risk in low SNGFR nephrons reflects
the high hydraulic pressures regularly seen in chronically injured glomeruli
whereas in higher SNGFR glomeruli, pressures and flows must both be elevated to
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achieve hyperfiltration. Despite the heterogeneity in SNGFR values shown in the
middle panel, the population is still largely Gaussian and the average SNGFR
value is unchanged from that shown in the bottom panel. Since total nephron
number remains constant, total GFR at this stage also remains at 100% of the
starting value. Eventually, the stage depicted in the top panel is reached where the
previously most burdened glomeruli cease functioning, yielding a large population
with SNGFR values essentially equal to zero (black bar, bracketed by zero values)
and an increasing fraction of the total nephron population with SNGFR values
below normal. Not surprisingly, therefore, total GFR must also decline, but in this
example, by only 50%, since that is the magnitude of assumed reduction in average
nephron GFR. Certainly, it would seem unsound to withhold therapy for any
disorder that had progressed to this stage of nephron injury and adaptation, even
though total GFR is reduced by only 50%, i.e. corresponding to a serum creatinine
concentration of 2 mg/dI or less.

ACCELERATION OF AGE-RELATED GLOMERULAR SCLEROSIS

By itself, age-related glomerular sclerosis poses little threat to well-being.
However, while excessive glomerular pressures and flows may contribute to
gradual nephron destruction over a lifetime, the process may be greatly accelerated
when functioning nephron number is abruptly reduced by surgical ablation or by
acquired renal disease. The incidence of primary renal disease in the elderly may
not be significantly greater than in younger adults, but the frequency of acute renal
failure and of renal disease associated with such systemic diseases as
atherosclerosis, hypertension, cardiac failure, diabetes mellitus, and malignancy
most certainly increases with advancing age (60).

Experimentally, this compounded process is illustrated by surgical ablation of
renal tissue. Reduction of renal mass leads to structural and functional
hypertrophy of the residual nephrons beyond that due to age alone, with marked
increases in the perfusion and filtration of remaining nephron units (61).
Hyperfiltration in remnant nephrons generally has been regarded as beneficial,
because it minimizes the reduction in total GFR which otherwise would ensue.
Recent experimental observations, however, suggest that these changes are in fact
‘maladaptive’, in that sustained glomerular hypertension and hyperperfusion
cause progressive glomerular structural damage. More than 50 years ago,
Chanutin and Ferris (62) demonstrated a syndrome of progressive azotemia and
eventual glomerular sclerosis following removal of 3/4 of the total renal mass in
the rat. The progressive morphologic changes subsequently were documented by
Shimamura and Morrison (63). Within three months after ablation, remnant
glomeruli exhibited hypertrophy, accompanied by ultrastructural alterations
including vacuolization of epithelial cells, deposition of osmophilic droplets in
these cells, and foot process fusion. After six months, mesangial matrix expansion
and denudation of cells from areas of basement membrane were evident. These
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Figure 2.Sequential adaptation of the nephron population to uninephrectomy. SN, single nephron;
GFR, glomerular filtration rate. See text for discussion. (Reproduced from reference 59 with
permission).

ultrastructural alterations heralded progressive hyalinization and eventual
sclerosis of remnant glomeruli. The glomerular morphologic injury, which follows
reduction of renal mass, is reflected by progressive proteinuria (28,62). Olsen and
coworkers (64), in studies of glomerular processing of tracer macromolecules
following extensive renal ablation, demonstrated that the proteinuria is due to
defects in both the size- and charge-selective properties of the glomerular capillary
wall.

The hypothetical consequences of acute reduction of renal mass, as in
uninephrectomy, are depicted in Fig. 2 (59). The initially normal nephron
population profile, again seen in the bottom panel, quickly transforms within a
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few weeks of uninephrectomy to that shown in the middle panel, in which one-half
the glomeruli have SNGFR values equal to zero, and the remainder
accommodating our customary protein-rich diet by adaptive hyperfiltration. The
price of the latter, namely high glomerular pressures and flows, contributes in turn
to eventual destruction of remaining glomeruli, as depicted in the top panel.

The glomerular changes in the rat remnant kidney are morphologically identical
to those seen in the aging rat kidney; the only difference is the rapidity of
glomerular structural deterioration. In the rat, the pace of glomerular structural
injury, like the magnitude of remnant glomerular hemodynamic changes,
increases in proportion to the amount of renal tissue removed. The modest
increases in glomerular capillary pressures and flows following uninephrectomy
are associated with moderate acceleration of the glomerular sclerosis seen in aging
rats (27,28). The marked elevations in pressures and flows which occur after more
extensive (over 75%) nephrectomy, produce extensive structural alterations of
remnant glomeruli within a few weeks (65).

In the remnant kidney, maneuvers which limit these compensatory increases in
glomerular capillary pressures and flows retard the progressive sclerosis of the
remaining glomeruli. Dietary protein restriction, which slows the pace of
glomerular sclerosis in the aging kidney, also has been shown to retard glomerular
injury in the remnant kidneys of animals with reduced renal mass. In a study of
rats subjected to 90% renal ablation, Hostetter and coworkers (65) found that
SNGR in remnant nephrons of animals fed standard (24% protein) chow averaged
more than twice normal by one week after ablation. This increment in SNGFR
resulted from marked increases in the glomerular plasma flow reate and
glomerular capillary hydraulic pressure, In contrast, glomerular capillary
pressures and flows, and thus SNGFR, remained at near-normal levels in similarly
prepared rats fed a 6% protien diet, despite equivalent ablation of renal tissue.
Limitation of glomerular capillary pressures and flows by protein restriction was
associated with preservation of glomerular structure; glomerular morphologic
abnormalities were much less extensive in remnant kidneys of protein-restricted
rats (65). Subsequent longterm studies have confirmed that dietary protein
restriction delays the development of proteinuria and pathologic changes in
remnant kidneys of rats and dogs subjected to less extensive renal ablation (28,
66-68).

Glomerular capillary pressures and flows increase not only following renal
ablation, but also when functioning nephron number has been reduced by intrinsic
renal disease. Pathologic studies in diverse forms of human renal disease have
revealed hypertrophy (presumably reflecting hyperfiltration) of the nephrons least
damaged by the original disease process (69). In rats with mineralocorticoid-
induced hypertension, as with renal ablation, lowering of glomerular capillary
pressures and flows by dietary protein restriction results in limitation of
proteinuria and protection against glomerular injury (70). Reduction of dietary
protein intake also retards the progression of nephrotoxic serum nephritis in rats
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Figure 3. Role of increased glomerular pressures and flows in the development of glomerular sclerosis.
See text for discussion.

(71,72) and the lupus-like nephropathy of the NZB/NZW mouse (73), as well as
the glomerulopathy of the rat with streptozotocin-induced diabetes (74,75).
Dietary protein restriction lowers glomerular pressures and flows, in diabetic rats
(75); it is likely that the beneficial effects of protein restriction in these models
are likewise to do limitation of hyperfiltration. conversely, maneuvers such as
uninephrectomy which increase glomerular pressures and flows accelerate the pace
of glomerular injury in such diverse forms of experimental renal disease as
nephrotoxic serum nephritis, diabetes mellitus, puromycin aminonucleoside
nephrosis, and lupus-like nephropathy (76-79). Presumably, uninephrectomy
adds to the hemodynamic burden of glomerular capillaries previously subjected to
various injurious influences, thereby accelerating glomerular destruction.

Taken together, the foregoing observations in normal aging, and in patients and
animals with various forms of renal parenchymal disease, are consistent with the
hypothesis that sustained hyperfiltration, or some hemodynamic determinant(s)
thereof, ultimately is detrimental to glomerular structure and function. According
to this scheme (Fig. 3), age- or disease-related reduction in functioning renal mass,
systemic hypertension, conventionally treated diabetes, and Bad libitumf} protein
intake all lead to unrelenting renal vasodilatation. The resulting longterm
elevations in glomerular pressures and flows promote hyperfiltration, impair the
permselective properties of the glomerular wall, and injure the component cells of
the glomerulus. The resulting glomerular sclerosis exerts a positive feedback
stimulus to compensatory hyperfiltration in less affected glomeruli, contributing
in turn to their eventual destruction.

These observations raise an important clinical question: how much renal mass
must be lost to induce progressive glomerular disease, or to significantly accelerate
age-related glomerular injury? An increased incidence of glomerular sclerosis has
been reported in patients with unilateral renal agenesis (80,81); but these solitary
kidneys may be congenitally abnormal. Longterm followup of patients
undergoing uninephrectomy for unilateral renal disease or kidney transplant



66

Table 11: Risk Factors for Chronic Renal Failure

Persistent activity of underlying renal disease
Commonly sought amplifiers
Uncontrolled hypertension
Obstruction/reflux
Infection
Nephrotoxic drugs
Calcium or urate deposits
Maked reduction in nephron number
Other factors promoting sustained elevations in glomerular pressures/flows
High protein diet
Diabetes mellitus
Severe anemia
Chronic renal vasodilator therapy, e.g., steroids
Diastolic blood pressure over 70 mmHg
Persistent nephrotic range proteinuria

donation are required to establish the consequences of reducing nephron number
in humans with an initially normal complement of nephrons. Followup of renal
transplant donors, who have been screened to rule out pre-existing renal disease,
are only now becoming available. From these studies, it appears that renal
function is well maintained in the majority of donors for up to three decades post-
donation (82-84). However, studies of donors 10-30 years after nephrectomy have
revealed significantly higher incidences of hypertension and proteinuria than in
age- and sex-matched controls (82,83,85). Clearly, further studies are required to
assess the longterm sequelae of kidney donation, particularly in the younger donor
who presumably will have longer exposure to glomerular hyperfiltration after
uninephrectomy.

THERAPEUTIC IMPLICATIONS

Given the vulnerability of the aging kidney to acceleration of renal insufficiency, it
is imperative to pay particular attention to those factors which might hasten the
decline in renal function (Table II). Specific therapy of acquired renal disease, and
control of known amplifiers such as hypertension, infection, and nephrotoxic
drugs, are important therapeutic interventions. In addition, if elevated glomerular
capillary pressures and flows contribute to the progression of glomerular sclerosis
in patients with age- or disease-induced renal insufficiency, it is reasonable to
anticipate that therapies aimed at reducing glomerular hypertension and
hyperperfusion will be effective in preserving renal function over the long term.
One obvious therapy is restriction of dietary protein intake, implemented early in
the course of glomerular adaptation. More than 30 years ago, Thomas Addis (86)



67

suggested that protein intake be restricted in patients with renal insufficiney. His
aim was to decrease the workload’ of surviving nephrons in diseased kidneys to
preserve their function. The subsequent development of dialysis and
transplantation distracted attention from the effects of diet on renal disease.
Recently, however, interest has been renewed in the possibility that protein
restriction may slow the typically progressive course of renal insufficincy (87).
Several investigators have demonstrated that reduction of dietary protein intake
can slow the rate of decline in renal function, and postpone the necessity for
dialysis or transplantation, in patients with chronic renal failure (88-91). In these
studies, reduction of dietary protein intake to 0.6 g protein/kg body weight/day,
or to even lower levels with supplementation by essential amino acids or their
nitrogen-free keto-analogues, appeared to favorably affect renal function, and
nitrogen balance was generally well-maintained.

Early and aggressive therapy of systemic hypertension, perhaps to reduce
diastolic pressure to levels below those now generally sought by physicians - i.e. to
65-70 mmHg diastolic, also may protect against hemodynamically-mediated
glomerular injury when functioning nephron number is reduced. While
uncontrolled hypertension hastens the decline in GFR which accompanies both
normal aging (92) and chronic renal disease (91,93), longterm studies of the effect
of strict blood pressure control on the progression of renal disease remain to be
performed. Nevertheless, studies evaluating moderate blood pressure control over
periods of up to one year suggest that reduction of systemic blood pressure may
slow renal functional deterioration in patients with renal insufficiency due to
intrinsic renal disease or to essential hypertension (94-96). In this regard, reduction
of systemic and glomerular pressures with the converting enzyme inhibitor-
enalapril, lessens glomerular structural injury in rats with renal ablation (97), and
limits the development of albuminuria in the hyperfiltering kidneys of rats with
streptozotocin-induced diabetes (98).

These encouraging findings notwithstanding, a great deal clearly remains to be
learned about the mechanisms responsible for glomerular injury in noral aging as
well as in acquired renal disease. It is hoped that further experimental and clinical
studies relating both nutritional and pharmacologic maneuvers to glomerular
function ultimately will enable us to prevent deterioration of renal function in
patients who are at risk for progressive renal injury.

ACKNOWLEDGEMENTS

Studies in the author’s laboratory were supported by U.S. Public Health Service

Grants AM 19467 and AM 30410. Dr. Anderson is the recipient of an Individual

National Service Award of the National Institutes of Health (S F32 AM 07206).
The author is grateful to Michelle Hardiman for expert secretarial assistance.



68

REFERENCES

1.

22.

23.

24.

25.

26.

Davies DF, Shock NW. 1950. Age changes in glomerular filtration rate, effective renal plasma
flow, and tubular excretory capacity in adult males. J Clin Invest, 29:496-507.

. Rowe JW, Andres R, Tobin JD, Norris AH, Shock NW. 1976. The effect of age on creatinine

clearance in men: a cross-sectional and longitudinal study. J Gerontol, 31:155-163.

. Cockcroft DW, Gault MH. 1976. Prediction of creatinine clearance from serum creatinine.

Nephron, 16:31-41.

. Wesson LG. 1969. Renal hemodynamics in physiological states. In: Wesson LG, ed. Physiology of

the human kidney. New York: Grune & Stratton, 96-108.

. Hollenberg NK, Adams DF, Solomon HS, Rashid A, Abrams HL, Merrill JP. 1974. Senescence

and the renal vasculature in normal man. Circ Res, 34:309-316.

. Bolton WK, Benton FR, Maclay JG, Sturgill BC. 1976. Spontaneous glomerular sclerosis in aging

Sprague-Dawley rats. 1. Lesions associated with mesangial IgM deposits. Am J Pathol, 85:277-302.

. Neuhas OW, Flory W. 1978. Age-dependent changes in the excretion of urinary proteins by the rat.

Nephron, 22:570-576.

. Tauchi H, Tsuboi K, Okutomi J. 1971. Age changes in the human kidney of the different races.

Gerontol, 17:87-97.

. McLachlan, MSF. 1978. The ageing kidney. Lancet, 2:143-146.
. Goyal VK. 1982. Changes with age in the human kidney. Exp Gerontol, 17:321-331.
. McManus JFA, Lupton CH, Jr. 1960. Ischemic obsolescence of renal glomeruli. The natural

history of the lesions and their relation to hypertension. Lab Invest, 9:413-434,

. Ljungqgvist A, Lagergren C. 1962. Normal intrarenal arterial pattern in adult and ageing human

kidney. A micro-angiographical and histological study. J Anat, 96:285-300.

. Takazakura E, Sawabu N, Handa A, Takada A, Shinoda A, Takeuchi J. 1972. Intrarenal vascular

changes with age and disease. Kidney Int, 2:224-230.

. Kaplan C, Pasternack B, Shah H, Gallo G. 1975. Age-related incidence of sclerotic glomeruli in

human kidneys. Am J Pathol, 80:227-234.

. Kappel B, Olsen S. 1980. Cortical interstitial tissue and sclerosed glomeruli in the normal human

kidney, related to age and sex. A quantitative study. Virch Arch A, 387:271-277.

. Saxton JA, Jr., Kimball GC. 1941. Relation of nephrosis and other diseases of albino rats to age

and to modifications of diet. Arch Pathol, 32:951-965.

. Guttman PH, Andersen AC. 1968. Progressive intercapillary glomerulosclerosis in aging and

irradiated beagles. Radiation Res, 35:45-60.

. Elema JD, Arends A. 1975. Focal and segmental glomerular hyalinosis and sclerosis in the rat. Lab

Invest, 33:554-561.

. Kennedy GC. 1957. Effects of old age and over-nutrition on the kidney. Brit Med Bull, 13:67-70.
. Shimamura T. 1982. Relationship of dietary intake to the development of glomerulosclerosis in

obese Zukher rats. Exp Mol Path, 36:423-434.

. Newburgh LH, Curtis AC. 1928. Introduction of renal injury in the white rat by the protein of the

diet: dependence of the injury on the duration of feeding, and on the amount and kind of protein.
Arch Int Med, 42:801-821.

Blatherwick NR, Medlar EM. 1937. Chronic nephritis in rats fed high protein diets. Arch Int
Med, 59:572-596.

Elema JD, Arends A. 1971. Functional overload as a possible cause for non-immune glomerular
damage. Effect of nephrectomy and irradiation of the contralateral kidney. J Path, 103:21-29.
Berg BN, Simms HS. 1960. Nutrition and longevity in the rat. I1. Longevity and onset of disease
with different levels of food intake. J Nutr, 71:255-263.

Sellers AL, Goodman HC, Marmorston J, Smith M. 1950. Sex differences in proteinuria in the rat.
Am J Physiol, 163:662-667.

Linkswiler H, Reynolds MS, Baumann, CA. 1952. Factors affecting proteinuria in the rat. Am J
Physiol, 168:504-508.



27.

28.

29.
30.
31.
32.
33.
34.
35.

36.

37.

38.
39.
40.
41.

42.

43.
44.
45.

46.

47.
48.

49.

69

Striker GE, Nagle RB, Kohnen PW, Smuckler EA. 1969. Response to unilateral nephrectomy in old
rats. Arch Pathol, 87:439-442.

Meyer TW, Hostetter TH, Rennke HG, Noddin JL, Brenner BM. 1983. Preservation of renal
structure and function by long term protein restriction in rats with reduced renal mass. Kid Int,
23:218 (abstr).

Wachtel LN, Cole LJ, Rosen VJ. 1966. X-ray induced glomerulosclerosis in rats: modification of
lesion by food restriction, uninephrectomy, and age. J Gerontol, 21:442-448.

Guttman PH, Kohn HI. 1960. Progressive intercapillary glomerulosclerosis in the mouse, rat, and
Chinese hamster, associated with aging and X-ray exposure. Am J Pathol, 37:293- 306.

Elema JD, Koudstaal J, Lamberts HB, Arends A. 1971. Spontaneous glomerulosclerosis in the rat.
Effect of nephrectomy and irradiation of the contralateral kidney. Arch Pathol, 91:418-425.

Berg BN. 1966. Effect of thyroxine on spontaneous nephrosis in the rat. Proc Soc Exp Biol Med,
121:198-203.

Guttman PH, Bailey DW. 1965. Potentiating effect of neonatal thymectomy on X-ray-induced
intercapillary glomerulosclerosis. Nature, 207:539-540.

Tucker SM, Mason RL, Beauchene RE. 1976. Influence of diet and feed restriction on kidney
function of aging male rats. J Gerontol, 31:264-270.

Johnson JE, Barrows CH, Jr. 1980. Effects of age and dietary restrictions on the kidney glomeruli
of mice: observations by scanning electron microscopy. Anat Rec, 196:145-151.

Everitt AV, Porter BD, Wyndham JR. 1982. Effects of caloric intake and dietary composition on
the development of proteinuria, age-associated renal disease and longevity in the male rat.
Gerontology, 28:168-175.

Yu BP, Masoro EJ, Murata I, Bertrand HA, Lynd FT. 1982. Life span study of SPF Fischer 344
male rats fed ad libitum or restricted diets: longevity, growth, lean body mass and disease. J
Gerontol, 37:130-141.

Bras G, Ross MH. 1964. Kidney disease and nutrition in the rat. Toxicol Appl Pharmacol,
6:247-262.

Feldman DB, McConnel EE, Knapka JJ. 1982. Growth, kidney disease, and longevity of Syrian
hamsters (Mesocricetus auratus) fed varying levels of protein. Lab Anim Sci, 32:613-618.

Spector D, Hill G, DiCiani N, Teller D. Sacktor B. 1985. Low protein but not low phosphate diet
inhibits proteinuria in aging rats. Kidney Int, 27:251 (abstr).

Addis T, Marmorston J, Goodman HC, Sellers AL, Smith M. 1950. Effect of adrenalectomy on
spontaneous and induced proteinuria in the rat. Proc Soc Exp Biol Med, 74:43-46.

Everitt AV, Seedsman NJ, Jones F. 1980. The effects of hypophysectomy and continuous food
restriction, begun at ages 70 and 400 days, on collagen aging, proteinuria, incidence of pathology
and longevity. Mech Age Develop, 12:161-172.

McCay CM, Crowell MF, Maynard LA. 1935. The effect of retarded growth upon the length of life
span and upon the ultimate body size. J Nutr, 10:63-79.

Masoro EJ, Yu BP, Bertrand HA, Lynd FT. 1980. Nutritional probe of the aging process. Fed
Proc, 39:3178-3182.

Brenner BM, Meyer TW, Hostetter TH. 1982. Dietary protein intake and the progressive nature of
kidney disease. N Engl J Med, 307:652-660.

Shannon JA, Jolliffe N, Smith HW. 1932. The excretion of urine in the dog. IV. Effect of
maintenance diet, feeding, etc., upon the quantity of glomerular filtrate. Am J Physiol,
101:625-638.

O’Connor WJ, Summerill RA. 1976. The effect of a meal of meat on glomerular filtration rate in
dogs at normal urine flows. J Physiol, 256:81-91.

Bosch JP, Saccaggi A, Lauer A, Ronco C, Belledonne M, Glabman S. 1983. Renal functional
reserve in humans: effect of protein intake on glomerular filtration rate. Am J Med, 75:943-950.
Avasthi PS, Greene ER, Voyles WF, Fisher DC. 1985. Postprandial renal hemodynamics in
humans. Kidney Int, 27:291 (abstr)



70

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Fronek K, Stahlgren LH. 1968. Systemic and regional hemodynamic changes during food intake
and digestion in nonanesthetized dogs. Circ Res, 23:687-692.

Schoolwerth AC, Sandler RS, Hoffman PM, Klahr S. 1975. Effects of nephron reduction and
dietary protein content on renal ammoniagenesis in the rat. Kidney Int, 7:397-404.

Pitts RF. 1944. The effects of infusing glycin and of varying the dietary protein intake on renal
hemodynamics in the dog. Am J Physiol, 142:355-365.

Lee KL, Summerill RA. 1982. Glomerular filtration rate following administration of individual
amino acids in conscious dogs. Quart J Exper Physiol, 67:459-465.

Meyer TW, Ichikawa I, Zatz R, Brenner BM. 1983. The renal hemodynamic response to amino acid
infusion in the rat. Trans Assoc Amer Phys, Washington, 96:76-83.

Castellino P, Coda B, DeFronzo RA. 1985. The effect of intravenous amino acid infusion on renal
hemodynamics in man. Kidney Int, 27:243 (abstr).

O’Connor WJ, Summerill RA. 1976. The excretion of urea by dogs following a meal of meat. J
Physiol, 256:93-102.

O’Connor WJ, Summerill RA. 1976. Sulphate excretion by dogs following ingestion of ammonium
sulphate or meat. J Physiol, 260:597-607.

Kleinman KS, Glassock RJ. 1985. GFR fails to increase following protein ingestion in growth
hormone deficient adults. Kidney Int, 27:296 (abstr).

Brenner BM. 1985. Nephron adaptation to renal injury or ablation. Mechanisms, benefits and
risks. Am J Physiol, In Press.

Samiy AH. 1983. Renal disease in the elderly. Med Clin N Am, 67:463-480.

Hayslett JP. 1979. Functional adaptation to reduction in renal mass. Physiol Rev, 59:137-164.
Chanutin A, Ferris EB. 1932. Experimental renal insufficiency produced by partial nephrectomy. 1.
Control diet. Arch Int Med, 49:767-787.

Shimamura T, Morrison AB. 1975. A progressive glomerulosclerosis occurring in partial five-sixths
nephrectomized rats. Am J Pathol, 79:95-106.

Olson JL, Hostetter TH, Rennke HG, Brenner BM, Venkatachalam MA. 1982. Altered glomerular
permselectivity and progressive sclerosis following extreme ablation of renal mass. Kidney Int,
22:112-126.

Hostetter TH, Olson JL, Rennke HG, Venkatachalam MA, Brenner BM. 1981. Hyperfiltration in
remnant nephrons: a potentially adverse response to renal ablation. Am J Physiol, 241:F85-F93.
El-Nahas AM, Paraskevakou H, Zoob S, Rees AJ, Evans DJ. 1983. Effect of dietary protein
restriction on the development of renal failure after subtotal nephrectomy in rats. Clin Sci,
65:399-406.

Madden MA, Zimmerman SW. 1983. Protein restriction and renal function in the uremic rat.
Kidney Int, 23:217 (abstr).

Polzin DJ, Osborne CA, Hayden DW, Stevens JB. 1984. Influence of reduced protein diets on
morbidity, mortality, and renal function in dogs with induced chronic renal failure. Am J Vet Res,
45:506- 517.

Gottschalk CW. 1971. Function of the chronically diseased kidney: the adaptive nephron. Circ Res,
28 (suppl 1):1-13.

Dworkin LD, Hostetter TH, Rennke HG, Brenner BM. 1984. Hemodynamic basis for glomerular
injury in rats with desoxycorti- costerone-salt hypertension. J Clin Invest, 73:1448-1461.

Farr LE, Smadel JE. 1939, The effect of dietary protein on the course of nephrotoxic nephritis in
rats. J Exp Med, 70:615-627.

Neugarten J, Feiner HD, Schacht RG, Baldwin DS. 1983. Amelioration of experimental
glomerulonephritis by dietary protein restrictioa. Kidney Int, 24:595-601.

Friend PS, Fernandes G, Good RA, Michael AF, Yunis EJ. 1978. Dietary restrictions early and
late: effects on the nephropathy of the NZB x NZW mouse. Lab Invest, 38:629-632.

Wen SF, Benell NM, Moorthy AV. 1984. Effects of low protein diet on experimental diabetic
nephropathy. IXth Int Cong Nephrol, 363 (abstr).



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.
89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

71

Zatz R, Meyer TW, Rennke HG, Brenner BM. Predominance of hemodynamic rather than
metabolic factors in the pathogenesis of diabetic glomerulopathy. Proc Nat Acad Sci (USA), In
Press.

Teodoru CV, Saifer A, Frankel H. 1959. Conditioning factors influencing evolution of
experimental glomerulonephritis in rabbits. Am J Physiol, 196:457-460.

Beyer MM, Steinberg AD, Nicastri AD, Friedman EA. 1977. Unilateral nephrectomy: effect on
survival in NZB/NZW mice. Science, 198:511-513.

Velosa JA, Glasser RJ, Nevins TE, Michael AF. 1977. Experimental model of focal sclerosis. II.
Correlation with immunopathologic changes, macromolecular kinetics, and polyanion loss. Lab
Invest, 36:527-534.

Seyer-Hansen K. 1978. Renal hypertrophy in experimental diabetes: a comparison to compensatory
hypertrophy. Diabetologia, 14:325-328.

Kiprov DD, Colvin RB, McCluskey RT. 1982. Focal and segmental glomerulosclerosis and
proteinuria associated with unilateral renal agensis. Lab Invest, 46:275-281.

Thorner PS, Arbus GS, Celermajer DS, Baumal R. 1984. Focal segmental glomerulosclerosis and
progressive renal failure associated with a unilateral kidney. Pediatrics, 73:806-810.

Hakim RM, Goldszer RC, Brenner BM. 1984. Hypertension and proteinuria: long-term sequelae of
uninephrectomy in humans. Kidney Int, 25:930-936.

Vincenti F, Amend WJC, Jr., Kaysen G, et al. 1983. Long-term renal function in kidney donors.
Sustained compensatory hyper-filtration with no adverse effects. Transplantation, 36:626-629.
Weiland D, Sutherland DER, Chavers B, Simmons RL, Ascher NL, Najarian JS. 1984.
Information on 628 living-related kidney donors at a single institution, with long-term follow up in
472 cases. Transplant Proc, 16:5-7.

Ferran NL, Delano BG, Beyer MM, Uribarri J, Friedman EA. 1985. Hypertension and proteinuria
post renal donation. Kidney Int, 27:137.

Addis T. 1948. Glomerular nephritis: diagnosis and treatment. New York: Macmillan, 287.
Mitch WE. 1984. The influence of diet on the progression of renal insufficiency. Ann Rev Med,
35:249-264.

Giordano C. 1982. Protein restriction on chronic renal failure. Kidney Int, 22:401-408.

Maschio G, Oldrizzi L, Tessitore N, et al. 1982. Effects of dietary protein and phosphorus
restriction on the progression of early renal failure. Kidney Int, 22:371-376.

Mitch WE, Walser M, Steinman TI, Hill S, Zeger S, Tungsanga K. 1984. The effect of a keto acid
- amino acid diet supplement to a restricted diet on the progression of chronic renal failure. N Engl
J Med, 311:623-629.

Oldrizzi L, Rigiu C, Valvo E, et al. 1985. Progression of renal failure in patients with renal disease
of diverse etiology on protein-restricted diet. Kidney Int, 27:553-557.

Lindeman RD, Tobin JD, Shock NW. 1984. Association between blood pressure and the rate of
decline in renal function with age. Kidney Int, 26:861-868.

Moyer JH, Heider C, Pevey K, Ford RV. 1958. The effect of treatment on the vascular
deterioration associated with hypertension, with particular emphasis on renal function. Am J Med,
24:177-192.

Bauer JH. 1984. Role of angiotensin converting enzyme inhibitors in essential and renal
hypertension. Am J Med, 77(2A):43-51.

Branca GF, Satta A, Faedda R, et al. 1984. Effects of blood pressure control on the progression of
renal insufficiency in chronic renal failure. Panminerva Med, 25:215-218.

Nabel EG, Kugelmass A, Zins G, Phipps E, Dzau VJ. 1984. Does blood pressure control alter renal
function in refractroy hypertension? Cir 70(suppl 11):213 (abstr).

Anderson S, Meyer TW, Rennke HG, Brenner BM. 1985. Control of glomerular hypertension
limits glomerular injury in rats with reduced renal mass. J Clin Invest, In Press.

Zatz R, Meyer TW, Dunn BR, et al. 1985. Lowering of arterial pressure (MAP) limits glomerular
hypertension and albuminuria in experimental diabetes. Kidney Int, 27:252 (abstr).



73

10. PREVENTABLE CAUSES OF RENAL
FAILURE IN THE ELDERLY

GEORGE E. SCHREINER, MD, FACP* #

One of the great mental traps for the physician treating elderly patients is his
assumption that a clinical syndrome or an evidence of deterioration always is due
to a chronic or degenerating disease. He is lured into this trap by a graying
patient who introduces his symptoms with some variant of a famous line
attributed to Dorothy Thompson, ‘After fifty, it’s patch, patch, patch’. The
astute and experienced physician recognizes the senior citizen’s reference to the
‘one horse shay falling apart’ as a method for coping rather than a clue to the
diagnosis. Sadly, the contrary assumption or the physician$ acceptance of
degenerative disease as the sole explanation for clinical syndromes becomes a
self-fulfilling prophecy. To make it happen the doctor needs only to let it
happen. For this reason, it is worthwhile reviewing some of the preventable
causes of renal failure in the elderly patients. Table I lists some of the causes we
will discuss.

Table I: Some Preventable Causes of Renal Failure

Obstruction
Nephrotoxic drugs
Hypertension
Diabetes

Papillary necrosis

* Professor of Medicine, Director, Nephrology Division, Georgetown University School of Medicine,
Washington, DC

# From the Division of Nephrology, Department of Medicine, Georgetown University School of
Medicine.
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Obstructive uropathy always should be in the forefront as one approaches the
differential diagnosis of renal failure. Obstructed kidneys may be destroyed
silently even in the absence of infection as John Hodson showed in his elegant
pig experiments on reflux nephropathy. Table II presents a classification of the
causes of obstruction.

Table 1I: Classification of Obstructive Nephropathy

. Closing lumen - Stenosis, structure, atresia

. Intrinsic blockade - Stones, gravel, crystals, clots, exudates

. Extrinsic compression - Prostatic hypertrophy, tumors, cysts, fibrous bands, aberrant blood
vessels

4. Anomalies of form - Angulation, ptosis, diverticulae

. Wall disease - Periureteral fibrosis, ureteritis

6. Functional failure - Drugs, atony, neuropathy, infection, post-surgical

W =

(>3

The lumen of any portion of the lower urinary tract may be occluded but
obviously the most important sites are the uretero pelvic and uretero vesical
junctions; the bladder neck and the urethra. Other favorite sites are areas of
trauma or injury, or irritation by catheters or contracture of the bladder neck.

Intrinsic blockade from stones occurs most often at the narrowest portion.
Early experience with the newer non-surgical techniques such as lithotrypsy,
indicates a significant incidence of obstruction from the gravel derived from the
break-up of large stones; here a favorite site is the terminal end of the ureter. One
also encounters accumulated insoluble crystals or sand, blood clots and fibrinous
or mucous exudates.

Extrinsic compression is best represented by prostatic hypertrophy but may also
occur from tumors, cysts, fibrous bands or aberrant blood vessels.

In the elderly, anomalies of form such as angulation, ptosis and diverticulae may
not manifest themselves clinically until they are amplified by minor obstructions.
Stones, gravel and blood clots obstructing the urinary tract may bring to notice
anomalies which heretofore were silent.

Wall disease - specifically periureteral fibrosis may be seen in association with
tumors that stimulate a heavy fibrous capsule, retroperitoneal tumors, infection,
or may be aggravated by the ergot drugs. It can also follow a ureteritis, which
in turn can follow infection, trauma or surgical intervention. Recently a minor
epidemic of ureteritis with stricture was seen after the use of a plastic catheter
to stint the ureter during surgical procedures. These instances of chemical
ureteritis have been attributed to both powder, used as a packing agent, and to
the plasticizer in the catheter.

Functional failure may be due to any cause which alters the normal peristaltic
emptying and induces flaccid dilatation of the ureter or bladder. Classically this
is seen in pregnancy, where the ureters are dilated, and also in infections, and
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after operation or trauma. Neurologic disease may produce atony, and many
drugs, for example antihistamines, suppress the peristaltic reflex.

Figure 1 shows a stricture of the urethra just proximal to the meatus with
dilatation of the contrast-filled urethra.

Figure 2 shows the outline of a bladder full of dye during an Intravenous
pyelogram; the pressure-filling defect represents an enlarged prostate gland. The
rounded filling defect of lower density on the left represents a bladder
diverticulum. The trabeculation of the bladder seen along the edges of the
contrast material on X-ray, which often is overlooked, is a sign of muscular
hypertrophy. When it is pumping against resistance, the detrussor muscle
hypertrophies as does any other muscle. Often it is seen best in the post-voiding
film or as indentations in the margin of contrast material when the bladder is
full. Figure 3, the anatomical correlative of this, shows the diverticulum coming
off of the main lumen of the bladder.

Figure 4 shows a ureteral stricture produced by ureteritis, trauma or post
catheter stenosis.

Figure 5 shows caliectasis of the renal pelvis and blunting of the minor calyces,
which are among the early radiologic findings of obstruction high in the ureter.

Figure 6 shows the anatomical result of more advanced obstruction, and the
destruction of the renal parenchyma and the deleterious effects of pressure on
the functioning parenchyma.

Figure 7 illustrates all of the sites of obstruction in the urinary tract.

Figure 8 shows the classical rhomboidal crystals of calcium oxalate whose
production can be enhanced by heavy ingestion of oxalic acid in vegetables such
as spinach or rhubarb. Excretion of oxalate crystals also is common in patients
with oxalosis - the primary causes of oxaluria, and in those with idiopathic
calcium oxalate stones - the most frequent type of stones seen on the East Coast
of the United States.

Figure 9 which shows the sharp facets of the calcium oxalate stone, explains
the excruciating pain which may accompany this type of obstruction. The
crystalline structure is characteristic of Weddellite, the mineral which forms the
typical calcium oxalate stone. Obstruction during the passage of a stone is one
of the most agonizing of human painful experiences. The renal colic which is due
to the muscle spasm induced by products of arachidonic acid metabolism, tends
to get worse as injury and pain accelerate. Thus it is most important to treat as
promptly as possible, for examply by the intramuscular administration of
prostaglandin-synthetase inhibitors. Intra muscular diclofenate sodium, 50 mg,
relieves pain in 70% of the episodes of ureteral colic after a single injection.
When pain persists, a second injection relieves pain in 90% of patients with renal
colic. Some older methods are also effective: narcotics such as morphine or
demerol and smooth-muscle relaxants such as papaverine and scopolamine.
Ancillary methods include soaking in a hot sitz bath, application of heat, loading
with fluids which also can make the pain worse temporarily and finally a relief



76

Fig. 1. Stricture of urethra - Note dilatation of contrast filled urethra proximal to the stenosis.

i
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Fig. 2. Prostatic obstruction. Note filling defect in the contrast- filled bladder, diverticulum on left
and trabeculation.
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Fig. 3. Anatomical correlate of Fig. 2. Note large prostate, diverticulum and trabeculation.

of the obstruction with a by pass catheter or surgical intervention. Table IIT
shows a classification of renal tumors.

Table III: Classification of Renal Tumors

1. Parenchymal - A) Benign - fibroma, adenoma, papillary, cystadenoma, endometriosis
B) Epithelial - carcinoma, embryoma (WILMS)
C) Mesothelial - sarcoma, neurogenic

Pelvis and calyces - papilloma, papillary ca, squamous ca, hemangioma

Renal Capsule - fibroma, fibro lipoma, sarcoma, angiosarcoma, chondroma

Perirenal

Metastatic

[V VS A )

When screening for carcinogen-induced tumors, one must take a thorough
dietary history, searching for any unusual foods, condiments or nutritional
supplements, and a thorough occupational history for environmental exposure
to agents such as aniline dyes. Also important is a careful drug history because
urothelial tumors are more frequent in those who have a long history of abusing
mixed analgesic tablets. It is important to note that tumors may grow and
‘become clinical’ during immunosuppressive therapy such as that used during
kidney transplantation, the treatment of systemic lupus erythematosus,
nephrotic syndrome or other immunologic diseases.



Fig. 4. Urethral stricture.

Renal carcinoma is one of the ‘silent killers’ of elderly patients. A review from
the Mayo Clinic (1), which covered the quarter- century from 1950 to 1974,
showed that the mean annual rate per 100,000 at age 60-69 was 58.5/100,000
about 10 times the rate of end-stage renal disease in most Western countries. In
the female, there appears to be some slowing of neoplasm development because
it is only 6.7/100,000 in the same age group; however, in the later decade from
70-79, the male incidence rises only slightly to 61/100,000 whereas females have
a sixfold increase from the previous decade to 42.1/100,000. Beyond age 80, the
male rate continues to rise while the female annual rate stays relatively constant.
Renal carcinoma is called ‘the silent killer’ because cf the paucity of presenting
symptoms (Table IV).
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Fig. 5. Caliectasis from ureteral obstruction.

Table 1V: Renal Carcinoma: Paucity of Presenting Symptoms

GROSS HEMATURIA - 22% INFECTION - 11%
FLANK PAIN - 30% FEVER - 4%
COLIC - 11% WEIGHT LOSS - 33%
PALPABLE MASS - 30% GASTROINTESTINAL - 39%

Referred pain from stretching of the capsule often is referred to the flank and
the pressure pain from an internal mass usually is referred to dermatome of
origin of the renal nerves - roughly the area covered by male bathing trunks. In
the elderly, this pain most often is interpreted as a gastrointestinal syndrome and
often geriatric patients with renal tumors are treated for long periods for a
variety of gastrointestinal dialgnoses. As with most forms of carcinoma, the best
results from therapy follow early detection. The bitter irony is that, even with
all of our modern technology, we still are diagnosing Stage 1 renal carcinoma in
less than one-half the cases. Table V illustrates the experience at the Mayo Clinic

Q).
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Fig. 6. Casts and parenchymal destruction of the kidney from obstruction.
(Figs. 1-6 used with Permission from slide Atlas of Nephrology. Gower Medical Publishing,
Ltd.

Table V: Renal Carcinoma: Diagnosis by stage N = 73

Diagnosis -- stage I 11 1H v UNK %o
Made clinically 17 10 6 11 0 63
Made at autopsy 18 2 0 7 0 37

Survival - 87% of Expected § and 10 yr. for Stage 1
Mayo Clin. Proc. 53-308, 1978.
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OBSTRUCTIVE UROPATHY
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Fig. 7. Favored sites of obstruction.

Overall the diagnosis is made clinically in less than two-thirds of the renal
carcinomas of all stages.

Renal carcinomas enjoy oxygen and because usually the difference in oxygen
tension between the renal artery and the renal vein is only about one volume per
cent, these tumors grow well in renal venous blood. Sometimes they may extend
up the laminar stream all the way to the vena cava and to the heart. When one
knows or suspects venous involvement, it is extremely important to remove the
tumor during venous bypass surgery so as to avoid releasing malignant cells into
the lung or systemic circulation.

Table VI shows a classification of drug related nephropathy.
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Fig. 8. Rhomboidal crystals of calcium oxalate.

Table VI: Drug Related Nephropathy: Classification

A. Direct chemical poisoning - e.g. heavy metals

B. Immunologically induced nephritic or nephrotic syndrome - e.g. methicillin

C. Vasculitides - e.g. sulfonamide, heroin or its contaminants

D. Induced chronic renal disease - e.g. lead, analgesic nephropathy

E. Aggravation of a predisposition to infection or nephrosclerosis - e.g. laxative abuse,
hypokalemia, hyperuricemia
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Fig. 9. Calcium oxalate stone magnified 20 X 30 X 200 X and 400 X. Note sharp facets.

The elderly have an even greater predisposition to infection and
nephrosclerosis following laxative abuse, hypokalemia from diuretics, and bowel
disorders and hyperuricemia from gout diuretics and neoplasm. Table VII gives
the principle reasons for the vulnerability of the kidney to drug nephropathy.
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Fig. 10. Schema for mechanism of toxicity of non-steroidal anti-inflammatory drugs in
hypovolemia.

Table VII: Drug Nephropathy: Vulnerability of the Kidney

LARGE BLOOD FLOW (0.4% weight gets 25% of cardiac output)

GREAT METABOLIC ACTIVITY (High oxygen consumption and glucose production)
LARGEST ENDOTHELIAL SURFACE AREA by weight

MANY ENZYME SYSTEMS for blockade

COUNTERCURRENT SYSTEM may raise local concentration

Mechanisms for PROTEIN UNBINDING

TRANSCELLULAR transport provides local exposure

The kidney, because of its large blood flow, receives a dispro-portionate
amount of anything that is injected, ingested or rapidly absorbed. The kidneys’
metabolism is complex; it has both an aerobic and anaerobic phase and many
crucial enzyme systems which are subject to inhibition or blockade. As with the
first metabolite of phenacetin, N-acetyl P-aminophenol, it is possible with the
countercurrent-flow, multiplier physiology to achieve toxic local concentrations
which are considerably higher than blood concentrations. The kidney also has
mechanisms for protein unbinding as indicated by its excretion of many organic
compounds, for example, the kidney can clear P-aminohippurate (PAH) totally
in one circuit despite its protein binding. Transcellular transport processes
provide local intracellular exposure of such vital structures as mitochondria and
other organelles. Table VIII sets out the delayed drug toxicities, which are
particularly prevalent in the elderly.
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Fig. 11. Composition of renal medullary and cortical necrosis. From: Am J Med (Schreiner and

Lauler, 1958).



Fig. 12. ‘Ring’ sign in papillary necrosis.

Table VIII: Preventable Renal Failure Drugs

Delayed Toxicity - Closporine A, cis-platinum, amino glycosides, analgesics
Acute Toxicity - Metals, contrast agents, antibiotics, solvents

The agents often are difficult to anticipate and even more difficult to
demonstrate because many years may elapse between exposure and pathology;
indeed, many elderly patients have forgotten the very fact of exposure when
giving their history, particularly of something that may have occurred many
years before. Using a classical example, many decades passed before it was
established that lead nephropathy was the cause of the increased incidence of
chronic glomerulonephritis in Queensland, Australia. Our experience with
cyclosporine A in heart transplantation indicates that initial uses of fairly high
initial doses may induce a chronic interstitial fibrosis, which can destroy kidney
function some years after the transplant. A significant number of patients with
successful heart transplants now are on dialysis as a result. Table IX shows some
ways that drug toxicity can be prevented or minimized.
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Fig. 13. Filling defect in lower ureter.

Table IX: Prevention of Renal Failure from Oncologic Drugs

Cis-Plat - in 250 ml 3% saline + 250 ml/h N.S.+ KCL (20 mEq/l)
Methotrexate - Alkalinization + Hydration

Streptomycin - Hydration + Diuretic

Methyl-CCNU- Limit dose

Mithramycin - Slow administration

Much of this prevention we learned from oncologists who use these cytotoxins
in chemotherapy. A frequent cause of renal failure in the elderly is contrast-
medium toxicity especially when the agents are given in the naturally hydrated
state and in warm weather. Most elderly patients tend toward chronic hydropenia
and hypovolemia, both of which predispose to renal failure following exposure
to a contrast medium. As shown in 7Table X, it is important to ensure adequate
hydration and to administer an osmolar load in the form of saline or mannitol.
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Fig. 14. Papilla removal from ureter shown in Fig. 13.

Table X: Mannitol and Contrast Toxicity

Shati and Anto - (250 ml) - 61% - 18% incidence RF
Diabetes - 92% - 33% incidence RF
Vosnides - (100-ml) 13% 13% incidence FF

Rx suggested 3-500 ml 20% + 120 mg Furosemide 1/h 6h
Replace urine vol with 5% in .5 N saline + 30 mEq KCI1/L

Nonsteroidal anti-inflammatory durgs are a frequent causes of functional
renal failure In the United States; it is estimated that 600,000 patients ingest one
of these drugs each day and two such preparations now are available without a
prescription. Table XI summarizes the nephropathic syndromes seen with

nonsteroidal inflammatory drugs.
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Table XI: Analgesic Nephropathy: Syndromes associated with NSAIDS

Transient RBF, GFR B.P., - syncope

Acute renal insufficiency with Acute tubular necrosis

Papillary necrosis (Zomepirac)

Acute Tubulo-interstitial nephritis - 30% Eosinophiles, T-Cells

Nephrotic Syndrome - (Lipoid nephrosis)

Lipoid nephrosis + Interstitial nephrosis (T-Cell), - (50% due to Fenoprofen). Notable in those
over 60, hypertensives and those on diuretics.

ANl ol Sl

The most frequent clinical picture is functional renal failure produced by an
interruption of the normal defenses against hypovolemia and postural
hypotension - both common situations in the elderly. Prostaglandins are involved
in autoregulation of the kidney, modulation of the renin angiotensin system,
macrophage cytolysis, sodium and potassium transport and water excretion.
Figure 10 illustrates the pathophysiology of functional renal failure.

HYPERTENSION

Hypertension, becuae it is an important cause of renal failure in the elderly,
should be carefully monitored. Table XII presents several important
considerations.

Table XI1: Hypertension in the Elderly: Blood Pressure Readings

1. ‘Reality’ - problems of compression of rigid vessels

2. Response to upright posture - baroreceptor and drug effects

3. Systolic Proportionality Systolic should equal twice the diastolic blood pressure minus 15 mmHg.
aortic complicance aortic insufficiency, arterio-venous aneurysm, Thipotoxicosis hyperkinesis

4. Sleep, alcohol - diurnal Variations - may require a 24 hour study

Stiffening and arterosclerosis of the brachial arteries may interfere with proper
monitoring of blood pressure by the standard monometer. The Karotkoff sounds
can be affected by stiffening of the vascular wall. Similarily, elderly patients
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often will have marked postural hypotension with a potential for renal ischemia
and infarction. This hypotension may be due either to vascular or drug effects
on the baroreceptors. One should also keep in mind ‘systolic proportionality’.
If the systolic is greater than two times the diastolic blood pressure minus 15, it
usually means that there is some form of decreased aortic compliance, for
example, aortic isufficiency, arterio-venous aneurysms, thyrotoxicosis, or any
cause of a hyperkinetic circulatory system. All hypertensive individuals, but
especially the elderly, may show marked effects during sleep when sleep apnea,
certain sleeping positions, or dream-sequences may induce hypertension. Alcohol
in excess of three drinks a day can activate hypertension. To detect sleep or
dream effects, one must monitor the 24-hour diurnal blood pressure cycle, by
self-inflating monitors used in the same way as during Holter monitoring.
Table X1II lists the cardiovascular changes seen regularly in geriatric patients.

Table XIlI: Geriatric Changes in Cardiovascular Function

Peripheral vascular resistance
Cardiac output

Cardiac and stroke index
Heart rate

Baroreceptor sensitivity
Beta-adrenoreceptor sensitivity
Arterial rigidity

There is an increase in peripheral vascular resistance, a decrease in cardiac
output, a decrease in cardiac and stroke index, usually no change in the heart
rate, a decrease in baroreceptor sensitivity, a decrease in beta-adrenoreceptor
sensitivity and an increase in arterial rigidity. Table XIV lists some
pathophysologic changes in geriatric patients.

Table XIV: Geriatric Changes in Renal Pathophysology

Renal mass

Glomerular filtration rate
Renal blood flow

Ability to conserve sodium
Plasma renin activity
Serum catecholamines
Plasma volume
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Table XV lists the keys to treating hypertension in the elderly.

Table XV: Hypertension in the Elderly: Keys to Treatment

Proper reading of blood pressure

Rule out secondary causes of hypertension

Discontinue drugs that effect baroreceptors

When using an anti-hypertensive drug start with a very small dose

Remember the increased sensitivity to Sympatholytics and alpha blockers

Calcium blockers and Converting enzyme inhibitors are useful

Drugless methods are valuable - diet, decrease in obesity, elimination of stress and consistent
exercise.

e

One should be aware of pitfalls in reading and analyzing the blood pressure
in sclerotic subjects. Secondary hypertension should always be ruled out
particularly when the onset is after age 50. One should consider renal artery
stenosis, aortic stenosis, plaque embolization, renal infarction and other causes
of secondary hypertension. One should avoid drugs that affect baroreceptors
preferentially, such as the gangllonic blockers and prefer other drugs, which are
effective. If it is necessary to use potent antihypertensive agents, start with very
small doses remembering that these patients have an increased sensitivity to
sympatholytic drugs and to alpha blockers. Converting enzyme inhibitors
(especially in the presence of congestive heart failure) and the newer calcium
blocking agents are very useful. Whenever possible, try to get along with
ancillary or non-drug treatment such as decrease in weight, decrease in alcohol
(when that has been demonstrated to be an inducer of hypertension) and
elimination of stress. Regular exercise often is excellent treatment for mild
hypertension. In elderly patients, the overall therapeutic strategy is to reduce the
usual adult dose of any drug by one-half and gradually increase it again over a
period of weeks. The patient should be seen every two to four weeks until the
blood pressure stabilizes and then followed every three to four months to avoid
significant orthostatic hypotension. Physical findings, which suggest secondary
hypertension, include abdominal or flank aneurysms and, in renal vascular
disease, abdominal bruits with diastolic components. However, in the elderly,
sclerotic vessels may produce bruits, which do not necessarily connote renal
vascular hypertension. Flank masses are present in polycystic disease. Absent or
delayed femoral pulses are present in coarctation of the aorta; truncal obesity
with pigmented striae in Cushing’s syndrome and tachycardia, sweating and
pallor may be a clue to pheochromacytoma or other causes of catecholamine
release.
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DIABETES

A detailed discussion of diabetic nephropathy is beyond the scope of this
overview. However, Type I diabetics usually develop nephropathy before they
become elderly. However, Type 1l diabetics show a significant incidence of
diabetic nephropathy. As has been demonstrated recently, close attention to
euglycemia can delay the onset and severity of diabetic nephropathy, which
clearly is due to the abnormal milieu of the diabetic circulation. Normal kidneys
transplanted into diabetic subjects undergo glomerular changes typical of
diabetic nephropathy. The glomerular changes seen in early diabetic
nephropathy can reverse when these kidneys are transplated into euglycemic
subjects. But, of course, the scars or obsolescent glomeruli of nephosclerosis do
not change. Hypertension appears to aggravate diabetic nephropathy, especially
in certain ethnic groups. Black, urban patients, in particular, seem subject to a
more malignant form of diabetic nephropathy when they combine the dual
vascular threats of diabetes and significant diastolic hypertension. Non-
hypertensive diabetics, common among Polynesians and certain Oriental races,
tend to develop end-stage kidney disease a decade or more later than urban
blacks. In the future it is hoped that, of itself, transplantation of islet beta cells
will keep diabetics euglycemic and significantly delay the onset of diabetic
nephropathy.

INFECTION

Infection in the elderly is not significantly different than in younger patient.
Venereal infection is less frequent but infection related to obstruction is more
frequent in geriatric patients. Infections are more common after
instrumentation, trauma, operations, indwelling catheterization, and a reduction
in the efficiency of the immune system - in the very elderly or after
immunosuppressent drugs, x-irradiation and chemotherapy.

PAPILLARY NECROSIS

In the elderly, papillary necrosis is a form of preventable renal failure that is
frequently overlooked. Figure 11 contrasts papillary with cortical necrosis - the
latter largely is a disease of the young and is accentuated in pregnancy. Papillary
necrosis is a disease of the elderly and is accentuated by obstruction, diabetes and
analgesic nephropathy.

Figure 12 shows the ‘ring sign’ of papillary necrosis with a deformity in the
calyx of the lower pole. Figure 13 shows a patient with one kidney who has a
filling defect on the retrograde pyelogram; he had had a unilateral nephrectomy
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earlier for severe infection and a poorly functioning contralateral kidney. At the
time of nephrectomy, it was not appreciated that this patient had a longstanding
habit of abusing mixed analgesic tablets. Figure 14 shows the papilla, which had
caused the filling defect shown in Figure 13; it was removed by a ureteral
basket catheter.

SUMMARY

This paper has reviewed some of the most frequently encountered causes of
preventable renal failure in the elderly. Diagnosing and treating these causes
correctly can save huge human costs in terms of mortality, morbidity and money.
Following obstruction due to the ‘silent killer’ carcinoma, prompt diagnosis and
treatment can mean a radically different life expectancy and avoid a great deal
of suffering from metastatic disease. In the mistaken assumption that
deterioration in function always means chronic disease, a proper diagnosis can
save the patient from being considered for dialysis. We should remember that
one way a doctor can make it (premature renal failure) happen, is to let it
happen. Our grandmothers were right when they said, ‘An ounce of prevention
is worth a pound of cure’. The only thing that has changed is the unit of
measurement. Today, a gram of prevention is worth a kilogram of cure.
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11. BACTERIURIA IN THE ELDERLY
SUBJECT; ITS RELATIONSHIP
TO SURVIVAL

ANASTASIOS S. DONTAS, M.D.

The prevalence of bacteriuria - usually defined as bladder urine containing
bacteria in excess of 105 colony-forming units/ml increases with advancing age.
Beyond age 60 this trend sharply accelerates, and is closely correlated with
progressive musculoskeletal impairment. The ‘spot’ prevalence (i.e., the
prevalence at any particular moment) and yearly incidence of bacteriuria appear
to depend much more on the clinical status of the examined subjects than on their
absolute age (1-4). Thus, the frequency of bacteriuria ranges from 6 to 50% in
various groups of elderly subjects, and the higher rates are seen in institutions
where the residents are kept at markedly reduced mobility (5,6).

In addition to its association with mobility impairment, bacteriuria has been
correlated with brain failure: mentally impaired patients residing in institutions
and requiring a high level of nursing care as a rule have positive urine cultures
(4,7,8). Bacteriuria in the elderly produces few or no symptoms; voluntarily,
most subjects do not declare any symptoms, so that this low grade infection
generally is termed covert or asymptomatic.

IMPACT ON RENAL FUNCTION AND OTHER CLINICAL CORRELATES

Whether the initial source of this common infection is in the upper or the lower
urinary tract, constant bacteriuria in old age is associated with measurable
deficits of tubular and renovascular functions (9,10); thus, a predictable
consequence in old age is damage of renal tissue. It is not clear, however, whether
this damage is an effect of the infection or the background for its development.
After a two-year follow-up of elderly subjects with covert bacteriuria, Marketos
et al (11), showed that infected subjects had a yearly decline in glomerular
filtration rate and renal plasma flow four to six times greater than did non-
infected controls of the same age. Thus it appears that the unavoidable
nephrosclerotic changes of old age are accelereated markedly by a longstanding
urinary tract infection, even in the abscence of symptoms.
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A urinary-tract infection imposes several other long-term effects on health.
For example, approximately one-half of hospitalized patients with either urinary
or fecal incontinence have bacteriuria and commonly indwelling bladder
catheters are inserted in such patients (7). Each year, approximately 500,000
acute urinary tract infections are seen in acute-care hospitals in the United States,
and almost all are associated with indwelling bladder catheters (12) and many of
these patients develop such alarming signs as rigors, fever, and septic shock.
Such nosocomial infections result in nearly a threefold increase in inpatient
mortality and delayed discharge from any medical service (13). In addition, in
ambulatory older persons with acute urinary tract infections, the presence of pus
cells and bacteria in the urine induces bladder sensitivity with associated sensory
urgency and incontinence. These abnormalities may not disappear when the
urine reverts to normal after treatment, so that long-term bladder catheterization
may become necessary (7).

These clinical correlates of bacteriuria increase the rate of hospitalization and
length of the hospital stay of older patients. They also result in excessive
demands on paramedical services following hospital discharge, and thus
contribute to the high cost of health care in the elderly of any population.

BACTERIURIA AND MORTALITY

Because the overall death rate increases rapidly with advancing age, the
contribution of the major causes of death gradually changes. ‘Heart diseases’,
mostly related to atherosclerosis remain the major ‘immediate’ cause of death in
individuals older than 55 years, but the individual case may not record important
factors contributing to mortality.

Furthermore, the contribution of the major risk factors to mortality from a
given group of diseases appears to be different after age 65. Cholesterol levels
and body mass index in men remain significant and independent predictors of
death from ischemic heart disease, in contrast to blood pressure and cigarette
smoking, which remain such predictors only of ‘all-causes’ mortality in older
men and women (14).

The influence of bacteriuria on subsequent survival has been studied in men,
in women, in both sexes, and in groups of various age composition. These studies
may be divided into: those investigating patients who acquired bacteriuria in
hospital as a result of catheterization (13,15,16); those on non-catheterized
geriatric patients, who had multiple medical problems (4); and finally, those on
groups of ostensibly healthy individuals living in residential homes for the elderly
or at home (17,18,19).

A detailed study on 1458 acutely catheterized hospital patients (median age 60
years) indicates that nosocomial urinary-tract infection during indwelling bladder
catheterization produces a nearly threefold increase in mortality even in the
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Figure 1. Life tables and 95% confidence limits (dashed lines) during a 10-year follow-up in elderly

women, bacteriuric (above) and non-bacteriuric (below).
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absence of documented bacteremia (13). A specific catheter-care program can
reduce the rates of infection and of mortality on a short-term basis (15). However,
the evidence on non-catheterized subjects and in old age is not as clear-cut.

Our own 10-year follow-up of 342 ambulant residents of a home for the aged
showed that bacteriuric men and women aged 70-79 years at entry had median
survivals of 33 and 34 months respectively, compared with 53 and 75 months for
non-infected controls. In bacteriuric subjects over age 80, median survivals were
31 and 30 months, compared to 45 for all non-bacteriuric subjects (Fig 1). Because
there were no differences at entry in most factors commonly associated with
accelerated death from cardiovascular causes, the differences in survival have been
attributed to the presence of bacteriuria (17). The differences between infected and
non-infected subjects tended to be more significant in age groups below 80.
Unfortunately, no accurate data concerning the causes of death were available for
large numbers of subjects in the two groups.

At entry, the subjects in this study had had two consonant (positive or negative)
cultures over two months. A major drawback of studies involving subjects who
have an ‘on-off’ characteristic at a certain period is the possibility that the
particular characteristic may be present only transiently; thus, a number of
subjects who were not bacteriuric at entry may have become bacteriuric
subsequently and vice-versa. Lacking this knowledge, it is difficult to undertake a
prospective study of survival on the basis of entry data because we are uncertain of
each subject’s status during the rest of the study.

Evans and associates (20) who studied women in general population surveys in
Wales and Jamaica have taken an important step in overcoming this obstacle. In
this study 1538 women aged 15 to 84; were checked for bacteriuria three times - at
entry, after six, and after 12 years, over a 12-year period. Mortality was
determined at the second and third survey. After adjustment for the effects of age
and body weight, which are significant predictors of bacteriuria, the ratio of the
risk of death of bacteriuric women compared to that of non-bacteriuric ones,
(relative risk of death) between the second and third surveys was highest (2.0; 95%
confidence limits 1.05 to 3.92) in women bacteriuric at both the first and the
second survey. Compared with those non-bacteriuric at both surveys, for women
bacteriuric at only one of the first two surveys, the adjusted risk ratio for death was
1.6 (95% confidence limits - 0.99 to 2.57). Data similar to those in this study and
those of our own mentioned above have been reported several years ago by
Sourander et @l (18) on 405 subjects of both sexes aged 65 and over.

Nordenstam ez al (19) reported a long-term study of bacteriuria and mortality in
1996 men and women aged 70 years living in Goteborg, Sweden. Their data may be
summarized as follows: Compared to non-bacteriuric controls, bacteriuric women
had a relative risk of death of 1.4 after a follow-up of five years, but there was no
difference at nine years. Compared to the nonbacteriuric, bacteriuric men had a
two-to-three times greater relative risk of death at 5 years. The authors concluded
that the number of bacteriuric subjects was too small to permit a reliable analysis,



99

but on the basis of their data, which were based on 5- and 9-year mortality rates,
rather than lifetable analysis, they could not exclude an association between
bacteriuria and mortality.

Given the differences in age and in clinical status of the elderly subjects in these
studies, it is not surprising that the survival rates were different both in crude data
and after adjustment for the major confounding variables. Indeed, in these
studies, differences in survival persist even between subgroups of noninfected, as
well as infected subjects. For example, in the study of Nordenstam et al (19), the
five-year survival of nonbacteriuric women aged 70 at entry was 90.6%; in our
study of non-bacteriuric women with median age of 75 at entry, survival at five
years was 65% (17). In these two studies, non-bacteriuric women comprised 91 and
76.5% respectively of the samples followed up, one evidence of the better health
status of the Swedish sample.

Similar differences in survival related to differences in clinical status also were
found between bacteriuric groups: thus, in males with median age of 80 years
studied by Nicolle et al., (4), the survival rate of treated and non-treated subjects
was 50% at 19 and 21 months of follow-up respectively, whereas in our own study
of untreated bacteriuric men aged 80-89, a 50% survival was reached at 25 months
(median age at entry 85). These differences again highlight the dissimilar
composition of the two groups, which overrides the factor of age: the men in our
study were older but did not have multiple medical-psychological-social problems,
so characteristic of the relatively younger but bed-ridden or confused men studied
by Nicolle et al (4).

TRUE ‘BURDEN’ OF BACTERIURIA

The substantial ‘turn-over’ rate is a particular property of bacteriuria in the
elderly, which usually is not taken into account in studies of its long-term impact
on life events. Kass et al (21) concluded that Jamaican and Welsh women aged 15-
64 years and residing at home acquired new bacteriuria at about 1 per cent per year.
In groups of ambulant residents of a home for the aged, 70-89 years of age, we
have found higher levels, i.e. 11% for men and 23% for women (22). Finally, in
hospital patients with restricted mobility, positive conversion may reach levels of
about 50% per year (4,7). Thus, the incidence of bacteriuria increases both with
age and immobility.

The opposite trend, i.e. spontaneous negative conversion varies over a narrower
range: it happens in 20 to 25% of bacteriuric Jamaican and Welsh women aged 15
to 65 (21) and in 22 and 27% of 352 men and women respectively - residents of an
old peoples’ home aged 70 to 90 (22). In a group of severely impaired men,
however, spontaneous clearing of bacteriuria is extremely low (4); also, such
groups have high levels of ‘spot’ prevalence. Subjects found negative at one survey
but who were known to have been positive before are prone to become positive
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again: 77% of men and 44% of women with such a history will be infected again
within six months (22).

Considering that many bacteriuric subjects cycle between exposure, non-
exposure and re-exposure modalities, and knowing that each period of exposure
carries its own mortality rate, one can compare survival of infected vs. non-
infected subjects only if he knows the total long-term exposure to bacteriuria.
Probably published studies have underestimated the size and the length of
exposure of the bacteriuric population to the advantage of the non-bacteriuric
one, because data on urine (and blood) cultures usually provide an incomplete
record of the true clinical situation. In studies with sufficiently long periods of
follow-up, new cases of bacteriuria will emerge out of the original non-bacteriuric
population and yet these cases will not be recorded as such, unless the protocol
provides for repeat surveys and adjustments for misclassification. Otherwise, an
unknown number of bacteriurics will be misclassified as non-bacteriurics, along
with an unknown but much smaller number of (originally) bacteriurics whose
infections cleared-up spontaneously or after therapy.

A different bias enters because of the impossibility of taking into account the
period of exposure to bacteriuria before the subject is admitted to any of these
studies. This is an inherent weakness of all surveys, which rely on infrequent spot
sampling; the period includes the unknown duration of bladder colonisation
before invasion of the upper urinary tract, as well as of true renal bacteriuria.

MECHANISMS OF FATAL EVENTS IN BACTERIURIA

Given the positive association between bacteriuria and increased mortality in adult
life and old age, by what mechanisms does a urinary tract infection lead to
accelerated death?

There are two possibilities: First, bacteriuria may be more common in patients
with debilitating illnesses or in brain failure than in the general population (8,21).
Generally, subjects with brain failure have reduced life expectancy but there is no
agreement about the mode of death in such cases - accidents or infections (23). The
lower level of personal hygiene, common even in early dementia and the frequency
of fecal and urinary incontinence in advanced dementia may be the common links
between mental impairment and bacteriuria (7,24). If correct, these assumptions
might account for a positive but non-causal relation of bacteriuria to mortality.
However, they do not apply in studies carried out in younger subjects, where brain
failure must be uncommon (20), or studies of subjects in whom neurologic lesions,
psychomotor disturbances, functional or organic psychoses have been excluded
beforehand (17).

Alternatively, bacteriuria may lead to death via bacteremia and shock, elevation
of blood pressure, or development of renal failure. Of these possibilities,
bacteremia originating from the urinary tract accounts for less than 20% of all
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such nosocomial episodes; further, only a small proportion of all deaths in
hospitals can be attributed to bacteremia (16,25), and, of these, less than one-half
originate from the urinary tract; finally, most patients dying from hospital-
acquired, bacteremic, urinary-tract infections have very serious underlying
diseases. In the community studies reported above, an association between
unrecognized bacteriuria and death from bacteremia could have been established
if bacteriuric subjects succumbed to fatal bacteremia; alternatively, a small per
cent of patients discharged from hospitals may have remained infected and at risk
of death from subsequent bacteremia. The clinical evidence in the studies reviewed
here do not support these hypothetical possibilities.

Because elevated blood pressure is a strong predictor of mortality in all age
groups, a positive association between bacteriuria and blood pressure might
account, in part, for the association between bacteriuria and mortality. When the
analysis of Welsh and Jamaican data included blood pressure as a stratifying
variable, bacteriuria still retained a significant association with increased
mortality, but the association was not as strong as when bacteriuria was the only
stratifying variable. These findings imply that part of the association between
bacteriuria and mortality is related to an association between blood pressure and
mortality.

Finally, renal failure from all causes, both infectious and non-infectious, was
not a frequent cause of death in any of the studies reported, in spite of a more
severe impairment of renal function and its more rapid decline in elderly
bacteriuric subjects.

An alternative possiblity is that, although frank renal failure is not the obvious
chief cause of death, moderate renal insufficiency may contribute significantly to
mortality during respiratory infections, diabetic acidosis and other acute states by
reducing the kidney’s capacity to retain tonicity or correct sudden disturbances of
homeostasis. Thus, the immediate cause of death may be classified as ‘non-renal’,
but the decisive factor for the patients death may be the kidney’s incapacity to
maintain a stable internal environment.

A final point to be considered in studies on subjects of 70-90 years of age is the
high baseline mortality at this period of life. With a death rate of 7.5% per year at
ages 75-84 in the U.S.A. (26), the effect of a low virulence factor, particularly if it
also requires a long application to become effective, might be obscured by the high
background mortality; thus intercurrent acute states, such as dehydration, which
are not necessarily fatal under more stable conditions, might get the credit for
death in the bacteriuric subject of advanced age.
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12. ACUTE RENAL FAILURE IN
THE ELDERLY

N. LAMEIRE, K. DE KEYZER, W. PAUWELS, E. MATTHYS,
R. VANHOLDER AND S. RINGOIR

INTRODUCTION

The prognosis of acute renal failure (ARF), as judged by mortality rates, has not
improved over the last few decades. This is remarkable in view of the
improvement in dialysis techniques, better blood access, the use of
hyperalimentation and more efficient antibiotics. This lack of continued
improvement has been attributed to two major factors: An increase in the age
of patients who develop ARF, and an increase in the proportion of patients who
present with other significant illnesses, complicated by ARF.

Elderly patients, in particular, are likely to suffer from these types of diseases
and therefore are at greater risk of developing ARF in response to ischemic or
nephrotoxic insultsAs the mean age of the general population advances, this
category of ARF patient will continue to grow. It is not easy to estimate the
incidence of ARF in an elderly population. In a recent analysis of renal disease
in the elderly, Moothy and Zimmerman (1) found 32 patients with ARF among
97 elderly persons with renal disease who were selected for study because renal
biopsies were available. Most of those with ARF suffered from crescentic
glomerulonephritis. Acute tubular necrosis (ATN) and atheromatous renal
embolic disease were exceptional as the causes of ARF. Due to their selection
criteria (renal biopsies) these numbers do not reflect the true incidence of ARF
in the elderly people.

Many data suggest that prognosis in ARF worsens with age and both earlier
(2-8) and recent papers (9-12) report a higher mortality rate in older than in
younger patients. However, this view is not shared by others (13-17). Kumar et
al (14) described a series of patients with ARF over 70 years of age; in them, the
mortality was 57.3%, a figure comparable with the overall mortality in ARF,
irrespective of age, as reported at that time. Since this paper deals specifically
with ARF in the elderly, it is worth analysing it in more detail. These authors
described a relatively early experience - data collected between 1961 and 1972;
this explains in part the low incidence of dialysis in their patients (only 24.6%)
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which was almost entirely peritoneal dialysis. This early experience also explains
the spectrum of diseases causing ARF at that time, which is different from the
present experience of most renal units. For example, Kumar ef a/ do not mention
acute interstitial nephritis (AIN) and the incidence of thromboembolic disease is
very low. This different spectrum makes it difficult to compare their outcome
with that of more recent experience. Inclusion in their series required the
presence of oliguria and thus they did not study the recently recognised and more
favorable forms of non-oliguric ARF.

The present paper describes a retrospective analysis of ARF encountered in
one university renal unit in the years between 1980-1984. Although the study was
retrospective, the policy of this unit during the last five years was uniform: It
accepted for treatment all ARF patients, irrespective of age; it treated underlying
diseases as aggressively as possible in a modern intensive care unit when
necessary, and it practised prophylactic dialysis, parenteral nutrition and close
supervision by the renal staff. This paper will attempt to answer four questions:

Is the spectrum of diseases which causes ARF different in older than in
younger patients?

Is ARF in the elderly characterised by different diagnostic and biochemical
abnormalities?

Is there an aged-related difference in overall prognosis? and finally,

Do significantly different prognostic variables exist which make it possible to
predict the outcome?

PATIENTS AND METHODS

From Jan. 1980 to Dec. 1984, 280 patients with the presumed diagnosis of ARF
were referred to the Renal Unit. From these we excluded patients with post-
transplantation and obstetrical ARF. In addition, every patient who suffered
from prerenal ARF and a serum creatinine continuously lower than 3 mg % was
excluded because we believed that the inclusion of these mild forms, which often
may go undetected in hospitalized patients, would distort the prognosis in this
series.

Applying these considerations, we chose for analysis 259 patients with ARF.
They were divided into two categories depending on age: Group I - 89 patients
were 65 years or older, and group II - 170 patients ranged in age from 16-64
years. Table I summarizes the numbers, age and sex distribution of these patients
and their source of referral.

In both groups, males predominate, but both sexes had approximately the
same referral pattern. Almost one-half of the patients were referred from other
peripheral hospitals (PH), while a minority were admitted from other divisions
in the University Hospital (UH).

Depending on the seriousness of the clinical condition, each patient was
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Table I: Acute renal failure 1980-1984 Gent

Group 1 Group II
>65 yrs. <65 yrs.
Total number 89 170
men 53 (72.5+0.8 yrs) 102 (46.3+£1.52 yrs)

women 36 (71.0+0.8 yrs) 68 (47.4+£2.20 yrs)
Referral UH 19 (21%) 40 (22%)
PH 45 (51%) 72 (43%)
Home 25 (28%) 58 (35%)
Previous renal disease 15 (17%) 24 (14%)

treated in the medical intensive care unit or was admitted directly into the renal
ward of the Division. The cardiorespiratory status was monitored by measuring
central venous or pulmonary capillary wedge pressure, when necessary. The
patients were transfused with whole blood or packed red cells when indicated.

All patients were treated with hypercaloric intravenous solutions, consisting of
hypertonic glucose, which assured an intake of at least 2,000 calories daily.
Approximately one half of the patients in each group received amino-acid
solutions. Infusions were given through a central venous catheter. Blood and
urine cultures were collected routinely.

Infections were treated with antibiotics in doses monitored by frequent
determinations of serum concentrations. In abdominal infections, we used
combinations of an aminoglycoside, mostly tobramycin, a cephalosporin of
either second or third generation and metronidazole (Flagyl). The patients were
treated with early dialysis, when possible, not allowing the blood urea to rise
above 2 g/l. Hemodialysis in ARF was performed by the dialysis staff with a
single needle device, as described previously (18). Access was obtained by either
a subclavian vein or, in the last two years, by deep jugular-vein dialysis catheters.
Peritoneal dialysis in ARF was performed when there were no specific
contraindications and the patient was not excessively hypercatabolic. On the
other hand, we preferred peritoneal dialysis when the patient had a bleeding
disorder or labile hemodynamics.

In Group I, 66 of the 89 patients (74%) and in Group II, 112 of the 170
patients (66%) required dialysis. In the younger group, 54% received
hemodialysis alone compared to 45% in the older group. In contrast, 29% of the
older patients were treated with peritoneal dialysis alone compared to only 18%
of the younger group. In Groups I and II, respectively, 26% and 28% had both
peritoneal and hemodialysis.

In the surviving patients, the mean duration of dialysis was 10.7 + 3.2 days
in the elderly versus 16.2 + 1.5 days in the younger (P <0.05).

In Group I, only 12 of 89 patients (13.5%) had non-oliguric ARF, defin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>