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Foreword

It is a great pleasure to respond to the invitation to write a foreword for this
book.

With a worldwide increase in an aging population, the practice of
medicine is increasingly focused on elderly patients with chronic diseases and
episodic acute exacerbations rather than the previous model of acute disease
management only.

As nephrologists around the world deal with millions of elderly individuals,
many of whom are classified as suffering from chronic kidney disease in
stages 2–5, they are, of necessity, practicing geriatrics without specific training
or previous exposure in this field.

Therefore, most nephrologists, as well as dealing with new types of clinical
presentations, and geriatric evaluation tools, will face the difficulties of
reaching the treatment targets specific to geriatric patients.

These geriatric targets include, in addition to the usual diagnosis and
medical or surgical treatment for young adults, the recuperation of the ability
to perform activities of daily living, which are often partially or totally lost
in renal disease.

Apart from these clinical difficulties, physicians will also face enormous
ethical challenges. These issues are clearly dealt with by geriatricians and
nephrologists.

Improvements in care and advancing clinical knowledge will enable us to
delineate more clearly those changes that are due to aging as opposed to
those changes due to disease. This book provides an important step in further
clarifying and quantifying the differences between an aging and a diseased
kidney.

Advances continue not only in the treatment and management of renal
disease in the elderly, but also in the primary and secondary prevention of
renal disease in this population.

This book is written from a multidisciplinary view, with nephrologists,
urologists, geriatricians, pathologists, biologists, and pharmacists working
together to provide the reader with a holistic view of geriatric nephrology.

The editors bring a wealth of experience to the subject of renal aging in
health and disease, each from his own perspective. They have also assembled
a large number of international experts to address a wide range of topics, thus
providing comprehensive coverage of all issues relating to renal function in
the elderly. These range from the discussion of the anatomical, biological, and
physiological changes in the aging kidney to specific pathological processes,
noting common problems and treatment advances.

xxi



xxii Foreword

This book will provide important assistance not only for both nephrologists
and geriatricians but also for trainees in these two specialties, to whom I
would strongly recommend it.

I would like to congratulate the editors as well as the individual chapter
authors for the outstanding job they have done.

R.H. Fisher
MB, FRCP(Ed)(C

Professor Emeritus
University of Toronto

Sunnybrook Health Science Centre
Department of Medicine

Toronto, Ontario
Canada



1
Holistic Approach to the Geriatric

Patient: Geriatric Evaluation
David Galinsky, Roberto Kaplan, and Tzvi Dwolatzky

Introduction

The latter half of the 20th century was characterized by a significant
increase in the number of elderly. This worldwide biological and demographic
phenomenon has many implications for a large number of different disciplines,
including health, politics, economics, social services, and others.

This introductory chapter will deal with the demography of the aged, will
present the concept of frailty in the elderly, and will provide a comprehensive
approach to the clinical evaluation of older people. We will emphasize the
effect of some of the physiological changes of aging on the clinical evaluation;
describe factors that make the assessment of the older patient more complex,
especially the nonspecific presentation of disease and the frequent presence
of multiple pathology in advanced age; describe the impact of social and
economic factors on the health status of the elderly; and, in particular, detail
the functional and clinical manifestations resulting from the combination of
these phenomena. Finally, the chapter will discuss the provision of home care
services designed to meet the needs of the elderly.

Demography

The latter half of the 20th century was associated with a marked increase in life
expectancy and in the number of older people, particularly in the developed
world. The emergence of global aging is one of the most significant results of
the biological revolution taking place in our generation, with consequences
affecting most aspects of society, including health, politics, economics, social
services, and family structure.

In 2003 the total number of those older than 65 years worldwide was 450
million people, representing some 7% of the world‘s population [1–3]. It is
expected that by 2025 this number will almost double and will reach approx-
imately 835 million people, or more than 10% of the global population. The
largest number of the elderly will reside in Europe (15% of the population),
and by 2025 one-fifth of the population in Europe will be over 65 years old.
The oldest countries are expected to be China, India, the United States, Japan,
and Russia, with half of the world‘s elderly living in these countries.

1



2 David Galinsky et al.

At present, the percentage of the elderly in Italy, Japan, and Greece is the
highest in the world, being greater than 18%. It is predicted that by 2025 some
25% of Japanese men and 32% of women will be over the age of 65. It is of
importance to note that in developed countries there are an increasing number
of those over the age of 80 years. In Japan, for example, it is predicted that
some 10% of the population will be over 80 years by the year 2025, and in
Europe this group of the older-old will constitute approximately 6% of the
population. At present, the percentage of people over the age of 75 and 80 in
Sweden is the highest in the world (9% and 5%, respectively).

Life expectancy is the highest in Japan, being 78.4 years for men and 85.3
years for women, followed closely by Sweden, Australia, Israel, and Canada
[2]. Also, life expectancy in good health is the highest in Japan, being 72
years for men and 78 years for women. With regard to the participation of
the elderly in the workforce, there are great differences between countries,
with 49% of those older than 65 years still working in Ethiopia, and only
1.3% in France [4]. In Japan, the rate of those over the age of 65 who are
still working is 30% for men and 13% for women [4].

In the majority of the developed countries, some 75% of the deaths in men
and 80% of deaths in women occur over the age of 65 years. In the developing
world, the contribution of this group to mortality rates is much lower. For
example, in Ethiopia, 12% of male deaths and 13% of female deaths are in
the group over the age of 65 years [5].

These demographic factors suggest that not only is there an increase in life
expectancy and in the number of older people in both developed and devel-
oping countries, but also that the aging of the population in many countries is
associated with significant demands on the economy and on health services.

Geriatric Evaluation

Although the evaluation of the healthy older person may not be signif-
icantly different from that of younger adults, those who are biologically
older or frail may differ fundamentally in their clinical presentation. This
is due to the complex interactions between various intrinsic and extrinsic
factors (Table 1.1). Thus, when evaluating the older patient, the physician is
frequently faced with a significant challenge in obtaining an adequate history
and eliciting physical signs. The clinical presentation of illness, particularly

Table 1.1 Factors Affecting the Clinical
Presentation in the Elderly.

1. Intrinsic factors

1.1 Physiological changes of aging
1.2 Atypical presentation of illness
1.3 Nutrition
1.4 Mood
1.5 Cognition

2. Extrinsic factors

2.1 Pharmacological
2.2 Social
2.3 Financial
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Table 1.2 The “Geriatric Giants.”

• Incontinence
• Immobility
• Instability
• Intellectual impairment

Source: B. Isaacs, The Challenge of Geriatric Medicine.
Oxford: Oxford University Press, 1992.

in the frail elderly, is often nonspecific or atypical. Significant illness may be
present with minimal symptoms and signs. It is thus essential to maintain a
high index of suspicion when assessing the elderly patient.

Bernard Isaacs, a leading geriatrician in the UK and one of the pioneers
of modern geriatric medicine, described the “giants of geriatrics,” comprising
incontinence, immobility, instability, and intellectual impairment (Table 1.2)
[6]. This important contribution to our understanding of the clinical presen-
tation of disease in the elderly provided us with the realization that many
diseases may present by means of a common pathway affecting function, with
these “giants” being the most common symptoms (Figure 1.1).

Thus, any change to the previous level of function is frequently one of the
first signs of disease in the elderly and should always be carefully evaluated
and never ignored. An approach to the management of the “giants” involving
treatment and rehabilitation is presented in Figure 1.2.

Physiology of Aging

It is not within the scope of this chapter to describe the multiple physio-
logical changes associated with the aging process, but rather to highlight

Disease(s) Giant ↓↓ function

Parkinson’s Instability House
bound

Femoral
fracture 

Immobility Wheelchair

Example

Fig. 1.1 Giants of geriatrics – pathway.

Disease(s) Giant ↓↓ function

Treat Rehab Rehab

Prevent Prevent

Fig. 1.2 Giants of geriatrics – management.
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those changes that may be relevant to the clinical evaluation of the older
person. This section will also emphasize the particular changes affecting the
functional abilities of the older person, including those of the musculoskeletal
and nervous systems.

The aging changes of the skin are particularly prominent in those areas
that have been exposed to the sun [7]. The most prominent changes include
atrophy and thinning of the skin, with wrinkling due to a loss of collagen.
The patient is prone to easy bruising, and there are changes in pigmentation.
Pigmented lesions are common and should be carefully assessed for malignant
transformation [8]. Baldness is usual in men, and thinning of the hair is not
uncommon in women, who may develop a significant growth of facial hair.
Graying of the hair is usual, due to a progressive loss of melanocytes from
the hair bulb. The outer third of the eyebrows is frequently absent, and this
aspect of aging associated with thickening of the skin of the face should not
necessarily be assumed to be a clinical manifestation of hypothyroidism [9].

The skin of the elderly is frequently dry, due to an age-associated decrease
in the production of sebum and a lower content of water in the tissues. As
well, wound healing is poor, which may be related to a decrease in the strength
of the skin, a reduction in dermal microvasculature, and an impaired inflam-
matory response. The nails become thickened and acquire a yellow color.

Many old people are edentulous as a result of the loss of teeth at a younger
age, usually due to caries or periodontal disease. The enamel of the teeth
that are retained is often of a yellow color. There is recession of the gums,
and thus dentures are frequently loose and ill-fitting, leading to problems in
nutrition. Advances in the dental care of the elderly over the past decade have
improved this situation significantly [10].

Dietary changes and age-related changes in calcium absorption and vitamin
D metabolism [as a result of a decrease in the ability of the skin to manufacture
vitamin D on exposure to sunlight, a decrease in the level of serum 25 OH
vitamin D, and a diminished capacity of the kidney to convert this to 1,25
(OH)2 vitamin D] lead to decreased bone volume and osteoporosis. Skeletal
changes occur, with older people developing thoracic kyphoscoliosis, leading
to a stooped posture and diminished stature. The neck is shortened with limited
extension, making the detection of thyroid masses more difficult. There is
often a compensatory lumbar lordosis, and the knees are maintained in a state
of flexion in order to maintain balance.

One of the most important changes affecting the musculoskeletal system
in the elderly is sarcopenia, an age-related decrease in skeletal muscle mass.
The resulting muscle weakness results in difficulty in standing up from a
seated position and in climbing stairs. The patient will fatigue easily and be
more prone to falls. A decrease in muscle mass will be evident on physical
examination.

The eye undergoes a number of changes with important clinical impli-
cations. Tear production decreases and the eyes are often dry. Intraocular
pressure increases with age, and the development of glaucoma, which is
frequently asymptomatic and is a major cause of blindness, should always
be suspected in the elderly person with visual impairment. Other age-related
conditions resulting in visual impairment include cataract, macular degener-
ation, and diabetic retinopathy. Laxity of the eyelids often causes ectropion
and entropion of the lower eyelid, or ptosis of the upper eyelid.
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Hearing impairment is one of the most common aspects of the
aging process, with presbycusis causing a predominantly high-frequency
sensorineural hearing loss [11]. This may lead to great difficulty in commu-
nicating with the older patient, making it difficult in acquiring a history and
evaluating cognition. Other common conditions are tinnitus and vestibular
dysfunction with dizziness and vertigo.

Although the aging of the nervous system does not lead to a significant
decrease in the speed of impulse transmission along peripheral nerves, there is
a slowing of response time to external stimuli. This most probably occurs as
a result of a delay in the central nervous system‘s capacity to process stimuli.
Atrophy of the aging brain is usual, and may be associated with intellectual
decline and a decrease in cognitive function. Aging of the autonomic nervous
system frequently results in changes in bowel and bladder function and in
impaired thermoregulation. Orthostatic changes in blood pressure may occur
and, when present, a possible relationship to the use of vasopressor medica-
tions and diuretics should also be considered. Heart rate decreases with age,
and there is an increase in both supraventricular and ventricular premature
beats in healthy older men and women.

A Comprehensive Approach

The clinical geriatric evaluation comprises a comprehensive multidomain
approach designed to cover all of the factors affecting the health and well-
being of the older patient (Figure 1.3). A multidisciplinary team approach
is employed where financially feasible and may include, apart from the
physician, physical therapists, occupational therapists, dieticians, nurses, and
social workers.

The components of the geriatric evaluation include an assessment of the
following areas:

• Clinical assessment
• Nutritional assessment
• Cognitive and mood assessment
• Functional assessment
• Social assessment

Fig. 1.3 The Geriatric
Evaluation -– a
multidomain approach.

Medical Cognitive

Nutritional Social

Functional
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Clinical Assessment
History A detailed history is essential for the proper assessment of the health
status of the older patient. As mentioned previously, the passing of the years
often results in the acquisition of a wealth of medical conditions, surgical
interventions, traumatic events, infectious diseases, exposure to occupational
hazards, and other significant life events. It is often very difficult (for both
the patient and the physician) to distinguish between aspects of the history
that have relevance to the current medical complaint and those that are inter-
esting but unrelated. This requires that the physician develop skills in history
taking from older patients that are frequently attained mainly from experience
and communication skills. Emphasis should be placed on what is actually
bothering the patient at the current period of time.

The patient is often unable to remember specific particulars related to
his symptoms or to past medical history. Communication may be hampered
by impaired vision or hearing and language incompatibility. Thus, further
information should always be obtained from the patient‘s medical records, as
well as from family members and caregivers. That being said, the accuracy
of these informant reports should be accepted with some caution, as up to
40% may be inaccurate [12].

Of particular importance is the need to get an accurate description of all
drugs that the patient is taking, including prescription drugs, over-the-counter
medications, vitamins, and homeopathic and herbal compounds. The patient
should bring all his medications with him to the physician, if possible at each
visit. A drug review should aim to decrease as much as possible the effect
of these medications on cognition. Alcohol and other substance abuse should
also be carefully sought and a history of smoking noted.

A history of exposure to occupational hazards should be ascertained, since
substances such as asbestos, heavy metals, and radiation, among others, may
have significant health implications decades following exposure. The level of
education achieved by the patient is significant, both in assessing the results
of cognitive testing and as a risk factor for conditions such as Alzheimer‘s
disease, where a low level of education places the patient at higher risk for
developing the disease [13, 14].

Physical Examination A thorough physical examination should be performed
in all patients. Blood pressure should always be measured both supine
and standing in order to exclude orthostatic hypotension. Changes in blood
vessel elasticity with aging and an increase in peripheral vascular resistance
frequently lead to a rise in blood pressure with age. This having been said,
it must be emphasized that blood pressure values greater than 160/90 are
associated with increased morbidity and mortality even at an advanced age.

Examining the pulse provides a great deal of relevant information in the
older patient. The presence of ectopic beats is common and often has no
clinical significance. However, arrhythmias such as atrial fibrillation should
be sought, and absent pulses or bruits over major arteries documented.
The temporal arteries should be palpated, and temporal arteritis should be
considered in the appropriate clinical context.

Arcus senilis, manifested by a light blue ring at the outer border of the iris
of the eye, is a prominent finding in many older people. Although this finding
has no specific effects on the health of the patient, it may reflect the presence
of vascular disease. It is important to note the presence of thyroid masses or
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lymphadenopathy. Raised jugular venous pressure or other findings of fluid
retention may suggest the insidious onset of cardiac failure. Dyspnea and/or
tachypnea support the possibility of hypoxia, which may lead to confusion
and excess daytime somnolence. Where possible, a pulse oximeter should be
used to determine the level of oxygen saturation of the blood.

The presence of muscle weakness and wasting should be noted. It is
essential to note the patient‘s ability to get up from a chair as well as stability
and type of gait. A useful test that is recommended in evaluating these
abilities is the “timed get up and go” test [15]. Focal neurological signs are
often subtle and should be sought. Myoclonus should be noted as should
dyskinesias. Bradykinesia, tremor, festination, and postural instability suggest
Parkinson‘s disease, or frequently drug effects. The presence of a positive
glabellar tap, a palmar-mental reflex, and other frontal release signs should be
noted. Vision and hearing should be assessed, since they are often missed or
underestimated. Also, sensory deprivation is an important contributory cause
of cognitive decline in the elderly.

The lower extremities should be examined carefully, noting joint defor-
mities, tenderness, and edema. The feet should be inspected for rashes,
callouses, and painful spurs, ulcers, thickening of the nails, warmth, and loss
of sensation. Ill-fitting shoes is an important cause of gait abnormalities in
the older patient.

Laboratory Investigations What comprises normal values for a number of
laboratory investigations in the elderly has not been clearly determined.
For example, although the presence of anemia is always pathological, the
definition of this condition in older people remains controversial. It is
generally accepted that normal healthy elderly subjects should have minimal,
if any, declines in hemoglobin (Hb) values. The World Health Organization
(WHO) criteria for the diagnosis of anemia are less than 13.0 g/dL in men
and less than 12.0 g/dL in women. This having been said, a number of
community-based epidemiological studies [16, 17] have found a significant
age-related decline in Hb from age over 70 years among healthy men, and
a less pronounced decline among women, resulting in a high prevalence of
anemia at advanced age using standard WHO criteria. Thus, it may be justified
to use a lower level of hemoglobin of about 11.5 g/dL in defining anemia in
both men and women older than 80 years [16].

Age-associated physiological changes may significantly alter certain
laboratory values in the elderly without constituting a pathological process.
Laboratory values may appear abnormal in 10% or more of the healthy elderly
without necessarily representing a pathological process, such as serum alkaline
phosphatase and erythrocyte sedimentation rate. Also, the serum creatinine
level may be normal in spite of a markedly decreased creatinine clearance.
There is a slight age-related increase in fasting glucose levels and a delayed
return to normal of glucose levels following an oral glucose challenge. This
may be related in part to a decline in sensitivity to the metabolic effects of
insulin with age.

Subclinical hypothyroidism, defined as mildly elevated serum TSH and
normal serum thyroxine levels, is the most common thyroid dysfunction in the
elderly. In patients with subclinical hypothyroidism, treatment with thyroxine
therapy is controversial [18].
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To ensure proper assessment of the geriatric patient, the clinician needs to be
aware of these age-related changes and possible effects on laboratory values.
Thus, more clinical research is needed to establish appropriate reference
ranges, especially for those over the age of 75 years [19].

Nutritional Assessment
Since nutritional factors may contribute to the pathogenesis of many condi-
tions affecting the older patient, nutritional assessment is an essential element
of the clinical evaluation. A nutritional history should obtain information
regarding the patient‘s regular dietary habits and intake (including the
ingestion of alcohol), the use of supplements, changes in appetite, and the
presence of gastrointestinal symptoms and weight loss. Nutritional screening
instruments have been developed and validated for use in the elderly, such as
the Mini Nutritional Assessment (MNA) [20].

Weight and height should be measured and the body mass index (BMI)
calculated. Additional anthropometric measures that are valuable in the nutri-
tional assessment include the mid-arm circumference and triceps’ skinfold
thickness. Relevant laboratory investigations are the hemoglobin level, total
lymphocyte count, and serum cholesterol, as well as serum albumin. It is
of importance to note that serum albumin concentration is an independent
predictor of mortality risk in older patients [21].

Attention should be given not only to dietary habits but also to the distri-
bution of meals during the day. Many older people may have their main meal
at lunch and then consume only a piece of toast and tea or yogurt for supper.
It seems reasonable to postulate that an evening meal of low caloric content
or that is eaten in the early evening as the last source of calories for the day
may result in low night-time glucose levels and increase the risk of nocturnal
falls or confusion.

Cognitive and Mood Assessment
Many older patients complain of failing memory, name-finding difficulty,
and poor concentration ability. The nature of the onset and progression of
the symptoms should be determined, and the complaints should be confirmed
and further described by family members or caregivers.

A clinical assessment of mental status should be performed, some of which
will be done during the history. This includes an evaluation of the patient‘s
level of consciousness, attention span, and the ability to concentrate. The
assessment of memory includes the ability to recall names and past events,
recent memory, and learning of new information. Orientation to time and
place and language skills should be evaluated. Calculation and praxis are also
assessed.

The testing of these cognitive functions is incorporated into validated scales
such as the Mini-Mental State Examination (MMSE) [22]. This instrument is
short and relatively simple to administer and has been well validated in the
community setting [23,24]. As a screening tool it provides a good indication
of cognitive function. However, it is not sensitive to early cognitive changes.
It should also be adjusted to the age and education level of the patient [25].

Various other instruments have been developed to assess cognitive function
in the community setting [26, 27]. One of the most popular office tests used
in the approach to cognitive impairment is the clock-drawing test. The patient
is requested to draw a clock, to position all the numbers, and to draw the
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hands at a specific time (such as ten past eleven). This test assesses a wide
range of cognitive abilities including executive functions, is quick and easy
to administer and to score, and offers excellent acceptability to subjects [28].
Although the sensitivity and specificity of the test are reasonable, it is probably
less useful in patients with early cognitive changes [29]. There are many
scoring systems available in assessing the clock-drawing test, and these are
of particular value in following up patients over time [30]. The primary care
physician should acquaint himself or herself with one of these systems in
order to monitor the progression of the patient.

The gold standard for the assessment of cognitive ability remains compre-
hensive neuropsychological testing. This will provide the clinician with
additional information regarding those cognitive functions already mentioned
as well as an assessment of functions such as organizational and planning
skills, executive function, word generation, praxis, gnosis, and judgment.
However, such testing is not usually available in the primary care setting. It is
expensive and usually exists only in tertiary care memory clinics and research
centers. A recent development has been the design and validation of comput-
erized neuropsychological batteries [31]. These may soon become widely
available through the Internet to primary care physicians in their clinics and
may well comprise a major advance in the assessment of cognitive complaints
in the community setting.

When the older patient presents with cognitive symptoms, such as failing
memory, that are confirmed by objective testing, mild cognitive impairment
is likely [32]. However, the presence of more severe symptoms, including
difficulty in recalling names, disorientation and confusion, poor concentration,
or language difficulties, with an associated decrease in the patient‘s functional
ability, is most likely to reflect dementia.

The mood of the patient should be evaluated; a loss of interest in social
activities, poor concentration, insomnia, or loss of appetite may suggest
depression. This is especially the case in patients who have suffered a recent
loss. As stated previously, depression itself may lead to cognitive impairment
or may be associated with the early stages of dementia.

Functional Assessment
As was mentioned previously, an assessment of the functional capacity of
the patient is essential, since functional decline is often the earliest and most
reliable sign of disease in the elderly. An evaluation of instrumental activities
of daily living (IADL) will include an assessment of the patient‘s ability to
manage household tasks such as cooking, cleaning, doing laundry, and using
the telephone. In addition, information is ascertained as to whether the patient
can handle banking, shopping, and driving or use public transport. A number
of instruments have been developed and validated to assess the level of IADL
function [33]. Basic activities of daily living (ADL) such as bathing, dressing,
toileting, and the ability to feed oneself are assessed. The patient‘s mobility
and transferring are also evaluated. The Barthel index is widely used to assess
the ADL of those with a disability [34].

Social Assessment
One of the cornerstones of the geriatric assessment is the evaluation of the
social status and support structure of the patient. Many elderly patients live
alone and are frequently socially isolated or financially insecure. As a result
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they may suffer from depression, nutritional deficiency, inadequate medical
supervision, and poor drug compliance. Also, bereavement, retirement, and
poverty play a major role in determining the health status of the elderly
[35–37]. The social assessment must thus be an integral part of the workup of
the older patient and form the basis for the subsequent provision of appropriate
services necessary for the patient‘s well-being.

The social evaluation of the patient should include a careful inquiry
regarding the family structure and the relationship and degree of contact that
is maintained with the members of the family. The major caregiver should
be identified, and the ability of this caregiver to fulfill this role should be
evaluated. The presence of caregiver stress, a common finding especially in
the patient with chronic conditions such as dementia, should be identified.

An evaluation of the patient‘s living conditions will provide a critical
insight into his current state of health. Adequate heating, cooking facilities,
refrigeration, water, and sewerage should not be taken for granted. An older
person residing on an upper floor of a building without an elevator may
become socially isolated and suffer physical deconditioning, as well as being
unable to purchase supplies of fresh produce. Inadequate light may lead to
depression and osteoporosis. Potentially dangerous elements in the patient‘s
home should be identified and neutralized, such as exposed electrical wires,
leaking gas, poorly fitting carpets, and cluttering of furniture.

An assessment of the patient‘s financial situation will provide an essential
insight into such aspects as inadequate nutrition due to an inability to purchase
nutritious foodstuffs, poor compliance resulting from not being able to buy
prescribed medications, and hypothermia due to inadequate heating. The
services that are available to the patient should be determined and utilized.

The problem of abuse of the elderly may take many forms, including
physical and financial abuse, and neglect. A high index of suspicion is needed
in order to recognize these symptoms of abuse, and the appropriate interven-
tions should be initiated without delay.

Key Concepts in the Geriatric Evaluation

Function and Frailty

The way we function is determined by a complex interaction between our
genetic structure, our biological makeup, our ability to overcome disease and
traumatic life events, our cognitive abilities and psychological attitudes, and
the social support structure and policies of the society within which we live.
Every abnormality that occurs to weaken this structure will have some effect
on our ability to function. The older person is particularly vulnerable, being
prone to major changes in many of these elements. When the older patient
becomes unable to overcome these challenges, functional ability deteriorates
and frailty ensues (Figure 1.4).

There is as yet no clear definition of frailty. One of the earliest attempts
to define this condition referred to a disability caused by chronic diseases
and their sequelae, associated with complexity and increased vulnerability
[38]. Later, Fried defined frailty as a “physiologic state of increased vulnera-
bility to stressors that results from decreased physiologic reserves, and even
dysregulation, of multiple physiologic systems” [39, 40].
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Fig. 1.4 Frailty in the
elderly.
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The frail patient usually has a decline in physiological function and reserve,
making him particularly prone to insults. In addition, the presence of multiple
diseases is common, and as a result polypharmacy is usual (see later). The
frail patient frequently presents with significant, nonspecific symptoms, such
as weakness, fatigue, anorexia and weight loss, and decreased motor activity.
A slow, unsteady gait is frequent, with signs of poor nutrition and decreased
muscle mass (sarcopenia). As a result, falls are common, frequently resulting
in fractures due to associated osteoporosis. Frail patients are more prone to
acute illnesses with resulting hospitalizations. Functional loss with disability
and dependency is common, and institutionalization may be inevitable.

The approach to frailty should include both prevention and rehabilitation.
A number of risk factors for frailty have been identified at different stages
across the life span. These include low weight at birth and decreased grip
strength in mid-life. Lifestyle factors of importance include physical inactivity,
cigarette smoking, heavy drinking, and abnormal body mass index (BMI).
Cognitive impairment, depression, social isolation, and more than one chronic
condition are also risk factors. Those elements that are amenable to inter-
vention should be identified and managed, where possible.

Once frailty begins to develop, an active approach to rehabilitation should
be adopted. The involvement of a number of disciplines is essential. Diseases
should be treated, and drug therapy kept simple, giving as few medications
as possible at the lowest therapeutic dose preferably once daily. The patient
should be carefully evaluated for the presence of depression and treated
accordingly. Physical therapy is aimed at increasing muscle mass and stamina;
the patient is encouraged to walk as much as possible, with the use of walking
aids to maintain balance and function. Occupational therapy is aimed at
maintaining function in activities of daily living and encouraging stimulating
activities.

Where frailty and poor health status are present, it is important to exclude
social factors, such as poverty, social isolation, poor living conditions, and
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inadequate heating during the winter months or cooling during the summer.
Social intervention should ensure that the patient is adequately supervised,
that help is provided when necessary, and that interaction with others is
ensured.

Such an integrated approach instigated early on in the development of
frailty may be effective in maintaining function and reversing the ravaging
consequences of this condition.

Atypical Presentation of Disease

The elderly often present with atypical or nonspecific symptoms. Subse-
quently, there may be a significant delay in the diagnosis of disease in older
patients, resulting in increased morbidity and even mortality. This challenges
the diagnostic skills of those caring for the elderly. A high index of suspicion
should thus be maintained when an older patient presents with a change in
functional status [41].

The most common symptoms presenting atypically in the elderly are listed
in Table 1.3. A patient may develop a severe or life-threatening condition and
yet have minimal or nonspecific symptoms. For example, a frail older patient
with pneumonia may present with drowsiness and confusion, yet no cough
or fever. Cardiac failure may present with fatigue, nausea, and abdominal
pain. Or urinary infection may present only with the recent development of
incontinence. Thus, these symptoms should be recognized and the patient
investigated accordingly.

Multiple Pathology and Polypharmacy

One of the hallmarks of geriatric medicine is the presence of multiple
pathology in the older patient [42]. Most older patients have developed a
number of diseases during the decades of their lifetime, which makes the
acquisition of an accurate history time-consuming and complicated.

Diseases such as hypertension, diabetes, and dyslipidemia are common
and are frequently risk factors for the development of vascular diseases.
A patient may develop various unrelated neoplastic conditions over the years
and undergo different modalities of treatment, such as a partial colectomy for
carcinoma of the bowel, excision of a malignant skin lesion, and chemotherapy
for breast carcinoma. Past infectious diseases, such as tuberculosis, may be
of significance. It is thus important to determine which aspect of the medical
history is relevant to the patient‘s current clinical state.

Table 1.3 Nonspecific Symptoms
of Disease in the Elderly.

• Weakness
• Lethargy
• Somnolence
• Apathy
• Confusion
• Poor attention
• Anorexia
• Dyspnea
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The almost inevitable result of patients suffering from a number of diseases
is that they are prescribed a number of different medications. This is associated
with an increased rate of adverse events and drug–drug interactions. There is
also evidence that many older adults receive medications that could potentially
cause more harm than good [43]. Finding the right balance between too few
and too many drugs will help ensure increased longevity, improved overall
health, and enhanced functioning and quality of life for the older patient.

The Provision of Health Services

A Historical Perspective

United States of America
At the beginning of the 20th century, healthcare professionals began investi-
gating aspects of the aging process and the healthcare requirements of older
people. Dr. Ignatz Leo Nascher, a pediatrician, was a pioneer in this field,
with the term geriatrics being attributed to him [44]. The latter half of the
20th century was witness to the creation of professional bodies, such as
the American Geriatrics Society and the Gerontological Society of America,
which had a significant influence on public health policy and led to the estab-
lishment of government-funded programs for the elderly and to the initiation
of professional training in the field of geriatrics.

Nursing homes were established and the provision of long-term care in
institutional settings developed, with the determination of clear criteria for
funding and supervision. Medical health insurance programs focused initially
on acute conditions, but the establishment of Medicare and Medicaid in the
1960s provided public funding for hospitalization and medical consultation
costs (Medicare) and long-term care for the elderly (Medicaid). However, a
significant number of individuals remain excluded from health coverage.

The creation of the National Institutes of Health in 1974 helped to place the
care of the elderly on a strong base, to encourage the education and training of
healthcare professionals, and to sponsor a large number of research programs
examining the medical, epidemiological, social, and behavioral aspects of
aging and its effects on the healthcare system.

United Kingdom
Geriatrics as a specialty providing quality medical services to the elderly
originated in the UK, when Marjory Warren, a surgeon, took charge of a
residential home for the elderly (Workhouses) next to the West Middlesex
Hospital. This institution had over 800 inpatients, many of them elderly, with
a multiplicity of problems. The patients for the most part suffered from chronic
conditions, many were disabled, socially deprived individuals, and some were
psychiatric patients. Dr. Warren was the first physician to describe many of
the characteristics of chronic patients, providing the first classification based
on function and contributing significantly to the development of geriatrics
[45]. Subsequently, rehabilitation programs focusing not only on the physical
recovery of these patients but also on the provision of services allowing them
to function in the community were developed.

Marjory Warren also brought the needs of these patients to the attention
of the medical community, which until then showed little interest in chron-
ically ill patients. At that time, younger physically disabled patients were
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hospitalized in specialized clinics, whereas older patients were hospitalized
in institutions for the chronically ill [45].

The implementation in 1948 of the National Health Service (NHS), which
made health services universally available, was another major turning point
in the provision of health services in the UK. Quality medical care was now
made accessible to patients, many of them elderly, who had until then been
excluded from formal medical care, and who at best had spent the last days of
their life in quasi-warehouse institutions. A law that was enacted at that time,
the National Assistant Act, forced town councils to provide health care to all
patients lacking the ability to care for themselves. Thus, the elderly residential
homes and many of the old “Workhouses” were frequently managed by the
town council, and clinics and healthcare centers were built to provide health
care to older and disabled patients.

This universal availability of health services motivated physicians to show
a greater interest in this “new kind” of patient. Professionals and academics
began to support the field of geriatric medicine, resulting in the formation
of the British Geriatrics Society in 1945 and subsequently in the publication
of a growing number of scientific publications in the field of geriatrics.
Research studies led to the realization that chronic disease was not necessarily
synonymous with old age and that those suffering from these conditions did
not inevitably require permanent institutional care. Also, the “chronically ill
patient” was better defined, and the following four types of chronicity were
described, laying the foundations for modern-day geriatric medicine:

1. Patients whose disease had become chronic due to a delay in the timely
provision of treatment

2. Patients with any type of disease who were in need of hospitalization due
to a lack of family support

3. Patients suffering an avoidable disease
4. Chronic patients with the exacerbation of disease that improves during

hospitalization but who are then unable to return to their homes due to
inadequate community support

At that time, renowned medical associations such as the British Medical
Association (BMA) began to review the quality of health care provided
to the elderly in institutions and to make recommendations to the medical
community. Many elderly patients treated in long-term institutions suffered
from the consequences of prolonged hospitalization and immobility, including
pressure ulcers, contractures, and deformities. It was recommended that
geriatric departments be established in general hospitals, including university
hospitals, with the development of outpatient clinics, centers for group activ-
ities, and psychopathology units.

Home Care

The provision of medical care at home was the accepted form of health
care in many societies. The first experience of a formal medical home care
program in the United States, the Boston University Home Medical Service,
was published in the 19th century. Subsequently, the New York Montefiore
Hospital implemented another successful hospital-based home care program,
with patients being evaluated by medical staff or social workers at home. In
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developed countries, with improved transport and communications systems,
increased population dispersion, and, in particular, the development of medical
technology, the provision of health care became centered around institutions,
including hospitals, clinics, and medical offices. Insufficient funding of home
care, the need for the medical provider to travel to the home of the patient,
and time limitations made home care less popular. Also, little formal training
in home care provision was provided to medical professionals, at both an
undergraduate and a postgraduate level.

Despite this reality, countries such as the UK made an effort to improve
home care services. Within the NHS setting, physicians perform under
contract home visits, known as “assessment visits.” These visits are useful
in evaluating those patients with limitations in mobility or with decrease in
function who are no longer able to care for themselves. Home visits provide
valuable information regarding living conditions and interpersonal relation-
ships within the family. Also, home visits strengthen the therapeutic bond
between the physician and patient.

Home care is currently defined by the American Medical Association as
the provision of services and/or equipment to the patient at home with the
purpose of restoring and maintaining the highest level of welfare, functioning,
and health [46]. It constitutes one of the most rapidly increasing health-related
areas within the American health system in recent years, and this growth
seems to be taking place in other developed countries as well [47].

This strategy of bringing care to patients at home, without the need for
permanent institutionalization or long hospital stays, has emerged as an
attractive alternative. The benefit to the patient and the potential improvement
in the quality of life should be the primary aim of home care, with the
economic advantages being the secondary issue [48, 49]. Clear advantages
of home care include a decrease in the rate of rehospitalization, permanent
institutionalization, and exposure to resistant hospital-acquired infections.
Since organized home medical care programs are able to provide health care
at a lower cost than hospitalization, the development of these programs in
countries with ever-increasing demands on national health budgets is essential.
Of note is that medical training programs have recently included training in
the field of geriatric home care in the curriculum, particularly in the areas of
family and internal medicine [50].

Home care programs for the elderly are particularly beneficial when
provided as immediate care following discharge from hospital. This approach
has been shown to reduce rehospitalizations, functional deterioration, the risk
of placement in nursing homes, and mortality [51]. In order to achieve these
results, the use of experienced teams to ensure continuity of care following
discharge and the performance of a multidisciplinary comprehensive geriatric
assessment are useful. It has yet to be determined whether the provision of
supportive or long-term home care, although being increasingly employed in
some countries, is of definite benefit [52].

Summary

The clinical evaluation of the older patient is complex and demands both a
thorough knowledge of the pathophysiological changes associated with aging
as well as patience and clinical expertise in eliciting an adequate history
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and examination. A multidomain approach with an emphasis on the patient‘s
function is the key to proper assessment and may help to prevent the decline
into frailty and dependency, which increases suffering and is a burden on the
family and society. The development of home care programs should contribute
both to an improvement in the quality of life of the frail elderly and to a
decrease in healthcare expenditure.
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Introduction

In the foreword to the book Internal Medicine in Old Age written by Mùller-
Denhan in 1942, the author states, “When I took charge of the senile patient
clinic, I could realise that my before formation and my longer activity like
head of other medical departments were not enough and I had to begin again.
It was like, suddenly, I was in front of a children clinic; the difference was
so big.”

The emergence of geriatrics as a medical specialty in its own right began
in the UK in 1945. From there it spread, not without difficulties, to the rest
of Europe and to some of North and South America. In Spain, geriatrics has
been an official specialty since 1978.

Currently, the medical welfare scene is characterized by a progressively
aging population and an increasing life expectancy, more pronounced in the
developed countries (Figure 2.1). This has produced a “geriatrization” of
medicine, resulting in a continuous rise in the utilization of sanitary and social
resources by the elderly.

In this context, the development of systems that cover the specific needs
of the elderly has become a challenge to the health services in developed
countries. A good geriatric healthcare system should be based upon three main
components: primary care, hospital care, and social services in the community
(Table 2.1).

Our hospitals´ available beds are increasingly being occupied by elderly
patients, in medical as well as certain surgical departments. Figure 2.2 indexes
the bed occupation for 65- and 80-year-olds in the Acute Geriatric Unit of
the University Hospital of Getafe in Madrid.

Acute Geriatric Unit in General Hospitals

Geriatrics today is understood as different levels of care, which must give a
suitable response to the different states of disease presented by the elderly.
The mentioned situations range from acute disease to continuous care, with
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Fig. 2.1 Life expectancy at birth (2004) in several European countries.
(Source: EUROSTAT, 2006.)

Table 2.1 Geriatric Care Levels.

1. Primary care services
2. Hospital care

• Acute Geriatric Unit
• Geriatric Evaluation Unit
• Functional Recovery Unit
• Day Hospital
• Community Care Unit
• Special units

3. Social services
• Community care
• Domiciliary care
• Nursing home care

Fig. 2.2 Bed occupation (%) for patients between 65 and 80 years old in different
general hospital departments.
(Source: Geriatric Department 2005. University Hospital of Getafe.)
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a special emphasis placed upon the phases of rehabilitation and functional
recovery.

The acute geriatric unit (AGU) is an essential component of progressive
geriatric care. Only elderly patients who fulfill the admission criteria are
admitted to AGUs. Such patients only account for 10–15% of the elderly
inpatients in a general hospital.

Geriatric Practice

Geriatric practice is based on the application of the following tools:

• Integral evaluation: It is a multidimensional, multidisciplinary diagnostic
process, designed to identify and quantify medical problems, to evaluate
functional capacities and psychosocial conditions, to reach a plan of global
treatment, to optimize the utilization of resources, and to guarantee the
continuity of care.

• Multidisciplinary approach: It relies on the integration and coordination
of different healthcare professionals working toward a common goal.

• Availability of different levels of care according to the different situations
of disease and patient needs.

Table 2.2 shows the methodical performance of the AGU. This way of
approaching patient care separates geriatric medicine from the other medical
specialities and is at the center of its clinical practice.

Admission Criteria

It is fundamental to know the type of patients admitted to an AGU, since it is
only with a specific type of patient (see Table 2.3) that the AGU has demon-
strated benefits such as reduced mortality, increased functional recovery, and
a reduction in the number of medications, the length of hospital stay, and the
institutionalization rate at discharge.

The admission criteria of the emergency department in the AGU of our
hospital follow the guidelines shown in Table 2.3. Our AGU is not obliged
to fulfill all of these criteria, but it must fulfill at least three of them.

Patient Characteristics

“Geriatric patients” are characterized by very advanced ages, the presence of
acute illness with a tendency toward disability or the exacerbation of chronic
diseases, a combination of different illnesses, polypharmacy, and physical,

Table 2.2 Acute Geriatric Unit Characteristics.

• Established admission criteria
• Integral geriatric assessment
• List of patient problems
• Established performance guidelines
• Progressive care
• Clinic, functional, mental, and social diagnosis
• Programmed discharges
• Continuous care control
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Table 2.3 Admission Criteria for an Acute Geriatric Unit.

1. >80-Year-old patients
• Acute medical disease that does not need other specialist unit admission

2. 70–80-Year-old patients
∗ Acute illness with risk of disability
∗ Exacerbation of chronic disease
∗ Combination of several diseases
∗ Intake of >3 medications
∗ Previous functional state√

Barthel index < 60
∗ Previous mental state√

Mini-mental test <24
∗ Social problems previously or at discharge

Source: Geriatric Department, Getafe University Hospital, 2005.

mental, and social components. Actually, the admitted patients in our AGU
exceed an average age of 85 years and 65% of the patients are women
(Figure 2.3). In recent years, there has been a high proportion of patients with
severe previous disability (physical or mental), which limits the possibility
of rehabilitation. This situation may be explained by the large percentage of
patients admitted from nursing homes (practically 30% in our department)
(Figure 2.4).

The administrative management records show an average length of stay of
less than 10 days with a mortality rate close to 14%. Readmissions are higher,
with 20% of patients readmitted within 90 days after discharge. Four percent
of these patients are even readmitted within the first 10 days after discharge
(these ones are considered unsuccessful discharges).
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Fig. 2.3 Number of inpatients and their mean age during the last 14 years in an acute
geriatric unit (MIR: Internal Medicine; GER: Geriatrics).
(Source: 2005 University Hospital of Getafe.)
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Fig. 2.4 Severe incapacity rate of patients during the last 14 years in an acute geriatric
unit.
(Source: Geriatric Department 2005. University Hospital of Getafe.)

Common Diseases

The main causes of admission to an AGU are acute diseases and exacer-
bations of chronic diseases. The most frequent DGR (groups related to the
diagnosis) are heart failure, chronic obstructive airways disease, pneumonia,
cerebrovascular disease, and urinary tract infection. The most commonly
associated diseases are hypertension, rheumatic degenerative processes,
diabetes mellitus, hypercholesterolemia, chronic kidney failure, dementia, and
residual hip fracture.

The Most Common Renal Pathology in an Acute
Geriatric Unit

Renal pathology is very common in acute geriatric units as a principal
diagnosis (acute renal failure in 13.4% of the patients) as well as being
associated with other illnesses (chronic renal disease in 18.2% of our
inpatients). Benign prostatic hyperplasia is diagnosed in 36% of all male
patients and urinary tract infection in 20.6% of all patients. Malignant tumors
are diagnosed in 5% of inpatients, with prostate and bladder carcinomas being
the most frequently diagnosed tumors (Table 2.4). We have included in the
following paragraph the main renal diseases and their characteristics in the
elderly patients admitted to an AGU.

Acute Renal Failure

Acute renal failure (ARF) is a very common pathology in the elderly. Its
incidence varies between 6.8% and 36% according to different studies [1–3].
In 2005, the incidence in our acute geriatric unit was 13.4%.

For diagnosic purposes, creatinine clearance is a better marker of glomerular
filtration than blood creatinine levels [4], as the influence of muscle mass on
plasma creatinine levels is often reduced in the elderly.

The causes of ARF can be divided into pre-renal (e.g., dehydration,
hypotension), renal (e.g., acute tubular necrosis, glomerulonephritis, and
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Table 2.4 Renal Disease in an Acute Geriatric Unit(n = 1.726; Average
Age 85 Years).

Pathology Number of Patients Percentage

Chronic renal disease 315 18.2%
Acute renal disease 233 13.4%
Urinary tract infection 356 20.6%
Benign prostatic hyperplasia (males: 605) 218 36%
Malignant masses 86 4.9%
Prostatic cancer 46 2.6%
Bladder cancer 31 1.8%
Kidney cancer 10 0.5%

Source: Geriatric Department, Getafe University Hospital. 2005.

thrombosis of the renal artery or vein), and postrenal (e.g., increased size of
the prostate, calculus). With increasing age, the incidence of pre-renal and
postrenal causes increases, while that of acute tubular necrosis falls [5]. The
most common causes of ARF in old age are dehydration, sepsis, nephro-
toxic drugs, and obstructive abnormalities. In concordance with other studies
carried out in our unit, the leading cause was volume depletion, followed by
nephrotoxic drugs, obstructive uropathy, shock (sepsis and cardiac), and a
combination of several factors (Table 2.5). In the elderly, the combination of
several causes is very common, making up about 20–25% of the acute renal
failure in this population in some studies [6].

Oliguria [3, 7], the need for dialysis [3], the presence of surgical causes
of acute renal failure [3], mechanical respiration [2], decreased level of
consciousness [2], and hypotension [2, 5, 7] were associated with poor
prognosis. The recovery in elderly patients is less frequent and slower than
in younger ones. In a stratified analysis, the relative mortality risk in elderly
patients compared with younger ones was not significant [2,3,5]. It is possible
that the co-morbidities and the level of independence in carrying out activities
of daily living are more important for the outcome than age. The age “per
se” should not be a discriminating factor in denying any technical treatment
for acute renal failure, such as hemodialysis or kidney transplantation.

In an AGU, acute renal failure raises the mortality rate to 50–60%[3] and
worsens the outcome when compared to other pathologies [8]. It is very

Table 2.5 Principal Factors
Related with Acute Renal
Failure in Geriatric Patients.

1. Volume depletion
� Dehydration
� Diarrhea/vomiting
� Diuretic treatment
� Hemorrhage

2. Multifactorial origin
3. Previous chronic renal disease
4. Nephrotoxic drugs
5. Cardiogenic shock
6. Obstructive uropathy
7. Septic shock
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important not only to quickly reach a diagnosis and initiate treatment, but
also to prophylactically avoid nephrotoxic drugs and hypoperfusion situations
(for more details, see Chapter 20).

Chronic Renal Failure

Varying by country, 7–55% of the population over the age of 60 presents
with chronic renal disease (CRD) [9]; in our study the prevalence was 18.2%.
Prevalence is rising more steeply than incidence, mostly due to improved
efficiency of treatment [10]. Among patients presenting with CRD, the number
of patients developing end-stage renal disease diminishes with age [9], which
could be due to increased cardiovascular disease, co-morbidity, or a higher
mortality associated with chronic renal failure. Today, it is estimated that
18–20% of patients per year who present with CRD die before entering end-
stage renal disease [9]. The main causes of progression from chronic disease
to end-stage renal disease in the elderly are hypertension and diabetes [10].

The elderly are in a high-risk group for developing CRD. The increased risk
is ascribable to several factors such as living alone, reduced performance in
activities of daily living, cognitive impairment, and unfavorable economical
and social reasons. Due to these factors, many elderly cannot access regular
medical checkups. For this reason, admission to an acute geriatric unit is an
excellent opportunity to prevent and detect chronic kidney disease. It is of
importance to find underrecognized diabetes mellitus and hypertension and
to treat them adequately with medications, which delay the development and
progression of kidney failure. It is also important to detect the earlier stages
of chronic kidney disease by means of evaluation, classification, and strati-
fication, applying therapeutic interventions to delay progression and reduce
associated morbidity and exacerbating factors [11]. On discharge, strong social
and medical support is necessary.

For end-stage renal disease, renal replacement therapy is the treatment
of choice (continuous ambulatory peritoneal dialysis, hemodialysis, or renal
transplantation). It is best for nephrologists to discuss the treatment options
with the patient and to carefully consider the previous quality of life, life
expectancy, and the existence of concomitant illness.

Urinary Tract Infection

Urinary tract infections (UTI) account for 25% of all community-acquired
bacterial infections and for 25–30% of all bacterial infections in institution-
alized elderly patients [12, 13]. Among hospitalized patients, UTIs are the
most common nosocomial infection, accounting for 35% of all infections
[14]. Sixty percent of older women suffer a recurrence after an initial UTI.
Women with recurrent UTIs have a higher 10-year mortality rate than women
without recurrent UTIs (37 vs. 28%, p < 0.001) [15].

This high prevalence in the elderly can be explained by a number of factors:
low pH, micturition dysfunction, mechanical obstruction to urine flow, urinary
tract abnormalities, and hormonally dependent changes in vaginal pH and its
flora [16]. We must also bear in mind predisposing factors such as bladder
catheters and their handling and previous incapacity.

For healthy adults, urinary tract infection usually is a mild illness
requiring only short-term antimicrobial therapy at home. This is not the
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case for elderly patients due to aging-related immune system changes, co-
morbidities (diabetes mellitus, cancer, chronic renal failure), secondary causes
of immune dysfunction (malnutrition, metabolic changes like hyperglycemia),
and selected medications such as immunosuppressants [16]. The typical
clinical symptoms (dysuria, flank or suprapubic pain, fever, and cloudy urine)
are less frequent. Atypical symptoms such as altered mental status, newly
developed incontinence, urinary retention, or functional deterioration may
be the way of presentation. On the other hand, in frail elderly patients,
UTIs can more easily result in bacteremia, decreased functional status, and
death. Therefore, elderly patients with UTIs often need systemic antimicrobial
therapy and hospitalization (Figure 2.5).

Gram-negative bacilli cause most urinary tract infections. The most
common causative single organism is Escherichia coli, although Proteus
mirabilis, Klebsiella pneumoniae, Citrobacter spp., Serratia spp., and Enter-
obacter spp. are also frequently isolated. Enterococci and Staphylococcus spp.
are the most common Gram-positive cocci [17].

The appropriate use of catheters and their good handling could reduce the
high incidence of UTIs among hospitalized patients. However, the treatment
of asymptomatic bacteriuria with antimicrobial agents has not been shown to
result in improved patient outcomes and is currently not recommended.

Table 2.6 portrays the level of physical and mental disability in patients
with urinary tract infection compared to the patients in the general group.
Although severe physical and/or mental disability is very high in both groups,
it is higher in the patients with UTIs (44 vs. 31% and 23 vs. 11%, respectively)
(for more details, see Chapter 15).

Fig. 2.5 Pyelonephritis.
(Source: Geriatric and Radiology Departments 2005. University Hospital of
Getafe.)
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Table 2.6 Disability, Previous Admission in Urinary Tract Infection, and Total
Patients.

Disability Type % UTI Patients (n = 1.726) % Total Admissions

Physical

Without disability 10% 16%
Moderate disability 46% 53%
Severe disability 44% 31%

Mental

Without disability 40% 53%
Moderate cognitive impairment 36% 26%
Severe cognitive impairment 23% 11%

Source: Geriatric Department, Getafe University Hospital. 2005.

Renal Lithiasis

The incidence of urinary lithiasis differs according to the studied area, ranging
from 2.66 to 12.89 per thousand inhabitants/year [18, 19]. Studies of preva-
lence show a male predominance with a variable male/female ratio from
1.26–2.4:1 [18, 20]. This pathology affects younger adults more frequently
than the elderly [21, 22].

There are also more differences between young and elderly patients. The
clinical presentation (e.g., colicky pain in the loin, recurrent painful desire
to micturate with only a small amount of urine passed each time) is not
so clear in the old, and in many cases patients present with complications
(e.g., infection, obstruction, hydronephrosis) or nonspecific symptoms. In
geriatric clinical medicine, it is not uncommon to find large asymptomatic
staghorn calculi during a routine abdominal radiological examination. In spite
of this, in an AGU, renal lithiasis is usually not an important cause of
admission.

The most common calculi in the elderly are the calcium oxalate and calcium
phosphate stones (80%) [21], but the incidence of uric acid stones was higher
in the elderly patient group [21, 22]. This consideration is important because
the uric acid stones are radio-transparent, which has to be kept in mind
when deciding whether to use ultrasound, endoscopy, radiology, or CT. The
probability of stone recurrence was similar in the elderly and the younger
patients [21, 22].

The first line of treatment is conservative management with analgesics
and anti-emetics. In most cases, nonsteroidal anti-inflammatory drugs provide
effective analgesia, although opiates may be required in some cases. Intra-
venous fluids should be given if the patient cannot tolerate foods, but there is
no therapeutic benefit from a regimen of forced diuresis (increased diuresis
causes a decrease in uretic peristalsis).

The second line of treatment is urological intervention, and for that reason,
the patient should be referred to the urologist. The percentage of elderly
patients that need this line of treatment is similar to that of young patients
[22]. In order to reduce the risk of complications and recurrence, a urological
opinion should be sought, not only for the acute treatment but also for some
follow-ups on discharge.
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Obstructive Uropathy

Urinary obstruction means the blocking of urine flow by obstacles located
between the renal calyces and the urethral meatus. In geriatric clinical
medicine, prostate disease is by far the main cause of low obstructive uropathy
in men. Other diseases, which can often cause this condition in elderly
patients, are Lithia sis, bladder tumors, neurogenic bladder, and abdominal
and pelvic tumors.

When we are confronted with any type of renal failure of unexplained origin
in an elderly patient, we should consider the possibility of an obstructive
uropathy, implementing the most appropriate diagnostic techniques, such as
the renal ultrasound scan, which occupies a prominent place due to its safety,
speed, and efficiency. Obstructive uropathy is a disease that should always
kept in mind in geriatric clinical medicine, as it is initially reversible but can
lead to irreversible renal failure. Obviously, therapy will depend on etiology.
In elderly patients, a nephostomy and/or the placement of a vesico-ureteral
or suprapubic catheter constitutes an indispensable initial therapy, prior to
finding a permanent solution when possible.

Benign prostatic hyperplasia is a common problem in elderly men.
In our acute geriatric unit, 36% of all men admitted during 2005 (605
patients) had been diagnosed with benign prostatic hyperplasia. The symptoms
attributable to this disorder (e.g., hesitancy, poor and intermittent flow,
incomplete emptying, high frequency of micturition, urgency, nocturia) can
diminish their quality of life and progress to complications such as acute
urinary retention, obstructive uropathy, urinary tract infections, and renal
failure.

Drug therapy with alpha-1-adrenergic blockers or 5 alpha-reductase
inhibitors reduces the symptoms, complications, and surgery needed [23].
Although benign prostatic hyperplasia is a pathology that can be treated
on an outpatient basis, its high incidence in elderly inpatients, its possible
serious complications, and the occasional difficulties these patients encounter
in accessing clinics make admission a good opportunity to check for and
adjust the treatment for this pathology.

Renal Masses

Currently, the incidence of renal masses is increasing due to the increasing
number of coincidental findings by means of new imaging methods and due
to the growth of the elderly population. Renal masses require considered
use of diagnostic techniques, which are mainly based on radiology. The
single abdominal X-ray enables the detection of changes in renal morphology,
displacement of neighboring organs, and of difficult-to-interpret calcifications.
Ultrasound, computed tomography, and magnetic resonance, appropriately
used, are the best techniques, not only for the diagnosis but also for differen-
tiating between those masses that can be considered benign, those that can be
followed up carefully, and those that should be removed (or ablated) because
nonmalignancy cannot be established by means of imaging studies [24]. The
definitive diagnosis is made by histological examination through puncture
aspiration under radiographic control or surgery.
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Solitary Cyst
The uncomplicated renal cyst is the most commonly encountered fluid-filled
lesion of the kidney [24]. Being a radiological finding, it is usually asymp-
tomatic. Although most cysts are nonmalignant, it is important to rule out
symptoms such as hemorrhage, infection, inflammation, and ischemia. In
these cases, we could be faced with other pathologies (Figure 2.6).

Renal Polycystic Disease
The autosomal dominant type of polycystic kidney disease is the third leading
cause of end-stage chronic renal failure [25] and represents 10% of all causes
for hemodialysis [26]. In these cases, the diagnosis was usually made during
adult age, but there are mild forms of the disease without symptoms or with
mild renal failure that may be diagnosed during old age. The most common
associated abnormalities are hepatic cysts, cerebral aneurysms, and colonic
diverticulosis [26]. There is no specific treatment for this illness, and the goal
is to prevent the natural progression to chronic renal failure (for more details,
see Chapter 18).

Tumors
Renal cell carcinoma and bladder and prostate cancer are associated with
age, and their incidence rises in the elderly. In 2005, our study showed that
0.5% of inpatients were diagnosed with renal cell carcinoma (Figure 2.7),
1.8% with bladder carcinoma, and 7.5% of all men admitted were diagnosed
with prostate cancer. These incidences are low if we compare them to other
studies, but we have to consider that these pathologies are usually admitted

Fig. 2.6 Right renal cyst.
(Source: Geriatric and Radiology Departments 2005. University Hospital of
Getafe.)
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Fig. 2.7 Right kidney hypernephroma.
(Source: Geriatric and Radiology Departments 2005. University Hospital of
Getafe.)

to other wards, mainly urology. In order to devise a good treatment plan, it
is important to consider not only the tumor extension, but also the level of
dependence in the activities of daily living, the co-morbidities, and the life
expectancy. Therefore, cooperation between specialists is important.

Renal Tuberculosis
Although tuberculosis is a relatively uncommon disease, its incidence is
rising, particularly in regions with a high prevalence of immunocompromised
individuals (HIV, patients on dialysis). M. tuberculosis is, by far, the principal
cause, but other bacilli could be involved. The most common form of extra-
pulmonary tuberculosis, after lymphadenopathy, is genitourinary disease [27],
which is sometimes caused by reactivation in the elderly.

Clinical diagnosis is very difficult. Many patients have the typical
symptoms of urinary tract infection, occasionally with hematuria or flank
pain. Suspicion should arise when the response to the antibacterial drugs
is not satisfactory. In other instances, the finding is pyuria without other
signs and symptoms. Other possible presentations include interstitial nephritis,
glomerular disease, or progressive renal failure. In summary, the presentation
of renal tuberculosis is very nonspecific [28].

There are various possible radiological changes. In the early stages of
the disease, the changes are simple, such as the typical calcification on the
plain film. In the advanced-disease stages, fibrotic masses with genitourinary
system distortion can appear. The lesions depend not only on the state of
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illness, but also on the virulence of the organism and the immune status of
the patient. Intravenous urography and ultrasound are adequate in helping us
reach a diagnosis.

A short course of antituberculosis drug regimens is, in fact, effective. In the
case of renal failure, special considerations should be taken with ethambutol,
streptomycin, and other aminoglycosides, because they are excreted by the
kidney [28]. In some cases, surgical intervention may be indicated.

Geriatric Syndrome, Prevalent Illness, and Renal Disease

We have included in this section the main geriatric syndromes related to renal
disease as well as the main diseases of high prevalence in the elderly impacting
directly on renal function, such as diabetes and arterial hypertension. Both of
these conditions are covered in detail in corresponding chapters of this book
(diabetes in Chapter 17, and hypertension in Chapter 11).

Dehydration and Desalination

Dehydration is a frequent morbidity in elderly patients and by far the most
common cause of changes in the fluid and electrolyte balance. Geriatric
patients are increasingly being admitted to the hospital because of dehydration
rather than because of their main illness.

Age-related changes make older people more vulnerable to shifts in
water balance. The mechanisms involved are the reduced sensation of thirst,
a percentage increase in fat, renal changes, and difficulties in accessing
fluids due to a functional or cognitive impairment [29]. There are many
possible contributing factors like gastrointestinal losses (e.g., vomiting,
acute or chronic diarrhea, fistulas), cutaneomucosal losses (sweating during
fever and intense dyspnea), and renal losses (e.g., indiscriminate use of
diuretics, polyuria, and post-obstructive nephropathy). However, most often,
dehydration in elderly patients is the result of a combination of several causes.

Dehydration can be a cause of multiple complications, such as acute renal
impairment (the leading cause in elderly patients), with a high risk of residual
renal failure. Therefore, it is important not only to quickly treat but also to
employ preventive strategies in the acute geriatric units and other hospital
wards to ensure an adequate liquid balance in medical scenarios such as the
perioperative period, treatment with diuretics, or fever syndromes (for more
details, see Chapters 8 and 10).

Arterial Hypertension

High blood pressure is a frequent phenomenon among the elderly population.
Following “The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of High Blood Pressure”
(JNC VII) [30], where the limits for hypertension were set as 140/90, the
prevalence of this pathology in our AGU in 2005 was 68.8% of admitted
patients. Of these patients (n = 1190), 21% had chronic renal failure, while
76% of the patients with CRF (n = 315) had been diagnosed with hypertension.
Due to its high prevalence and its clear association with cardiovascular disease
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Fig. 2.8 Left kidney infarct.
(Source: Geriatric and Radiology Departments 2005. University Hospital of
Getafe.)

and renal impairment (Figure 2.8), besides its frequent presentation with other
cardiovascular risk factors, its good management is a priority.

The ultimate public health goal of antihypertensive therapy is the reduction
of cardiovascular and renal morbidity and mortality [30]. Admissions are a
good opportunity to put in order the hypertension treatment as well as prevent,
diagnose, and treat the possible complications. Sometimes this is not possible
due to the high demand and limited capacity in an acute geriatric unit, but at
the very least, hypertensive control should be checked and specialist referral
considered.

The guidelines recommend achieving a BP < 140/90, except in patients with
hypertension and diabetes or renal disease, in whom the goal is to maintain a
BP of less than 130/80 [30, 31].

A healthy lifestyle is an indispensable part of the treatment of these patients.
It decreases BP, enhances antihypertensive drugs’ efficacy, and decreases
cardiovascular risk [30].The second step is pharmacological treatment. Several
classes of drugs can reduce the complications of hypertension: thiazide-
type diuretics, calcium channel blockers, angiotensin-converting enzyme
inhibitors, and angiotensin-receptor blockers [32, 33].

Patients with chronic kidney disease (glomerular filtration rate < 60 mL/min
or albuminuria > 300mg/d) often need three or more drugs to reach the
treatment goal [34]. In order to choose the most suitable antihypertensive
drug, we should also consider the co-morbidities.

In the elderly, we have to keep in mind that changes in drug pharma-
cokinetics and pharmacodynamics due to aging and the high number of side
effects force us to use lower initial drug doses. Therefore, it is often necessary
to require multiple drugs in the elderly.
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On other hand, the aged often reach their life expectancy with a mental or
physical disability. In these cases, we should not be so strict with the goal
(for more details, see Chapter 11).

Diabetes Mellitus

The prevalence of diabetes in the elderly varies between different populations
and races. In 2005, 32% of all patients admitted to our acute geriatric unit
were diabetics. We assume that the actual prevalence is higher, as it has been
demonstrated that approximately one-third of all older diabetic people over
70 years remain undiagnosed [35].

Diabetes is associated with functional impairment and disability [36]. Only
part of this relationship can be explained by the typical complications such as
macro- and microvascular disease, such as diabetic nephropathy. In our study,
20% of the diabetic patients admitted (n = 553) had chronic renal failure; the
prevalence of albuminuria and proteinuria was not known because we did not
always check for them and because acute illness can cause false positives.
Although microangiopathy is the main cause of renal failure in the elderly
diabetic, we should not forget other causes such as co-morbidities, infections,
and drugs.

Angiotensin-converting enzyme inhibitors and angiotensin-receptor
blockers have demonstrated a decrease in albuminuria compared to other
drugs [37]. The guidelines [38] recommend that elderly diabetic patients with
hypertension and albuminuria or proteinuria should be treated with ACE
inhibitors or angiotensin-receptor blockers (when the ACEI are not tolerated),
while in patients without diabetic nephropathy the hypertensive management
will be similar to nondiabetic patients.

Heart Failure

In chronic heart failure, a reduction in the circulating volume stimulates
the sympathetic and the renin-angiotensin-aldosterone system. These systems
increase some hormonal concentrations like atrial and brain natriuretic
peptides. Although this is a meant as a defensive mechanism, in continuously
high levels it becomes a dangerous reaction that produces a reduction in renal
plasma flow and glomerular filtration rate with secondary renal dysfunction
[39]. Renal impairment in chronic heart failure is associated with a poor
prognosis and a high mortality [3,4,10]. Due to drug side effects, it is difficult
to treat both heart and renal failure.

In acute heart failure, the inappropriate use of diuretics is the most important
risk factor for producing volume depletion. It is associated with a prolonged
hospital stay [8]. In 2005 in our AGU, diuretic treatment was the third-largest
cause of inadequate liquid balance after dehydration and gastrointestinal
losses. In the elderly, the best option is to slowly and progressively create a
negative fluid balance, while periodically checking renal function (for more
details, see Chapter 12).

Multiple Myeloma

Multiple myeloma is a clonal B-cell disease of slowly proliferating plasma
cells that are accompanied by monoclonal protein production and lytic bone
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lesions. Often, there are no symptoms in the early stages of myeloma. When
they are present, symptoms may be vague and similar to other conditions (e.g.,
pain in the lower back or ribs, loss of appetite, fatigue, muscle weakness). For
this reason, patients with these nonspecific symptoms are commonly admitted
to acute geriatric units for diagnostic testing. In some cases, myeloma may be
discovered coincidentally during routine blood testing (e.g., hypercalcemia,
anemia). Sometimes, the initial presentation is a pathological fracture; these
patients are usually seen in other geriatric areas such orthogeriatric units or
osteoporosis/falls clinics.

In patients with multiple myeloma, renal failure is a common compli-
cation. There are many causes of renal impairment. It is strongly associated
with an excess of immunoglobulin light chains in the urine. Other possible
factors include hypercalcemia, hyperviscosity, Bence Jones proteinuria,
Fanconi’s syndrome, hyperuricemia, amyloidosis, and glomerulosclerosis.
Changes in the aging kidney and concomitants events can favor renal
failure in elderly patients with myeloma. Dehydration, infections, and several
drugs could be some of these concomitant factors. The majority of renal
impairments should improve with simple measures such as rehydration,
correction of hypercalcemia with bisphosphonates, treatment of infections,
fluid rehydration, administration of glucocorticoids, and discontinuation of
nephrotoxic drugs.

Iatrogenia

Iatrogenic renal disease is caused by a functional or structural impairment of
the kidney due to a diagnostic or therapeutic plan. The renal changes in aging
make the kidney more susceptible to nephrotoxic damage caused by drugs
affecting glomerular autoregulation through microvascular mechanisms [6].
Nephrotoxic drugs can contribute to the development of acute renal failure
in 66% of patients with this treatment-related pathology [7]. This damage
can be caused by several types of disorders such as acute tubular necrosis,
interstitial nephritis, glomerulopathies caused by immune complexes, and
vasculitis. The drugs that most often cause renal damage in geriatric clinical
medicine are antibiotics (e.g., penicillin, aminoglycosides, sulphonamides,
polymyxin, amphotericin), analgesics (e.g., nonsteroidal anti-inflammatory,
phenylbutazone, fenoprofen, indomethacin), and ACE inhibitors. Not only
therapeutic measures can produce this damage, as the contrast medium can
be a pathogenic factor in up to 16.9% of iatrogenic acute renal failure [7].

A good liquid balance is another measure taken to prevent the renal damage.
Some frequent medical situations such as the postoperative period, heart
failure, and sepsis can cause a hypoperfusion situation, the most common
cause of the pre-renal type of acute renal failure in the elderly.

Greater attention to renal changes in aging and an increased dissemination
of preventive measures could reduce the incidence of this serious and poten-
tially lethal disease. In a Spanish study comparing the incidence of acute renal
failure before and after the institution of prevention measures, the iatrogenic
factors were reduced from 75% to 25% and the incidence of ARF was reduced
from 1.6% to 0.65%, with the difference being statistically significant. It is
advisable to implement these measures.
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Conclusion

The incidence of renal pathology is high in patients admitted to an acute
geriatric unit. Renal impairment is favored not only by the aging of the renal
system but also by the great prevalence of other diseases such as diabetes
mellitus, hypertension, infections, or dehydration, which contribute to renal
failure. Not only early diagnosis but also preventative measures are needed
in an acute geriatric unit to avoid the medical situations that favor renal
impairment, its progression, and its complications. One should not forget
the importance of the cardiovascular risk factors. In-patient admission of the
elderly is often the only opportunity to screen for these conditions and to
check their control.

The elderly patient frequently has a functional and/or cognitive impairment
with a limited life expectancy. It is therefore necessary when making both
diagnostic and therapeutic decisions to use the guidelines in an individualized
way, after performing an integral geriatric evaluation. In terms of decision
making, it is advisable that the different specialists cooperate with each other.
Patients should always be admitted in wards with multidisciplinary teams
trained in the care of elderly patients. This has demonstrated a decrease in
the functional deterioration, institutionalization, and mortality of inpatients.

On some occasions, the clinical diagnosis is difficult in the elderly. The
atypical presentation of the disease, scanty detection of the symptoms, and
the presence of co-morbidity make it necessary for doctors to thoroughly look
for diseases in the elderly.

The effect of muscle mass on plasma creatinine levels is diminished in the
elderly. In our opinion, it is therefore necessary to use creatinine clearance as
the marker of glomerular filtration rather than blood creatinine levels. With
regards to the diagnostic tools, the most commonly used ones are non-invasive,
with few side effects for the patients such as the abdominal X-ray, ultrasound
scan, and CT scan. In fact, ultrasound is the most important imaging technique
in the elderly due to its high sensitivity and low rate of side effects. Invasive
techniques are not frequently used in the elderly. Nevertheless, age “per
se” should not be used as the only factor in denying patients any technical
diagnostic or treatment procedure such as kidney biopsy, hemodialysis, or
renal transplantation.
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Anatomical Changes in the Aging

Kidney
Xin J. Zhou, Zoltan G. Laszik and Fred G. Silva

Introduction

The changes to renal morphology and function in the aging human kidney have
been reviewed [1–3]. However, there are many problems in the documentation
of the pathological changes in the aging kidney. The confounding variables
of hypertension (and ischemia), diabetes, and other co-existing renal diseases
are often difficult to dissect out. The renal tissue is frequently not sampled
early enough to determine if a primary renal disease is associated with the
aging kidney. Most patients with “nephrosclerosis” and/or aging kidneys are
not biopsied or autopsied. The nomenclature (definitions), descriptions, and
documentation of the morphological changes are often imprecise and usually
not quantitated. Focal lesions, especially of the vascular tree, may be missed
due to inadequate sampling. There may be “nephron heterogeneity,” which
is difficult to quantitate/describe. The terms nephrosclerosis, glomeruloscle-
rosis, arterial sclerosis, arteriolosclerosis, tubular atrophy, and perhaps even
interstitial fibrosis are often vaguely used. And finally, there is biologic
variability and various rates of structural changes in different ethnicities,
countries, and even renal compartments. With these caveats in mind, this
chapter tries to summarize the current knowledge of the anatomical changes in
the aging human kidney, and, where appropriate, the underlying pathogenetic
pathways will be briefly mentioned.

Gross Pathology

Macroscopically, aging kidneys are symmetrically contracted with a fine
granular appearance of the subcapsular surface. On average, kidney weight
increases from birth to about age 40–50 and then progressively declines, with
the most dramatic decrease (about 20–30%) occurring in the seventh and
eighth decades [1, 3, 4]. The loss of kidney mass appears to affect the renal
cortex more than the medulla, with involution/thinning of the renal cortical
parenchyma, which is thought to be related to vascular changes [5, 6].

Approximately one-half of all people 40 years and older have one or more
acquired cysts in the kidney [7]. The cysts are generally unilocular and round
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to oval, containing clear yellowish fluid. Some believe that simple cysts arise
from dilated tubules or glomeruli. Others believe they arise from tubular
diverticula found in increasing incidence with aging [8].

The Aging Glomerulus

Many morphological changes have been noted in the human glomerulus
with aging [9–21]. These include (1) progressive decline in the number of
intact or normal glomeruli, (2) increase in the number/percentage of globally
sclerotic glomeruli, especially those of the outer cortical regions initially, (3)
abnormal glomeruli with shunts between the afferent and efferent arterioles
bypassing the glomeruli, especially the juxtamedullary ones, (4) progressive
decrease, and then later increase, in the size of intact glomeruli, (5) focal or
diffuse thickening of the glomerular basement membranes, and (6) increased
mesangial volume and matrix (i.e., mesangial sclerosis).

The numbers of glomeruli (and hence nephrons) are extremely variable in
individuals. Studies by Nyengaard and Bendtsen [15] have suggested that the
mean range of the number of glomeruli per kidney is 620,000 ± 250,000, with
a range of 333,000 to 1,100,000. Twenty-five percent of the population studied
had fewer than 500,000 glomeruli/kidney, whereas 25% of the population
had over 740,000 glomeruli/kidney. Likewise, Hughson et al. [16] showed an
eightfold difference in the number of glomeruli per person (from 227,327 to
1,825,380 per kidney). On average, females have approximately 15% fewer
glomeruli than males [17]. The mean glomerular number is not significantly
different between Caucasians and African-Americans, but is significantly
lower in Australian aborigines [14, 17]. Age is inversely proportional to the
number and size of the glomeruli as well as inversely proportional to the
kidney weight [14–17]. Thus, humans seem to lose glomeruli with aging.

The relationships of nephron number to birth weight, and to susceptibility
to hypertension and renal diseases, have been noted [16–19]. There is a
direct linear relationship between the number of glomeruli and birth weight
[16]. As birth weight decreases, the number of glomeruli also decreases. In
fact, regression coefficient analysis predicts a 257,426-glomeruli increase per
kilogram of birth weight. There is an up to eightfold range in glomerular
volume among adults, and the glomerular volume is strongly and inversely
correlated with the number of glomeruli. In a study of white adults aged
35–59 who died in accidents, Keller et al. [18] have shown that patients with
hypertension have approximately 50% fewer glomeruli than matched controls.
This study also showed that the volume of glomeruli increases in patients
with hypertension compared to matched controls, possibly a result of lower
numbers of glomeruli. Based on a stereological study of autopsy kidneys
from 140 adults, aged 18–65, who lived in the southeastern United States,
Hughson et al. [17] found no relationships between the glomerular number,
mean arterial blood pressure (MAP), and birth weights in African-Americans.
In contrast, there was a strong correlation of the glomerular number with both
birth weight and inversely with MAP in white adults. These data indicate that
low nephron number and possibly low birth weight may play a role in the
development of hypertension in whites but not in African-Americans.

Samuel et al. [19] analyzed the distributions of volumes of individual
glomeruli in the superficial, middle, and juxtamedullary cortex of normal
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human kidneys using unbiased, stereological techniques. They found no
significant zonal differences in the young (aged 20–30) or those with body
surface areas (BSA) ≤ 2.11 m2. In contrast, superficial glomeruli in the older
age group (aged 51–69), in those with BSA > 2.11 m2, and in Caucasians
were significantly larger than juxtamedullary glomeruli. African-Americans
showed significantly larger glomerular volume than whites that was most
marked in the juxtamedullary zone and independent of age, BSA, and
glomerular number.

Numerous studies have demonstrated that the percentage of glomeruli
showing global glomerulosclerosis is increased with age. Utilizing standard
morphometric techniques and multiple linear regression statistics, Kasiske
[10] showed a direct correlation between the number/percentage of globally
sclerotic glomeruli and age (and also to intrarenal vascular disease). In fact,
together age and intrarenal vascular disease, especially outer cortical vessel
disease (with or without hypertension), are best directly correlated with global
glomerulosclerosis. Glomerular size is best directly correlated with heart
weight and coronary artery atherosclerosis rather than global glomeruloscle-
rosis in Kasiske’s studies. There is a strong inverse relationship between
intrarenal arterial lumen area and global glomerulosclerosis. Relative arteriolar
wall area correlates directly with age and outer cortical global glomeruloscle-
rosis. Aortic atherosclerosis also correlates directly with global glomeruloscle-
rosis. Kasiske indicated that it was uncertain whether the arterial luminal
narrowing/vascular disease led to the global glomerulosclerosis or, alterna-
tively, whether some other factor(s) led independently to both intrarenal
vascular disease and global glomerulosclerosis [10].

There are many types of glomerulosclerosis, and the routes to glomeru-
losclerosis are diverse. Some of the solidified versions are ancient (very small
and almost imperceptible), others larger and more recent (Figure 3.1). Some

Fig. 3.1 Solidified global glomerulosclerosis. This type of global sclerosis is charac-
terized by the solidification of the entire glomerular tuft (PAS; x 400).
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Fig. 3.2 Advanced diabetic glomerulosclerosis. Although the two glomeruli (center)
reveal advanced sclerotic changes, they still retain a relatively large size. The two
glomeruli at the right corner of the field are solidified and small (trichrome; x 200).

may even be enlarged if something is added to them (such as amyloid or
diabetes) (Figure 3.2). The characteristic ischemic obsolescent glomerulus
displays initial shrinkage of the glomerular tuft, with wrinkling and thick-
ening of the glomerular basement membrane (GBM), and collagen deposition
internal to Bowman’s capsule, near the vascular hilum initially; then with
progressive collagen deposition filling all of Bowman’s space (Figure 3.3)

Fig. 3.3 Ischemic glomerular obsolescence. The glomerular tuft is sclerosed with
collagenous material filling the Bowman’s space (PAS; x 400).
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[1, 3]. Glomerular inflammation, as with extensive crescent formation, can
lead to glomerulosclerosis. Many have suggested this can be detected in
retrospect with “gaps” or breaks in the basal lamina of Bowman’s capsule
(Figure 3.4) [20, 21]. As with any native renal tissue from a patient, in
addition to careful study of the patient’s history and laboratory findings,
immunofluorescence and electron microscopy must be performed in order to
exclude certain diseases (such as IgA nephropathy, ANCA-related disease,
SLE, etc.).

The search for globally sclerotic glomeruli in renal tissues may be
problematic. It has been shown that single-section examinations grossly
underestimate global glomerulosclerosis [22]. Special light microscopic stains
(such as PAS, silver methenamine, and trichrome stains) may aid in identi-
fying small, shrunken globally sclerotic glomeruli because the globally
sclerotic glomeruli may almost disappear imperceptibly in the adjacent scarred
(and sometimes inflamed) interstitium in H&E-stained sections. Thus, when
inspecting glomeruli with glomerulosclerosis, it is important to document
the type of change (i.e., segmental vs. global; solidified vs. obsolescent),
whether the altered glomeruli are high cortical or juxtamedullary, and whether
special stains and multiple sections have been utilized. Other confounding or
coexisting glomerular diseases need to be excluded.

The percentage of globally sclerotic glomeruli that can be considered
“normal” depends on the age of the patient. The forensic study of Kaplan et al.
[23] suggests that under the age of 40 years, up to 10% of the glomeruli can be
globally sclerotic. As a result of normal senescence or due to specific disease
itself, the percentage of globally sclerotic glomeruli that can be considered
normal is difficult to establish in people after the age of 40 years. A study

Fig. 3.4 Glomerulus with fibrous/fibrocellular crescent. Note the focal disruption of
the glomerular basement membrane and the breaks in the basal lamina of Bowman’s
capsule (PAS; x 400).
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by Smith et al. [24] suggested that the best percentage indicating disease was
when the number exceeded the patient’s age/divided by 2 minus 10.

The pathogenesis of global glomerulosclerosis seen in aging humans is
unclear and probably multifactorial. However, the pathogenesis of focal
segmental glomerulosclerosis has been fairly well studied over the past two
decades and may be relevant to the glomerulosclerosis in aging kidneys.
According to Brenner [25, 26], dysautoregulation of the afferent and efferent
arterioles of the glomerulus may lead to increased glomerular plasma flow,
increased glomerular intracapillary pressures, and subsequent glomerular
injury with mesangial matrix accumulation. It is clear that vascular adapta-
tions to structural changes (such as loss of nephrons) may help preserve
the glomerular filtration rate (GFR) by producing a state of hyperperfusion
and hyperfiltration in the surviving nephrons. Thus, loss or alteration of
glomeruli may lead not only to systemic hypertension but also to glomerular
hypertension and glomerular hypertrophy, with subsequent or consequent
mesangial matrix increase (possibly secondary to transforming growth factor
ß as well as increases in other molecules) and eventually focal segmental
glomerulosclerosis. Several examples of “hyperperfusion” injury in human
glomerular diseases have been noted, including oligomeganephronia, diabetic
nephropathy, morbid obesity, and reflux nephropathy. Newbold et al. [27] have
suggested that vascular/ischemic changes seen in aging kidneys first affect the
cortical glomeruli, leading to global sclerosis with subsequent juxtamedullary
glomerular hypertrophy, the latter leading to juxtamedullary glomeruloscle-
rosis. As time progresses, glomeruli at all regions are involved in the disease
process. In contrast, Samuel et al. [19] noted that the glomeruli in the superficial
cortex were 20% larger than in the juxtamedullary zone in 12 adult males aged
51 to 69 years. They suggested that loss of glomeruli in the superficial cortex
might shift perfusion to adjacent functional glomeruli within the peripheral
vascular supply of the superficial cortex and promote their enlargement. It
should be noted that the glomerulus has enormous capability to “correct itself”
after injury. Just as Pirani and Silva [28] stated, “The glomerulus is a self-
cleansing and renewable filter”; “although frequently exposed to a large variety
of potentially noxious factors, the glomerulus is extremely resistant to injury.”

Finally, the aging human kidney is associated with mesangial sclerosis
and thickening of the GBM. However, these changes are nonspecific and
may be seen with hypertension, diabetes (i.e., diffuse diabetic glomeruloscle-
rosis), and many other renal conditions. The increase in the mesangial matrix
often directly correlates with the GBM thickening, but not necessarily with
proteinuria. Likewise, thickening of the GBM does not automatically coincide
with proteinuria. The mechanisms leading to the GBM and mesangial alter-
ations are unknown, but probably represent a dynamic interplay between
increased synthesis of the GBM and mesangial matrix and/or decreased
removal or breakdown. It should be noted that a number of investigators have
not found a relationship between the relative volume of the mesangium or
regular thickening of the GBM in humans with aging. For example, studies by
Steffes et al. [9] found the GBM thicker in females than males with increasing
width until the age of 40, then a decrease in the thickness of the GBM. A
number of other glomerular changes are noted in the aged kidney, but these
are also thought to be either nonspecific or related to the reason the kidney
was sampled (i.e., superimposed renal disease).
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The Aging Tubules and Interstitium

Because there is such an intimate relationship between renal tubules and the
continuous interstitium, these two compartments will be considered together;
alterations of one often lead to alteration of the other component. Several
tubulointerstitial changes have been noted in the aging kidney [1, 3, 29–32].
These include (1) decreased tubular volume, length, and number, (2) increased
numbers of tubular diverticula, especially of the distal convoluted tubules,
(3) tubular atrophy, often with simplification of the tubular epithelium and
thickening of the tubular basement membranes, and (4) increase in the inter-
stitial volume with interstitial fibrosis, and sometimes even inflammatory
cells. It is well known that renal function (e.g., serum creatinine, creatinine
clearance, urine osmolality) is best correlated with changes in the tubuloint-
erstitium rather than those in glomeruli or vessels [30, 31].

Three types of tubular atrophy have been identified, including (1) the
“classic form” with wrinkling and thickening of the tubular basement
membranes and simplification of the tubular epithelium (Figure 3.5), (2) the
“endocrine form” (first described by Hans Seyle), which shows simplified
tubular epithelium with thin basement membranes; the tubules are full of
mitochondria (Figure 3.6), and (3) the “thyroidization form,” which reveals
somewhat uniform dilatation of tubules with regular hyaline casts (Figure 3.7)
[32]. These three types can be found as a result of imperfect healing due to
any type of renal injury, although the “endocrine” type is said to be most
often seen with vascular ischemia, and the “thyroidization” type most often
in cases of chronic pyelonephritis and other severe renal injuries. Using the
microdissection technique, Baert and Steg [8] found that all kidneys of adults
and elderly people have diverticula of distal tubules with increasing numbers
proportional to age (Figure 3.8). They believe that diverticula in distal and
collecting tubules are precursors of simple cysts seen in the aging kidney. It

Fig. 3.5 Tubular atrophy, classic type. Note the thickening and lamellation of the
tubular basement membranes (methenamine silver; x 200).
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Fig. 3.6 Tubular atrophy, endocrine type. Note the small tubules with pale-staining
cytoplasm resembling endocrine glands. The clear cells are full of mitochondria. This
type of tubular atrophy is most often seen in vascular ischemia (H&E; x 400).

has also been suggested that by harboring organisms, these diverticula may
contribute to the frequent kidney infections in elderly people.

Although the terms tubular atrophy and interstitial fibrosis may intuitively
denote chronic, static, and irreversible injury and scarring, it should be noted
that these regions of injury represent active disease processes. There may be

Fig. 3.7 Tubular atrophy, thyroidization. Note that the atrophic tubules are filled
with homogeneous casts, resembling thyroid tissue. This change is frequently seen,
although not limited to, chronic pyelonephritis (H&E; x 400).
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Fig. 3.8 Microdissection of distal convoluted tubules from an aging kidney. Note a
few diverticula. (Source: McLachlan, M. Anatomic structural and vascular changes
in the aging kidney. In Cameron, J.S., Macias-Núñez, J.F., eds. Renal Function and
Disease in Elderly. New York: Butterworth-Heinemann. 1987; pp. 3–26.)

ongoing tubular injury and repair, focal tubular cell proliferation, activation
of myofibroblasts from around the vascular tree, macrophage infiltration
with increased production of adhesive proteins (e.g., osteopontin, adhesion
molecules, collagen type IV), loss of peritubular capillary network, increased
apoptosis, and altered nitric oxide expression. Thus, the tubulointerstitial
regions in disease are anything but static and nondynamic [33].

The Aging Renal Vasculature

A number of changes in the renal vasculature have been documented in
the aging human kidney [1, 3, 13, 34–40]. These include (1) “fibroelastic
hyperplasia” of the arcuate and subarcuate arteries, (2) tortuous/spiraling
interlobar arteries with thickening of the medial muscle cell basement
membranes, (3) intimal fibroplasia of the interlobular arteries, (4) “hyaline”
change/plasmatic insudation of the afferent arterioles, and (5) vascular
“simplification” with direct channels forming between the afferent and
efferent arterioles. Although none of these changes is pathognomonic or
specific to aging and may be much less severe in certain aging populations,
all have been found in the aged kidney.

Arterial sclerosis is noted in increasing frequency of patients aged 10–19,
20–39, 40–64, and above 65 years of age [1, 3, 13, 34]. The term arterial
sclerosis is usually used to denote thickening of the arterial wall and narrowing
of the vascular lumen (Figure 3.9), which can be caused by a variety of
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Fig. 3.9 Arteriosclerosis in a subarcuate/arcuate artery. Note the severe intimal and
medial fibrosis with destruction of the medial smooth muscle cells, thickening of the
medial muscle cell basement membranes, and subsequent luminal narrowing (PAS; x
400).

morphological changes such as thickening of the medial muscle cell basement
membrane, fibrosis of the media, and intimal thickening [1, 3]. The term
arterial sclerosis may be associated with a number of conditions including
aging, hypertension, and diabetes.

Intimal fibroplasia refers to collagenous thickening or fibrosis of the intima
of the arteries (Figure 3.10). This lesion has been found to be omnipresent
in every elderly individual, even those patients who are normotensive and
without cardiovascular disease. The underlying media often shrink/wither or
disappear with increasing multiple layers of intimal fibroplasia. It is seen
primarily in arteries of the interlobular range (80–300 μm in diameter). The
patterns of progression are alike in all patients, but the rates vary from
country to country and even city to city [35–40]. Intimal fibroplasia is
accentuated/accelerated by hypertension and is indistinguishable from the
morphological changes characteristic of hypertension. The arteries are “rigid”
since they do not collapse with emersion fixation or distend with perfusion
fixation. The intimal fibroplasia is heterogeneous, being focal in its distri-
bution, possibly leading to ischemic nephron heterogeneity. The etiology of
intimal fibroplasia is unclear, but it is clear that it starts fairly early in life.
According to Tracy et al. [35–38], there is an irreducible minimum rate of
progression possible for the human species, and no one escapes the process
entirely. Tracy has suggested that the changes are found more commonly
in the “conduit” vessels nearer the heart than the downstream vessels and
that these “rigid” diseased conduits allow the transmission of the pulse wave
abnormally into the tiny distal branches, leading to morphological changes
in these distal vessels. Alternatively, intimal fibrosis may itself, later on, be
accelerated by hyaline changes downstream in the afferent arterioles. Global
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Fig. 3.10 Intimal fibroplasia of an interlobular artery. Note the fibrous thickening and
migration of medial muscle cells into the media. The smooth muscle layer (media)
shrinks/withers (Trichrome; x 400).

glomerulosclerosis seems to be more directly associated with intimal fibrosis
than hyaline arteriolar change.

In studying the ratio of vessel wall thickness to vessel diameter, Tracy
et al. [40] have suggested that for each year of aging one can add 0.15 units
of intimal fibrosis of “close” arteries (i.e., arteries closer to the heart, about
300 μm in diameter) and 0.11 units of intimal fibrosis of remote or smaller
arteries. For each mmHg increase in blood pressure, there are 1 year of aging
in the “close” interlobular arteries and 2 years of aging in the “remote” arterial
systems.

Hyaline arteriolosclerosis, referring to “plasmatic insudation” or pushing
of plasma proteins into the afferent arteriolar walls (vessels 10–30 μm in
diameter) due to endothelial injury and increased pressure, is another common
feature of the aging kidney (Figure 3.11). These acellular “beaded” masses
giving rise to the appearance of liquids encroach on the vascular lumen in
immersion fixed kidneys, but interestingly flatten out into the thinned media
with restoration of the lumen and decrease in tortuosity with perfusion fixation
[39]. This change is less well-correlated with systemic hypertension than
intimal fibrosis in most but not all studies and may be seen in patients with
hypertension and/or diabetes. It is most severe and most commonly seen in
patients with advancing diabetes mellitus with or without hypertension. Its
etiology is unclear and can certainly be seen in patients without evidence of
hypertension and in younger patients.

Aging kidney is associated with a high percentage of afferent and efferent
arterioles that communicate directly with each other, particularly in the
juxtamedullary zone, resulting from loss of glomerulus and shunting of blood
flow from the afferent to the efferent arterioles. This appearance is also
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Fig. 3.11 Arteriolar hyalinization. Note the large subendothelial hyaline deposit
(homogeneous material). This lesion involves plasma protein insudation and can be
seen in conditions such as hypertension, diabetes, or possibly aging (PAS x 400).

referred to as “aglomerular arterioles” [13] (Figure 3.12). In a morphometric
study of arterioles and glomeruli, Hill and associates [41] suggested that
there is focal loss of autoregulation in the aging kidney. The dilatation of the
afferent arterioles, glomerular capillary lumens (especially hilar), and enlarged
glomeruli suggest a dysregulation between the afferent and efferent arterioles,
somewhat reminiscent of the loss of autoregulation and vascular disease seen
in experimental animals (and perhaps patients) with focal segmental glomeru-
losclerosis [41].

The term nephrosclerosis, first coined by Dr. Fahr [42], is often used to
denote that the normally smooth renal cortex has been converted, through
underlying vascular disease, to a lumpy-bumpy or granular surface. These
macroscopic renal cortical changes are secondary to the underlying vascular
disease, which leads to small regions of the outer renal cortex undergoing
global glomerulosclerosis, tubular atrophy, and interstitial fibrosis, resulting
in contraction and pitting of the cortical surface. Although these cortical
changes can be seen with any type of chronic vascular narrowing, they are
best correlated with intimal fibrosis of the interlobular arteries. The etiology
of nephrosclerosis is unclear but often betrays an underlying vascular disease
associated with hypertension, diabetes, or aging. Unfortunately, most patients
with the diagnosis of nephrosclerosis have not had a renal biopsy, and the
renovascular disease has not been evaluated. If there is a renal biopsy late in
the course, it is possible to see vascular disease with other primary advanced
forms of renal disease (e.g., glomerulonephritis, etc.). However, it seems
that only a small fraction of the entire mildly to moderately hypertensive
population is at risk for clinically significant renal disease.

Whether hypertension is the cause or effect of the morphological vascular
disorder remains uncertain. Tracy et al. [35–40] suggest that interlobular
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Fig. 3.12 Micro-angiography demonstrates important differences in the vascular
consequences of glomerular degeneration in juxtamedullary (right) and the more
peripheral nephrons (left). Changes are shown progressing from top to bottom (A-C).
In healthy peripheral nephrons the afferent arteriole forms glomerular capillaries which
then join to become efferent arterioles; in, juxtamedullary nephrons glomerular capil-
laries more closely resemble side branches of a continuous afferent-efferent arteriolar
unit. When peripheral glomeruli degenerate, afferent arterioles end blindly; degener-
ation of juxtamedullary glomeruli results in direct communication between afferent
and efferent arterioles (After Ljungqvist and Lagergren, 1962 and Takazakura et al.,
1972)

arteries of aging kidneys develop progressive arterial sclerosis, which may
precede rather than follow systemic hypertension. Mean blood pressure rises
by 1.6 mmHg for each l-μm increase in intimal thickness in a 100-μm-
diameter artery because of microischemia in scattered nephrons. This source
of hypertension, according to Tracy, can account in full for the rise in blood
pressure with age and all its variations between the populations of the world
so far examined. He notes that some hypertensive patients with renal biopsy or
necropsy have minimal morphological changes in their renal vessels. The rate
of decrease of renal plasma flow is accelerated by hypertension. Mean arterial
blood pressure is directly proportional to the rate of decline of creatinine
clearance. Increase in hypertension is a strong independent risk factor in end-
stage renal disease, especially in African-Americans [43]. Thus, hypertension
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and morphological changes are intricately intertwined and, at this point, not
easily dissectable. It certainly would appear that the vascular changes of
intimal fibrosis and hyaline arteriolosclerosis seen in aging are accentuated
by hypertension, and probably diabetes mellitus as well. Thus, patients with
hypertension have arteries that appear older than those seen in normotensive
patients.

Summary

Aging is a physiological process that causes structural and functional changes
in humans. However, as Frocht and Fillit [44] have stated, “although there are
physiologic and anatomic changes of the kidney that occur almost universally
with aging, no specific kidney disease that is totally confined to the geriatric
population has been identified.” Many points should be considered in the
morphological study of kidneys in the aged. The interrelationships between
the four components of the kidney (i.e., glomeruli, tubules, interstitium, and
vessels) are complex and dynamic. Not all “glomerulosclerosis,” “tubular
atrophy,” “arterial sclerosis,” or “nephrosclerosis” is the same. The morpho-
logical changes need to be well defined and well documented with acceptable
and clear terminology. It also should be pointed out that investigations
containing both excellent pathologic data and clinical information/clinical
follow-up in the same study population are rare, and further studies to better
combine the two are clearly needed. Despite all the difficulties and short-
comings, significant insights have been gained regarding age-related renal
morphological changes. These include a decrease in the size and weight of the
kidney with a greater loss of tissue in the cortex than in the medulla, decreased
total glomerular number, and increased glomerular volume. The aging kidney
is also associated with decreased tubular number, length, and volume as well
as increased tubular diverticula. In addition, intimal fibroplasia is universally
present in every elderly individual, and even in those who are normotensive
and without cardiovascular disease.

Mark Twain once said, “The older we grow the greater becomes our wonder
at how much ignorance one can contain without bursting one’s clothes.”
Indeed, although much work has been done, we are still young as to our
understanding of the aging kidney. Hopefully, our knowledge about the aging
kidney will continue to increase with age. A greater understanding of the
anatomical, physiological, and pathological changes of the aging kidney will
enable us to design methods to retard or prevent the decremental changes in
kidney function that can occur with aging.
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Introduction

Aging is a cumulative, universal, progressive, intrinsic, and deleterious
process; it can be referred to using the acronyms CUPID and/or CEPID [1]:

• Cumulative: It is a series of changes that occur throughout life.
• Universal: Nothing is exempt from the aging process.
• Progressive: The changes occur gradually over time.
• Intrinsic: It happens within the body with or without environmental influ-

ences.
• Deleterious: It leads to a decrease in functional capacity.

Aging should be differentiated from “age-associated diseases,” e.g., those
diseases whose prevalence increases dramatically with age. The major
difference is that these diseases do not affect all the subjects without
exception. For instance, increased arterial stiffness is characteristic of aging,
but atherosclerosis is not. Aging is modulated by racial, hereditary, environ-
mental, and dietary factors as well as the provision and availability of
healthcare facilities. No single mechanism may explain it; it is multifactorial,
multiform, and asynchronous. Therefore, it is interesting to note that not all
organs age uniformly. Some functions are conserved from youth into old age,
while others decline in function much sooner. The fundamental characteristic
of the physiological aging process is the attenuation of functional capacity.
However, the rate of functional capacity varies within individuals and with
the type of function assessed.

The most characteristic sign of aging is not the decrease in body functions,
but the impaired response of body functions when the individual is challenged.
In other words, aging is characterized by a decreased ability to adapt physio-
logical functions to environmental changes or challenges.

Let us illustrate this with an example: Suppose there are two well-trained
athletes of 20 and 76 years of age, and we are asked to guess their chances
of successfully completing a marathon. Undoubtedly, both of them will
succeed because both have sufficient resources. Therefore, healthy aging is
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not invariably linked to loss of capacity. However, the time each of the
runners takes will differ, with the younger runner completing the race in a
shorter time. This occurs because of the physiological decline in function and
not due to a pathological condition. This reduced functional ability leads to
older people taking longer or sometimes being unable to adapt to biological,
physical, psychological, environmental, or social situations of overload or
restriction.

Equally, defining aging is problematic, and each expert in the field will
have his or her own version. We believe that aging is the consequence of
two associated, but not identical, processes: the decline in function and the
reduction in adaptive capacity.

Hypothesis for Mechanisms of Aging

Since the beginning of time, each culture has longed to discover the secret of
eternal life, experimenting with exercise, diet, and religion or even seeking
the mythical Philosophers´ Stone. So far, the common theme, at least from
experimental models, is that a reduction in calorie intake seems to prolong
life.

Three groups of theories have been proposed to explain the aging
phenomenon: environmental, genetic, and mixed theory, extensively reviewed
in Refs. 1–5. The first says that genes play no role in aging, aging being
the result of environmental insults; the second proposes that genes are solely
responsible for aging, whereas the third theory proposes that both genes and
environmental damage contribute to aging. The environmental, or exogenous,
theory proposes that multiple factors from the environment, diet, or deriva-
tives of metabolism exert a series of injuries on macromolecules, cells, and
tissues but do not directly affect DNA.

The genetic theory proposes that aging is due to a predetermined genotype
that specifies the appearance of phenotypical changes associated with age.
This theory is deterministic, which means that among the different programs
(genotypes) responsible for many of our personal characteristics such as
the color of our eyes or our height, we inherit genetic variations that will
determine and drive the rate of aging. In other words, the velocity of aging
is genetically preprogrammed at birth.

Some scientists agree that aging is coded within the DNA of each cell,
whereas others believe that aging is encoded in genes that regulate the function
of the systems that regulate and control the entire organism, i.e., the endocrine,
nervous, and immune systems. However, it appears that the age-associated
changes observed in the nervous and endocrine systems are more a conse-
quence than a cause of aging, although this is still under debate for the
immune system.

The genetic and environmental theories of aging are not mutually exclusive:
The mixed theory suggests that repetitive, exogenous injury to DNA over
time can modify the expression of genes involved in the aging process.
Therefore, each organism has a certain genetic predisposition to aging, which
can be modulated by the action of exogenous agents or products of its own
metabolism. It is evident that genes are implicated in longevity, as human
studies have shown that the lifespan of monozygotic twins is significantly
more similar than that of dizygotic twins. Nevertheless, there must also be
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some exogenous influence, as genetic factors only account for 25% of the
variance in human life span [2]. In contrast to the deterministic, pure genetic
theory, the mixed theory is stochastic, as it does not allow us to accurately
predict the speed of aging, because it is influenced by many random environ-
mental variables acting on the genetic code. This damage cannot be properly
corrected by the organism’s repair processes, leading to modifications that
accompany the physiological aging process or facilitates the instauration of
illness (the giants, i.e., incontinence, immobility, instability and falls, mental
incompetence), weakness, dependence, and death (Figure 4.1).

Why, then, did genes affecting the aging process arise in the first place?
What is the evolutionary basis for aging? In the wild, animals die young and
the aging phenotype is rarely observed in such conditions. Therefore, it is
unlikely that aging has evolved out of evolutionary necessity as a form of
population control, as is often supposed. On the contrary, species are geneti-
cally programmed for reproduction, but not for indefinite survival. Kirkwood
[3] explains this in his disposable soma theory. The durability and mainte-
nance of the germ line, or reproductive tissue, must be sufficient to ensure its
viability through several generations. In contrast, the somatic, or nonrepro-
ductive, tissues need only be maintained for the duration of the normal life
expectancy in the wild, plus a degree of reserve. This allows, therefore, the

Fig. 4.1 Schematic representation of mechanisms leading to modifications accompa-
nying the physiological aging process and instauration of illnesses. DNA is continu-
ously damaged and repaired, and both processes are in equilibrium until adulthood.
Age increases the damaging mechanisms and attenuates the repairing capacity. The
relentless accumulation of cellular damage progressively interferes with functional
capacity, functional reserve, and the ability do adapt to adverse circumstances as is the
rule in the physiological aging process. As time passes, the accumulation of damaged
DNA facilitates the instauration of illness clinically expressed as the geriatric giants
(incontinence, immobility, instability, and mental incompetence) that eventually will
lead to frailty, dependence, and death if they are not detected and prevented on time.
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accumulation of damage or mutations over time, which begin to take effect
after the expected lifetime of the organism has passed. These could include
late-acting mutations [4] or pleiotropic genes (having more than one effect),
which have beneficial effects earlier on and then have a deleterious effect
later in life, or the theory of antagonistic pleiotropy [5]. In support of this
theory, an aging process has been observed in the somatic cells of all species
with a clearly separated distribution of somatic and germ line cells, whereas
this is not true of organisms without this distinction, such as the freshwater
Hydra.

Taking into account the ideas and observations above, we have a strong
foundation to explain why aging occurs and how the process has evolved.
Although aging is not preprogrammed by specific genes, the following genetic
factors are implicated:

1. Genes involved in the repair and maintenance of somatic DNA
2. Pleiotropic genes with deleterious effects later in life
3. Mutations affecting the phenotype after reproductive age

Before we consider the details of genetic and environmental influences, the
hypothesis of cellular aging and its importance in the aging process will be
briefly discussed.

Cellular Aging

Hayflick and Moorhead [6] observed that normal human fibroblasts have a
limited capacity for replication in vitro. The authors interpreted this as a
cellular aging phenomenon, and this model has since become one of the most
widely used in experimental gerontology. It assumes that the rate of aging
of any organism can be considered as the sum of the rates of aging of its
individual cells. This reductionist affirmation has some experimental support
but many theoretical inconsistencies; therefore, it has received much criticism
from several authors in the field.

The generalization of conclusions drawn from the study of cellular aging
in vitro and their application to aging of the whole animal has been widely
discussed and probably has many weaknesses in its theoretical basis. First,
even if we accept that a cell ages in culture, it could well be that this in vitro
observation bears no resemblance to the true process occurring in vivo. For
example, the decreased proliferative capacity of cells in vitro can be regarded
more as a consequence of differentiation than of the aging process. Second,
little evidence exists that this fundamental phenomenon observed during in
vitro aging actually occurs in vivo. Moreover, no relationship has been found
between loss of proliferative capacity of different types of cells in vivo and
the aging of the organism. Finally, higher mammals should not be thought of
as a group of cells, but rather as a group of complex interactions between the
different cell types that form the organs, and also as interactions between each
organ. The aging processes must be viewed as an alteration between these
relations more than as an intrinsic cellular phenomenon. These conclusions
can be derived from studies in which cells from organs of aged animals show
evident functional defects as an effect of the aging process; however, when
they are cultured, their function in vitro is no different to that of normal,
young cells. In fact, some authors believe that studies of aging in vitro or
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cellular aging are not valid for studying the aging process. However, one
exception could be the effect of age on the immune system. We should always
bear in mind the possible defects in the validity of the model and exercise
caution when extrapolating findings from the cellular studies in vitro to the
whole organism.

Exogenous or Environmental Theory

Nutritional Factors
The most basic exogenous influence on living organisms is their relationship
with the fundamental processes of life: obtaining nutrients and oxygen from
the external environment, and performing the oxidation reactions necessary to
maintain cellular function and homeostasis [1]. The most important evidence
in this field is that reduction in caloric intake has the capacity to increase
life expectancy and diminish the symptoms of aging, as much in the fruit fly
D. melanogaster and in the nematode C. elegans as in rodents such as rats and
mice, and even primates. The restriction of calories not only increases survival
and maintenance of a youthful appearance, but it also helps to maintain basic
aspects of structure and function. These include increased tissue sensitivity
to hormones and decrease of collagen cross-linking. These benefits appear
to be mediated by a reduced accumulation of lipids, proteins, and nucleic
acids that have been damaged by oxidative stress, although their precise role
in the aging process is not clear. Other evidence to support this theory is
provided by the inverse relationship observed between metabolic rate and the
average lifespan of diverse species of mammals. Nevertheless, to date, the
exact mechanisms responsible for this observation are not known [7].

End Products of Advanced Glycosylation
The utilization of oxygen is not the only fuel-consuming process that may
cause injury to macromolecules, cells, and tissues. Some fuels are also reactive
molecules and can themselves produce damage; the most studied of these
is glucose. Glucose, like other reduced sugars, does not need enzymatic
catalysis in order to react with amino groups attached to proteins. After
several successive reactions, it results in the “advanced glycosylation end
products” (AGEs). The exact chemical structure of these products varies,
and it is not well known. However, what is known is that by modifying
the protein’s chemical structure, its functional activity may also be modified,
including enzymatic function, ligand binding, and membrane position, which
alter mechanical properties (e.g., elasticity and torsion resistance).

It must be noted that in addition to the appearance of proteins containing
AGEs, there are also mechanisms that protect against the injuries they inflict.
Therefore, the accumulation of AGEs is a direct consequence of the balance
between its formation and degradation. Consequently, the injuries associated
with age could be due to an increase in the formation of proteins with AGEs
or a decrease in their elimination rate.

In addition to their interaction with proteins, reduced sugars can also form
bridges with DNA, thereby producing cross-links with proteins. Therefore,
glycosylation can also be implicated in the genomic changes contributing to
aging.
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Accumulation of Metabolic Waste Products
It has been proposed that accumulation of damaged macromolecules produced
by the chemical reactions previously discussed could be a factor contributing
to cellular aging. For example, it has been observed that when several different
types of cells have been cultured, lipofuscin accumulates in secondary
lysosomes in proportion to the number of cell divisions. The lipofuscin is
a product of non-enzymatic glycosylation of proteins and DNA. Glycoside
radicals oxidize and form massive cross-links among proteins, lipids, and
nucleic acids. It is essential to define whether accumulation of lipofuscin has
any role in cellular aging or is simply a consequence of it, as it has been
demonstrated that several lysosomic proteolysis pathways display diminished
activity with age.

The degradation of proteins in different organs and cell types decreases
with age. In vitro cells have shown that protein catabolism is slower in older
human fibroblasts. This can explain certain characteristics of aging cells,
such as the increasing amount of proteins and the accumulation of abnormal
proteins.

Genetic Theory

Programmed Aging
The proponents of the idea that duration of life and the rate of decrease in
biological activity are actively programmed in the genome base their theory
on examples of aging and cellular programmed death. For example, the
rapid aging and death of salmon after spawning, the fast degeneration of
muscle cells during the metamorphosis of insects, and the death of specific
cells during the development of nematodes are all genetically programmed
phenomena. Equally, it has been observed that introducing into immortal
cell lines the human chromosomes 1, 4, 6,7 11, 18, and X confers a finite limit
to the number of possible cell divisions [8]. Nevertheless, the real importance
of these phenomena in the relationship of the aging of the organism and
the cellular aging, which is not as clear. For example, it has already been
demonstrated that aged fibroblasts lose their capacity to divide, but remain
metabolically active for months.

Regulation of the Genetic Control of Metabolism
One of the few mutations in a single gene associated with longer life in
mammals is the df mutation [9]. Heterozygotic mice with this mutation have
one serious deficiency in the development of the hypophysis that determines
an almost total absence of the growth hormone prolactin and the thyroid-
stimulating hormone. These deficient animals have 68% and 50% longer lives
(females and males, respectively) than their siblings with the nonmutated
gene. This questions the role of growth hormones and metabolism in life
duration, and how their genetic regulation could be related to aging. A further
example, at the cellular level, is the CLK-1 gene, which contributes to the
synthesis of co-enzyme Q (ubiquinone) in the mitochondrial respiratory chain.
Overexpression of CLK-1 increases the rate of oxidative phosphorylation and
reduces life expectancy.

Codon Restriction
It has been proposed that a way to regulate the production of different proteins
in different stages of the development is by using several codons to code for
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the same amino acid in different genes. Therefore, as the number of possible
base triplets is finite, their changing use with age would result in a diminished
translation of certain essential genes.

Sequential Inactivation of Reiterative Genes
This theory suggests that cellular aging, or its capacity to proliferate, is due to
the existence of genes with several copies in different locations on the genome.
If, due to any cause, a copy of a gene is injured or selectively inactivated,
other copies can be activated until the inactivation or the injury of the last
copy occurs, which produces cellular aging due to the absence of an important
protein. However, many important proteins are codified by a single gene
without there being other copies in the genome. Therefore, generalization of this
theory appears improbable.

Telomere Shortening
Telomeres are complexes of proteins and nucleic acids that are found at
the end of chromosomes, protecting them against degradation and thereby
allowing replication of the genome without the loss of terminal coding
sequences. They are synthesized by the enzyme telomerase, which is absent
in somatic tissues, and consequently the telomeres shorten by 80–300 base
pairs with each cell division. Therefore, after a finite number of cell divisions,
the telomeres can no longer fulfill their protective role, leading to incomplete
replication of the chromosome. For this reason, telomeres have been dubbed
the “biological clock” counting the number of cell divisions. It has been
demonstrated that the size of telomeres in human fibroblasts in vitro decreases
from 4 Kb to 2 Kb during aging; this reduction has also been observed in
cells of patients with Progeria. These authors speculate that if one or more
telomeres were completely lost, it could result in a complete blockade of cell
proliferation [10]

Terminal Differentiation
This theory explains programmed cellular aging by the activation of a certain
number of genes induced by successive cellular divisions. These genes could
codify some proteins that inhibit the entrance to phase S of the cellular cycle.
It has been observed that aged fibroblasts preferably express some proteins
such as fibronectin. In fibroblasts of patients with Werner´s syndrome, it
has been identified that the overexpression of certain proteins, that could be
associated to proliferation, diminishes. In aged endothelial cells, it has been
demonstrated that the overexpression of interleukin-1 also inhibits cellular
proliferation. It has also been demonstrated that as aging progresses, there is
a reduced expression of certain genes with proteins capable of stimulating
cellular proliferation.

Mixed Theory

Oxidant–Antioxidant Balance
Aerobic cells constantly produce free radicals through the univalent reduction
of oxygen. These “reactive oxygen species” (ROS) damage macromolecules
within cells, although this damage is minimized by the action of antioxidants.
However, many studies have demonstrated that antioxidants do not modify
the rate of aging [11]. Therefore, what is the relationship between oxidative
stress and aging? Available studies suggest two possibilities. The first is the
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rate of mitochondrial ROS production. Studies to date have found that ROS
production in mitochondria, isolated from postmitotic tissues, is less in species
with longer life spans [11]. This is true of all long-lived, warm-blooded
animals. This key observation could also explain the inverse relationship
between levels of antioxidants and longevity: The animals with longest life
spans have lower levels of antioxidants simply because their rate of ROS
production is lower.

Furthermore, it has been found that the oxidative damage to mitochondrial
DNA, measured as 8-hydroxy-2´-deoxyguanosine (8-oxodG), also correlates
negatively with longevity in mammals, while this is not observed in nuclear
DNA [12]. Studies conducted in cardiac and cerebral tissue, in 11 species,
have also demonstrated that the levels of oxidative stress are several times
greater in mitochondrial than nuclear DNA [12].

The greater production of ROS in the mitochondria of shorter-lived species
could be responsible for the accelerated accumulation of somatic mutations in
the mitochondrial DNA. In humans this accumulation of somatic mutations
takes 70–100 years compared with only 2–3 years in mice. Given that 8-oxodG
in DNA is mutagenic, the higher level of 8-oxodG in short-lived, as opposed
to long-lived, animals would contribute to their higher rate of accumulation of
mutations in mitochondrial DNA. The higher levels of 8-oxodG in mitochon-
drial DNA compared to nuclear DNA could also explain the greater intensity
of somatic mutation in the former. The final result is a progressive compromise
of cellular function as the individual ages.

Studies comparing the production of free radicals by mitochondria and
oxidative stress to mitochondrial DNA support the theory of aging due to free
radicals. However, these correlations, although supporting the predictions of
the theory, do not necessarily imply the existence of a causal relationship
between these parameters. For this purpose, it would be interesting to inves-
tigate whether these parameters, when modified appropriately, would be
capable of altering the rate of aging. Such a task is not simple. Fortunately,
there is an experimental manipulation that can increase maximum longevity
by counteract the rate of aging; this is achieved by restricting the number
of calories that animal ingests. This increased longevity due to restriction of
calories has been demonstrated countless times [13–17] in laboratory rodents,
and also in other species including nematodes, rotifers, insects, arachnids, and
fish. Current studies have noted that this phenomenon also occurs in simians;
therefore, it is reasonable to assume that it may be possible to extrapolate to
humans.

To determine whether the effect of caloric restriction on longevity is
mediated by changes in the mitochondrial production of ROS, subsequent
damage to mitochondrial DNA has been addressed in experimental models of
cells from young and old rats [13]. The effect of caloric restriction in short-
and long-term studies of ROS production, in the cardiac tissue of young and
old rats, clarifies whether such changes take place, where they occur in the
respiration cycle, and what is the causal mechanism, as we will immediately
discuss [13]. Short-term caloric restriction (6 weeks) did not change any of
the parameters studied. However, long-term caloric restriction (1 year) in rats
decreased mitochondrial ROS production by almost half and also decreased
the oxidative damage to mitochondrial DNA, without affecting the oxidative
damage to nuclear DNA [13]. Decreases in mitochondrial ROS production
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were also observed in the liver after both short- and long-term caloric
restriction, in skeletal muscle after long-term restriction, but not in the kidney
after short-term restriction. Recent studies by other authors have confirmed
the generalized reduction in mitochondrial ROS production following caloric
restriction in other mammalian tissues [14]. On the other hand, it has been
observed that restriction of protein, without intense caloric restriction, also
decreases mitochondrial ROS production in the short term [15]. In contrast,
caloric restriction does not consistently change the activity [16] or the genetic
expression [17] of the antioxidant enzymes SOD, catalase, or glutathione
peroxidase. The decrease in ROS-induced damage and 8-oxodG levels in
mitochondrial DNA during caloric restriction indicates that the equilibrium
of oxidative damage (attack and repair) in this DNA must be less in calorie-
restricted animals compared to those fed ad libitum, as it is in the case of
long-lived compared to short-lived animals [18]. In fact, it has been shown
that caloric restriction reduces the expression of several genes coding for
DNA repair mechanisms [19].

If the mitochondrial production of radicals is involved in the control of the
rate of aging, it is very important to clarify the site of production within the
mitochondrial respiratory chain. It is known that, in the case of mitochondria
in cardiac tissue, ROS production occurs as much in complex I as in complex
III. However, of these two complexes, only complex I is implicated in the
reduced production of radicals that occurs during calorie restriction, since
this only occurs when piruvate/malate are used as substrates, but not when
the electrons are introduced into the respiratory chain using succinate in
the presence of rotenone [13]. Also, another important aspect that has been
explained is the mechanism of decreased radical production during calorie
restriction. It is not a simple reduction in the consumption of oxygen, as this
is unaltered in the mitochondria of calorie-restricted animals, but there is a
decrease in the rate of production of ROS for a fixed ATP production. This
is related to the degree of electronic reduction in the generator of ROS in
complex I, as the difference between calorie-restricted animals and controls
is only observed when the degree of reduction is partial, but not total [13].
Similar results have been found in hepatic mitochondria, with the difference
that the changes are produced earlier in this organ; they are already detectable
after six weeks of calorie restriction [20]. Studies in rat hearts indicate that the
level of oxidative modification of mitochondrial proteins is also less in calorie-
restricted animals [21]. In summary, the available information suggests that
a low mitochondrial production of ROS is a key characteristic in increased
longevity, so much as between different species as during calorie restriction
in the same species of animal.

One of the mechanisms of injury is the use of oxygen in the energy
production processes. The oxidation process may produce an oxygen
derivative with great reactive capacity, the superoxide radical. A family of
enzymes present in the cells, the superoxide dismutases, can eliminate this
radical through their capacity to catalyze the transformation of the superoxide
ion into hydrogen peroxide. Hydrogen peroxide (H2O2) can also be generated
by other chemical reactions; it is a highly reactive metabolite and can be
eliminated by reactions catalyzed by the peroxidases and catalases enzymes.
Also, hydrogen peroxide and the superoxide radical can react together to
produce a hydroxide radical (OH−), which is also highly reactive. The fact
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that animals are capable of living for a long time, continually producing large
amounts of highly reactive substances, is due to the presence of their defense
mechanisms against these lesions, including mechanisms to repair the injuries.
However, a substantial body of evidence suggests that, in spite of all this,
and perhaps due to occasional periods of increased production of mitochon-
drial free radicals, the capacity of the defense system is exceeded, producing
accumulative lesions in the macromolecules (nucleic acids, proteins, lipids),
leading to progressive changes in function (Figure 4.1). It is of paramount
importance to understand the decline in functional capacity in healthy elderly
people and the biological, physiological, clinical, and social interplay among
these factors, as they are probably the major contribution of geriatrics to
medical science [22].

Evidence that injuries produced by mitochondrial free radicals are related
to aging is based on the following observations:

1. The accumulation of mitochondrial free radicals in organs of aging animals
2. The accumulation of macromolecules, structurally altered due to mitochon-

drial free radicals, such as lipid peroxidases
3. Strains of D. melanogaster, which contain extra copies of the enzymes

superoxide dismutase and catalase gene, have a longer median life than
strains without mutations, as do age-1 mutants of C. elegans, which also
have an increased expression of the superoxide dismutase

The practical consequence from the above studies is that lowering the
production more than adding external antioxidants is the best way to protect
against ROS damage induced in macromolecules, cells, tissues, and organs.
This contradicts the widely accepted idea that addition of external antioxi-
dants will prolong life in humans. Consequently, many of the “anti-aging”
maneuvers promoting the addition of external antioxidants should be taken
with caution.

Somatic Mutations

It has been observed that chromosomal abnormalities increase in older cells.
On the other hand, short-lived lines of mice accumulate chromosomal abnor-
malities faster than lines with longer life spans. It is not clear if this age-related
increase is produced by an accumulation of occasional injuries due to external
agents (radiation, etc.), endogenous agents (free radicals, glycosylation, etc.),
or an age-related decrease in DNA repairing capacity.

p53—“The Guardian of the Genome”
p53 is a protein with a number of anticancerous functions, interrupting the
cell cycle or causing cell death following damage to DNA, hypoxia, oxidative
stress, excessive mitogenic stimulation, or excessive telomere shortening. p53
prevents the development of cancer, although excessive activity of p53 favors
the aging process. There are multiple processes, such as failures of DNA
repair, telomere shortening, and oxidative stress, that allow us to explain,
at least in part, the aging process. p53 is involved in each of these three
processes. Damage to DNA, produced by exposure to environmental factors
or defects in the repair mechanisms, is sensed by p53. As a result, if aging
is caused by such damage, the activation of p53 must play a role in the
generation of cellular responses related to aging [23].
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Catastrophe Theory
Thirty-five years ago, Orgel [24] proposed one of the most popular and widely
accepted theories to explain cellular aging. This theory proposes that protein
synthesis produces an accumulation of exponential errors leading to a cellular
catastrophe, an inevitable consequence of two phenomena:

1. DNA and RNA information transfer does not always occur with absolute
fidelity.

2. Proteins also participate in this information transfer process.

Thus, a very small proportion of altered proteins implicated in transcription or
translation would induce a progressive and continued production of malfunc-
tioning proteins. If this exceeded the cellular capacity to repair or eliminate
abnormal proteins or oligonucleotides, this would lead to cellular catastrophe.
This theory predicts, therefore, an abnormal protein accumulation in aged
cells—which is true.

However, it has been seen that most of the alterations observed in these
proteins are not due to errors in translation but to posttranslational modifi-
cations, such as non-enzymatic glycosylation, free radicals, and other causes
previously mentioned. Alternatively, experimental data exist that seem to
refute this theory: The fidelity of protein synthesis in aged cells is similar to
that in young cells. Currently, it is believed that a constant and low error rate
can be maintained indefinitely, not inevitably producing a cellular catastrophe.

In conclusion, as a result of all the above theories, we can conclude that,
although not all of the approaches to studying the aging process in vitro may
be applied to an animal as a whole, we believe that knowledge about the
possible complex mechanisms allowing the individual cells to modify their
function with age can help us to better understand the changes that occur in
the function of the organism as a whole with age.

Aging of Organs and Body Systems

The study of the modifications that age induces in the function of the organism
and its different systems has important methodological difficulties. The most
important is in identifying a group of healthy, older individuals wide enough to
obtain reference values for this age group. Another important methodological
problem would be determining the cut-off for “old age.” There has been
great difficulty in reaching an agreement between gerontologists in this area,
probably due to the fact that the age of 65 is more a political than a biological
distinction. It originates from the time of the creation of the German Social
Security System by the chancellor Otto von Bismarck, issued in three consec-
utive laws published in the Kaiserliche Botschaft. The first of these was passed
in 1883, “Gesetz betreffend die Krankenversicherung der Arbeiter,” giving
workers the right to insurance against illness. The second in 1884, “Unfal-
lversicherungsgesetz,” conferred the right to insurance against accidents. The
third, and possibly most important, was passed in 1889, “Gesetz betreffend
der Invaliditäts-und Altersversversicherung,” allowing financial support in
case of incapacity and in old age, defined as the age of 65. Since then the
age of retirement has been associated with biological decline, which is now
accepted in many Western countries. In other parts of the world, particularly



66 Juan-Florencio Macías-Núñez et al.

in underdeveloped and developing countries, the age of 60 is considered the
limit between adulthood and old age. As a result, it is important to consider
this in the methodology of different publications.

A new age group of “very old” or “old-old” people aged 85 and over
is flourishing, and doctors and other members of the healthcare community
should be prepared to take care of them. Obviously, the first task is in
distinguishing between physiological aging and illness. We should not accept
the same limits for biological parameters used in adults, which have been
very well studied and contrasted over the last 100 years. We must remember
that when pediatrics started at the beginning of the last century, the first
pediatricians faced the same question, which is, “Are the same ranges of
biochemical values used for adults valid for children?” Furthermore, are they
the same for newborns, infants, and adolescents? These questions should be
answered before labeling an old person as ill, or suffering from renal or
cardiac insufficiency, as opposed to a healthy older person with reduction of
GFR, loss of atrial pacemaker cells, or thickening of the posterior wall of the
left ventricle.

Animal experimentation contributes greatly to the examination of certain
functional changes. However, the results of these studies may not always be
extrapolated to humans.

We will now discuss the main changes that aging produces in the structure
and function of several organs and systems.

The Immune System

Immune function is a marker of health and a predictor of longevity [25].
Furthermore, a positive relationship has been shown between maintenance of
several T lymphocyte, natural killer (NK), and phagocyte cell functions and
longevity [26, 27]; therefore, immune parameters can be considered appro-
priate biomarkers of “biological age.” In fact, our group has proposed such
parameters, which we have standardized at different ages in mice and humans,
as useful markers of “biological age,” and they have been validated using
a model of premature aging in mice. These prematurely aging mice (PAM)
show values characteristic of chronologically older animals for the immune
parameters mentioned above. Moreover, we have observed that these PAM
show a significantly decreased life span [28,29]. The changes that occur with
age in the function of the immune cells are due in great proportion to the
chronic oxidative stress to which they are exposed over time. In fact, recent
studies by our group show that the production and release of oxidant and
proinflammatory compounds such as extracellular superoxide anion, TNF�,
prostaglandin E2 (PGE2), oxidized glutathione (GSSG), and the GSSG/GSH
ratio (an index of oxidative state) increase with age. By contrast, the level and
activity of antioxidant defenses, such as reduced glutathione (GSH), super-
oxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and
glutathione reductase (GR), decrease in peritoneal leukocytes from mice. As
a consequence of this oxidative stress, an increase in biomolecular damage,
such as lipid peroxidation and DNA damage, appears [30]. An important
question related to the above is whether the immune system has a relevant
role in the changes linked to chronic oxidative stress that take place with
the passage of time. We should remember that immune cells, in order to
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fulfill their defensive function, show an oxidative and inflammatory response,
producing factors such as TNF� and ROS. Thus, the immune system, with
the passage of time, has to face numerous foreign agents, producing more and
more oxidants and inflammatory compounds with resulting chronic oxidative
stress. Moreover, as a result of the oxidative injury that immune cells suffer
with age, these cells may lose some of their capacity to regulate their own
redox balance, which would result in a vicious circle in which factors such as
the nuclear factor kappa B (NF-kB), which is involved with the expression
of genes of oxidant and inflammatory compounds and that shows a great
activation in situations of oxidative stress [31] as it happens in aging, could
be implicated, stimulating oxidative stress even further.

In summary, some immunological responses attenuate with age, while a few
of them exacerbate. Among the former are cell-mediated immunity, antibody
production, function of monocytes, response to vaccines, macrophage function,
delayed-type hypersensitivity, cell proliferation response to mitogens, ability of
hematopoietic stem cells to replicate, IL-2 and its subsequent responsiveness,
production of B cells by bone marrow, and size of the thymus and production
of thymic hormones. Among the increased activities are increased levels of
auto-antibodies, interleukin IL-6, and levels of memory T cells (CD-45).
Natural killer cells, however, have not been shown to display altered functions
associated with aging.

Immunosenescence
The functions of the immune system that impair with aging are known as
immunosenecence. Presently, although there are conflicting results on this
subject, it is accepted that nearly every component of the immune system
undergoes striking age-associated restructuring, leading to changes that may
include enhanced as well as diminished function. One of the main reasons for
the existence of these conflicting results in the literature seems to be the age
of the animals considered to be young or old, between which the comparisons
are made. A sequential study of the changes to immune functions with age
eliminates this problem. Recently, the age-related changes in several pivotal
functions of three relevant immune cells, namely lymphocytes, phagocytes,
and natural killer cells, in experimental animals and humans have been studied
[32–34] Thus, in phagocytes, functions such as chemotaxis and phagocy-
tosis decrease with aging. These cells act as a first line of defense, showing
adherence to tissues, migration to the infectious focus or chemotaxis, ingestion
of the microorganisms, and destruction of them through production of free
radicals (the first of which is the superoxide anion), which, if generated in
high amounts and if they leave the cells, can damage the tissues. Inflammatory
cytokines such as tumor necrosis factor alpha (TNF�) are also released in the
infectious process. Lymphocytes are important cells in the immune response
and show adherence and migration ability that allows their arrival at the site
of antigen recognition. After recognition they start a proliferative response
and production of the cytokines needed to support the immune response,
the first of which is interleukin-2 (IL-2). In these cells functions such as
chemotaxis, proliferative response to mitogens, and IL-2 release decrease with
aging. However, other functions very closely linked to oxidative stress, such
as adherence of leukocytes and release of free radicals and proinflammatory
cytokines (namely TNF�), increase with age. All these changes with aging
are similar in leukocytes from both mice and humans. This may explain the
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vulnerability and ease to develop sepsis, a risk factor for mortality in patients
older than 65 admitted to intensive care units particularly in the presence of
multiple organ dysfunction syndrome (MODS) (see Chapter 21).

Aging of the Neuroimmune Communication

The immune system has a key role in the preservation of homeostasis; for that,
this system is presently considered a genuine regulatory system, comparable to
the “classic” regulatory systems, namely the nervous and endocrine systems.
Moreover, the immune system does not work in isolation, but it functions in
close relationship with the organism’s other regulatory systems, carrying out
a bidirectional communication between them. It is presently accepted that the
three above-mentioned regulatory systems share receptors and, therefore, any
influence exerted on the immune system will have an effect on the nervous and
endocrine systems, and vice versa [34,35]. Thus, there is a “neuroendocrine-
immune” system that allows the preservation of homeostasis and, therefore,
of health. Moreover, the changes with aging in this communication between
the immune and nervous systems have been reported as a possible cause
of physiological senescence [36]. Recently, there are studies confirming this
fact [34, 37] as well as the idea that the impairment of immune system with
aging affects, through increasing oxidative stress, the function of the other
regulatory systems [30, 38].

The Endocrine System

Growth Hormone and Aging

Growth hormone (GH) is the most abundant anterior pituitary hormone in
the human adult [39]. Its main action is exerted on several organs and
tissues through the stimulation of IGF-1. GH is an anabolic hormone that
induces positive nitrogen and phosphorus balance and causes cells to grow
and multiply. It acts by directly increasing the rate at which amino acids
enter cells, resulting in an increased substrate pool for protein synthesis. GH
stimulates protein anabolism, inducing an increase in the growth rate of long
bones and skeletal muscles during childhood and teenage years.

GH also stimulates lipolysis, that is, the breakdown of triglycerides into
fatty acids and glycerol, and promotes fat catabolism to provide substrates for
glucose neosynthesis; thus, it has a sparing effect on glucose utilization [39].

GH action on carbohydrates has been described as diabetogenic. In normal
subjects, GH stimulates insulin secretion, but at the same time, this hormone
reduces the sensitivity of peripheral tissues, like muscle or adipose tissue, to
insulin. Elevated plasma glucose levels then stimulate further insulin secretion.

GH deficiency in adults has only recently been recognized as a specific
clinical syndrome, characterized by a combination of metabolic and cardio-
vascular features that are more evident in women than in men. The syndrome
includes a high prevalence of dyslipidemia, glucose intolerance, central
obesity, and hypertension. Early arteriosclerosis is found in this asymptomatic
hypopituitary GH deficiency. All these factors make an important contribution
to increased cardiovascular risk [40].
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GH-deficient subjects exhibit endothelium-dependent alterations, which
recover after substitutive GH treatment. GH also has important actions on
lipid metabolism that play a role in vascular and endothelial function.

Actions of GH on the cardiovascular system include stimulation of the
growth of cardiomyocytes and IGF-I-induced NO production. NO, besides
other vascular effects, has an important role in vascular smooth muscle relax-
ation. GH has also shown to restore incipient structural alterations in the
vessel wall. GH and IGF secretion decrease with age; very low levels of GH
and IGF-I are found more often in elderly people compared with younger
adults [41]. An increase in exercise capacity has been reported in elderly
people after initiation of GH therapy [42].

Our group has described that the vasodilator response to Isoprenaline, an
endothelium-dependent vasodilator, is more marked in young than in old
rats. Treatment with GH increased vascular smooth muscle relaxation in
older animals; therefore, GH treatment is capable of improving the vascular
dysfunction associated with old age in male rats.

The central nervous system is a target for the actions of growth hormone
(GH) and also for melatonin. The hippocampus, a region of the brain
involved in spatial and episodic memory may contribute significantly to
the age-associated decline in cognitive abilities We have estimated the rate
of neurogenesis and found a dramatic reduction with age. The adminis-
tration of melatonin to aged rats increased neurogenesis, and the same effect
was observed following estrogen therapy in ovarierectomized female rats of
advanced age.

GH exerts important effects on CNS [43] such as increasing psychological
capacity in adults including memory, concentration, alertness, and capacity
for work. Some neurotransmitters also change during treatment with GH.

Male Reproductive Axis
The main androgen is testosterone, which is secreted mainly by the testes.
Testosterone is produced in response to trophic hormones: Hypothalamus
releases GnRH, which stimulates the anterior pituitary to release LH and
FSH. LH stimulates testosterone secretion and, together with FSH, promotes
spermatogenesis. Testosterone plays a key role in developing and maintaining
male sexual organs and promotes secondary sexual characteristics including
the appearance of facial hair, sexual desire, and sexual behavior. Testosterone
stimulates the metabolism, which promotes fat burning and accelerates muscle
growth. In addition to sexual function, testosterone is also responsible for
numerous biological processes including protein synthesis, oxygen uptake by
cells, cholesterol regulation, and immune surveillance. It also affects many
metabolic activities such as the production of red blood cells in the bone
marrow and inhibits cells called osteoclasts that enhance bone breakdown,
lipid metabolism, carbohydrate metabolism, liver function, and prostate gland
growth.

The testes in men begin to function at puberty in two capacities: gamete
production and hormone secretion. Testosterone secretion continues until
death, but from 50 years onwards an important reduction in plasma testos-
terone levels has been observed [44]. There is also a reduction in sperm
production, and the secretory circadian rhythm appears to be lost. As a result,
gonadotropins, especially FSH, are increased gradually with aging. Age is
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inversely correlated with sexual activity, and an increase in sexual dysfunction
has been described with aging [45].

Female Reproductive Axis
The ovary produces hormones and gametes in special structures called
follicles. The total number of follicles at puberty is approximately 400,000 and
gradually declines with age until their complete disappearance at menopause.
Estrogens are steroid hormones with 18 carbon atoms and with a phenolic
A ring produced in the granulosa cells of the follicle and the luteinic cells
of the corpus luteum. Its main actions are exerted on the female secondary
sexual characteristics/organs (especially the uterus, mammary glands, and fat
distribution) but have also been described as protective agents, protecting
women’s cardiovascular health.

Changes in the neuroendocrine system due to the loss of ovarian function
have an important biological role in the control of several functions: mood
regulation, memory, cognition, behavior, immune function, the locomotor
system, and cardiovascular functions.

It has been observed that, while estrogens help retain a youthful synaptic
phenotype by some measures, the aged synapse may differ from the young
synapse in several key respects, particularly general plasticity and endocrine
influences on the synapse [46].

Aging in both males and females is associated with a decline in the secretion
of androgens and estrogens, and it is possible that this decline could also have
implications for the aging of neurons in the brain.

Prolactin
Prolactin has an important role in the morphological and biochemical differ-
entiation of the epithelial cells during pregnancy and regulates milk protein
synthesis during lactation [47]. However, it does not have a known physi-
ological role in men, although an effect on the libido has been described.
Levels of prolactin-releasing hormone seem to be unchanged with age as well
as in women who have had their ovaries removed and in postmenopausal
women, or in men [48].

Melatonin
Melatonin, an indolic hormone secreted by the pineal gland, is closely related
to biological rhythms. It is one of the physiological inducers of sleep,
especially of slow wave sleep (SWS). In addition to its role as a hormone,
melatonin is a ubiquitous direct free radical scavenger and an indirect antiox-
idant, exerting protective effects in several diseases and experimental models
[49]. A very important reduction in melatonin secretion has been detected
with aging, and this could be involved in the decline in cell and tissue perfor-
mance that takes place in the elderly, as well as the declining amount and
quality of sleep. Several findings also indicate that exogenous melatonin is
neuroprotective, to a certain extent, in old age.

Thyroid Hormones
The two most important thyroid hormones are tetraiodothyronine (thyroxine or
T4) and triiodothyronine (T3). These hormones are essential for life and have
many effects on body metabolism, growth, and development. The thyroid gland
is regulated by thyroid-stimulating hormone (TSH) from the pituitary gland,
whose secretion is controlled by the thyrotrophin-releasing hormone (TRH)
from the hypothalamus. The active hormone is mainly T3, which is usually
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obtainedby theselectivedeiodinationofT4 in the tissues. In theelderly, adiscrete
reduction in T3 production but not in T4 or TSH response has been described,
and increased TSH basal levels in females have also been observed Apparently,
aging alters the activity of 5’-deiodinase in several tissues, with reduced T3 and,
consequently, a reduction in basal metabolic rate [50].

The response of TSH to TRH in the elderly was unchanged for some
authors or decreased for others, explaining the hypothyroidism often found
in aged persons. On the other hand, the rate of release of hypothalamic TRH
seems to be unchanged in older females. Thyroid regulation in the elderly
is a complex mechanism and probably involves more factors than have been
discussed here.

Adrenal Glands
The adrenal cortex produces the steroid hormones aldosterone and cortisol.
Aldosterone regulates fluid and electrolyte balance and decreases with age.
Cortisol acts as the “stress response hormone.” It affects the breakdown of
glucose, protein, and fat and has anti-inflammatory and anti-allergy effects.

It seems that cortisol levels remain constant during aging, but the rhythm
of secretion can vary. Plasma levels of ACTH are the same in the young and
elderly, but the rhythmicity seems to be altered. The response to different
stressors is also unchanged in older individuals, as well as the response to
exogenous ACTH or GRF administration [51]. Nevertheless, other authors
have found a reduced responsiveness in the adrenal axis to glucocorticoid
feedback inhibition by cortisol in elderly healthy subjects, compared to young
ones [52].

Pancreas
Although studies on the effects of aging on pancreatic function have had
some contradictory results, it seems that the exocrine function of the pancreas
is maintained normally during aging. However, we can observe some histo-
logical alterations, such as weight decrease, ductal epithelial hyperplasia,
interlobular fibrosis, and acini cell degranulation. Some studies show a small
decrease in the secretion of enzymes and bicarbonate in response to secretine
and ceruleine in older people, but the decrease is so small that it does not have
any functional importance. What does seem to be diminished is the pancreatic
trophic response to hormonal stimuli as well as the capacity to respond to
dietary modifications by changing the enzymatic composition of pancreatic
juice, which can represent a deficit in the adaptive capacity to nutritional
stimuli associated with age.

Pancreatic endocrine function is also altered with age, with a reduction
of insulin synthesis, leading to considerably greater incidence of diabetes in
aged people. Age-related changes interact with genetic background to explain
the increased prevalence of diabetes with aging. This is due to the fact that
cells become less sensitive to the effects of insulin, probably because of a
loss in the number of insulin receptor sites. This affects glucose metabolism
even in the absence of diabetes [53].

The Cardiocirculatory System

Morphological Changes to the Heart
Before we outline the morphological changes that occur in the heart with
aging, we must emphasize that it is very difficult to separate changes due to
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physiology from those due to pathology, produced by diseases or environ-
mental factors. In the same way, it is difficult to distinguish between morpho-
logical and functional changes. We know that there is interdependence among
many of these changes and that in the origin of many structural changes
we can find functional alterations. In other instances, we can attribute some
functional changes to structural alterations linked to the aging process.

In the description of the morphological changes, we can establish a
subdivision among different structures: the mechanical component (including
valves), the coronary arteries, and the conduction system.

Mechanical Components
Perhaps the main change we can find is an increase of left ventricular
wall thickness, especially of the left ventricular free wall. This was well
known some time ago from necropsy studies [54], and it has been confirmed
more recently by echocardiography [55]. This increasing thickness is usually
attributed to the increase in the systolic arterial pressure levels which occurs
throughout life, with the correspondent increase in arterial stiffness and
impedance. We know today that other factors are also involved in this
phenomenon. Among them, an increase in the activity of the sympathetic
nervous system, an age-associated tendency to insulin resistance, and genetic
factors have been suggested. This thickness is more marked in subjects
with heart disease. There is a good correlation between the thickness of
the left ventricular wall and the increase in the isovolumetric relaxation
time: the so-called prolonged isometric contraction. This hypertrophy has
certain biochemical and functional similarities with what has been called the
“cardiomyopathy of overload” and may contribute to the high incidence of
diastolic heart failure in the elderly [56].

Myocytes also show important changes. There is a decrease in their number,
explained by the loss of some cells. We also have some evidence that the
reduction in the number of myocytes is attributable to apoptosis, as well
as to necrosis. Cardiac myocyte apoptosis occurs after acute myocardial
infarction, as well as in the hypertrophied heart and the aging heart, condi-
tions frequently associated with the development of heart failure. Lakatta [57]
has commented on changes in cardiac gene expression that are known to
accompany advancing age and associated structural and functional changes
that relate to these changes in gene expression.

There is a partially compensatory increase in the size of myocytes that
survive. These surviving myocytes show nuclear enlargement, irregularities,
replication, and probably a modified contractile behavior. Dead myocytes are
replaced by functionally inert fibrous tissue. There is also a decrease in the
levels of myocyte calcium ATPase, as well as in the concentration of the V-1
isoform of the myosin heavy chain that is substituted by the V-3 isoform [58].

Other well-known changes in the mechanical cardiac structure are

1. An increase in the thickness of the aortic and mitral valves, with progressive
dystrophic calcification of both valves

2. Aortic valve sclerosis and degenerative calcification, which help to explain
the high incidence of significant aortic stenosis in this age group and that
may be the expression of the prolonged action of traditional cardiovas-
cular risk factors such as hypertension, tobacco, alcohol, being overweight,
hyperlipidemia, and glucose intolerance

3. Mitral annular calcification after the age of 70
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4. Foci of fibrosis distributed diffusely in the subendocardium and
myocardium, which are probably an expression of previous microinfarcts

5. Increased amount of interstitial collagen
6. Age-related accumulation of lipofuscin and an age-related accumulation of

amyloid, especially over the age of 90 [59]

Cardiac chambers also change with age. There is a mild decrease in internal
systolic and diastolic left ventricular dimensions [60]. The left atrium becomes
enlarged as the left ventricle requires assistance in achieving adequate diastolic
filling.

Conduction System
There is a substantial loss of pacemaker cells between the ages of 20 and
75 years that may reach 90% of the cells [61]. However, normal rhythm
in the elderly is sinus rhythm; thus, any other rhythm has to be considered
abnormal, and a search for occult disease has to be started. Atrial fibrillation
can never be considered as a “normal rhythm” in an elderly person, even in
centenarians. Other changes in the conduction system include fibrosis, fatty
infiltration, and loss of specialized conduction tissues. These changes cause
difficulties in impulse transmission that may contribute to the lengthening of
the P-Q interval and the increase in the prevalence of conduction disorders
observed in elderly people. Finally, and it is probably the most important
change from the functional point of view, there is a loss in the number and
responsiveness of beta-adrenergic receptors [62].

Coronary Arteries
Coronary arteries become tortuous and dilated, with an increase in the number
and size of coronary collaterals. There is a progressive thickening of the
intima due to increasing deposition of calcium, phospholipids, and cholesterol,
independent of atherosclerosis [58]. The endothelial cells become heteroge-
neous in size, shape, and axial orientation. In the media the most important
changes are fragmentation of elastin fibers and increased calcification [63].
A decrease in elastin production or repair with aging could be involved in the
enhanced elastin fiber breakage with aging. Another important change in the
endothelium of the artery is a decrease with age of nitric oxide production.
In summary, there are an age-related increase in media thickness, collagen
content, and the collagen/elastin ratio, and a decrease in elastin density and
the number of smooth muscle cell nuclei.

Structural changes that occur with aging are associated with changes in both
active and passive stiffness [64]. The main consequences of these coronary
changes are a narrowing of the lumen with a loss of elasticity, an increase in
stiffness, enhanced pulse wave velocity, and early reflected pulse waves. All
these changes foster the development of atheromatous plaques.

It is important to take into account that many of these changes are similar
to those that can be observed in the aorta, especially the increasing stiffness,
because we know that the age-related increase in systolic blood pressure is one
of the more important determinants of cardiac functional changes throughout
the aging process. This point is especially relevant if we consider that about
two-thirds of people over 65 years old suffer from high blood pressure.

Humoral Changes
There is a strong relationship with morphological and functional changes.
The main neurohormonal changes are those related with the increase in
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the activity of the sympathetic nervous system [62]. A poor cardiac beta-
adrenergic response leads to an increase in the production of catecholamines
and their peripheral levels. Because of this, the plasma norepinephrine rate
in the healthy aged is in the higher limits of normality or slightly increased
with respect to healthy young adults. A clinical consequence of this will
be an impaired response of beta-adrenergic receptors to physiological (and
pharmacological) stimulation and blockade [62]. At the same time, a decrease
in plasma renin activity and in plasma angiotensin II and aldosterone concen-
trations are found, as discussed in Chapter 5.

Plasma atrial natriuretic peptide (ANP) concentrations show a trend
to be increased, although end-organ responsiveness to this hormone is
decreased [65].

Dependent and independent vasoconstrictive hormone levels increase with
age in the resting state and in response to neurohumoral stimulation.

The key point of the humoral changes is the decrease in the cardiac beta-
adrenergic responsiveness, one of the major determinants of the functional
cardiac changes related to aging. Many factors can explain this phenomenon;
among them receptor downregulation, decreased in agonist binding by beta-1
receptors, an uncoupling of beta-2 receptors, and an abnormal G protein-
mediated signal transduction [66].

Some of these humoral parameters have been used as markers for mortality
or morbidity. For example, ANP levels are an independent risk factor for
mortality in frail older individuals, and the levels of ANP may indicate
homeostatic failure to adapt to fluid volume changes or may even reflect the
presence of subclinical heart disease [67].

Functional Changes
Functional changes are strongly related with morphological and humoral
changes and cannot be considered separately. The most important change
in cardiovascular function is probably a gradually prolonged contraction
(systole) due to delayed relaxation. The decrease with aging in the rate at
which the sarcoplasmic reticulum pumps calcium and the reduction in the
activity of calcium-myosin-ATPase and mRNA play an important role in this
relaxation deficiency [68].

In practice, this means that the early diastolic ventricular filling rate is
markedly reduced and becomes increasingly dependent on atrial contraction
to maintain a normal end-diastolic filling volume. It also implies poorer
ventricular filling, especially when tachycardia or heart disease is present,
and impaired coronary perfusion. We must remember that coronary perfusion
takes place during diastole.

The main reason for this change is a rise in systolic blood pressure due
to the reduced capacitance (increased rigidity) of the elastic arteries. The
resulting increase in afterload, together with the neurohumoral changes, leads
to hypertrophy, increased rigidity, and lengthening of the relaxation period of
the left ventricle.

It is also important to remember that the baroreceptor-reflex function is
attenuated, mediated in part by the decreased arterial distensibility. This
implies less efficient adaptation to volume and postural changes and can
explain the increased incidence of orthostatic hypotension, syncope, and falls
in elderly people.
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Most of the elderly population has important limitations to their cardiac
performance during exercise. This is due in part to extracardiac factors,
essentially muscular or pulmonary problems.

Cardiovascular function at rest in healthy elderly individuals is adequate
to meet body needs [69]. The prolonged contractile activation and a minor
heterogeneity of myocardial relaxation occurring within different regions of
the left ventricle are not enough to alter this normal pattern. Cardiac output,
cardiac index, ejection fraction, stroke volume, and contractility markers of
overall systolic cardiac pump function remain practically unchanged. It should
be emphasized that this is true for healthy elderly people; many elderly
persons have several cardiac (i.e., clinical or subclinical coronary disease) or
extracardiac diseases (hypertension, diabetes, renal or pulmonary failure, etc.)
that compromise the normality of these markers.

A careful, precise selection of healthy subjects is necessary to understand
the aging changes related to cardiovascular function with exercise. With
exercise we can observe a striking decrease in the maximal heart rate response.
The way to maintain normal or near-normal cardiac output during exercise in
healthy elderly subjects is to increase the stroke volume and ejection fraction,
based on an augmented cardiac filling (preload). Left ventricular volume
at end-diastole and throughout the cardiac cycle is greater in older than in
younger persons. In other words, the elderly heart uses the classical Frank–
Starling mechanism to maintain a normal output during exercise, while in
young individuals a higher maximal heart rate, a better inotropic response,
and an afterload reduction are used to adapt well to exercise.

At rest, heart rate in the healthy aged exhibits a modest and nonsignificant
reduction with respect to young individuals, although there is a moderate
tendency to bradycardia, especially at night and in the upright position. There
is also attenuation in heart rate respiratory changes and in those that take place
spontaneously. The inability to reach high maximal heart rate, with different
degrees of exercise, that takes place during the aging process is a decisive
phenomenon that explains the cardiovascular functional changes with aging.
The role that an impaired beta-adrenergic response plays in this limitation
was confirmed pharmacologically by the observation of a defective heart rate
response to an isoproterenol stimulus in senescent animals when compared
with young ones.

In summary, an increased end diastolic volume (preload), an increased
afterload, a decreased contractility, and limitation in achieving high maximal
heart rate response are found in the elderly when compared with younger
individuals.

Blood Vessels

Changes in blood vessels are similar to those occurring in coronary arteries
[58, 63, 64]. One important consequence of these changes is an increase
in peripheral resistance, which contributes significantly to increased blood
pressure. All these changes occur both in the aorta and in the elastic
arteries, resulting in an increase in vascular resistance, the major pathogenic
mechanism for the development of hypertension in aged persons (see
Chapter 3). The modifications the endothelium undergoes with age are
discussed in Chapter 7.
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Respiratory System

With regards to the external thoracic components, the chest wall becomes less
efficient with age. A gross change in tissue composition is calcification of the
cartilaginous joints of the spine, ribs, and sternum, as well as progressive loss
of bone density (osteopenia and osteoporosis), something that is easily noticed
on chest radiographs with age. As a result, the anterioposterior diameter of
the chest increases, while the transverse and longitudinal dimensions decrease
[70]. The above changes, together with some degree of kyfosis, may produce
some degree of diaphragmatic relaxation leading to gastroesophageal regur-
gitation that may cause minor continuous bleeding, a not unusual etiology of
anemia in otherwise healthy aged individuals. The rib cage becomes more
rigid with reduced mobility, as progressive curvature limits the compliance
of the chest wall. This accounts for the greater dependence on abdominal and
diaphragmatic contributions to ventilation than in younger subjects.

Lung Structural Changes
The respiratory muscles tend to atrophy with age, losing mass and strength.
This causes an added restriction in the respiratory movements and also
contributes to the gradual decline in the efficiency of ventilation, a major
determinant of lung function in the elderly. However, in the absence of
malnutrition, reduction in diaphragm muscle mass with aging is negligible.

The conducting airways consist of the air passages from the mouth to
the level of respiratory bronchioles. The large cartilaginous airways show a
modest increase in size with age. There are similar changes in the tracheal
and bronchial walls (tendency to calcification, stiffness, and an increase in
lumen diameter). Beside this, at the extrapulmonary airway level, there are
also a loss in the number of cilia, particularly in smokers, and hypertrophy
of bronchial mucous glands.

The lungs of elderly persons dying with no history of pulmonary disease
appear smaller and flabbier than those of younger persons examined at
autopsy. In concordance with this, lung weight is decreased in advanced old
age [71].

At the beginning of last century, the medical literature used the term “senile
emphysema” to describe changes in the shape and compliance of the thorax
with age consistent with airspace enlargement. This represented a common
finding in elderly people, especially men, but was clearly associated with
lifestyle and environmental factors and not so much to physiological aging.
So this term was formally abandoned because the age-appropriate upper limit
of normal for airspace diameter had not been defined. In any case, a collapse
of small intra-pulmonary airways due to loss of elasticity in lung tissue takes
place with age, resulting in increased resistance to air flow.

Although there is great individual variability, there are also important
morphological changes in the functional lung tissue. The surface area of the
terminal part of the airways, the alveoli, decreases by about 5% with each
decade of life, starting in the 30s. At the same time, the alveolar wall becomes
thinner and contains fewer capillaries. These changes, combined with the
loss of elasticity and recoil, cause an increase in the size of the alveoli. This
overall enlargement of alveolar ducts is called ductectasia and contributes to
a decrease in the surface area of the lung. A decrease in collagen content may
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contribute to increased lung compliance, reduced expiratory airway diameter,
or airflow limitation.

It is the loss of recoil that creates an increased susceptibility to airway
collapse, the major factor contributing to the altered distribution of air within
the lungs. The loss of recoil and the loss of distal capillaries facilitate the
development of emphysema in the elderly, especially when environmental or
pathological factors are taken into account.

Bronchial circulation may decline with the aging process, and atheroscle-
rotic plaques can develop. Pulmonary circulation may also decline, reducing
the capacity to respond to demand when an increased supply of oxygen to
the tissues is needed, i.e., during physical exercise. The pulmonary vascular
response to hypoxia (hypoxic vasoconstriction) is blunted in the elderly.

Functional Changes
During the aging process, total lung capacity (TLC) is maintained without
significant changes. However, the other subdivisions of lung volume are
affected by age [72]. The volume of the conducting airways determines the
anatomical dead space. There is a larger portion of dead air space in the
respiratory tree, which increases with age. Vital capacity (VC), a useful
parameter of lung function, is reduced with aging. This is primarily due to an
increase in the residual volume (RV) (the amount of air remaining in the lung
at the end of a forced exhalation). The main reason for this increase in RV is
the aforementioned loss of chest wall compliance. Conversely, the amount of
air that can be forcibly exhaled decreases. The rate of this decline is higher
in men than in women.

The exchange of oxygen and carbon dioxide between alveoli and capillaries
is altered during aging. This is a functional consequence of airway collapse
and redistribution of blood flow. In the elderly, larger areas of the lung
become perfused but not ventilated, while in young people each area of the
lung where blood is available for gas exchange is ventilated, giving a perfect
match between ventilation and perfusion. Therefore, in the elderly, even if
the respiratory rate increases with need, the ventilation/perfusion ratio is
decreased, resulting in less gas exchange. The consequence is a reduction in
the amount of oxygen delivered to arterial blood, or in other words, an increase
of deoxygenated blood in the general circulation and a decreased efficiency
of the respiratory system, especially in any circumstance that demands greater
oxygen consumption.

This poor response can be increased if, as often happens, there is impaired
cardiac function. People who exercise consistently have less decrease in lung
function. For most people, their reserve capacity is greater if the person has
remained active throughout life.

Normal elderly subjects at rest breathe with minute ventilations identical
to those of younger subjects but with smaller tidal volumes and a faster
breathing rate. There is controversy about the role of central neuromuscular
control mechanisms in these changes, as well about the possibility of a blunted
response to hypoxia or hypercapnia in healthy elderly subjects.

Another important clinical consequence of all these changes is that the
lungs become more and more susceptible to infection with age. The losses in
mechanical thoracic functions increase the risk of aspiration from the upper
digestive tract. With age, the coordination of swallowing may be adversely
affected by strokes, seizures, muscle weakness, or other neurological disease,
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resulting in inadvertent aspiration. In addition, the gag and cough reflex are
diminished, causing a reduced effectiveness in the cough reflex. The decline
in ciliary action, which normally moves secretions and foreign bodies up and
out of the lungs, has a similar effect.

Many drugs produce a significant negative effect on respiration in the
elderly, especially hypnotics, sedatives, and analgesic drugs that act on the
respiratory center of the brain.

In summary, the changes to the structure and function of the respiratory
system that occur between maturity and senescence in healthy individuals take
place so gradually that, in the absence of acute or chronic disease, older people
are capable of effortless breathing. There is no evidence that the changes in
the respiratory system with aging impact the day-to-day function of older
adults, but they may become evident under circumstances when physiological
demand reaches the limits of supply. In this sense it is well known that the
incidence of respiratory failure increases almost exponentially with age and
that older patients have a longer duration of mechanical ventilation and are
more likely to require reintubation in the evolution of MODS.

Kidneys

In otherwise healthy individuals, aging produces a series of anatomical and
functional changes that are not observed in younger adults; these are discussed
at length in Chapters 3 and 5. In summary, there is a loss of renal mass,
mainly due to atrophy of the renal cortex. The reasons for these age-related
changes are still uncertain. One hypothesis postulates that as the number of
glomeruli decreases, those that remain are subject to an increase in capillary
pressure. This high pressure produces intrarenal endothelial damage, platelet
aggregation, and thrombin production, leading to release of growth factors
such as fibroblast growth factor, platelet activating factor, tumor necrosis
factor, and epidermal growth factor. These factors increase the production of
collagen and also provoke mesangial cell sclerosis. This in turn induces an
alteration of vascular hemodynamics by increasing angiotensin II secretion.
Therefore, in hypertensive patients, it is important to protect the kidney against
the evolution of further renal damage and renal insufficiency using agents that
modulate the renin-angiotensin system. The other hypothesis proposes that an
imbalance between the synthesis and degradation of matrix protein is the major
cause of glomerular sclerosis. Functionally, the renal blood flow decreases
by approximately 10% per decade, following its peak in early adulthood, and
reaching an average 50% reduction in the elderly. Glomerular filtration rate
(GFR), assessed as inulin clearance, declines with age from a mean of 122
to 65 mL/min between the ages of 30 and 90 years [73]. The lower limit of
inulin clearance (mean-2SD) may be as low as only 40 mL/min/1.73 m2for a
population of apparently healthy normal 80-year-olds in the absence of renal
insufficiency. It is also interesting to note that in elderly people as in prepu-
beral children, there is no gender difference in GFR [74]. In cross-sectional
studies using creatinine clearance as an index of GFR, the decrease in GFR
with age has also been observed. In the Baltimore longitudinal study where
some of the subjects were followed with repeated measurements for more than
30 years, there was no uniformity in this decrease. Despite a mean calculated
reduction in creatinine clearance of 0.75 mL/min/year for the whole group,
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92 of the 254 individuals studied showed no reduction in creatinine clearance,
and a few even increased their clearances [75]. An important practical point
is that despite the usual decline in creatinine clearance in otherwise healthy
individuals, in the majority of studies, there is no corresponding increase
in plasma creatinine with age [76]. At this point we should remember that
the decrease of GFR, assessed as creatinine clearance, with normal serum
creatinine for healthy adults in absence of other signs and symptoms of
chronic renal insufficiency, reflects the physiological aging of the kidney and
by no means signifies chronic renal insufficiency.

Another feature of the normal aging kidney is the impaired capacity to
reabsorb sodium, due to a reduction in the functional capacity of the ascending
limb of the loop of Henle. This is clinically relevant, as it readily facilitates
hyponatremia when salt is restricted, and even more so if we add diuretics.

All the above factors contribute to the easiness of instauration of acute
renal failure in over 65 years of age (see Chapters 5 and 8).

Nervous System

There are many studies evaluating the changes in volume and weight that
the brain experiences with age. Some of them, particularly the old ones, may
be biased due to their methodologies, i.e., sample collection and/or measure-
ments. Nevertheless, in the majority of studies it was found that the brain
weighs 357 g at birth, increasing to a maximal size of 1300 g at the age of
20 years. This weight is maintained until the age of 65 years. From there
begins a progressive loss of weight through the age of 80 with a decrease of
11% in mean weight or a 6% decrease in mean brain size in the old relative
to the young adult. This decline is not related to the number of neurons in
the cerebellum nor in the cerebral cortex, because using techniques of fresh
brain tissue, it has been shown that there is no decrease in the mean number
of neurons in the cerebral cortex between the ages of 20 and 120 in either
females or males [77]. In normal aging, a decrease in the size of the nerve
cell body, in synaptic density in some regions, and in glial cell numbers takes
place. It may be that the loss of synaptic activity and complexity, more than
the number of lost neurons, may underlie the cognitive loss as supported by
the Nun Study [78], keeping with the widespread clinical observation that
short-term memory abilities decrease as we grow older. The data of this study
find a close inverse relationship between linguistic ability in youth and the
risk of mortality in later life. A possibility may be that suboptimal neuronal
development leads to a decreased synaptic complexity, manifested as a lower
linguistic ability. The simpler connectivity of the neuronal network can lead to
decreased buffering against neuronal insults and, as a result, a more receptive
field for neurodegenerative diseases [79]. This observation suggests that our
neuronal competence when we grow old may be determined by the quality of
neuronal development when we are young. If this is true, it will mean that it is
important for neuronal healthy development and prevention of later neuronal
degenerative diseases, to provide children with an optimal diet, a challenging
environment, and adequate emotional support [78, 79]. If the number of
neurons does not significantly decrease with age, some neurotransmitters do,
such as acetylcholine in the hippocampus, dopamine in the subtantia nigra
and the striatal pathway, norepinephrine and serotonin in portions of the brain
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stem, and gamma-aminobutyric acid (GABA) in the thalamus. These changes
are often accompanied by a reduction in the number of receptors and their
binding affinity [80]. In conclusion, normal aging does not exhibit a universal
decrease in neurotransmitter activity and, at least at rest, there are only minor
age-related changes in neurotransmission. However, the already-mentioned
decreases and localized changes appear to play a major role in the development
of behavioral age-related changes and the significantly diminished range of
modulation of the nerve signal when the organism is stimulated. Many studies
explore the age-related metabolic changes in the human brain. The gener-
alized conclusion is that brain metabolism remains comparable to that of the
younger healthy subjects or it decreases, but never increases. In healthy aged
subjects, cerebral blood flow (CBF) does not decrease while at rest. However,
mental stimulation shows some decrease in regional CBF and in regional
glucose consumption. A correlation suggesting that zonal hypometabolism
may be one of the causes of the age-related cognitive dysfunction observed
in some individuals has been hypothesized [81].

It is well known that the autonomic nervous system (ANS) loses
competence for thermoregulation (hypothermia), baroreceptor function, and
rapid adaptation to postural changes (orthostatic hypotension) with age. ß-
adrenergic receptors in the ANS of older people are less sensitive than in
younger people, especially ß1-receptors, which are more prevalent in heart
tissue than ß2-receptors. The clinical consequence is that the threshold for
brain blood flow autoregulation is shifted to the right and, consequently, we
should be aware of it at the time when prescribing antihypertensive drugs.

Reduction in vascular density and vascular atrophy has been demonstrated
in normal aging. These would support the increase in permeability of the
blood–brain barrier, explaining why the elderly are generally more susceptible
to drugs that can cross this barrier.

Another finding, even in intellectually normal elderly people, is the
appearance of clusters of neurofibrillary tangles at certain specific areas, i.e.,
the anterior temporal lobe, which, however, are very rare in other zones such
as the neocortex. Persons suffering from senile dementia have a much greater
number of neurofibrillary tangles in the anterior temporal lobe than normal
individuals [1].

Musculoskeletal System

Muscles
There is an age-related decrease in muscle mass (sarcopenia) and power.
The basal metabolic rate decreases by 4% per year after the age of 50. The
basal metabolic rate and regenerative capacity of muscle also decline with
advancing age. A plethora of hormonal and immunological factors influence
the normal balance between muscle breakdown and synthesis [82]. Altered
rates of production with advancing age therefore have a sizeable effect on
muscle bulk and composition.

Testosterone and glucocorticoids exert a strong catabolic effect on muscle
tissue, and reduced levels later in life parallel the reduction in muscle bulk.
Cytokines, growth hormone, and Insulin-like growth factor also affect the
equilibrium between muscle production and degradation [83]. Decreasing
levels of thyroid hormone (T3) in old age influence the type of muscle fibers
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synthesized, favoring a shift from fast- to slow-twitch fibers [84]. Electro-
physiological studies demonstrate a reduced number of motor neurons and
an increase in the size of the average motor unit in the muscle tissue of
older people. This reduced innervation is a key reason for decline in muscle
strength, and it is interesting to note that the age-related atrophy is only
observed in fast-twitch fibers [83], which generate more power than slow-
twitch fibers. In a 12-year longitudinal study in healthy sedentary men, a loss
of isokinetic muscle strength in the knee and elbow extensors and flexors
ranging from 20–30% has been demonstrated. By means of computerized
tomography, a reduction of cross-sectional area of 14.7% of all thigh muscle,
16.1% of quadriceps femoris muscle, and 14.9% of flexor muscles was
proven [85]. Interestingly enough, a 10-week progressive resistance exercise
training program increased muscle strength by 113 ± 8% vs. 3 ± 9% in non-
exercising subjects. Gait velocity increased by 11.8 ± 3.8%, and stair power
climbing improved in exercisers. Cross-sectional thigh muscle area increased
by 2.7 ± 1.8% in exercisers but declined by 1.8 ± 2% in non-exercisers [86].

Skeleton
The entire skeleton is subject to dynamic bone remodeling throughout life.
The balance of bone deposition and resorption depends on the relative activity
of osteoblasts and osteoclasts, respectively. It is also affected by sex, the
regulation of calcium metabolism, and lifestyle factors. The most significant
change observed in aged bone is the loss of bone mineral content; in fact,
it begins to decline in the third decade of life. With age, blood calcium is
maintained more by resorption of calcium from bone than from intestinal
resorption from foods.

Both sexes lose cortical and trabecular bone, although women lose a dispro-
portionately higher mass from the cortex and undergo a period of accelerated
bone loss immediately after menopause. For example, the average man with a
4000-g skeleton can expect to lose 450 g of bone mass (12%) steadily over 30
years, while a woman with a skeleton weighing 3000 g will lose about 750 g
(25%) in the first few postmenopausal years [1]. This is due to the loss of the
protective effect of estrogen, as estrogenic hormones reduce the stimulating
effect exerted by the parathyroid hormone on osteoclasts. Estrogen also affects
the rate of calcium absorption and exertion and improves the efficiency of
calcium utilization within the body.

Also, with advancing age the parathyroid glands are less sensitive to
calcium, the kidney is not as responsive to parathyroid hormone, and the
intestine displays reduced sensitivity to vitamin D. These factors combined
cause reduced availability of calcium and increased osteoclast activity, leading
to a decrease in bone mass [87].

Older bones are also more brittle, as the ratio of organic to inorganic
components is lower. This is clinically important as it results in a higher
incidence of fractures in the elderly. This is a normal part of the aging
process and should be distinguished from osteoporosis, which refers to the
pathological decrease in bone mass with no change in the chemical ratio of
mineral to protein matrix.

Although bone mass will inevitability decline with age, lifestyle factors
can play an important role in attenuating the rate of loss. Weight-bearing
activity throughout life is beneficial, as it builds bone mass in young adults
and helps conserve it into middle age and beyond. Sufficient dietary calcium
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intake is also important, and supplementation can be helpful in the elderly as
it is a moderate physical training. It is also possible to improve bone mineral
density of the femoral neck in young and older healthy men and women, with
a trend to be greater in the young, with a 6-month resistance training exercise
program [88]. Smoking and long-term steroid use accelerate the rate of bone
loss in both sexes.

Digestive System

Mouth, Pharynx, and Esophagus
The decrease in the number of teeth has an obvious effect on the efficiency
of mastication. This, along with decreased saliva secretion capacity, makes
formation of a food bolus more difficult. The process of swallowing requires
the very fine coordination of several skeletal muscles in the pharynx,
controlled by the medullar swallowing center. A disturbance in the coordi-
nation of this process seems to be responsible for the increased rate of
dysphagia and regurgitation observed in the elderly. In addition, there is
usually a disturbance of esophageal motility, with decreased amplitude of the
peristaltic waves, the presence of multiphase waves, relaxation of the gullet,
and incomplete relaxation of cardiac sphincter. These disturbances have given
rise to the term presbi-esophagus, but not all the authors agree on its preva-
lence. Atrophy of the papillae contributes to a diminution of taste sensations
and loss of appetite [89].

Stomach
Although it has been frequently described, there does not seem to be any
conclusive evidence showing either an increase or a decrease in hydrochloric
acid or pepsin secretion associated with aging. However, there is an increased
susceptibility of the gastric mucosa to injuries produced by the gastric juices,
which is associated with several factors. First, there is a decrease in the
amount and effectiveness of the gel layer secreted by nonparietal gastric cells.
Second, the cellular synthesis of protective prostaglandins decreases. Third,
there is a decrease in the repair capacity of the gastric epithelium due to a
lower proliferation rate, which seems to be caused by a reduction in synthesis
of local growth factors. Fourth, blood flow to the gastric mucosa is reduced,
which has been shown in experimental animal studies to be a key factor in its
protection, since it contributes oxygen, nutrients, and humoral growth factors
and removes toxic products.

Decreased gastric secretion of intrinsic factor, necessary for vitamin B
absorption in the small intestine, has also been reported. This fact does not
seem to depend on age, but on the greater prevalence of atrophic gastritis
[1, 89, 90].

Small Intestine
In human studies, no decrease has been found in the nutrient absorption
capacity of the small intestine, probably due to the large functional reserve
offered by the surface area available for absorption. However, some studies
of aging in rats have demonstrated a decrease in the absorption of specific
nutrients. The capacity to secrete digestive enzymes does not seem to be
modified with age either, at least not sufficiently to alter digestion. A small
decrease in the transit time has been reported in older males but not in females,
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although the functional importance of this finding is unknown [91]. Regarding
the response of the small bowel to resection, it has been proven in rats that
aged small bowel mucosa exhibit a proliferative and adaptive capacity similar
to that observed in young animals [92].

Large Intestine
The aging process seems to be associated with diverse changes in the function
of the large intestine, including changes in mucosal cell growth and differ-
entiation, intestinal motility, metabolism, and immunity [90]. Some studies
indicate that aging alters the susceptibility of the colonic mucosa to carcino-
genesis, which seems to be due to an increase in the proliferative capacity of
epithelial cells in response to mutagenic agents and growth factors like the
TGF�, although it could also be a consequence of an increased exposure to
carcinogenic toxins due to retention of feces. Another frequently observed
alteration is diverticulosis, sometimes leading to diverticulitis. These alter-
ations are the effects of aging on the structure or neuromuscular function of
the large intestine, and several pathogenic mechanisms have been indicated:

1. Decreased colonic motility with increased transit time, which seems to
be due to the decreased number of neurons, synapses, and release of
acetylcholine in the myoenteric plexus associated with age

2. Increased hardness of feces, secondary to decreased fiber consumption and
increased water absorption due to longer transit time

3. Increased amounts of collagen in the wall of the colon, with the consequent
reduction of its elasticity

All these factors, some of which have not been experimentally demonstrated,
along with others that increase intra-luminal pressure, seem to predispose the
aging colon to diverticular disease. Constipation, suffered by a great number
of the elderly, is strongly related to all of the above factors, although some
old people also have fecal incontinence, probably due to a disturbance in the
neurological control mechanisms for defecation [89–91].

Liver and Bile Function
Most studies measuring classic hepatic parameters such as serum bilirubin and
serum transaminases have not found significant changes in hepatic function
associated with aging, although clear reductions in hepatic blood flow and
bile clearance of certain substances have been observed, together with a
30% reduction in hepatic perfusion and volume. The reason for this apparent
discrepancy is that hepatic function has to diminish by over 70% before
clinical changes can be observed. Some studies indicate that the liver of
older rats is more susceptible to toxic injury than that of younger ones. This
seems to be based on a decrease in hepatic regeneration capacity caused by
a decrease in cellular proliferation and a reduced response to growth factors,
such as epithelial growth factor or hepatic growth factor. Older liver seems
to be more vulnerable to stress due, among other factors, to an age-related
reduction in mitogen-activated protein kinase activity [93].

There seems to be an increased prevalence of cholelithiasis associated
with age, caused by an increased precipitation of supersaturated bile, choles-
terol and calcium bilirubinate crystallization, and alterations in gallbladder
function. Some animal studies have observed a decrease in the number of
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cholecystokinine receptors, although blood levels of cholecystokinine after a
meal tend to increase with age, compensating for the lack of receptors.

Some studies have demonstrated an increase in gallbladder volume, incom-
plete emptying, and reduced response to physiological stimuli, such as food,
in patients over 65 years old [94].

Hematological System

The hematological system does not show any marked decline in function
during aging. Anemia is not a normal finding in older persons [95]. However,
a slight increase in the prevalence of anemia, particularly in those over 75, and
an age-related reduction in the ability to respond to stimulation similar to that
observed in the immune response are seen. This raises the important clinical
question of whether aging alters the response to injected growth factors such as
erythropoietin. In the absence of co-morbidity, current evidence suggests that
it is unaffected [95]; however, significant abnormalities of the hematological
system may result from the combined effect of co-morbid conditions and
the aging process. Anemia, when present in older persons, apart from being
an independent risk for mortality over 5 years, may also lead to frailty,
immobility syndrome, and falls [96].

Coagulation
Platelet count does not alter with age nor do common coagulation tests such
as thrombin time, prothombrin time, activated partial thromboplastin time,
and fibrinogen. There is evidence from sensitive markers of coagulation
activation that background turnover of the proteins involved in the hemostatic
process is increased with age [97]. The circulating concentrations of various
clotting factors increase with age, including factors VII and VIII. Fibrin
formation is also increased and d-dimers levels are elevated in aged patients
with myocardial infarction as well as in healthy older people. These factors
may contribute to the hypercoagulability observed in some aged [98].

Vitamin B12, Folate, and Homocysteine
Low levels of vitamin B12 and folate are frequently observed in older people
[99], although there is not always evidence of an accompanying macrocytosis
or megaloblastic anemia. Up to 10% of apparently healthy people aged 70
may have vitamin B12 or folate deficiency. The most common causes of low
folate levels in the elderly are alcohol abuse, drugs that interfere with folate
absorption, and inadequate dietary intake. The most common cause of B12

deficiency is atrophic gastritis.
Although there is evidence that low vitamin B12 levels contribute to

cognitive loss and significant neurological deficits in the elderly, there is not
a clear concrete link between this and dementia at the present time. Never-
theless, levels should be measured in patients with cognitive decline or those
deemed to be at high risk of deficiency or coronary artery disease.

Low levels of vitamin B12 or folate are accompanied by increased levels of
homocysteine. There may be a relationship between coronary artery disease
and low vitamin B12 and elevated homocysteine in older people. Homocys-
teine levels can be reduced by folic acid supplements.
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Skin

In the epidermis, atrophic changes, hyperpigmentation of the basal membrane,
and a degree of hyperkeratosis take place. In the dermis, more evident in
exposed areas, there are atrophy and degeneration of the collagen, producing
senile elastosis, and actinic degeneration associated with vessel dilatation
and vascular damage in response to insignificant trauma, resulting in senile
purpura. These changes induce sagging and wrinkling of the skin. Other
functions of the skin modified by age are delay in wound healing, inmuno-
surveillance, and regulation of body temperature [100].

Hearing

Several structural changes are observed in the auditory system with aging
that can interfere with its function. These changes include thinning of the
walls of the external auditory canal, drying out of cerumen, making it more
likely to become impacted, and thickening of the tympanic membrane. Within
the cochlea, there are neuronal loss and loss of sensory hair cells and fibro-
cytes in the organ of Corti, increased rigidity of the basilar membrane, and
calcification of auditory structures. Finally, within the stria, vascularis capil-
laries become thicker, endolymph production decreases, and there is reduced
Na+,K+ ATPase activity. Not everyone is affected to the same degree by these
degenerative changes, and at present it is not possible to precisely correlate
these changes with the degree of hearing loss.

Central processing of sound is also affected by aging. For example, when
competing speech stimuli are simultaneously presented to both ears, it is usual
for one ear to have an advantage over the other. This difference has been
shown to increase with age. It has been postulated that this difference may
be due to a decrease in efficiency of transfer of auditory information between
the hemispheres of the brain [1, 101].

Vision

The eye is susceptible to many age-related changes and can also be affected
by chronic diseases common in older people, for example, diabetes mellitus.
Distinct from pathological disease changes, many physiological changes in
vision occur with age. These include impaired adaptation in dark, increased
short-sightedness (presbyopia), decreased contrast sensitivity, decrease in
static acuity (minimal), decrease in dynamic acuity, and decreased tear
production. These functional changes are due to certain structural changes,
including aggregation of proteins in the lens, decrease in photoreceptor
density, loss of ganglion cells and retinal pigment epithelium, thinning of the
vitreous body, concentration of collagen fibers, and thinning, yellowing, and
loss of elasticity of the sclera. Cataract formation also increases with age, and
age-related macular degeneration is the leading nonpreventable cause of visual
impairment in the West. Currently, the mechanism for this change is unknown.

Thus, visual impairment is common in the elderly. It can greatly impact their
ability to perform activities of daily living and may impair cognitive function.
Therefore, it has a significant effect on social independence [1, 102, 103].
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Smell

The capacity to perceive odors diminishes with age. It is not clear so far if
the alterations in olfactory function are an age-related phenomenon or the
result of cumulative effects of external pathogens (cumulative viral attacks,
exposure to air pollution, neurodegenerative diseases, or exposure to rhino-
environmental lesive agents). To explore the ability to smell, the University of
Pennsylvania Smell Identification Test (UPSIT) can be helpful. From studies
using UPSIT, it is evident that the age-related decline in olfaction is part of
the physiological aging process [104].

Taste

This sense does not seem to be affected by intrinsic age-related changes. In
accordance with this is the observation that the number and distribution of
taste buds and receptors do not decrease with age. Nevertheless, as persons
age, the ability to discern salty, bitter, and sour tastes decreases, perhaps
confounded by other factors, i.e., the use of dentures or smoking. Another
possible explanation is that taste buds are innervated by different sets of
CNS. These nerves are less susceptible to agents than the delicate olfactory
filaments. It is of clinical relevance to remember that complaints of loss taste
often reflect the loss of flavor sensation derived from retro nasal stimulation
of the receptors [105].
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5
Physiology of the Healthy Aging

Kidney
Juan-Florencio Macías-Núñez and José M. López-Novoa

Introduction

It should be remembered before any consideration that physiology refers
to the normal function of organs, whereas “insufficiency” or “failure” is a
pathological status. We should keep in mind that renal aging is a physio-
logical rather than a pathological process. Therefore, to speak about the aging
kidney function as a “physiological renal insufficiency” is a gross conceptual
error, because the aging kidney is able to maintain the extracellular volume
equilibrium in conditions of health, although its resources and ability to
adapt to challenges of restriction or overload are limited. Because of this, it
is necessary for health professionals caring for aged patients to be able to
recognize this reduced capacity and prevent the deleterious effect of any thera-
peutic decision at the time of planning drug administration, fluid replacement,
diuretic regime, or salt and water restriction This chapter will review some
fundamentals of the normal physiology necessary to understand the changes
occurring with age and provide facts to distinguish between chronic renal
insufficiency (CRF) and the normal renal aging evolution. The physiology of
renal acidification, calcium, phosphate, magnesium, and uric acid are dealt
with in Chapter 9 together with the particulars of the normal aging kidney in
the handling of these elements.

Glomerular Filtration Rate

The normal human kidney receives a blood flow of about 1200 mL/min,
which, assuming a haematocrit of 45%, corresponds to 660 mL/min of plasma
flow. At the same time, the glomeruli form 125 mL/min of glomerular ultra-
filtrate. Thus, the filtration fraction, which is defined as the ratio of the
glomerular filtration rate (GFR) to renal plasma flow, is 125/660 = 0.19. This
means that 19% of the plasma entering the kidney is filtered.

Two main characteristics differentiate glomerular ultrafiltration from
transcapillary exchange in other organs: [1] the glomerular filter exhibits
an extraordinarily high permeability to water and small solutes; and [2] the
glomerular filter is almost impermeable to proteins of the size of albumin and
larger.
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Glomerular filtration is a process determined by three factors: [1] the
properties of both the filter and the molecules to be filtered; [2] the interactions
between molecules and the filter; and [3] the balance of hydrostatic, osmotic,
and colloid osmotic forces across the filter, according to Starling’s law.

GFR Markers

Inulin
Inulin is an oligosaccharide that possesses all conditions required to be
considered the “ideal marker” of GFR.

Inulin Clearance in the Healthy Aged Inulin is filtered at the glomerulus
without restriction and practically neither secreted nor reabsorbed in the
tubules. Because of that, it has been considered the goal standard method to
asses GFR.

In cross-sectional studies, Davies and Shock [1] showed that inulin
clearance increases from approximately 20 mL/min at birth to its peak of 120
mL/min at the age of 30 years. From them begins a slow regression of inulin
clearance, reaching 65 mL/min at the age of 90 years (Figure 5.1).

Creatinine
Creatinine (2-amino-1,5-dihydro-1-methyl-4H-imidazol-4-one) has a mole-
cular weight of 113.12 Kd. It is derived from the metabolism of creatine in
skeletal muscle and from dietary meat intake. Creatinine is released into the
circulation at a relatively constant rate, maintaining a stable plasma concen-
tration.

Fig. 5.1 Evolution of GFR measured as inulin clearance along with age. (Source:
Macías-Núñez, J.F., Cameron, J.S. The ageing kidney. In Oxford Textbook of Clinical
Nephrology, 3rd ed. A.M. Davison, J.S. Cameron, J.P. Grünfeld et al., eds. Oxford:
Oxford University Press. 2005; pp. 73–85.)
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Renal Handling of Creatinine Creatinine is freely filtered across the
glomerulus. In many papers and books, it appears as if its tubular management
and metabolism are negligible, i.e., neither reabsorbed nor secreted by
the renal tubule. Nevertheless, it is known that as much as 15–30% of
the creatinine present in the urine comes from tubular secretion linked to
the organic cation secretory pathways in the proximal tubule [2]. Tubular
reabsorption of creatinine has been shown experimentally in rats [3] and in
dogs [4] at extremely low urine flow rates.

In humans, creatinine has been proven to be reabsorbed and secreted by
the renal tubuli [5]. Tubular secretion of creatinine may be influenced, among
other circumstances, by the status of the circulating volume. In this sense,
a group of healthy subjects were submitted to severe dehydration followed
by rehydration, while urine flow, inulin clearance, PAH clearance, creatinine
clearance, and excretion fractions of those substances were measured. In basal
conditions, creatinine clearance was 130 mL/min, decreasing to 96 mL/min
during acute dehydration and increasing to 160 mL/min after rehydration.
Similarly, fractional excretion of creatinine moved from 124% in basal
conditions to 147% after rehydration. This is interpreted, depending on
the author, as an increase in creatinine secretion, a decrease in creatinine
reabsorption, or an increase in tubular secretion and a decrease in tubular
reabsorption [5].

In some comparative studies of GFR using inulin and creatinine clearances,
it was hypothesized that when the ratio of creatinine clearance to inulin
clearance reaches 1:4, it means that about 28% of the total creatinine collected
in the urine is excreted by the tubules [5]. Accordingly, these data indicate
that creatinine is not a reliable marker of GFR in all possible situations.

We should remember that the healthy aged are routinely advised to reduce
salt intake. That, in conjunction with the reduced renal capacity to retain
sodium and the low-thirst sensation, may produce an almost “permanent”
situation of low extracellular volume, borderline to dehydration/desalination
(see Chapter 8). So far, research taking into account the possible effect that
this common situation may play upon the tubular handling of creatinine by
the renal tubule of the healthy aged and, consequently, its incidence in the
calculation of GFR assessed as creatinine clearance is lacking. In this regard,
we evaluate the difference in GFR among young (<65 years) and old (>65
years) healthy persons of either gender (Table 5.1). It can be seen that GFR
assessed as creatinine clearance or Cr51-EDTA is lower in the aged than
in the young group [6]. Another observation is that the ratio of creatinine
clearance to Cr51-EDTA is higher than 1 in 9 out of 10 tested healthy young
individuals, whereas it is 1 or lower than 1 in 5 out of 13 healthy aged
individuals.

In Animal Models In rats, at low endogenous plasma levels of creatinine, the
filtered creatinine is extensively reabsorbed by the renal tubule. In contrast,
at elevated levels of plasma creatinine induced by exogenous infusion of
creatinine, when the ratio of Ccr to Cin exceeds 1, it indicates tubular
secretion [3].

Creatinine in the Newborn It has been seen that creatinine clearance in
neonatal animals was lower than inulin clearance (Ccr/Cin = 0.84). Similarly,
blood creatinine in the newborn human exceeds that seen in their mothers.
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Table 5.1 GFR in Young and Old Healthy People Measured by Creatinine
Clearance, Cr51 EDTA, and Estimated by the MDRD Formula.

Notice that persons with same age, gender, and serum creatinine have different urine creatinine.
However, they have the same estimated GFR estimated by MDRD formula.

According to Smith [7] and Guyton and Hall [8], there is only one physio-
logical explanation for this finding: The tubular reabsorption that occurs in
the newborn may be due to backflow of creatinine across leaky immature
tubular structures.

Creatinine Clearance in the Old The normal value for the creatinine clearance
oscillates between 95 ± 20 mL/min in young female and 120 ± 25 mL/min in
young male healthy individuals. It is widely accepted that the GFR declines
with age, regardless of the marker used to assess it. However, some studies
question that the decline in GFR is either universal or inevitable. Creatinine
clearance may be influenced not only by the status of the circulating volume
but also by the nutritional situation. In this sense, Kimmel et al. [9] showed
that elderly subjects eating more than 1 g/day of protein/kg had a creatinine
clearance in the range of 90–100 mL/min/1.73m2, while those with a lower
protein intake had a lower creatinine clearance.
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In the Baltimore longitudinal study, an important extended longitudinal
survey in which some of the subjects were followed for more than 30 years,
it was reported that in spite of a mean calculated reduction in creatinine
clearance of 0.75 mL/min/year for the whole group, 92 of the 254 individuals
studied showed no reduction in creatinine clearance, and a few even increased
their clearance [10]. Larsson et al. [11] also found no decline in GFR
in individuals between the ages of 70 and 79, although plasma creatinine
increased from 91 to 96 μmol/L in women and from 100 to 107 μmol/L in men.

Using the creatinine clearance as an index of GFR, Kampmann et al.
[12] and Rowe et al. [13], among others, made the same observation in
cross-sectional studies: GFR declines with age. One problem at the time to
interpret these studies was that they did use comparable populations. Rowe
et al. [13] examined apparently healthy aged individuals in the community,
while Kampmann et al. [12] studied a hospital population, excluding patients
with increased plasma creatinine level, whereas Cockroft and Gault [14]
used hospital patients, but this time all individuals, regardless of their renal
function, were included.

An important practical point is that in spite of the observation that creatinine
clearance diminishes with age, in otherwise healthy individuals there is
no corresponding increase in plasma creatinine with age [13]. Thus, the
normal values for plasma creatinine are substantially the same at the ages
of 20 and 80 years [12, 13], indicating that the normal plasma creatinine in
an aged individual often conceals a physiological reduction in GFR. This
apparent paradox arises because the production of creatinine, and hence
the urinary creatinine output, decreases steadily with age in relation to the
decreasing muscle mass and total body weight and perhaps with the tubular
management of creatinine in the healthy aged. The significance of a modestly
elevated plasma creatinine in aged persons is thus even greater than in
the young. As we have already commented, the possibility that a different
magnitude of the tubular handling of creatinine exhibited by the healthy aged
in comparison with the healthy young adult may influence the creatinine
clearance in the aged has never been considered. From the above reports, it
is clear that creatinine clearance is not always an accurate method to estimate
GFR. Because of this, techniques other than creatinine clearance have been
developed.

Formulas Used to Determine GFR

There are several formulas using plasma creatinine level together with other
variables such as age, gender, body weight, and height to calculate GFR
(see Table 5.2). Kampmann et al. [12], Cockroft and Gault [14], and Rowe
et al. [13] have all constructed nomograms that, theoretically, allow a better
estimation of GFR than plasma creatinine in clinical practice. The nomogram
of Cockroft and Gault [14] is the most widely used, although it has been
questioned due to the fact that it overestimates the decline in GFR, at least
in persons aged over 80 years. However, Nicoll et al. [15] found a good
correlation in 18 individuals aged 66–82 years between GFR calculated as
the nomogram of Cockroft and Gault and the clearance of [99Tc m] diethylen-
etriamine penta-acetic acid (DTPA). In 1987, Keller [16] pointed out that the
simplest formula to estimate the expected normal mean creatinine clearance
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Table 5.2 Some Formulas to Predict GFR from Serum Creatinine.

Year Author Formula GGR (mL/min/1.73 m2)

1973 Jellife GFR = 98 - [0.8 × (age –20)/SCr × (BSA/1.73) × [0.9 if
female]

1974 Kampmann GFR = Ucre × weight × 100/Scre
1976 Rowe GFR = 133 – 0.64 × age
1976 Cockcroft GFR = (140 - age) × weight (× 0.85 if female)/(Scr × 72)
1987 Keller GFR = 130 – age
1993 Walser GFR = 7.57 × (Scre mmol/L)−1 – 0.103 × age + 0.096 ×

weight−6�66

1995 Nankivell GFR = 6.7/Scre (mmol/L) + 0.25 × weight – 0.5 × urea -
0.01 × height2 + 35 (25 if female)

1997 Baracskay GFR = 1/2[100/Scre] + 88 – age
1999 MDRD GFR = 170 × [Pcr]−0�999 × [Age]−0�175 × [0.762 if patient

is female] × [1,180 if patient is black] × [SUN]−0�170 ×
[Alb]+0�318

2003 MDRD GFR = 186.3 × [Scre]−1�154 × [age]−0�203 × [0.742 if
female] × [1.142 if black]

2004 MDRD GFR = 224 × [Scre]−1�190 × [age]−0�236 × 0.796 [if
female] × 1.26 [in healthy]

in mL/min from 25 to 100 years of age is [130 – age (in years)]. Recently,
other formulas to predict the GFR based on blood creatinine levels have been
developed [17, 18] as well as several formulas developed by the Modified
Diet in Renal Disease (MDRD) group [19]. It is interesting that in spite of the
fact that the MDRD formula is not validated for persons aged over 70 years,
patients with diabetic nephropathy, pregnant females, very ill patients, or
healthy individuals, it is widely used to calculate GFR in all the above-listed
circumstances. Its accuracy as a marker of chronic renal disease has recently
been questioned in hypertensive patients and their siblings [20] and in healthy
aged persons [21]. Although the GFR estimated with any of the formulas in
Table 5.2 are indicative in general, for older persons, the individual variation
obtained with any of these formulas may be considerable [22].

As Table 5.1 shows, there are differences in GFR using creatinine clearance,
51Cr- EDTA clearance, and the MDRD formula. It can be seen at the bottom
of the table that in two persons, both 80 years old, males, with the same
blood creatinine, the GFR substantially differs depending on the used marker.
Because both of them are male, with the same age and same plasma creatinine,
both have the same GFR calculated with the MDRD formula (98.8 mL/min).
If we use creatinine clearance instead of the MDRD formula, one of them
has a GFR of 99 mL/min, whereas in the other it is only 56.3 mL/min.
Interestingly enough, both have a rather comparable GFR (76 and 60) when
the marker used is Cr51-EDTA.

Cystatin-C

Because of the problems with changes in creatinine production and secretion,
other endogenous compounds have been evaluated in an effort to provide a
more accurate estimation of GFR. Perhaps the most promising is cystatin-C, a
low-molecular-weight protein that is a member of the cystatin superfamily of
cysteine protease inhibitors. It is mainly removed from the extracellular fluid
by the kidneys, practically freely filtered in the glomeruli, and completely
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absorbed and rapidly broken down by the proximal tubular cells. Cystatin-C
is produced by all nucleated cells, and its rate of production is relatively
constant. It is not clear whether or not it could be altered by inflammatory
conditions or any other factors.

In a 2004 study, the serum level of cystatin-C in healthy individuals was
measured as a normal value range of 0.7 to 1.57 and a reference interval of
1.05 ± 0.18 μg/mL (mean ± 1.96 SD); 95% confidence limits for the upper
references limit were 1.4 μg/mL [23].

A recent meta-analysis concluded that serum cystatin-C level is a superior
marker of renal function compared with serum creatinine level. However,
some factors could affect cystatin-C serum levels, such as older age, male
gender, being overweight, having greater height, currently smoking cigarettes,
and higher serum C-reactive protein (CRP), all of them associated with an
increase in serum cystatin-C [24].

Cystatin-C in Mild Renal Insufficiency Shemesh et al. [25] have published
a well-designed study comparing the sensitivity of the serum creatinine and
cystatin-C concentrations for early detection of mild renal insufficiency [25].
These authors conclude that when GFR was determined by the clearance
of radioactive iothalamate, serum cystatin-C levels began to increase when
the GFR was 88 mL/min/1.73 m2, while the serum creatinine concentration
increased when the GFR was only 75 mL/min/1.73 m2.

Cystatin-C in the Old Cystatin-C is a promising alternative that might be in
the works. Whether measurement of cystatin-C levels will become available
clinically and, if so, improve patient care is at present unknown.

In an unpublished study (undertaken by Professor José Luis Rodicio) of
224 patients, of whom 108 were male, 116 female, and 118 over 60 years
of age, the GFR was calculated in patients with a creatinine clearance higher
and lower than 60 mL/min using four different methods: serum creatinine,
serum cystatin-C, the MDRD, and the Cockcroft–Gault formula. The results
showed that for patients who had a creatinine clearance between 60 and
90 mL/min, serum creatinine had higher specificity (0.943 vs. 0.700) than
cystatin-C for ruling out renal insufficiency. However, in the group with
creatinine clearance lower than 60 mL/min, the serum cystatin-C had a higher
sensitivity (0.954 vs. 0.862) than the serum creatinine for detecting renal
failure. Nevertheless, neither method was as accurate as the MDRD or the
Cockcroft–Gault formula for detecting renal insufficency (courtesy of Dr. José
Luis Rodicio, Universidad Complutense, Madrid).

Independently from its accuracy as a marker of GFR, cystatin-C has been
postulated as a predictor for morbidity and mortality in the aged. One study
performed in Sweden with a follow-up period of 4 years, including 792 men
over the age of 77 years, has associated the increase in serum cystatin-C with
a higher morbidity and mortality in the elderly population [26].

Tubular Handling of Sodium, Potassium, Chloride, Urea,
and Water

Proximal Tubule

This segment is heterogeneous with respect to function and structure
exhibiting some differential characteristics along its length.
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Convoluted Proximal Segment
Sodium (Na+) The majority of glucose, amino acids, small proteins, and
bicarbonate and 60–80% of the filtered Na+ and water are reabsorbed in this
segment (Figure 5.2). The first movement in the transport of Na+ from the
tubular lumen (luminal or apical) to peritubular vessels is a passive movement
of Na+ from the lumen to the interior (cytosol) of the tubular cell. Once in the
cell, part of it is transported to the paracellular and basal space. Because the
interior of the cell is electronegative and Na+ concentration is lower in the
cytosol that outside the cell, additional force is needed to transport Na+ from
the cell to the paracellular and peritubular vessels. The energy for this transport
is provided by a sodium ATP-ase-dependent pump (Na+-K+-ATP-ase) located
in the basolateral membrane. This pump, which extrudes Na+ from the cell,
generates an electrochemical gradient that promotes the passive entry of Na+

Fig. 5.2 Representation of the nephron. The shadowed area corresponds to the
ascending limb of the loop of Henle, whose ability to reabsorb sodium diminishes
with age.
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from the tubular fluid to the interior of the cell. This movement of Na+ shares
some co-transporters that reabsorb glucose, peptides, and amino acids.

Water Approximately 60–80% of water filtered by the glomerulus is
reabsorbed passively in the proximal tubule following sodium gradient;
water follows sodium to the paracellular space. As water accumulates in
the basolateral space, the increase of hydrostatic pressure releases water to
the peritubular space. Approximately 60–80% of the water filtered by the
glomerulus is reabsorbed passively in the proximal tubule following Na+

transport. The back flow of water and Na, from the basolateral space to
the tubular lumen, depends on the degree of extracellular volume expansion.
Water and electrolytes enter the peritubular vessels because of the oncotic
pressure of the intravascular proteins. Transport in the proximal tubule
is isoosmotic, which means that there is no concentration or dilution of
the tubular fluid in this segment, i.e., the tubule synchronically reabsorbs
300 mOsm of solutes and 1 L of water (Figure 5.2).

Proximal Tubular Function in the Healthy Aged
The handling of Na+, water, and bicarbonate does not differ from the young
in functional clearances studies performed in healthy aged, as there are no
differences in tubular clearance of lithium (a well-known marker of proximal
tubular competence) [27].

The Thin Descending Limb of the Loop of Henle
The characteristic of membrane permeability differs from the previous
segments of the proximal tubule (Figure 5.2). The descending limb is highly
permeable to water due to the presence of the channel water aquaporine but
quite impermeable to sodium, potassium, and chloride. Although there is
some passage of these electrolytes in both directions (from the lumen to the
peritubular space, and vice versa), it is of limited quantitative importance.
This segment is also permeable to urea (from the interstitium to the tubular
lumen) by the action of the urea transporter UT2. As tubular fluid flows
downward in the descending limb, the osmolarity of the fluid equilibrates
with the osmolarity of the interstitium, which increases from the entrance
(300 mOsm/L) to the tip of the papilla (1200 mOsm/L). Due to this movement
of water across the membrane of the cells of the descending limb, the tubular
fluid is becoming increasingly more concentrated, reaching 1200 mOsm/L at
the tip of the descending limb, i.e., in the bend of the loop.

The Thin Ascending Limb of the Loop of Henle
The thin ascending limb is impermeable to water and highly permeable to
Na+ and urea due to the presence of UT2 channels. In the thin ascending
limb, sodium moves passively from the lumen to the interstitium by means
of a concentration gradient, resulting in a net Na reabsorption.

The Thick Ascending Limb of the Loop of Henles
The characteristics of permeability of the membrane of the tubular cells
change again in this segment, which is impermeable to water and urea but
permeable to the transport of Na+ from the lumen to the interstitium. As a
result, as fluid ascends in the thick ascending limb, electrolytes pass to the
interstitium, but water remains in the lumen. In this segment, the transport of
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Na+ is carried out by the electrochemical gradient generated by the Na+-K+-
ATP-ase pump located at the basolateral membrane of the tubular cell and the
co-transporter Na+-K+-2Cl− (NKCC2 protein) located in the brush border of
the tubular cells, codified by the SCL 12A1 gene located at 5q15-21. The
activity of this co-transporter is regulated by the levels of the antidiuretic
hormone (ADH). As in this nephron segment, solutes are reabsorbed without
water reabsorption, in a process called “free water formation.” The ascending
limb and the early part of the distal convoluted tubule have been named the
diluting segment (Figure 5.2). The osmolarity of the tubular fluid when it
leaves the thick ascending limb of the loop of Henle approaches 100 mOsm.
The competence of this segment can be ascertained by means of the free
water clearance measurement under conditions of ADH functional blockade
[28–30].

The Thick Ascending Limb of the Loop of Henle in the Healthy Aged
The capacity to reabsorb Na+ is less effective in persons aged over 65 years
than in the young in this particular segment of the nephron (Figure 5.2,
shadowed area).

Distal Convoluted Tubule

The early part of the distal convoluted tubule exhibits similar properties of
those of the thick ascending limb of the loop of Henle, and tubular fluid
therefore continues to be diluted. The late part of the distal convoluted tubule
is less permeable to Na+. In this segment, Na+ is actively reabsorbed against
an electrochemical and concentration gradient by action of the Na+-K+-ATP-
ase located at the basolateral membrane of the tubular cell and favored by
aldosterone. In any case, the total capacity for sodium reabsorption in this
segment is limited.

Collecting Duct

The amount of Na+ reabsorbed in the collecting duct is approximately 3%
of the total present in the glomerular filtrate [31]. However, this almost
negligible quantity is of paramount importance in the context of body balance,
as this segment adjusts the amount of Na+ reabsorbed or excreted depending
on the physiological requirements of salt or the status of the extracellular
volume. The collecting duct is also responsible for the final control of the
urinary Na+ excretion. The gradient against which Na+ is reabsorbed in this
segment is very high. An active transport is therefore required, which is
modulated by aldosterone. The reabsorption of Na+ mediated by aldosterone
favors the active secretion of K+ and H+. The movement of these three
elements is coupled and modulated by the intracellular concentration of these
elements. An electrogenic active reabsorption of Na+ that generates a lumen
negative electrical potential responsible for active reabsorption of Cl−has been
observed.

Aldosterone exerts its effect by combination with intracellular receptors
promoting, in the nucleus, mRNA synthesis of the Na+ pump subunits. This
way is rather slow. Aldosterone may also increase Na+ reabsorption by
increasing the number of Na+ transporters at the luminal membrane of the
tubular cells. As a result, the amount of Na+ entering the cell from the luminal
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fluid greatens, increasing the intracellular concentration of Na+ that ought to
be expelled from the cell to the interstitium by means of Na+-K+-ATP-ase.

The synthesis of aldosterone by the adrenal cortex is controlled by
angiotensin II, plasma concentration of Na+ and K+, and ACTH. Extracellular
volume depletion—induced by negative balance of Na+—and renal sympa-
thetic stimulation stimulate renin secretion with the subsequent increase in
angiotensin II and aldosterone synthesis. The level of plasma Na+ has little
influence on aldosterone synthesis. To the contrary, the cells secreting aldos-
terone in the adrenal cortex are very sensitive to the concentration of K+ in
the extracellular fluid. The increase in potassium intake increases extracel-
lular potassium, which directly stimulates the production of aldosterone in the
adrenal cortex. The increase in plasma aldosterone concentration stimulates
K+ secretion in the cortical collecting duct. This is the way to eliminate the
excess of potassium and prevent hyperkalemia.

Aldosterone in the Healthy Aged
It has been proven that aged persons on an unrestricted diet for salt and
water have lower levels of aldosterone plasma with a lower response to salt
restriction and walking than that seen in healthy young persons [29, 32]. The
most common clinical consequence is the development of hyperkalemia in
aged patients treated with antialdosterone agents.

Water
In the final part of the distal convoluted tubule (connecting segment) and the
collecting duct, the final and fine adjustment of urinary osmolarity mediated
by the antidiuretic hormone (ADH) takes place. Water is passively reabsorbed
under the influence of ADH and transepithelial osmotic gradient. ADH is
secreted by the hypophysis in response to changes in plasma osmolarity. High
plasma osmolarity strongly stimulates AHD secretion, whereas a low plasma
osmolarity attenuates it. The urinary elimination of water is controlled by the
circulating levels of ADH. The distal tubule is practically impermeable to
water. The permeability of the collecting tubule is low in the absence of ADH
and high when ADH is present. ADH turns the collecting tubule permeable
to water by insertion of water-permeable channels (aquaporin 2) (Figure 5.2).
The reabsorption of ClNa in the absence of ADH is responsible for a hypoos-
motic tubular fluid with respect to plasma and, consequently, the elimination
of a great quantity of water via urine with a urinary osmolarity lower than
plasma. In the presence of ADH, this segment of the tubule turns permeable
with water, allowing the passage of water from the tubular fluid to the inner
medulla and renal papilla. As the osmolarity in the renal interstitium and
papilla is much higher than that of the tubular fluid, a considerable amount
of water passes from the tubular fluid to the interstitium. As a result, the
elimination of water diminishes in the urine, but the amount of solutes in
the tubular fluid remains unaltered. Consequently, the urine becomes concen-
trated. Thus, the osmolarity of the urine is higher than that observed in the
plasma.

Urea
Urea is reabsorbed in the proximal straight and convoluted tubules before the
thin descending limb of the loop of Henle. At this point, we should remember
that the thick ascending limb of the loop, the distal tubule, and the cortical
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segment of the collecting ducts are impermeable to urea. To the contrary, the
medullar segment of the collecting duct is permeable to urea. For this reason,
the intratubular concentration of urea increases along the distal tubule and the
medullar collecting duct. When tubular fluid reaches the medullar segment
of the collecting duct, the concentration of urea in the tubular fluid is very
high. This gradient of concentration is the reason why urea passively diffuses
from the tubular fluid to the medullar interstitium. This passive movement is
possible by the insertion of two specifics transporters of urea (UT1 and UT2)
(Figure 5.2) Both have been identified and cloned [33]. UT1, modulated by
aldosterone, is responsible for urea transport in the medullar segment of the
collecting tubules. The expression of ADH induces the insertion of more UT1.
UT2 is not influenced by ADH, but it is responsible for urea recirculation
because it regulates the entry of urea accumulated in the interstitium to the
descending and ascending limbs of the loop of Henle. The high concentration
of urea in the interstitium or the trapping of urea is possible due to medullar
recirculation and the countercurrent exchange mechanism.

Renal Handling of Urea by the Healthy Aging Kidney
The healthy aged exhibits a higher fractional excretion of urea than the young
controls (Table 5.3). The reason is not clear so far, but perhaps an alteration
in urea transporter may account for this observation.

Urinary Concentration and Dilution
The same mechanisms are responsible for both the concentration and the
dilution of urine: the generation and the maintenance of the hyperosmolar
interstitium. It is necessary to remember that two different processes are
involved. The first starts in the ascending limb of the loop of Henle.
This process makes the interstitium hypertonic due to both the transport of
electrolytes from the lumen to the interstitium and the water impermeability
of this segment.

Two phenomena, the single effect and the countercurrent multiplier, are
involved in the generation of the interstitial hyperosmolarity and the counter-
current exchanger (Figure 5.2). The second process does not participate in the
generation of hyperosmolar interstitium, but it is responsible for its mainte-
nance. In other words, it protects the interstitial medullary gradient against
the dilution by the water coming from the distal tubule and collecting ducts.
The special configuration of the vasa recta is able to maintain the recir-
culation movement and is the mechanism responsible for the hyperosmolar
maintenance in the interstitium.

Table 5.3 Key Parameters of Renal Function in Healthy Adults, Old
Individuals (>65 Years), and Very Old Individuals (>80 Years).

Adult Old Very Old

Hb (g/L) 14.7 14.1 14.3
Epo (U/L) 14 13 17
Creatinine clearance (mL/min) 111 71 47
FENa (%) 0.5 1.3 1.4
FEU (%) 30 59 61

FENa = fractional excretion of sodium.
FEU = fractional excretion of urea.
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The permeability of the collecting duct controlled by ADH must also be
considered when taking the final urinary concentration into account. As we
have seen, in the ascending limb of the loop, Na+ and Cl− are transported
from the lumen to the interstitium, while water remains in the interior of
the tubular lumen. Therefore, the fluid that moves upwards in the ascending
limb gradually becomes more and more diluted. The interstitium remains
hypertonic due to the processes already mentioned. The concentration gradient
that can be achieved at any point along the ascending limb of Henle´s loop
is 200 mOsm/L lower than its horizontal level of the interstitium and the
descending limb of the loop. This is known as the “single effect” (Figure 5.2).
This means that, regardless, the osmolarity of the tubular fluid at any point
of the ascending limb must be 200 mOsm lower than the osmolarity existing
at the same horizontal level of the interstitium and the descending limb of
Henle’s loop. As we have commented, the osmolarity at the bend of Henle’s
loop is 1200. Thus, if we consider that intratubular osmolarity at another point
beyond the bend is 800, its corresponding horizontal level in the interstitium
and descending limb is 1000. In successive steps, the intratubular content is
diluted. All in all, although the gradient that can be achieved at any point is
200, the osmolarity is considerably higher at the end of the descending limb,
1200 mOsm/L, than when fluid enters it, 300 mOsm/L. The 200 mOsm/L-
gradient results are multiplied due to the countercurrent flow. This system
is known as a countercurrent multiplier. It is obvious that solutes cannot
indefinitely accumulate in the medullary interstitium and must be adequately
removed and replaced in order to preserve the interstitial hyperosmolarity.

The removal of solutes and water is accomplished via the special structural
arrangement of the hairpin of Henle’s loop and of the medullary vessels
(vasa recta) (Figure 5.2). This particular anatomical arrangement is able to
maintain urea, electrolytes, and water moving in a circular fashion “as if
they were in a circular movement” from the ascending part of the vasa
recta to its descending limb. In this way, a small amount of urea leaves the
recirculation movement “circle” only to be immediately restored by passage
of urea from the tubular fluid of the collecting ducts to the interstitium via
UT2. Blood enters the capillary loop with an osmolarity of 300 mOsm/L.
Water passively diffuses from the vessels to the hypertonic interstitium, and
solutes move from the interstitium to the vascular lumen. As blood moves
deeper into the medulla, its osmolarity gradually increases. In the ascending
limb of the vasa recta, the overall movement of water and solutes changes.
Solutes diffuse into the medullary interstitium and water flows into the vessels,
diluting the intravascular content. When blood leaves the descending limb, its
osmolarity is about 325 mOsm/L. The vasae rectae do not only interchange
with interstitial tissue, but the descending and the ascending vasae rectae
interchange with each other as well. In this manner, a diffusion gradient is
established and the ascending vasa recta gives up solutes to the descending
limb. The movement of both water and solutes across the vasae rectae is
passive in nature. These vessels do not generate the hyperosmolar medullary
gradient: Their action is limited to preserve the medullary interstitial gradient.
The mechanisms just mentioned are known as a countercurrent exchanger.

By means of these coordinated events, the vasae rectae prevent the organism
from unnecessary spillage of water and electrolytes. These vessels combine
to provide adequate conditions to incorporate and remove the excessive
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interstitial amount of solutes and water that could interfere with the steady-
state interstitial gradient. Any alteration in the renal blood flow to the
medullae, either excessive or defective impairment of a functional of the loop
of Henle, interstitial fibrosis, or the presence of any factor interfering with the
normal steady-state gradient will substantially alter the urinary concentration
or dilution, or both functions.

Concentration and Dilution by the Healthy Aging Kidney
It is a universal observation that the kidney of normal aged persons has a
reduced capacity to maximally concentrate the urine [34] by 5% with every
10 years of age [35], from a maximum urinary specific gravity of 1030 at
40 years of age to 1023 at 89 years of age. Rowe et al. [13] found a mean
maximum osmolality of 1109 mOsm/kg in individuals aged 20–39 years, with
a minimum urine flow rate of 0.49 ± 0.03 mL/min, 1051 mOsm/kg in 40–59-
year-olds, and only 882 mOsm/kg in those aged 60–79 years, in whom the
minimum urinary flow rate was more than double that of the young, at 1.03
mL/min. The data of Lindeman [10] are similar to those of Kirkland et al. [36],
which noted that even healthy individuals aged 60–80 years showed a greater
excretion of water, sodium, and potassium during the night than younger
controls, with a high prevalence of complaints of nocturia. This alteration in
circadian rhythm does not depend upon the inability to concentrate the urine
alone, but upon the defects in sodium handling and aldosterone secretion and
sensitivity already mentioned.

The origin of the decreased concentration ability is also complex; the
small differences between the amount of liquid consumed by young and
elderly individuals cannot completely explain the differences in solutes and
urinary elimination observed during water deprivation. The diminution of the
concentrating ability has been related to the decrement in GFR that occurs
with age, with induction of an osmotic diuresis in the remaining nephrons
[37]. Despite this, some data do not reveal a close relationship between
the reduction in the GFR and the capacity to concentrate urine in elderly
persons [13]. The relative increase in medullary blood flow noted above could
contribute to the impairment of renal concentration capacity [38, 39].

Nevertheless, data supporting this suggestion are not available. Inappropri-
ately low ADH does not seem to be a factor in the genesis of the defect, as
already discussed. The defect in NaCl reabsorption in the ascending limb of
Henle’s loop, which is the basic mechanism for the operation of the counter-
current concentration mechanism, may be an important factor for the decrease
in the capacity to concentrate urine seen in aged individuals; this is also
discussed above.

Urine Dilution Ability in the Aged
Only a few reports deal with the capacity of the aging kidney to dilute urine,
but generally it has been found to be decreased [40]. Lindeman [10] and
Dontas et al. [34] found a minimum urine concentration of 92 mOsm/kg in
elderly individuals, compared with 52 mOsm/kg in the young. Maximum free
water clearance (C H2O) was also reduced in elderly individuals, from 16.2
to 5.9 mL/min. This is probably mainly dependent upon the reduced GFR,
but the C H2O/GFR was also somewhat reduced in the older participants (9.1
vs. 10.2%). Again, the functional impairment of the diluting segment of the
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thick ascending limb described above seems to account for the remainder of
the diminution in the capacity to dilute urine observed in aged persons [28].

Potassium
Measurements of total exchangeable body potassium by various isotopic
dilution methods agree that total body potassium is 15% lower in elderly than
in young people [41,42], but administration of extra potassium does not raise
the body potassium [43]. The reasons for these differences are not altogether
clear: Muscle mass is a major site for potassium storage, and it is diminished
in the aged. Studies of red cell potassium exchange as a surrogate for muscle
cell membrane activity have given conflicting results and may not be relevant
to muscle.

Although small amounts of K+ are lost each day in stool (5 to 10 mmol)
and sweat (0 to 10 mmol), the kidney plays the major role in the maintenance
of K+ balance, appropriately varying K+ secretion with changes in dietary
intake (the normal range is 40 to 120 meq/day). The primary event in urinary
K+ excretion is the secretion of K+ from the tubular cell into the lumen in
the distal nephron, particularly in the principal cells in the cortical collecting
tubule and in the cells in the adjacent connecting segment and outer medullary
collecting tubule.

If the clearance of K+ is compared to that of inulin, it may help us under-
stand the tubular handling of K+. For instance, a fall in the CK+/Cin ratio
indicates that K+ has been removed from the tubular fluid (or reabsorbed),
and an elevation in the ratio indicates that K+ has been secreted to the tubular
fluid. Almost all of the filtered K+ is reabsorbed in the proximal tubule
and loop of Henle, so that less than 10% of the filtered load is delivered
to the early distal tubule (CK+/Cin < 0.1). Proximal K+ transport appears to
passively follow that of Na+ and water, whereas reabsorption in the thick
ascending limb of the loop of Henle is mediated by the Na+-K+-2Cl− carrier
in the luminal membrane.

In comparison to these reabsorptive processes, K+ is secreted by the
connecting segment, the principal cells in the cortical and outer medullary
collecting, and the papillary (or inner medullary) collecting duct. Secretion
in these segments can be modified according to physiological needs and is
generally responsible for most of the urinary K+ excretion. Distal K+ secretion
is regulated by aldosterone, which in turn is regulated by extracellular volume
through angiotensin II levels and by plasma K+ concentration.

Distal secretion can be partially counteracted by K+ reabsorption by the
intercalated cells in the cortical and outer medullary collecting tubules. This
process may be mediated by an active H+-K+-ATPase pump in the luminal
membrane, which results in both H+ secretion and K+ reabsorption. The
activity of this pump is increased with K+ depletion and is reduced with K+

loading. The former adaptation is probably responsible for the observation
that net K+ reabsorption, not secretion, appropriately occurs in the distal
nephron with K+ depletion. Selective inhibition of the H+-K+-ATPase pump
in the setting of K+ depletion abolishes distal K+ reabsorption.

The K+ reabsorbed in the thick ascending limb initially enters the medullary
interstitium. Some of this K+ is then secreted into either the S3 segment of the
late proximal tubule or the thin descending limb of the loop of Henle; this extra



108 Juan-Florencio Macías-Núñez and José M. López-Novoa

K+ can be reabsorbed when it enters the outer medulla. Thus, K+ is recycled
within the medulla, resulting in the attainment of a relatively high concen-
tration in the interstitium. The physiological function of this phenomenon is
uncertain. It is possible, for example, that K+ accumulation in the interstitium
promotes K+ excretion by minimizing the degree of passive back leak out of
the collecting tubular lumen (where the highest urine K+ concentrations are
attained). The high interstitial K+ concentration also may contribute to K+

excretion by a second mechanism, by diminishing the gradient for passive K+

reabsorption via the Na+-K+-2Cl− carrier in the loop of Henle. This process
is similar to NH +

4 recycling between the loop of Henle and the medullary
collecting tubule that promotes net NH +

4 excretion.

Potassium Handling by the Healthy Aged Kidney
Despite the spontaneous ingestion of lower amounts of potassium by the
elderly (<60 mmol/24 h) because of a diet low in meat, fruit, and vegetables,
plasma potassium concentrations in aged persons do not differ from those of
the younger population [44]. However, when diuretics are taken, the elderly
develop hypokalemia much more rapidly and frequently than do the young. As
might be expected from intake, the basal urinary excretion of potassium is also
lower than in the young, although the FE K is actually increased as a result
of diminished GFR [45]. Biswas and Mulkerrin [46] obtained similar results
and postulated that physiological changes such as low aldosterone and the
tendency to retain K associated with age would tend to predispose the elderly
to hyperkalemia, especially if angiotensin-converting enzyme inhibitors are
used [47].

Chloride
Chloride is reabsorbed with sodium throughout the nephron. As a result,
the rate of excretion of these ions is usually similar, and measurement of the
urine Cl− excretion generally adds little to the information obtained from the
more routinely measured urine Na+ excretion.

However, as many as 30% of hypovolemic patients have more than a 15-
mEq/L difference between the urine Na+ and Cl− concentrations. This is due
to the excretion of Na+ with another anion (such as HCO3

− or carbenicillin)
or to the excretion of Cl− with another cation (such as NH +

4 in metabolic
acidosis). Thus, it may be helpful to measure the urine Cl− concentration in
a patient who seems to be volume-depleted, although Cl− urinary output is
lower than that of Na+.

Renal apical chloride-base exchangers are essential to electrolyte and acid-
base homeostasis. Different functional isoforms of apical anion exchangers
have been identified in the kidney proximal tubule and cortical collecting
duct. Included among these are the following: chloride-formate, chloride-
oxalate, and chloride-hydroxyl exchangers in the proximal tubule; and
chloride-bicarbonate exchanger in the cortical collecting duct. Chloride-
formate exchange, which was first identified in the kidney proximal tubule,
works in parallel with the apical sodium-hydrogen exchanger and is thought
to reabsorb the bulk of luminal chloride. Despite numerous studies, the
molecular identities of apical chloride-base exchangers have remained
unknown.
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Table 5.4 Demographic and Renal Function Parameters in Old
Healthy Patients and in Patients with Chronic Renal Failure.

Mean (± SD) P

Nap (mmol/L) 0 143 ± 2 0.001
1 137 ± 5

Kp (mmol/L) 0 4.4 ± 0.4 N/S
1 4.2 ± 0.5

Gp (mg/dL) 0 90 ± 10 N/S
1 86 ± 10

Up (mg/dL) 0 32 ± 6 <0.001
1 75 ± 34

Cp (mg/dL) 0 0.9 ± 0.1 0.007
1 2.3 ± 1.6

Nau (mmol/L) 0 120 ± 47 <0.001
1 57 ± 27

Ku (mmol/L) 0 32 ± 18 N/S
1 31 ± 14

Uu (mg/dL) 0 1298 ± 618 N/S
1 1215 ± 531

Cu (mg/dL) 0 66 ± 39 0.01
1 57 ± 26

OP (mOsm/L) 0 295 ± 52 N/S
1 92 ± 8

OU (mOsm/L) 0 514 ± 180 0.01
1 382 ± 141

Vu (mL/day) 0 1520 ± 789 N/S
1 1858 ± 822

TTKG 0 4 ± 2 0.004
1 6 ± 2

CrCl
(mL/min)

0 62 ± 23 0.003

1 39 ± 22
Age (years) 0 76 ± 9 0.04

1 66 ± 16
Height (m) 0 1.57 ± 0.0 0.001

1 81.66 ± 0.08
Weight (kg) 0 67.7 ± 16 N/S

1 69.5 ± 12

Old group: 0
Chronic Renal Failure: 1
Nap = plasma sodium.
Kp = plasma potassium.
Gp =plasma glucose.
Up = plasma urea.
Cp = plasma creatinine.
Nau = urine sodium.
Ku = urine potassium.
Uu = urine urea.
Cu = urine creatinine.
Vu = urine volume.
CrCl = creatinine clearance.
TTKG = transtubular potassium concentration gradient.
Adapted from Musso, C., Liakopoulos, V., De Miguel, R., et al. Int. Urol. Nephrol.
2006; 38:387–390.
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Chloride Handling by the Healthy Aged Kidney
Studies specifically addressing the segmental tubular handling of Cl− in
healthy aged persons are lacking. We have found that Cl−, in basal condi-
tions and after volume expansion, parallels Na+, as described earlier in this
chapter [29].

In conclusion, in this chapter we have seen that the healthy aging kidney has
some functions comparable to that in the healthy young individual. Proximal
functions do not differ, in the absence of restriction or overload, from those
of the adult. Some others such as creatinine clearance is lower in the healthy
aged than in the young (Table 5.3), although it does not mean that aged
persons with a GFR lower than 60 mL/min, calculated as creatinine clearance,
have chronic renal failure, as can be seen in Table 5.3, in which erythro-
poietin levels do not differ among the young, old, and very old in spite of
statistically lower GFR among groups of young, old, and very old healthy
individuals [48]. Other functions such as the renal management of urea or
the handling of Na by the thick ascending limb of the loop of Henle and the
segments where aldosterone works are less efficient in the aged than in the
young. Finally, we can see the differences between some daily biochemical
parameters in healthy aged people and in patients with renal failure
(Table 5.4) [49].
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6
The Mechanisms of Age-Associated

Glomerular Sclerosis
José M. López-Novoa

Introduction

From middle age onward, GFR declines in most individuals as a consequence
of alterations in various parts of the kidney. Usually, the age-dependent
reduction in GFR progresses slowly, and function remains sufficient enough
to maintain hydro-electrolyte homeostasis. However, if other diseases such
as hypertension or diabetes are present, the aging kidney becomes more
vulnerable to failure than the kidney in young individuals. In addition, the
aging kidney is more susceptible to drug toxicity than that in young people
due to alterations in renal handling of drugs and their metabolites and in
the balance between vasoconstrictor and vasodilator influences [1]. However,
the results of the Baltimore Longitudinal Study have demonstrated that the
age-dependent fall in GFR is not inevitable [2]. Thus, age-related changes in
renal function have to be separated into normal aging, on the one hand, and an
increased incidence of specific renal diseases, on the other hand. In any case,
the frequency of chronic kidney disease is increased in the otherwise healthy,
aging population, and glomerulosclerosis is one major cause of age-associated
renal dysfunction [3]. Thus, the main purpose of this chapter is to study the
characteristics of glomerular sclerosis in the aging kidney as well as to define
the possible mechanisms that lead to this rather specific renal injury.

Age-Dependent Glomerular Injury

Age-related glomerular lesions have been described as chronic nephritis,
glomerulonephrosis, and most often as chronic progressive nephrosis, the
term proposed by Gray [4]. Today, the most accepted term is age-
associated glomerulosclerosis, as it is very similar to glomerular sclerosis
induced by other pathological processes. Briefly summarized, age-related
glomerular sclerosis is characterized by the following alterations: The
glomerular basement membrane undergoes progressive folding and then thick-
ening. Eventually, the folded and thickened glomerular basement membrane
condenses into hyaline material with collapse of the glomerular tuft.
Glomerular capillary tuft is simplified with the formation of free anasto-
moses between a reduced number of capillary loops. Dilatation of the afferent
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arteriole near the hilum is frequently observed at this stage. Degeneration of
cortical glomeruli results in atrophy of the afferent and efferent arterioles,
with eventual global sclerosis. 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 the afferent and
efferent arterioles, resulting in the arteriolae rectae verae, or aglomerular
arterioles [5] (see Chapter 3). These aglomerular arterioles are rarely found in
kidneys from healthy young persons; their frequency increases both in aging
kidneys and in kidneys of patients with intrinsic renal disease [5].

Other alterations frequently observed in the glomeruli include enlargement
of the whole glomerulus, expansion of the mesangial domain, accumu-
lation of extracellular matrix, fusion of the capillary tuft with Bowman’s
capsule, occlusion of glomerular capillaries, and, ultimately, destruction of
the whole glomerulus. Glomerular sclerosis appears in the kidney in a focal
and segmental way [6].

The incidence of sclerotic glomeruli increases with advancing age. Before
the age of 40, sclerotic glomeruli constitute fewer than 5% of the total number
of glomeruli. With increasing age, the incidence of glomerular sclerosis
increases to nearly 40% of the total glomerular population by the eighth
decade [7]. 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 glomerular filtration rate [8].

Mechanisms of the Age-Dependent Glomerular Sclerosis

Many factors have been involved in the pathogenesis of age-dependent
glomerulosclerosis glomerulopathy. We will study some of them indepen-
dently, but most probably, age-dependent gomerulosclerosis results from the
confluence of several of these factors, some of which are strongly related.

Decreased Nephron Number

There is general agreement that the number of nephrons decreases with age,
whereas the size of the remaining glomeruli increases as a consequence of
glomerular hypertrophy [8, 9]. However, at least in rats, the impact of aging
on nephron number differs according to strains. In Sprague–Dawley rats, the
number of functional glomeruli falls significantly with aging, accompanied
by the appearance of glomerulosclerosis [10]. In contrast, female Fischer 344
rats and female and male WAGIRij rats, which are free of age-dependent
renal injury, exhibit a constant number of glomeruli up to 30 months of
age [11]. Furthermore, glomerular number is unchanged in ddY/SLC female
mice between 30 and 90 weeks, which corresponds to the mean survival
of the colony [12]. Thus, it seems likely that the number of nephrons does
not inevitably decrease with age in rodents but is related to degenerative
nephropathy.

The decrease in the number of functioning nephrons leads to compen-
satory mechanisms in the remaining nephrons (glomerular hypertension,
hyperfiltration, hypertrophy), which increase their vulnerability to any further
challenge; and a proteinuric glomerular disease leads, by one way or another,
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to tubulointerstitial inflammation and fibrosis, accounting for the further
deterioration of renal function.

Glomerular Capillary Hypertension

Glomerular hypertension derives from pre-glomerular vasodilatation, which
allows delivery of a greater fraction of the renal perfusion pressure to the
glomerular capillaries, and it has been implicated in age-dependent glomerular
damage [13]. Elevation in glomerular pressure has been closely associated
with the development of glomerular sclerosis in several experimental models
of hypertension. Anderson et al. [14] reported that intraglomerular pressure
was increased in normotensive Munich–Wistar rats at 2 years of age, primarily
as a result of a decline in arteriolar resistance. Similarly, Zhang and co-workers
[15] and Fujihara et al. [16] observed an increase in intraglomerular pressure
of 6–7 mmHg in old compared with young-adult normotensive Sprague–
Dawley rats. In both of these studies, morphological examination revealed
significant glomerular injury in the kidneys of older rats at the time of micro-
puncture study. Glomerular hypertension precedes glomerular sclerosis in the
spontaneously hypertensive rat [17]. The mechanisms by which glomerular
capillary hypertension induces glomerular damage are complex, but at least
two different mechanisms have been well studied, and they seem to play
a major role in glomerular sclerosis: increased glomerular cell stretch and
increased transcapillary filtration (hyperfiltration), both of which are deeply
related. Both mechanisms will be analyzed later.

However, glomerular capillary hypertension cannot be the only mechanism
involved in age-dependent glomerular sclerosis, as glomerular blood pressure
does not invariably increase in aging and, at least in some cases, structural
damage precedes the increase in intraglomerular blood pressure, as demon-
strated in male Munich–Wistar rats [18], in male MWF/ZTM rats, a rat strain
that exhibits accelerated kidney disease in the absence of increased intra-
glomerular blood pressure [19], and in spontaneously hypertensive rats [20].
Furthermore, Reckelhoff et al. [10] reported that intraglomerular pressure
was not increased in 20- to 22-month-old Sprague–Dawley rats, despite the
presence of glomerular sclerosis. These authors concluded that glomerular
hypertension alone did not account for age-associated glomerular injury.
Komatsu et al. [21] assessed glomerular hemodynamics in 73-week-old SHR,
a time when significant glomerular injury was already present. They observed
an average increase in glomerular pressure of only 4 mmHg compared with
similarly aged WKY rats. From the above described data, we cannot determine
whether glomerular hypertension was the cause or a consequence of glomeru-
losclerosis.

Glomerular Cell Stretch

Increased glomerular capillary pressure or an increased change in intra-
glomerular pressure in each cardiac cycle induces an increased physical
deformation of the glomerular cells (mechanical stretch). Endothelial cells
exposed to physical stretch in vitro may augment their production of prosta-
cyclin, which either directly or by stimulation of other hormones or autacoids
may potentiate renal damage [22]. Tension or stress could also directly
damage endothelial cells, resulting in platelet activation, a process that has
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a pathogenic role in the glomerular damage of renal ablation. In addition,
increased tension could conceivably alter the interaction of endothelial or
epithelial cells with the basement membrane. Damage to the capillary wall and
its increased permeability to protein could result in mesangial accumulation
of protein and ultimately in glomerular sclerosis.

Located in the center of the glomerular lobule, mesangial cells extend
cytoplasmic projections that attach to the peripheral basement membrane at
the points where it deflects from its pericapillary course and at pericapillary
areas. In the presence of capillary hypertension, pressure-induced glomerular
expansion causes an outward displacement of these anchoring points caused
by distending capillaries and mesangium, resulting in intense mesangial
cell stretch. Mesangial cell stretch leads to a profound change in synthesis
and catabolism of extracellular matrix components by the mesangial cells,
resulting in its accumulation in the mesangial area, which is a characteristic of
mesangial sclerosis [23]. Cyclic stretch of mesangial cells induces the overex-
pression of the cytokine-transforming growth factor-�1 (TGF-�1) and the
upregulation of its specific receptors in these cells [24]. TGF-�1 plays a major
role in increasing the synthesis and reducing the degradation of collagen,
fibronectin, and other components of the extracellular matrix. TGF-�1 has
been found to be overexpressed in the glomeruli of aging rats [25].

Hyperfiltration and Protein Overload

Hyperfiltration and the strongly related phenomenon of increased protein
filtration through the glomerular basal membrane and the consequent tubular
protein overload have been extensively studied as a cause of glomerular
and tubule-interstitial damage as a consequence of diabetes, hypertension, or
reduced nephron number [13, 20, 26, 27].

Systemic Hypertension

There is almost a general agreement that systemic hypertension worsens
glomerular injury [13, 26], and it is likely that this is based on the subse-
quent increase in glomerular blood pressure, which, in turn, will exacerbate
the underlying development of age-dependent glomerular damage [27]. As
reported in Chapter 11, arterial blood pressure is generally increased in
the aged, and it has been demonstrated that hypertension accelerates renal
dysfunction in aging people [28]. In addition, control of blood pressure in
aging people leads to a significant decrease in glomerular damage. Thus,
increased arterial blood pressure can play a major role in the genesis of
age-related glomerular sclerosis.

Glomerular Hypertrophy

Glomerular tuft hypertrophy is another risk factor for development of
glomerular injury, via increased intramural tension leading to physical
disruption of glomerular integrity [22]. The mechanism by which increased
glomerular volume causes glomerular damage is through an increase in tension
within the glomerulus as predicted by the Laplace relationship, whereby
tension equals �p …�· r, where �p is the pressure across the wall of a sphere
and r is its radius. Thus, increases in the size of a glomerulus, even at constant
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transmural pressure, would result in an increase in tension. Glomerular
volume does increase with aging, and there is multiple evidence that this
glomerular hypertrophy is related to age-dependent glomerular sclerosis [29].
Furthermore, maneuvers such as castration that inhibit glomerular hyper-
trophy in male Wistar rats also inhibit glomerular injury and subsequent
proteinuria [30]. However, glomerular injury and glomerular hypertrophy can
be dissociated in some cases. Thus, whereas both glomerular hypertension and
glomerular hypertrophy will cause glomerular injury, age-dependent glomeru-
lopathy can develop in the absence of these hemodynamic risk factors, as
occurs with the glomerular damage observed in the Munich–Wistar rat [18].

The mechanisms of glomerular hypertrophy in aging are not completely
understood. However, because the total number of glomerular cells was not
increased and there was no obvious mesangial matrix expansion in early
postmenopausal mice, an increase in the size of individual glomerular cells
may be a main contributor [31]. An aging phenotype has also been found
in the mesangial cells of Fischer 344 rats that is related with an increased
oxidative stress [32]. This mechanism will be discussed later in this chapter.

Mesangial Matrix Expansion

Mesangial cell expansion and extracellular matrix accumulation play a
primary pathogenic role in some forms of glomerular injury, and increased
matrix accumulation is seen in most aging rats and precedes the appearance
of focal sclerosis [33]. In the Wistar rat, mesangial cell expansion and extra-
cellular matrix accumulation, which seem to play a primary pathogenic role
in some forms of glomerular injury, have been observed in aging males but
not in females and correlate with the degree of glomerular injury [34]. To the
contrary, age-related mesangial matrix expansion is greater in female than in
male WAGIRij rats and is not associated with any glomeruloselerosis [35]. In
the Wistar–Lou strain, mesangial matrix and mesangial cellularity are barely
modified with age, and no glomerular injury develops in very old rats of
either gender [36]. From these studies, it appears that mesangial expansion
is not necessarily associated with glomerulosclerosis but the development of
glomerulosclerosis is usually preceded by mesangial expansion, especially in
males.

Sex Hormones

Gender is an important determinant of the rate at which chronic progressive
nephrosis appears. In many strains of rats and in humans, renal disease
occurs earlier in life and to a more severe extent in males than in females
[37]. In the Wistar rat, mesangial cell expansion and extracellular matrix
accumulation, which seem to play a primary pathogenic role in some forms
of glomerular injury, have been observed in aging males but not in females
and correlate with the degree of glomerular injury [34]. The greater suscepti-
bility of the old male of most strains to develop glomerular sclerosis may be
related to androgens, which can increase the synthesis of extracellular matrix
material [38]. In addition, after gonadal ablation, administration of testos-
terone amplifies compensatory glomerular growth in uninephrectomized male
and female rats [39]. The greater susceptibility of old males to glomerular
sclerosis can also be due to the absence of estrogens. A major role for
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estrogens in protecting the kidney from damage derives from the studies of
Maric et al. [39] reporting in female Dahl salt-sensitive rats maintained on
a low-salt diet that the severity of glomerulosclerosis and cortical tubuloin-
terstitial fibrosis in aging animals was augmented with ovariectomy and
attenuated with estradiol. In the old animals, ovariectomy was also associated
with increased deposition and expression of laminin and increased expression
of TGF-beta. Estradiol replacement opposed these effects [39]. Thus, it
can be concluded that estradiol is renoprotective in the aging Dahl salt-
sensitive rat by attenuating extracellular matrix deposition. Furthermore,
estrogens also inhibit extracellular matrix synthesis by mesangial cells [40].
In addition to increased synthesis, reduced rates of degradation will also
cause accumulation of mesangial matrix products. For instance, the activity
of a glomerular metalloprotease responsible for degradation of mesangial
matrix products is low in intact old male Munich–Wistar rats that exhibit
glomerular injury, but elevated in females and castrated rats of both sexes,
which are protected from damage [41]. Ovariectomy in Dahl salt-sensitive
rats, with increased renal damage, also decreased the activity of cortical
metalloprotease-9 [39].

In view of these findings, and because castration of the male is protective, it
seems that the presence of the androgens, or the absence of ovarian hormones,
promotes age-dependent glomerular damage.

Accumulation of Advanced Glycation End Products

The accumulation of advanced glycation end products (AGE) within the
glomeruli has also been proposed as a major cause of renal lesions in aging
rats. AGE accumulate in the kidney of senescent rats, increase the synthesis
of extracellular matrix, and expand the glomerular mesangium [42]. Chronic
administration of the AGE inhibitor aminoguanidine to female Sprague–
Dawley rats from 6 to 24 months of age reduces the accumulation of AGE
in the kidney and the incidence of glomerulosclerosis and nephron loss [43].
Similarly, administration of aminoguanidine in male WAGIRij rats from 24
to 30 months reduces mesangial expansion without causing a change in the
age-related renal hypertrophy. Because aminoguanidine has a number of other
actions, however, including preferential inhibition of the inducible nitric oxide
synthase, the mechanism by which aminoguanidine protects the aging kidney
from injury is still unclear.

Food Intake and the Environment

Some strains of rats in which body weight continues to increase after young
adulthood, such as Sprague–Dawley and Fisher 344 rats, develop glomerular
sclerosis early in life, and by 24 months of age exhibit severe renal disease.
However, rat strains that remain small even when fed ad libitum, such as
the Wistar, Long–Evans, and Brown–Norway strains, are less susceptible
to glomerular sclerosis [44]. These observations led to the hypothesis that
age-related renal lesions could be linked to overfeeding and that control of
nutrition might protect the senescent kidney from disease. It has been reported
that a low-protein diet was protective and that restriction of food was the
most effective method of preventing glomerular sclerosis [45]. The striking
effect of food restriction on the prevention of renal disease in aging rats
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prompted investigators to test whether this was due to restriction of one
element of the diet or to calorie restriction per se. Restriction of dietary salt
has little effect on the progression of glomerular sclerosis. Restriction of
dietary fat and dietary substitution of polyunsaturated fatty acids are protective
in various models of underlying renal disease, and a deranged plasma lipid
profile may contribute to age-dependent glomerulosclerosis in the female
analbuminemic rat [46]. However, there is little direct evidence that lipid
restriction protects against kidney aging. In contrast, reducing the animal
protein content of the diet delays the appearance of renal lesions. Restriction
of calories, however, is more powerful than any other dietary manipulation
in preserving renal structure in senescent rodents. Not only does this retard
the onset of chronic progressive nephrosis, but it completely prevents the
development of renal failure in the oldest animals [47]. The conclusion we
can obtain today is that the total amount of food ingested by the animal during
its life is a determinant of the extent of renal damage. The mechanism of the
beneficial effect of food restriction is not certain, although reduced generation
of free radicals and protein glycation could be involved. As we explain later,
increased oxidants and formation of AGE, both of which accumulate in aging,
have been implicated in glomerular injury by enhancing extracellular matrix
expression.

The environment may also play a role in the development of
chronic progressive nephrosis. Maintenance of animals in a pathogen-free
environment throughout their lives lowers the incidence of renal disease in
ad libitum-fed animals, although this is not as efficient as food restriction
[48]. Overall, these experiments indicate that the severe chronic progressive
nephrosis described in old rats is related more to disease than to true aging
processes. It is clear that renal disease in aging rodents is not an obligatory
event. This analysis prompted investigators to combine conditions known
to minimize renal failure in their development of experimental models of
kidney aging free of renal disease. Strains of rats were selected that remained
lean even when fed ad libitum and that were resistant to chronic progressive
nephrosis. The rats were maintained under pathogen-free conditions and fed
a diet in which animal proteins were substituted with vegetable and fish
proteins and that contained a moderate amount of calories. By combining
these optimal conditions, it has been possible to produce extremely old rats
that are free of chronic progressive nephrosis [49].

Increased Oxidative Stress

There is a general agreement that increased oxidative stress plays a major role
in tissue aging (see Chapter 4). Supporting this hypothesis, the glomerular
synthesis of oxygen peroxide and superoxide anion is higher in 18-month-old
rats than in 3-month-old young-adult animals [50]. However, the antioxidant
capacity also increases with age, perhaps as a compensatory mechanism.
Nevertheless, the final balance is an increase in oxidative stress, as reflected by
an increase in lipid peroxidation. In addition, increased oxidative stress seems
also to be involved in the TGF-�1 overexpression and the subsequent increase
in extracellular matrix protein synthesis. Thus, hydrogen peroxide is able to
stimulate the synthesis of TGF-�1 and collagen in cultured mesangial cells
[51]. In addition, chronic antioxidant administration in aging rats prevented
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the overexpression of TGF-�1 and collagen in these animals [52]. Thus, it is
possible to suggest that the increased oxidative stress in the aging kidney plays
a major role in the TGF-�1 overexpression observed in glomeruli from aging
animals and in the subsequent increase in extracellular matrix component
synthesis and deposition.

However, the reason for increased oxidative stress in the aging glomeruli
remains unresolved. It is possible now to suggest that telomere shortening
could play a role in this misbalance between oxidative stress and antioxidant
enzymes. Telomere shortening has been reported in the aging kidney [53].
Telomere shortening above a critical length could result in increased oxidative
stress and, in turn, oxidative stress can accelerate telomere shortening [54]
(see Chapter 7).

Renin-Angiotensin System

Substantial reductions in plasma renin activity (PRA) have been reported in
a number of species including humans, and possible clinical consequences
of this reduction in the elderly have been recently reviewed [55]. In the rat,
a decline in PRA occurs in both sexes in association with a fall in renal
renin content and a reduction in renin synthesis in individual juxtaglomerular
apparatuses [56]. A fall in PRA precedes glomerulosclerosis in susceptible
animals and also occurs in rat strains protected from chronic progressive
nephrosis, although severe glomerular pathology is associated with the lowest
values of PRA [57]. This unusual association of reduced PRA with increasing
kidney damage may reflect loss of individual juxtaglomerular apparatuses
secondary to loss of nephrons during injury. In aging spontaneously hyper-
tensive rats, reduced renal activity of the renin-angiotensin system leads
to arteriolar vasodilatation and glomerular hypertension that may contribute
to the subsequent appearance of glomerular sclerosis and progressive renal
failure in these rats [17].

The role of the renin-angiotensin system in the development of age-
dependent kidney damage has also been assessed by studying the effect of
chronic ACEI on aging processes (see Chapter 12). Treatment of normotensive
mice from birth to 24 months results in increased survival and a decrease in the
incidence of glomerulosclerosis [58]. Chronic ACEI protects against glomeru-
losclerosis and reduced proteinuria and lowers blood pressure in aging male
Munich–Wistar rats treated from 3 to 30 months of age [14]. Administration
of ACEI from birth in the male WAGIRij rat also lowers blood pressure,
renal vascular resistance, proteinuria, and expansion of the mesangial matrix,
without influencing glomerular volume, renal blood flow, or GFR [59]. In
any case, chronic ACEI administration does not prevent the age-associated
glomerulosclerosis, but delays its appearance.

Endothelial Factors

Endothelin
Endothelial factors are reviewed in Chapter 7. In regard to glomerulus,
endothelin (ET) is an extremely potent vasoconstrictor synthesized by vascular
endothelial cells that is normally present in extremely low concentrations in
the plasma. In terms of the aging kidney, there is little information about the
activity of endothelin in the aging kidney, although infusion of ET produces



Chapter 6 The Mechanisms of Age-Associated Glomerular Sclerosis 121

an exaggerated fall in renal plasma flow in late middle-aged Sprague–Dawley
rats [60]. Inhibition of endogenous ET with the mixed receptor antagonist
Bosentan has no renal hemodynamic effect in young or old conscious male
Sprague–Dawley rats [61]. A line of transgenic mice overexpressing the ET-1
gene under the direction of its own promoter exhibited two- to fourfold
increases in the ET-1 levels measured in the plasma, heart, kidney, and aorta.
There were no apparent histological abnormalities in the visceral organs of
young transgenic mice, nor was their blood pressure elevated. However, aged
transgenic mice showed renal damage characterized by interstitial fibrosis,
renal cysts, glomerulosclerosis, and narrowing of arterioles. These patho-
logical changes were accompanied by decreased creatinine clearance, elevated
urinary protein excretion, and salt-dependent hypertension. It thus appears
that mild, chronic overproduction of ET-1 triggers damaging changes in the
kidney [62]. Recently it has been described that in senescent animals, renal
medullary ET-3 content increased 3.4-fold compared with adults, whereas
aging did not affect ET-3 levels in the cortex. Local NO bioavailability, deter-
mined by NO metabolite tissue measurements, decreased in the cortex only.
ET receptor binding capacity—predominantly due to ETB receptor binding—
was lower in the medulla than in the cortex. Aging had no effect on ET-1
binding capacity or ET receptor distribution, whereas with advanced age gene
expression of both receptors decreased. In conclusion, aging causes distinctive
expressional changes of the renal endothelin system in otherwise healthy rats.
The pronounced increase of endothelin-3 in the renal medulla is associated
with preservation of local NO metabolite levels, whereas these changes were
not observed in the cortex [63].

Eicosanoids
It is well established that in aging there is a widespread reduction in prosta-
cyclin (PGI2) synthesis throughout the vascular endothelium, including the
kidney of the old rat as reflected by an elevation of the ratio of throm-
boxane to prostacyclin in the urine, glomeruli, and inner and outer medulla
[64]. This shift away from production of the vasodilatory prostaglandins puts
the older kidney at risk in any vasoconstricted state and may be respon-
sible, in part, for the sensitivity of the kidney of the old rat to ischemic and
toxic insults [1]. In addition, the aging kidney reacts to adrenergic stimu-
lation with a more pronounced and prolonged vasoconstriction than the young
kidney, which is probably caused by a defect in prostaglandin modulation of
endothelin activity. Autoregulation of GFR is maintained at the expense of
increased intraglomerular pressure, and this could cause glomerular sclerosis,
as described earlier.

Nitric Oxide
Nitric oxide (NO) plays a major physiological role in the maintenance of
peripheral and renal vascular tone. With aging, the peripheral vasculature
has a diminished ability to produce NO and may also exhibit an impaired
vascular response to administered nitrodilators [65]. Data supporting the
notion that total NO production falls with age could reflect a fall in NO
synthesis in the vasculature, perhaps due to reduced NO synthase (NOS),
reduced substrate (L-arginine) availability, increased breakdown of NO by
oxidants, or the presence of circulating inhibitors of NO synthesis such
as asymmetric dimethylarginine. This compound is cleared by the kidney,
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resulting in increased levels in renal impairment, at levels of renal dysfunction
that are common in aging patients [66]. Generalized NO deficiency may also
contribute to age-dependent kidney damage.

Taken together, it is likely that age-dependent declines in NO generation
contribute to age-dependent kidney damage [67].

Conclusion

Glomerular sclerosis in the aging kidney is a complex and multifactorial
process in which many different factors are involved. Figure 6.1 displays an
inclusive and personal scheme that tries to include as many of the factors as
possible that have been involved to date in renal aging. There is no doubt that
in each case an individual factor or group of factors can have more weight
than others. Another major concern of this scheme is that most of the factors

Fig. 6.1 Possible mechanisms and relationship between factors involved in the
aged-related glomerulosclerosis.



Chapter 6 The Mechanisms of Age-Associated Glomerular Sclerosis 123

described above and reflected in it have been almost exclusively analyzed in
rodents; thus, it is possible that its actual importance in glomerular sclerosis
in the human kidney has been over- or understated.
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Endothelial Function
in the Healthy Aged
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and Marta Castro Rodríguez

Introduction

Over the last two decades it has become evident that the endothelium is not a
mere monolayer of cells covering the internal surface of blood vessels. In fact,
it plays a key role in regulating vascular tone and structure, since it possesses
anticoagulatory, antiadhesive, and antiprolifertaive properties and generates
a number of vasoactive substances. Therefore, the functional integrity of the
endothelium is essential for preventing vascular leakage and the formation
of atherosclerotic lesions [1]. We will focus on the functional properties of
the endothelium and its changes during aging. First, though, we will make a
general and brief review of the endothelial physiology and of the different
mechanisms that may induce endothelial dysfunction and its consequences.

Under physiological conditions, the activation of endothelial cells by
physical or chemical stimuli can lead to the production and release of relaxing
and contracting factors toward the adjacent smooth muscle cells (SMC).

Main Relaxing Factors Produced by Endothelial Cells

Nitric Oxide

Nitric Oxide (NO) is formed from the metabolism of L-arginine by three
isoforms of nitric oxide synthase (NOS) in response to several stimuli
[2], including increment of shear stress during increased blood flow or
muscarinic receptor stimulation. NOS is a nicotinamide adenine dinucleotide
phosphate (NADPH)-dependent oxygenase that requires tetrahydrobiopterin
(BH4), flavine adenine dinucleotide (FAD), and flavine adenine mononu-
cleotide (FMN) as cofactors [3].

In the endothelium, the most relevant isoform is the endothelial nitric oxide
synthase (eNOS), which produces NO at moderate rates. Another important
isoform is the inducible nitric oxide synthase (iNOS), which is stimulated
by the action of cytokines and bacterial endotoxins. iNOS is responsible for
producing elevated levels of NO, mainly located in smooth muscle cells.
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Prostacyclin

Prostacyclin (PGI) is produced from arachidonic acid by a series of enzymes
including cyclo-oxygenase (COX) and prostaglandin polymerase. COX exists
in two isoforms: COX-1, which is a constitutively expressed isoform, and
COX-2, which is the inducible isoform [4].

Endothelium-Derived Hyperpolarizing Factor

This factor, abbreviated as EDHF, can induce relaxation by hyperpolarizing
vascular SMC, but its identity is still controversial. It seems that the impor-
tance of EDHF in endothelium-dependent vasodilatation increases in small
vessels [5].

Major Contracting Factors Released by the Endothelium

Prostaglandins

PGH2, or one of its metabolites, thromboxane A2 (TXA2), induces vasocon-
striction by binding to their receptors in vascular SMC [6].

Reactive Oxygen Species

Both endothelial cells and SMC can release oxygen-derived free radicals
when stimulated. The main reactive oxygen species (ROS) involved in
producing endothelial dysfunction is the superoxide anion. Superoxide anions
are produced by several enzymes such as NADPH/NADH oxidase, NOS,
xanthine oxidase, COX, and angiotensin.

Endothelin-1

Endothelial cells express endothelin-converting enzymes, which, in turn, will
generate endothelin (ET-1), known to be a very potent vasoconstrictor [8].

Angiotensin II

Endothelial cells also have an angiotensin-converting enzyme (ACE) that
converts the circulating angiotensin I into the potent vasoconstrictor
angiotensin II [9].

Endothelial Dysfunction

The balance between vasodilator/vasoconstrictor substances is very important,
not only for vascular tone control, but also for vascular wall physiology.
Under physiological conditions, the balance is shifted toward vasodilatation,
antiaggregation/antiadhesion, and antiproliferative pattern. When this situation
is disrupted, endothelial dysfunction (ED) shows up.

Among the tissues that are more vulnerable to stress, the endothelium
cells can be listed at the top simply because their location exposes them to
incessant external stresses. It has been reported that endothelial function can
be altered under certain conditions or in the presence of cardiovascular risk
factors (hypertension, diabetes, hypercholesterolemia, smoking, and aging)
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Fig. 7.1 Modifications induced by cardiovascular risk factors in endothelial function.

(see Figure 7.1). A widely popular definition of endothelial dysfunction entails
an imbalance between vasodilating and vasoconstricting substances produced
by (or acting on) endothelial cells or between antithrombotic and antiad-
hesive properties, or a disturbance of the regulation of vascular permeability.
However, the major focus of both experimental and clinical studies concerning
ED has been the reduced endothelium-dependent vasodilatation.

Hypotheses to Explain the Endothelial Dysfunction
as Cardiovascular Risk Factor

Oxidative Stress

Reactive oxygen species and especially O2
− are important modulators of

NO activity under various pathological conditions [10] and are thought to
be involved in the aging process (see Chapter 4). The ROS superoxide
anion and NO react to form the powerful oxidant peroxynitrite, which can
easily penetrate cells and initiate oxidative modifications of proteins, thereby
rendering inactive certain functionally important regulatory proteins, like
receptors or enzymes. ROS also reduce NO synthase activity and increase NO
breakdown and thereby reduce the bioactivity of NO. In addition, ROS lower
the availability of tetrahydropiopterin, causing a deficiency of this cofactor.
As a consequence of the pathogenic uncoupling of NOS—if it occurs—more
ROS are produced instead of NO [11]. Oxidative stress can activate redx-
sensitive transcription factors, like nuclear factor-KB (NF-KB). The latter may
play a key role in regulating the activation of various inflammatory genes.
NF-KB is known to regulate the transcription of pro-inflammatory cytokines
like tumor necrosis factor � (TNF-�), adhesion molecules such as intracellular
adhesion molecule-1 (ICAM-1) and vascular adhesion molecule-1 (VCAM-
1), and inflammatory enzymes such as iNOS and COX-2, thus contributing
to endothelial injury [12].
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Sources of Oxidative Stress
Recent evidence indicates that one of the major sources of oxidative stress
generation is membrane-bound NAD(P)H oxidase [13]. As mentioned, this
element is an important enzyme for NOS function and production of NO, so if
its function is altered, it will produce ROS and contribute to NOS uncoupling.
In addition, NOS uncoupling is another important source of ROS production
in the vascular wall under certain pathophysiological conditions. The latter
could happen if the availability of its substrate (L-arginine) or its cofactor
(BH4) decreases. Any of this two possibilities will facilitate an increase in
superoxide production due to the fact that NOS will switch from a coupled
state to an uncoupled state, leading to vascular damage [14].

Xanthine oxidoreductase is also considered to be another important enzyme
able to produce superoxide anion under pathological conditions. This enzyme
has been linked to different vascular diseases characterized by both functional
alterations and remodeling [15]. Furthermore, the mitochondria were proposed
to be another source of oxidative stress. It has been found that the mitochondria
may become uncoupled under pathophysiological conditions, leading to
increased superoxide production [16].

Other factors that could promote oxidative stress are inflammation,
endothelin, and angiotensin (see below), raising the framework for the collab-
oration and potentiation of the mechanisms involved in the endothelial
dysfunction.

Inflammation Injury to the endothelial monolayer results in inflammatory
remodeling of the vessel wall. This process will play a key role in the
pathogenesis of vascular disease, leading to the development of atheroscle-
rotic lesions. It has been demonstrated that a pro-inflammatory pattern is
common to various diseases [17] and that there is a clear relationship among
endothelium injury, inflammation, and tissue and organ dysfunction. In fact,
during the inflammatory reaction, the endothelium is exposed to various ROS
and inflammatory mediators, resulting in alterations of cellular redox levels,
causing both phenotypic and functional changes in endothelial cells as a result
of modifications in nuclear transcription factors’ activation [18]. Inflammation
also decreases the activity of natural anticoagulant mechanisms, inducing
impairment in the fibrinolytic system, which in turn may increase the loss
of endothelial barrier function [19]. Recent studies suggest that C-reactive
protein (CRP), besides being a marker of inflammation, may also directly
contribute to endothelial dysfunction [20].

Endothelin Several lines of evidence suggest a role of the potent vasocon-
strictor and pro-inflammatory peptide ET-1 in the pathophysiology of vascular
dysfunction and cardiovascular diseases [21]. A close interaction between
NO and ET-1 in the vascular wall has been identified. The existence of this
interaction may participate in the pathogenesis of endothelial dysfunction.
In healthy arteries, the ETB receptor located on the endothelium signals the
release of NO and modulates the vasoconstrictor effects of ET bound to
smooth muscle ETA and ETB receptors.

Although inconclusive evidence exists about increased plasma levels of
ET-1 in certain diseases, the vasoconstrictor activity of this peptide is
increased along with diminished availability of NO. Under these circum-
stances, the inhibitory effect of NO on ET-1 production may be impaired [22],
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causing an imbalance between the two systems and the consecutive
enhancement in the vasoconstrictor and proliferogenic activity of ET-1 [23].

It has been recently found in both in vitro and in vivo studies that ET-1
contributes to endothelial dysfunction via the stimulation of reactive oxygen
species formation [24]. Another possible mechanism behind the effect of
ET-1 on endothelium-dependent vasodilatation includes the stimulation of
vascular wall inflammation through the stimulation of several pro-inflammatory
cytokines such as IL-6 and NF-KB and accumulation of leukocytes [25].

ECA-Angiotensin It has been well established by experimental and clinical
data that the activation of the renin-angiotensin system is involved in the
onset and progression of some diseases and that its main effector, angiotensin
II (Ang II), induces vascular damage due to its pro-inflammatory activity,
which, in turn, induces the expression of cytokines, chemokines, adhesion
molecules, growth factors, and reactive oxygen species [26]. Several lines of
evidence also indicate that Ang II promotes NAD(P)H oxidase activity and
enhances the migration of VSMCs [27].

It is very important to point out that the above-mentioned mechanisms that
are implicated in the genesis of endothelial dysfunction do not act separately in
different pathways but are closely related to each other and possibly modulate
one another in many ways. For instance, Kim et al. have recently reported that
iNOS specifically binds to COX-2 and S-nitrosylates, enhancing its catalytic
activity [28]. These two inducible isoforms are increased under pathophysi-
ological conditions associated with endothelial dysfunction. iNOS induction
within the vascular wall would be expected to further promote oxidative stress
via two mechanisms: First, it will become a peroxynitrite generator formed
from the reaction of iNOS-derived NO, leading to a dramatic increase in
ROS production. Second, iNOS would also be a source of oxidative stress
by generating O2

− following uncoupling or the depletion of L-arginine and
subsequent transfer of electrons to O2. Moreover, the inflammatory system is
closely linked to the NO system at different levels, since NO stimulates the
production of prostaglandins in vivo in macrophages, and COX-2 activation
induces oxidative stress. These inducible isoforms are in turn determined,
at least in part, by pro-inflammatory cytokines. Therefore, oxidative stress
and inflammation can positively modulate one another, acting as a mutual
amplifying mechanism.

After reviewing previous data, it is necessary to underscore that a
difference may exist between the mechanisms responsible for triggering
endothelial injury. Under several diseases and conditions inducing endothelial
dysfunction, especially in its initial stages, whatever was the initial cause that
may have set off the development of endothelial injury, the final steps of the
endothelial response to these aggressions involve a common pathway. When
the nonreturn point leading to endothelial dysfunction is reached, oxidative
stress and inflammation are present and will contribute to the amplification
of endothelial dysfunction and to vascular damage.

Endothelium and Aging

General Considerations

Physiological aging is associated with several changes and modifications in
different human structures and systems (see Chapter 4). The arterial wall in
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general and the endothelium, in particular, are not exceptions to this general
principle. These important modifications associated with senescence affect the
structure and function of the endothelial cells, but are not due to diseases. Their
intensity and rate of development are variable among different individuals
and vascular beds, although as we have just commented, they are present in
different degrees in the physiological aging of vascular beds.

Among the most common structural changes of the aged endothelium
are a higher number of cells with polyploid nuclei, increased endothelial
permeability, alterations in the cytoskeleton integrity, and the appearance of
senescence-associated �-galactosidase staining [27].

As already mentioned, the functional characteristics of the endothelium in
the young modify as we grow older. Many of the substances released by the
endothelium change with advancing age. These changes may quantitatively or
qualitatively modify the relationship between mechanisms or may affect the
final/effector mechanisms. For example, endothelial cells from aged arteries
secrete more plasminogen activator inhibitor-1, but simultaneously, there is
reduced NO bioavailability [29]. The result of the simultaneous action of
these two mechanisms is a trend toward thrombosis.

What are the main changes associated with aging in the endothelial function,
their intermediate mechanisms, and their origins? In a very brief and simplistic
way, changes in endothelial function associated with aging could be summa-
rized as a reduction in vasodilator and an increase in the contractile factors.

Furthermore, inflammatory process and increased oxidative stress are also
present in the arterial wall of the healthy aged, creating a metabolically
and enzymatically active milieu, very prone to facilitate the initiation and/or
progression of vascular diseases.

All these changes are summarized in Table 7.1.

Table 7.1 Age-Related Changes in Arterial Structure, Function, and
Composition.

Age related changes in arterial structure, function, and composition

Arterial parameter Humans
>65 years

Monkeys
15–20 years

Rats 24–30
months

Rabbits
3–6 years

Lumenal dilation + + + +
Increased stiffness + + + +
Endothelial

dysfunction
+ + + +

Diffuse intimal
thickening

+ + + +

Increased Local Ang
II-ACE

+ + + +

Increased NADPH
oxidase

? ? + ?

Decreased VEGF + ? ? +
Decreased NO

bioavailability
? ? + +

Decreased telomere
length

+ + + ?

?Unknown
Modified from Najjar et al (Reference 27)
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Endothelial Modifications That Accompany the Normal
Aging Process

The principal mechanisms for endothelial repair in the aged are telomerase
and endothelial progenitor cells (EPC).

Endothelial dysfunction is the result of the balance between damage and
repair. The main endothelial elements implicated with vascular damage are
nitric oxide (NO) pathway, ciclo-oxygenase (COX) pathway, endothelin,
angiotensin II- and endothelial-derived hyperpolarizing factor (EDHF).

The Nitric Oxide Pathway

NO availability results from a dynamic equilibrium between its production
and inactivation. Five aspects are implicated in this pathway: [1] the substrate,
[2] eNOS endogenous inhibitor, [3] eNOS cofactors, [4] eNOS expression,
and [5] NO bioavailability.

The substrate for eNOS is arginine. Experimental data [30] show an
improvement in the endothelial responses when L-arginine is co-infused with
muscarinic agonist in old persons, suggesting a potential role for the substrate
of NOS in determining endothelial dysfunction in the aged.

e-NOS Endogenous Inhibitor
As there is no difference between the circulating levels of arginine between
adult and aged rats, a possible explanation for the blunted response to NO
with aging may be an impaired intracellular availability and/or mobilization of
arginine. Among the possible candidates blamed for this decreased availability
of L-arginine is the asymmetrical dimethylarginine (ADMA), an endoge-
nously formed compound that inhibits NOS activity by displacing L-arginine
from the substrate binding site [31]. Infusion of ADMA impairs endothelium-
mediated vasodilatation. Elevated ADMA plasma levels are associated not
only with endothelial dysfunction but also with increased oxidative stress,
thereby linking endothelial dysfunction and redox mechanisms in vascular
disease. High plasma ADMA concentrations are found in the healthy aged
and in diabetic patients. Functional impairment or decreased expression of the
ADMA-degrading enzyme could be one of the possible mechanisms respon-
sible for the elevated ADMA concentrations observed in diabetes. This may
be due, at least in part, to a dysregulation of the redox-mediated DDAH
activity and could also explain the high concentration of ADMA observed in
the healthy aged.

e-NOS Cofactor
Tetrahydrobiopterin is the main eNOS cofactor and, consequently, its
deficiency induces a decrease in the activity of the enzyme associated with
reduced NO production and increased oxygen free radical formation (uncou-
pling). This uncoupling mechanism may be present in physiological aging.
In this regard, recent reports have proven that infusion of BH4 improves
vasodilatation in the human forearm [32]. Because of the above findings,
the possibility has been raised that the improvement exerted by the infusion
of L-arginine in the defective endothelium-mediated responses in old people
could also be mediated by a reversion of NOS uncoupling by L-arginine.
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e-NOS Expression
In an attempt to find the possible mechanism responsible for the low vascular
concentration of NO observed in the aged endothelium, the levels of NOS
mRNA, protein expression, and activity have been determined in experimental
animal models. The rationale for this search is the possibility that a reduced
production of NO by NOS may be one of the causes that could explain the
lower production of NO in the vascular bed, although, at present, human data
are lacking. Changes in mRNA expression and NOS activity in mesothelial
human cells, ontologically very close to endothelial cell, have been observed
recently. In these cells, there are no changes in eNOS mRNA expression,
whereas an increased expression of iNOS mRNA, total NOS activity, and
NOx (nitrite plus nitrate) production [33] was found. Preliminary data from
our group in human microvessels seem to confirm these data (unpublished
results). To the contrary, in the aorta and small mesenteric arteries from
aged rats, there is an increased, instead of a decreased, expression of eNOS.
Because of the already-mentioned discrepancies, more studies in humans are
needed. Furthermore, one should be very careful at this time to extrapolate
data from aged animals to aged humans.

NO Bioavailability
In order to regulate the redox steady state of endothelial cells, equilibrium
between the production of NO and O2

− issnecessary. Under physiological
conditions, this equilibrium is achieved by the action of endogenous antiox-
idant defense mechanisms such as superoxide dismutase. However, the
balance between pro- and antioxidant equilibrium may be altered, especially
during the aging process. This imbalance may lead either to the generation of
an excess of oxygen-derived free radicals or to a decrease in biologically active
NO, leading to impaired endothelial vasodilatation. Indeed, many studies have
pointed out that oxidative damage increases with age (see Chapter 4). As
NO inactivates O2

−, it is possible that reduced NO production may trigger
oxidative stress. Under certain conditions, the interaction between NO and
O2

− leads to the production of biologically active compounds such as perox-
ynitrites and hidroxyl radicals. Enhanced O2

− production by the endothelium
has been reported in the aorta of aged rats. Data from studies using vitamin
C as an ROS scavenger have shown that sedentary old people have a patent
oxidative stress that impairs the endothelium-dependent responses in vivo [34].
Although there are no convincing data about the nature of the ROS involved
in these phenomena, the main candidate for this role is the superoxide anion,
as previously commented. Added to trapping NO, oxidative stress due to
superoxide anions, when combined with NO, may induce the production of
increased amounts of peroxynitrite, a very reactive and dangerous substance
that induces deleterious changes at cellular and subcellular components. The
main sources of O2

− are NOS itself (uncoupling), xanthine oxidase, and
NADPH oxidase [35]. Hamilton et al. [36] have shown that O2

− generation
increased with age in the aorta and the carotid arteries of the rat and could
contribute to age-related decreased vasodilatation. There are no data in humans
to propose or discard definitively any of the potential sources of the oxidative
stress during human endothelial aging. To the contrary, some data suggest
that the source for the increased amount of NO could be iNOS, but not eNOS.
This will support the hypothesis that decreased NO bioavailability is one of
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the main mechanisms involved in the endothelial dysfunction associated with
aging.

The Cyclo-Oxygenase Pathway

In the microvessels of healthy humans aged 18 to 93 years old using
myographic techniques (Mulvany), we have evaluated the role of cyclo-
oxygenase (COX) in the endothelial dysfunction associated with aging. From
our results, COX seems to participate in two major ways: One way is by
attenuating the endothelium-dependent vasodilatation mediated by the loss
of a COX-derivate that induces vasodilatation (probably prostacyclin). The
second is by increasing the release of a vasoconstrictor metabolite derived
from COX (probably thromboxane). In this regard, indomethacin improves
endothelium-dependent responses in the forearm of old people [30]. Some of
these results confirm data obtained in animals, where the use of an antagonist
of the TXA2/endoperoxide receptor improves acetylcholine-induced relax-
ation in the aorta and in the small mesenteric arteries from aged rats.

The Endothelin Pathway

Although the role of ET in aged-associated endothelial dysfunction is strongly
supported in animal studies, the scattered data available in healthy persons
prevent us from reaching definitive conclusions concerning the role of ET in
human aging.

It has been shown in healthy rodents that aging is associated with a
marked upregulation of the renal ET-1 protein content and a decrease in tissue
nitrite/nitrate levels in the kidney. Furthermore, in the intact aorta of aged
rats, mRNA expression of preproendothelin-1 (the precursor of ET-1) and
ET-1 protein was increased.

In addition, an alteration of the equilibrium between the ET-1 and NO
pathways seems to be an attractive explanation for the reduced endothelium-
dependent vasodilatation observed in the course of aging, although not all
investigators endorse this hypothesis [37].

The Angiotensin II Pathway

Increased production of angiotensin II may be another attractive hypothesis
to explain the age-related decrease in endothelial relaxation. Angiotensin II
causes impairment of the EPC proliferative activity in humans through two
mechanisms. The first takes place by the induction of gp91phox expression
at the AT1 level, which produces an increase in peroxynitrite and a decrease
in telomerase activity, leading to EPC senescence. The second is the role
developed by angiotensin and angiotensin-converting enzyme. In animals,
there is strong evidence of the important role played by angiotensin II and
angiotensin-converting enzyme in endothelial aging [26]. Nevertheless, data
to support this mechanism in human are not so evident.

Endothelium Derived Hyperpolarizing Factor

Nearly 10 years ago a seminal report by Urakami-Harasawa et al. [38]
showed a decrease in the responses mediated by EDHF with advancing
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age. Again, although data from animal studies point to the importance of
this mechanism, studies in humans are lacking. These mechanisms do not
work in an isolated manner; they work together by provoking aged-related
endothelial dysfunction. As an example, it is known that iNOS increases
COX-2 activity, while, at the same time, peroxynitrite could act on COX and
COX metabolite(s) receptors; also, angiotensin II induces oxidative stress,
which, in turn, promotes uncoupling of NOS, etc. Another possibility is that
ED is mediated by regulation of vascular genes: Oxidative stress is accom-
panied by an increased formation of hydrogen peroxide, superoxide anions,
and peroxynitrites, which, in turn, are endogenous inducers of DNA breakage
[4]. Furthermore, the same compound may exert its actions at different levels,
ranging from modulating gene expression and activity to generating the final
endothelial injuring agent, peroxynitrite. All these possibilities form a great
and complex picture that we are just beginning to uncover.

Repair Mechanisms

The other arm of the balance finally determining the development of
endothelial dysfunction is composed of the mechanisms that repair endothelial
damage and their functionality. We will focus on telomere-telomerase and
endothelial progenitor cells (EPC).

Telomere-Telomerase and Endothelial Progenitor Cells

As discussed in Chapter 4, the length of telomere more than the chronological
age may modulate the aging of tissues. Briefly, telomeres are specialized
structures located at the end of chromosomes, which shorten in each repli-
cation unless they are rescued by the enzyme telomerase reverse transcriptase.
When the telomere length reaches a critical size, reflecting numerous cycles
of attrition, no further replication is possible and the cell becomes senescent.
Telomere length has been shown to be inversely associated with chronological
age in endothelial cells from the human abdominal aorta, iliac arteries, and
iliac veins. Interestingly enough, nitric oxide seems to play some regulatory
role in the telomerase activity at least in cultured aged endothelium in vitro
[39]. The impact of telomere-induced vascular senescence may be accen-
tuated in older individuals, in whom recent studies indicate that the number
and activity of endothelial progenitor cells are reduced, suggesting an age-
associated diminution in regenerative capacity, which may contribute to the
age-associated impairment in angiogenesis [40].

Potential Consequences

It is well known that the incidence and prevalence of cerebral and cardiovas-
cular disease are much higher in aged persons than in the young, with similar
classical risk factors for heart and brain damage (see Chapter 11). This may
be due to the role the vascular aging process plays as an additional risk factor
for the appearance of cerebral and cardiovascular adverse events. The limited
knowledge and little attention paid until now to the mechanisms involved
in the modifications that accompany the physiological aging process may
explain why many doctors think that aging is an irreversible, nonmodifiable
process and consequently ineligible for prevention. But, as we are gaining
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Fig. 7.2 Effect of cellular senescence on the mechanisms of vascular injury and
repairing.

insight into the mechanisms involved in the vascular aging process, we are
learning that the presentation of these events may be delayed, if not reversed,
or are at least susceptible to prevention. For instance, in many studies the
possibility has been raised that very well-controlled programs of physical
activity may be able to slow down or even reverse age-related endothelial
dysfunction.

It is worth bearing in mind that as traditional risk factors such as diabetes,
arterial hypertension, and hypercholesterolemia share some common mecha-
nisms with the aging process, their presence may add additional risk to
normal aging. Conversely, minute additional insult provoked by traditional
risk factors to an aged organism in which the mechanism of defense has been
overcome may induce considerable, and sometimes irreversible, damage. This
damage may be prevented if persons caring for the aged are familiar with the
characteristics of the endothelial aging process.
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8
Renal Handling of Water and

Electrolytes in the Old and Old-Old
Healthy Aged

Carlos G. Musso and Juan-Florencio Macías-Núñez

Introduction

The main principles that explain the particular aspects of the water and
electrolytes balance in the elderly are their frail homeostasis and the physio-
logical nephrogeriatric giants.

Frailty of the Senile Homeostasis

This concept fits in very well with the progressive loss-of-complexity charac-
teristic of the aging process (see Chapter 4). Biological systems work due
to coordination among their multiple constitutive systems or microsystems.
This coordination of systems or complexity makes the organism flexible
and adaptable to environmental changes. The senescence process weakens
these microsystems and their intercoordination, resulting in a frail organism.
Therefore, even though healthy elderly people can handle their water and
electrolytes balance under basal conditions, they easily lose the ability to
adapt to challenging situations such as hot weather or sepsis. This senile
homeostasis frailty also explains why the elderly are equally exposed to
opposite electrolytic disorders, such as hyponatremia or hypernatremia,
depending on the clinical circumstances [1].

Nephrogeriatric Giants

As has been discussed in Chapter 1, Bernard Isaacs coined the term
“clinical geriatric giants”: incontinence, immobility, instability, and intel-
lectual impairment, because these “giants” are the most common presenting
symptoms of illnesses in elderly patients.

In renal physiology, other very common findings are present in the
great majority of healthy aged individuals: the “physiological nephrogeriatric
giants.”

This is a concept forged by geriatric nephrology, which summarizes the
structural and physiological changes that accompany the normal renal aging
process. We should always keep them in mind, as they play an important role
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in the development of the diseases and treatments in this age segment of the
life cycle.

The physiological nephrogeriatric giants are [2]

1. Renal vascular dysautonomy: This term refers to a reduction of the
autonomic renal vascular reflex that protects the kidney from hypotensive
and hypertensive states.

2. Senile hypofiltration: The progressive reduction in glomerular filtration due
to the senescence process. This reduction starts around the age of 30 and
continues to decline at a rate of approximately 1 mL per year.

3. Tubular dysfunction: The reduction of the tubular maximal capacity to
reabsorb or excrete some substances such as glucose or phosphate (see
Chapter 5) or the tendency to reduce both secretion of K+ and reabsorption
of Na+.

4. Tubular frailty: In the elderly, renal tubular cells are more vulnerable to
hypoxic or nephrotoxic injury and take longer to recover from acute tubular
necrosis.

5. Medullary hypotonicity: In older people, the renal medulla has a lower
tonicity compared to younger healthy individuals. This phenomenon
produces a reduction in the effect of antidiuretic hormone and, as a conse-
quence, a reduction in water reabsorption. The above, combined with a
decreased sensation of thirst, may lead to severe dehydration.

Three of these giants (senile hypofiltration, tubular dysfunction, and
medullary hypotonicity) modulate the characteristics of water and electrolytes
balance maintenance in the healthy aged.

As a rule, under normal circumstances the aged kidney is able to maintain
plasma electrolyte concentrations [3], but, as with other organs, the functional
characteristic of the aged kidney is a slow response or sometimes a complete
inability to adapt to situations of overload or restriction.

Renal Sodium Handling in the Elderly

In the elderly, the renal response to sodium loading and especially sodium
depletion is blunted. There are minor discrepancies regarding the ability of the
aging kidney to excrete an extra sodium load, but most researchers suggest
that this capacity diminishes with age [4–8]. As a result, if we were to give a
salt load to an aged individual, it would take him longer to eliminate it, due
to the reduction in the glomerular filtration rate (GFR) [9]. On the other hand,
if an elderly person follows a sodium-restricted diet, a sodium balance would
eventually be achieved, but the required period would be substantially longer,
with significantly greater urinary sodium losses than in younger individuals
before the new state of equilibrium would be attained [9]. The capacity of the
aging kidney to adapt to a chronic moderately low salt intake (50 mmol/24 h)
is also reduced [10, 11].

In the latter study, young people reached sodium equilibrium in 5 days,
whereas the elderly participants were unable to reach a sodium balance, in
spite of a mean loss of 1.3 kg of body weight during the 9 days of 50 mmol/24
hr sodium intake [12, 13] (Figure 8.1).

As a result of these slow adaptations, both intravascular volume expansion
and contraction are frequent findings in patients on geriatric wards [14–16].
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Fig. 8.1 The kidney’s ability in healthy young individuals (closed diamonds) and
the elderly (open diamonds) to adapt to a 50-mmol Na+ restriction. The younger
individuals reached sodium balance within 5 days; the elderly ones failed to reach
balance within 9 days and continued to excrete more than double of the administered
sodium per 24 hours. (Source: Macías-Núñez, J.F., Cameron S. The ageing kidney. In
Oxford Textbook of Clinical Nephrology, J.S. Cameron, ed. Oxford: Oxford University
Press. 2005.)

Furthermore, a clinical picture of hyponatremia secondary to chronic sodium
urinary loss—“senile sodium leakage hyponatremia”—has been described
in the elderly [17]. It is more frequent in situations of salt restriction and
diuretics. We have seen this hyponatremia in healthy people on a normal
diet without diuretics but complaining of a remarkable loss of appetite for
weeks. It is easily understandable that if the aged do not eat foods, their
salt and fluid intake is almost negligible. The above, in combination with an
inefficient capability of the kidney to reabsorb Na+, leads to hyponatremia
due to renal Na+ spilling. The senile sodium leakage hyponatremia of either
etiology is rather common in geriatrics, internal medicine, or surgical wards.
In general, there are no distinctive clinical manifestations different than those
seen in other hyponatremias (see Chapter 10) except that it is not unusual for
it to present as instability, falls, or acute mental impairment syndrome, which
resolve naturally after Na+ replacement [17]. However, one study did not
show any differences in the renal handling of sodium in the elderly compared
to younger people [18].

Kirkland et al. [19] found a greater urinary elimination of water and
electrolytes during the night in the elderly, and Musso [20] saw a higher urea
output in the 24-hour urine of the healthy aged compared to the young. Both
of these studies may contribute to finding an explanation for the nocturia
observed in 70% of elderly men and women.

Urinary Sodium Output in the Elderly

There is no universal and “normal” urinary Na+ output value for a healthy
aged person on a normal, unrestricted salt diet. It is known that in the area of
the University of Iwate in Japan, the mean urinary Na+ output (MuNaOp) is
236 ± 22 mmol/L/24 hr [21]. In a collaborative study between the Universities
of Catanzaro (Italy) and Oslo (Norway) [22], the MuNaOp was 115 ± 5.3.
In the area of Buenos Aires under the care of the Hospital Italiano, the mean
urinary sodium output was 110 ± 35 mmol/L [23], and in the area served by the
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University Hospital in Salamanca in Spain, the MuNaOp was 165 ± 97 [24].
All observers agree that there is a diminished capacity to conserve sodium
with increasing age, which again is consistent with clinical observations that
large sodium excretion rates and sodium depletion are frequently found in
patients on geriatric wards [24–26].

Sites of Sodium Loss Within the Nephron

Proximal Tubule
From studies on the clearance of lithium, which is mainly reabsorbed in the
proximal tubule to an extent comparable with the reabsorption of sodium and
water, it can be concluded that fractional reabsorption of sodium from the
proximal tubule does not change significantly with age [27] (Figure 8.2). The
above findings are in concordance with our previous results, which revealed
that the reabsorption capacity of the proximal tubule is not impaired in the
aged [26].

Loop of Henle
A clearance study employing the hyposaline overload test, which is believed to
be able to discriminate the functional capacity of the “proximal nephron” [the
segment running between the beginning of the proximal convoluted tubule to
the bend of the thin descending limb of the loop of Henle (see Chapter 5)]
from that of the “distal nephron” [thick ascending limb of the loop of Henle
(Figure 8.3)] showed that that the “proximal nephron” behaves similarly in
the young and in the elderly. Schou et al. [27] have supported this finding.
However, in the “distal nephron.” a clear difference in the handling of sodium
was found in 85% of the tested aged subjects. These results have recently
confirmed by Abreu et al. [28] and Fliser et al. [29].

Fig. 8.2 “Proximal
segment”: In this
segment there is no
difference in the tubular
handling of sodium
among young, old, and
old-old healthy people.
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Fig. 8.3 “Distal
segment”: Ascending
limb of the loop of
Henle. The ability of this
segment to reabsorb Na
is statistically lower in
the old and old-old
compared to young
healthy individuals.

Distal Tubule
Apart from the “intrinsic” reduction in the functional capacity of the ascending
limb of the loop of Henle, other factors such as lower aldosterone concen-
trations in plasma and urine [30] and the blunted response of the renin-
aldosterone system to stimulation such as standing up, walking, and salt
restriction also contribute to the attenuated capacity of the normal aging
kidney to retain salt [10, 13, 24, 30].

In summary, the ascending limb of the loop of Henle and other tubular
segments where aldosterone exerts its effect are primarily responsible for
the aging kidney’s impairment in tubular sodium handling. The diminished
capacity of healthy aged kidneys to reabsorb sodium by the ascending limb
of the loop of Henle has two important direct consequences: First, the amount
of sodium arriving at more distal segments of the nephron (distal convoluted
and collecting tubules) increases, and second, the medullary interstitium´s
capacity to concentrate is diminished. As a consequence, elderly individuals
exhibit both an increased sodium excretion and the inability to maximally
concentrate the urine.

Potassium Handling in Aged Individuals

Even though the ingestion of potassium by the elderly is low, as their diet has
a low content of meat, fruit, and vegetables, plasma potassium concentrations
in the aged do not differ from those observed in younger populations [31–33].

Despite plasma potassium being normal in healthy elderly individuals, the
elderly can develop hypokalemia more rapidly than the young when they
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are on diuretic treatment [34, 35]. Measurements of total exchangeable body
potassium by various isotopic dilution methods all show that total body
potassium is 15% lower in the aged compared to young people (2500 mmol
vs. 3000 mmol) [6,36]. However, the administration of extra potassium does
not raise the body potassium in the elderly [37]. This phenomenon could be
the consequence of the reduced muscle mass in the elderly, as this tissue
represents the major site for potassium storage.

As one of us has shown [10], the urinary potassium output is signif-
icantly lowered in the aged compared with the young, in concordance
with the findings communicated by Biswas et al. [38], who postulated that
physiological changes associated with age would predispose the elderly to
hyperkalemia. This is particularly the case when they are treated with anti-
aldosterone agents, angiotensin-converting enzyme inhibitors, or angiotensin-
receptor blockers [39].

When the values of two potassium excretion markers—the fractional
excretion of potassium (FEK) and the transtubular potassium concentration
gradient (TTKG)—observed in healthy elderly patients are compared to other
situations causing an altered GFR, i.e., in patients with chronic renal disease,
the aged show lower values [40, 41] (Figure 8.4).

Water Metabolism in the Elderly

Total body water slightly diminishes with age, so that it comprises only
54% of total body weight [42]. This could be explained by the fact that
elderly people have a greater proportion of fat in their body weight than
the young [42, 43]. The diminution seems to be predominantly intracellular.
Cross-sectional and longitudinal studies have demonstrated that plasma and
blood volume do not change as a result of age alone in healthy adults [44,45],
although elderly women had a significantly greater plasma volume than young
women [46]. We have found that plasma and blood volume measurements
using radiolabeled albumin do not differ between young and healthy elderly
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volunteers. Males have a greater volume than females, regardless of age [13].
Thus, a diminished plasma volume in an elderly individual is almost always
the result of disease.

Water Balance and the Renal Handling of Water

Water equilibrium is achieved through a balance between water intake and
water disposal. This balance is controlled by the regulation of thirst, the
neurohypophyseal function, and the renal capacity for water management
[47]. Thirst and the intake of liquids diminish with age. When healthy active
elderly volunteers were water-restricted for 24 hours, the threshold for thirst
was increased and water intake reduced in comparison to a control group
of younger individuals. Despite the reduction in water intake and thirst,
a considerable increase in blood osmolality, plasma sodium concentration,
and circulating vasopressin occurred during water deprivation [13]. Osmotic
release of Arginine vasopressin (AVP) in response to intravenous hypertonic
saline in elderly people is greater than in the young. However, the AVP
response to volume depletion is blunted [48], as in the aged rat [49], in which
insensitivity of the cortical collecting duct to AVP with a reduced generation
of cAMP rather than a reduced medullary hyperosmolality appeared to be
responsible.

This lack of thirst sensation in elderly people, despite an increase in plasma
tonicity, remains unexplained. Dryness of the mouth and a decrease of taste
with age may contribute to the diminution of the sensation of thirst [50].
Another possible mechanism might be an alteration in mental capacity [51] or
cortical cerebral dysfunction [52]. It has also been suggested that a reduction
in the sensitivity of the osmoreceptors responsible for thirst regulation may
play a part in water-handling alterations in elderly persons. A contrary view
has arisen from the study of Helderman et al. [53], in which an increase in
the sensitivity of the osmoreceptors that regulate the release of vasopressin
was observed.

Reduced thirst may also result from an inappropriate response to hypov-
olemia. Age diminishes the sensitivity of the baroreceptors and the release
of vasopressin mediated by them [48]. Finally, angiotensin concentrations,
a powerful generator of thirst, are diminished in elderly people. Therefore,
stimulation of thirst requires severe hypovolemia and/or hypotension [54].
There is, as noted above, no difference in the plasma concentration of
vasopressin between young and elderly persons before or after water depri-
vation [47].

Urinary Concentration and Dilution

Urine Concentration
Aging reduces the capacity of the kidney to concentrate urine [55, 56]. The
maximal capacity to concentrate urine gradually decreases by 5% per decade
of age [57], ranging from a maximum urinary specific gravity of 1030 at
40 years of age to 1023 at 89 years of age. Rowe et al. [56] found a mean
maximal urinary osmolality of 1109 mOsm/kg in individuals aged 20 to 39
years, with a minimum urine flow rate of 0.49 ± 0.03 mL/min. In the aged,
maximal urinary osmolarity reached 1051 mOsm/kg in 40- to 59-year-olds,
and 882 mOsm/kg in those aged 60 to 79 years, in whom the minimal urinary
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flow rate (1.03 mL/min) was more than double that of the young. The study of
Lindeman et al. [58] showed similar results. Kirkland et al. [59] noted that
a high percentage of healthy individuals aged 60 to 80 years have a higher
excretion of water, sodium, and potassium during the night than younger
controls as well as complaints of nocturia. This alteration in circadian rhythm
does not only depend on the inability to concentrate the urine, but also upon
the defects in sodium handling and aldosterone secretion, together with the
increased urinary urea excretion already mentioned [20, 59].

The origin of the reduction in concentration is also complex. The small
differences in the amount of fluid intake between young and elderly
individuals cannot completely explain the differences in solutes and urinary
elimination observed during water deprivation [56]. The diminution of the
concentrating ability has been related to the decrease in glomerular filtration
rate that occurs with age. It is assumed that as the number of functioning
nephrons decreases with age, the remainder are subjected to osmotic diuresis,
which impairs the ability to concentrate urine [58, 60]. Despite this, some
data do not show a close relationship between the reduction of the glomerular
filtration rate and the capacity to concentrate urine in the elderly [56]. The
relative increase in medullary blood flow noted above could contribute to
the impairment of renal concentration capacity by means of medullary “wash
out” [61, 62].

Nevertheless, data to support this suggestion are not available. As already
discussed, inappropriately low ADH levels are not a factor in the genesis of
the defect. The defect in sodium chloride reabsorption in the ascending limb
of the loop of Henle, which is the basic underlying principle for the operation
of the countercurrent concentration mechanism, may be an important factor
for the decrease in the capacity to concentrate urine seen in aged individuals.

Urine Dilution
Only a few reports deal with the capacity of the aging kidney to dilute urine,
but it has been found to be decreased [13, 55, 58]. Dontas et al. [55] found a
minimum urine concentration of 92 mOsm/kg in elderly individuals compared
with 52 mOsm/kg in the young. Maximum free water clearance (CH2O) was
also reduced in elderly individuals from 16.2 to 5.9 mL/min. Some authors
speculate that the reduced glomerular filtration rate is responsible for these
reductions, but the CH2O GFR was somewhat reduced in the elderly (9.1 vs.
10.2%). The functional impairment of the diluting segment of the thick
ascending limb of the loop of Henle described above seems to account for the
remainder of the declined capacity to dilute urine observed in the aged [25].

Water and Electrolytes Handling in Special Groups

Old-Old People
As we have previously discussed, a few clearance studies test the tubular
segmental competence of the nephron in the old (65–79 years), but none
deals with the healthy old-old population (80 years and over). We compared,
by means of clearance studies, the response to a hyposaline overload of five
healthy volunteers aged 80–87 years on their normal diet with that of five
healthy young volunteers, who were also on their normal diet (without salt
restriction), following our laboratory’s standard procedure [10,24]. Following
a complete geriatric evaluation (see Chapter 1) including clinical examination,



Chapter 8 Renal Handling of Water and Electrolytes in the Old and Old-Old Healthy Aged 149

Table 8.1 Results of the response to a saline overload in healthy old-old
and young volunteers. Observe that the percentage of Na+ reabsorption in
the loop of Henle (distal nephron) is significantly lower in healthy old-old
than in young subjects.

Na Clearance Free water Cl “Proximal” “Distal”

Young (n=5) 2�6 ± 1�14 15�32 ± 2�63 17�93 ± 3�11 85�72 ± 4�51
Old-old (n=5) 1.64 ± 0.31 5�92 ± 0�71∗ 7�82 ± 0�81∗ 75�64 ± 4�47∗

geriatric scales, blood biochemistry, and renal and cardiac ultrasonography,
detectable pathology was ruled out. As shown in Table 8.1, under basal
conditions the mean urinary Na+ output (Na+ clearance) was diminished
in the old-old compared to young controls. In the alimentary questionnaire,
we found that all of the old-old were on a low-salt diet. Because of this,
we interpreted the low urinary Na+ output in basal conditions (before the
hyposaline overload test was given) as the normal renal response to prolonged
salt restriction. The reason for their low-salt intake is most probably the usual
worldwide recommendation to reduce salt intake. Consequently, the tubule’s
“proximal nephron” [from the very beginning of the proximal convoluted
tubule to the bend of the loop of Henle (see Chapter 5)] was able to reabsorb
almost all filtered sodium, as expected in a healthy kidney. As a result of
the above, the distal delivery of Na+, i.e., the remaining percentage of the
filtered sodium, which does not undergo tubular reabsorption in this segment
and reaches the bend of the loop of Henle, is significantly lower than that
observed in healthy younger patients (Table 8.1).

In spite of the above, the “distal nephron” (ascending limb of the loop of
Henle) was capable of reabsorbing 75%, while the healthy young were able
to reabsorb 85.7%. These results are comparable to those observed in healthy
elderly volunteers [62, 63] (Table 8.1).

Intellectual Impairment Syndrome
In untreated elderly patients with mental disorders, an alteration in intracel-
lular, extracellular, and total body water has been found [63]. Deterioration of
verbal learning is associated with an increase in body water, intracellular and
extracellular fluid, and exchangeable sodium and potassium in relation to dry
body weight. The decline in verbal ability was associated with a shift of water
from the extracellular to the intracellular compartments and a reduction in the
amount of interchangeable sodium in relation to lean body weight. In addition
to this, lithium or other drugs may affect water and electrolyte handling.
Regarding water metabolism, we have not been able to show differences
in plasma ADH levels between elderly people with and without dementia,
although a tendency toward higher amounts of body water was demonstrated
in the group with dementia [64] (Table 8.2). Independent of the above, the
importance of checking plasma electrolytes and urea in confused elderly
individuals hardly needs mentioning because many of the acute or chronic
electrolyte imbalances may present as an acute confusional syndrome.

Immobility Syndrome
The immobility syndrome (IS) consists of a reduction in the capability to
perform daily activities due to a deterioration in motor function that leads to
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Table 8.2 Water metabolism in elderly patients with dementia CrCl:
creatinine clearance, PNa: plasma sodium, PK: plasma potassium, PO:
plasma osmolality, lean body mass (LBM), antidiuretic hormone (ADH),
real body water (BW), real body water / theoretical body water (BWR),

Healthy Patients Patients with Dementia
X SD X SD p

Weight (kg) 61� 8 15� 5 49� 6 11� 4 0� 007
Height (m) 1� 5 0� 1 1� 5 0� 1 n/s
CrCl (ml/min) 59� 6 17� 3 48� 8 12� 4 0� 03
PNa (mEq/l) 141 5 141 4 n/s
PK (mEq/l) 4� 1 0� 4 3� 8 0� 5 n/s
PO (mOs/l) 292 12 293 9 n/s
LBM (kg) 46 9 41 9 n/s
ADH (pg/ml) 3� 1 2� 9 4� 2 2� 9 n/s
BW (%) 55 9 59 10 n/s
BWR 1� 14 0� 2 1� 22 0� 2 n/s

characteristic changes in body structure and physiology (see Chapter 1). The
prevalence of this syndrome is linked to the patient’s age and environment.
In noninstitutionalized people older than 64 years of age, the prevalence of
immobility is around 12%, while in those older than 79 years it is about
27%. Moreover, in the institutionalized old, the IS reaches a prevalence of
30% [67].

The body alterations in people suffering from IS included reduced muscle
mass and strength, joint contractures, reduced lung tidal volumes and maximal
breathing capacity, diminished cardiac output, orthostatism, capillary leakage,
increased daily nitrogen loss, hypercalciuria, reduced bowel peristalsis, and
decreased intellectual capacity [67, 68].

As we have mentioned, a reduced GFR is demonstrated by the lower
creatinine clearance in the IS group [69]. The conjunction of the reduced
GFR together with a low fractional excretion of sodium usually points toward
a pre-renal hypoperfusion situation’s being the cause. These situations often
occur due to reduced cardiac output and capillary leakage, which are usually
present in immobile patients.

As shown in Table 8.3, patients with IS have a tendency to retain free
water, as shown by the increased body water content, lower plasma sodium,
and lower osmolality found in patients with IS compared to the healthy aged
population. Even though plasma ADH was not significantly different in these

Table 8.3 Water metabolism in elderly patients with immobility syndrome
Plasma Na (PNa), plasma osmolality (PO), antidiuretic hormone (ADH), lean
mass (LM), Real body water (BW), real body water / theoretical body water
(BWR).

PNa (mEq/l) PO (mOs/l) ADH (pg/dl) BW (%) BWR

(M) X, SD 143 +/– 1,28 281 +/– 5,22 4,2 +/– 3,56 50 +/– 9,8 0,99 +/– 1,3
(IS) X, SD 140 +/– 5,16 270 +/– 10 3,4 +/– 2,6 61 +/– 7,7 1,3 +/– 0,16
P 0,014 0,025 N/S 0,0003 0,0001
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two groups, a possible explanation to conciliate the relatively higher ADH
plasma concentration with its serum osmolality level may be water retention,
as the immobility syndrome group had significantly higher body water (BW).
It could be hypothesized that pre-renal hypoperfusion could induce the well-
known relative ADH excess found in patients with IS [69].
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Magnesium,Phosphorus, Calcium,
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Introduction

Few studies deal with the competence of the aging kidney to handle uric
acid, magnesium, phosphate, calcium, and acidification. The majority of these
studies were carried out on ill patients admitted to medical wards, attending
outpatient follow-ups, or institutionalized in home care for the elderly. The
above-named capacities have not been explored in the old-old. We discuss the
ability of the aging kidney to handle the above-mentioned elements in groups
of old and old-old healthy persons after ruling out detectable pathologies by
means of a holistic geriatric evaluation (see Chapter 1).

Uric Acid

Uric acid is the end product of the purine metabolism in humans and is
synthesized from the xanthine and hypoxanthine bases by the action of the
xanthine oxidase enzyme. Since the pK of uric acid is 5.4, in solutions most
of it (99%) is in the form of urate. In urine, where the pH oscilates between
4.7 and 8.0, the ratio of uric acid to urate varies with pH, being entirely uric
acid at a urinary pH of 5.0 or less [1, 2].

The normal plasma uric acid level is 2.2–7.5 mg/dL in adult males and
is slightly lower (2.1–6.6 mg/dL) in premenopausal females [3]. Normally,
two-thirds of uric acid is eliminated by the kidney and one-third by the gut
[4]. Only 4% of this substance is bound to plasma proteins; thus, most of it
is freely filterable [5]. Around 10% of the filtrated urate is finally excreted
in the urine. This process is usually greater in males than females: Fractional
excretion of uric acid (FEUAc) is around 12% and 8%, respectively [2].

Renal Handling

In the kidney, uric acid is mainly handled in the proximal tubule, where it
undergoes two main processes: reabsorption and secretion. Reabsorption takes
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place more specifically in the S1 segment, where uric acid is transported across
the brush border through indirect coupling to a sodium transporter. On the
other hand, uric acid tubular secretion, which takes place in the S2 segment,
appears to be mediated principally by a voltage-sensitive transporter [6, 7].

Many substances can influence the renal handling of uric acid. Some
of them reduce its renal excretion, such as low doses of cyclo-oxygenase
inhibitors, diuretics, pyrazinamide, ethambutol, and ethanol and lead intox-
ication. Conversely, high doses of cyclo-oxygenase inhibitors increase uric
acid excretion [2, 8].

Uric Acid in the Aged

In healthy old people, serum uric acid levels and FEUAc do not differ from
those of a healthy young population. Even more, when healthy old people
undergo volume expansion, they show no significant difference in their renal
uric excretion before and after the procedure (see Table 9.1).

Hypouricemia in the elderly is observed in the many different settings.
These include the administration of uricosuric agents (benzbromarone),
acquired proximal tubular defects, syndrome of inappropriate antidiuretic
hormone secretion, hematological malignant disorders, and as a consequence
of the use of corticosteroids, losartan, and nonsteroidal anti- inflammatory
drugs [2, 9–11].

Hyperuricemia in the elderly is observed in gouty inflammatory arthritis,
uric acid urolithiasis, chronic renal disease, acute hyperuricemic nephropathy
(tumoral lysis), rhabdomyolysis (crush injuries), and prolonged immobi-
lization [12–14].

In the majority of patients with gout, hyperuricemia results from a polygeni-
cally inherited tendency to have a reduced fractional excretion of uric acid,
and this is almost always coupled with a large intake of dietary purine. In this
context, there is an increased tubular reabsorption of uric acid, since FEUAc
is around 5% [12].

Even though in the first stages of chronic renal failure (CRF) serum urate
increases at the same rate as creatinine, as the creatininemia increases further,
the uricemia does not due to the increase in uric acid excretion, which
can reach 85% or more, in advanced renal failure. Furthermore, there is an
increased gut secretion of uric acid in CRF [13].

Table 9.1 Fractional Excretion of Calcium, Phosphorus, Magnesium, and Uric Acid,
in Basal Conditions and After Hyposaline Volume Overload in Healthy Young and
Old-Old Volunteers.

Young
(Basal)

Old-Old
(Basal) p

Young
(Expansion)

Old-Old
(Expansion) p

FECa (%) 0.8 (0.1–1.3) 0.8 (0.2–1.4) NS 1.6 (1.3–2.3) 2.3 (1.7–4.1) 0.013
FEP (%) 7.5 (1–10.5) 9.5 (0.3–19) NS 9.6 (2.3–35) 9.8 (2.4–100) NS
FEMg (%) 4.1 (2.6–5) 2.8 (2–4.6) NS 3.2 (2.5–6.2) 5.1 (2.2–15) 0.02
FEAU (%) 7 (3.5–10.4) 6.2 (3.9–22) NS 12 (9–14) 10 (1.9–31) NS

FECa = fractional excretion of calcium.
FEP = fractional excretion of phosphorus.
FEMg = fractional excretion of magnesium.
FEAU = fractional excretion of uric acid.
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Magnesium

Magnesium (Mg) is the main intracellular divalent cation, as 99% of it is
located in the intracellular space [15]. Under basal conditions, the small
intestine absorbs 30–50% of the dietary Mg, a number that can reach 80%
in Mg-deficient states [16]. This intestinal absorption process is controlled in
part by the action of 1,25-dihydroxyvitamin D.

Since the vitamin D level may be reduced in the elderly due to poor sun
exposure or malnourishment, it could contribute to the low Mg intestinal
absorption capability documented in the aged [17].

The normal range of serum Mg is 1.7–2.3 mg/dL, with no difference
between the healthy young and the elderly.

Renal Handling

Approximately 20% of serum Mg is bound to albumin, and in spite of the fact
that 80% of this cation is filtered at the glomerulus, only 3% of it is finally
excreted in the urine [17]. Renal excretion is determined largely by the rate
of filtration and the rate of tubular reabsorption. Tubular Mg secretion does
not appear to play a significant role in its balance [18].

The Proximal Tubule
Between 10–15% of the filtered Mg is reabsorbed in the proximal convoluted
tubules [19].

The Loop of Henle
In the thick ascending limb of the loop of Henle, 60–70% of Mg is passively
reabsorbed via paracellular channels due to a lumen-positive transepithelial
gradient generated by the luminal Na+K+2Cl− cotransporter and potassium
recycling into the lumen [20–22]. In addition, this nephronal segment has a
calcium-sensitive receptor on the basolateral pole that is sensitive to increased
plasma calcium or magnesium concentration. This receptor activates the
arachidonic acid cascade to inhibit the luminal Na+K+2Cl− cotransporter and
the apical potassium channel, reducing the transepithelial positive potential,
leading to hypercalciuria and hypermagnesuria. Hypocalcemia and hypomag-
nesaemia have the opposite effect on this calcium sensor [22, 23].

The Distal Tubule
In the distal convoluted tubules, Mg is still significantly reabsorbed. This
mechanism is responsible for the fine control of its excretion [21].

Urinary Mg excretion is increased by high natriuresis, osmotic load, and
metabolic acidosis, while it is reduced by the parathyroid hormone, metabolic
alkalosis, and perhaps calcitonin action. Vitamin D seems to have no influence
on its renal handling [19].

Magnesium in the Aged Population

In healthy old people, the fractional excretion of magnesium (FEMg) does
not differ from that in a healthy young population. However, in the setting of
volume expansion, old people are prone to developing a significant increase in
their FEMg, leading to a reduction in their serum Mg level: basal magnesemia
of 2.1 mg/dL (1.9–2.3) and post-volume expansion of 1.8 mg/dL (1.7–2.0)
(p: 0.004) (see Table 9.1).
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Since most of the filtered Mg is normally reabsorbed in the thick ascending
limb of the loop of Henle, and this segment shows some degree of incompe-
tence for the reabsorbtion of Na+ (see Chapters 5 and 8), the handling of Mg
in the elderly may be less effective than in the young.

Serum Mg concentrations have been found to correlate poorly with the Mg
body status; in patients with body Mg deficiency, the level of serum Mg may
be normal [17]. The Mgtolerance test is the best technique for evaluating the
body Mgcontent. This opinion is based on the observation that Mg-deficient
patients retain a greater proportion of an exogenous load of Mg2+ and excrete
less in the urine than normal individuals. As the infused Mg is immediately
incorporated into the intracellular compartment, a small amount of it remains
in plasma, where it is available to be filtered by the glomerulus. This test is
invalid in situations of impaired renal function or renal Mg-wasting states [22].

In the healthy old population, a reduced capacity of the bowel and the
kidney to reabsorb Mg has been described. This may be one of the causes
responsible for the state of hypomagnesemia observed in otherwise healthy
aged persons. The main mechanisms that may cause magnesium deficiency
in the elderly are malnutrition, gastrointestinal tract loss (e.g., malab-
sorption), urinary loss (e.g., diuretics), and intracellular shift (e.g., hungry
bone syndrome) [12, 15].

Magnesium deficiency of nutritional origin can be observed in alcoholism,
not infrequently seen in the aged, and refeeding syndrome [15, 24]. Renal
Mg2+ wasting occurs with osmotic diuresis (e.g., glusosuria, polyuric phase
of recovery from acute renal failure, postobstructive diuresis), loop diuretics,
nephrotoxins (cisplatin, amphotericine, aminoglycosides), tubulointerstitial
nephropathies, and Fanconi syndrome [15, 25]. High serum ionized calcium
levels directly induce renal Mg wasting due to stimulation of the calcium
sensor in the loop of Henle [26].

Hypomagnesemia may cause tachyarrhythmias, which may be resistant to
standard therapy responding to Mg repletion only. In addition, hypomag-
nesemia facilitates the development of digoxin cardiotoxicity as well as
symptoms and signs of neuromuscular irritability, i.e., Trousseau and
Chvostek signs, tetany, and seizures. Furthermore, many of the cardiac and
neurological manifestations attributed to Mgdeficiency may also be explained
by the coexistence of hypokalemia or hypocalcemia. However, hypomagne-
semia by itself can induce hypokalemia. This hypokalemia may be corrected
by Mg replenishment [15, 27–29]. In addition, intravenous administration
of large amounts of MgSO4 may acutely induce a hypocalcemia, which is
worsened by an additional increase in urinary calcium excretion and the
formation of calcium sulfate complexes [30–33].

Hypermagnesemia
The kidney has a very large capacity to excrete Mg because, when the renal
threshold is exceeded, most of the excess filtered Mg is excreted into the
final urine. Thus, hypermagnesemia generally occurs in two clinical situa-
tions: compromised renal function and excessive Mg intake. In chronic renal
failure, the remaining nephrons adapt to the decreased filtered load of Mg
by increasing its fractional excretion.Then, serum Mg levels are usually well
maintained until the creatinine clearance falls below 20 mL/min.However,
in advanced renal insufficiency, significant hypermagnesemia is rare unless
the patient receives exogenous Mg in the form of antacids or cathartics[3].
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Other causes of hypermagnesemia are lithium use,hypothyroidism, and
Addison’s disease [22, 34]. Magnesium toxicity is a serious condition,
with its symptoms usually beginning after the magnesium serum concen-
tration exceeds 4–6 mg/dL. The symptoms are hypotension, nausea,
vomiting, facial flushing, urinary retention, ileus, depression, and lethargy. If
untreated, it may progress to flaccid skeletal muscular paralysis, hyporeflexia,
bradyarrhythmias, respiratory depression, and cardiac arrest [35].

Phosphorus

The normal serum concentration for phosphorus ranges between 2.5 and 5.0
mg/dL. Approximately 1% of total body phosphorus is in the extracellular
space. Homeostasis of phosphorus is maintained by the transport of phosphate
(Pi) across renal and intestinal epithelia. This is mediated at least in part
by means of the LC34 gene family of solute carriers, which encode three
Na-dependent Pi cotransporters [36]. The majority of body phosphorus comes
from the digestive tract, where it is absorbed in the small intestine, more
specifically in the duodenum and jejunum. This absorption is mediated in part
by the solute carrier transporter NaPi-IIb (CLS34A2), which is very abundant
in the brush-border membrane of the intestine. Normally, the amount of
phosphate in the diet exceeds 1000 mg/day, and its net absorption is more
than 60% of the intake. This process can be enhanced by vitamin D [19].

Renal Handling

The Proximal Tubule
Approximately 80% of renal phosphate reabsorption takes place in the
proximal tubuleby means of a sodium-dependent phosphate transporter [36].
Transport of Pi across the apical membrane is mediated by SLC34 of solute
carriers, NaPi-IIa (SLC34A1) and PI-IIc (SCL34A3). Both are specifically
expressed in the brush-border membrane of the proximal tubular cells. This
mechanism is stimulated by serum phosphate depletion. Severe phosphate
depletion can reduce the electrolyte reabsorption capability of the proximal
and distal tubules [36, 37].

The Distal Tubule
About 5–10% of filtrated phosphorus is reabsorbed by the distal tubules.
Phosphorus excretion is stimulated by high natriuresis, metabolic acidosis,
and parathyroid hormone [4]. Moreover, there are factors that can stimulate
phosphorus movement toward the intracellular compartment such as glucose
infusion, insulin, and hyperventilation [19].

Phosphorus in the Aged

There is no significant difference in either the serum phosphorus level or
its fractional excretion between the young and the healthy aged. Even more,
when healthy old people undergo volume expansion, they do not show a
significant increase in their fractional excretion of phosphorus compared to
their basal level (see Table 9.1).
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Hyperphosphatemia
Hyperphosphatemia is defined as a serum phosphate level above 5.0 mg/dL
in adults [36]. We should be aware that spurious hyperphosphatemia may be
present in cases of paraproteinemia (e.g., multiple myeloma, etc.), hyperlipi-
demia. or hyperbilirubinemia [38–40]. Exogenous intake of phosphorus can
only lead to hyperphosphatemia in the presence of marked renal insufficiency
[36]. A reduction in the glomerular filtration rate below 25 mL/min is the most
common cause of hyperphosphatemia. Above this level of GFR, renal patients
are able to maintain a normal phosphate serum level due to a progressive
increase in their fractional excretion of phosphate [41]. Other causes of hyper-
phosphatemia secondary to a reduced phosphorus renal excretion capability
are hypoparathyroidism and pseudohypoparathyroidism [22].

Efflux of phosphate from the intracellular to extracellular space is respon-
sible for hyperphosphatemia in acute respiratory acidosis and massive
cytolysis [36, 42, 43].

Most of the major clinical manifestations of hyperphosphatemia are derived
from hypocalcemia, which frequently accompanies it. Hyperphosphatemia can
lead to secondary hypocalcemia by causing calcium precipitation, decreasing
the production of 1,25 vitamin D, and decreasing intestinal calcium absorption
[22]. When the product of serum calcium and serum phosphorus exceeds 70,
the risk for ectopic calcium precipitation is significant. The skin, vessels,
cornea, and joints are often affected in this setting. Additionally, hyperphos-
phatemia can also lead to hypocalcemia by inducing secondary hyperparathy-
roidism.

Hypophosphatemia
Hypophosphatemia is defined as a serum phosphate level below 2.5 mg/dL
in adults. However, symptoms of hypophosphatemia usually appear when the
serum phosphate level is below 1 mg/dL [36, 44]. Malnutrition is one of the
main causes of hypophosphatemia in the elderly.

Increased renal excretion is generally the result of an excessive PTH level.
Both primary and secondary hyperparathyroidism may lead to hyperphos-
phaturia and consequently to hypophosphatemia. An excess of parathyroid
hormone directly decreases the renal phosphate reabsorption, inducing an
increased renal phosphate excretion. The secondary hyperparathyroidism
observed in CRF is typically associated with hyperphosphatemia [41, 45].

Other causes of urinary phosphate wasting are polyuric acute renal failure,
postobstructive polyuria, proximal diuretics, corticosteroids, and proximal
tubule dysfunction due to inherited disorders, antineoplasic agents, etc. [46].

Decreased intestinal absorption can be observed in small intestine disorders,
vitamin D deficiency, and treatment based on corticosteroids or high doses
of phosphate-binding antacids [36, 46, 47].

In chronically malnourished individuals, rapid refeeding can result in signif-
icant hypophosphatemia. The mechanism for this phenomenon is related
to increased cellular phosphate uptake and utilization. Thus, malnourished
patients receiving hyperalimentation should have adequate phosphorus supple-
mentation to avoid this complication [48].

Hypophosphatemia is a common problem in alcoholic patients and in
those suffering from diabetes mellitus due to their poor phosphorus intake,
vitamin D deficiency, and heavy use of phosphate-binding antacids.Alcohol-
induced proximal tubule dysfunction also contributes to phosphate depletion
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[46,47,49]. Administration of intravenous glucose in alcoholic patients stimu-
lates the shift of phosphorus into cells, provoking severe hypophosphatemia.
In diabetic patients, the administration of insulin stimulates the cellular uptake
of phosphorus, and thus the serum phosphate level can fall dramatically
with treatment [50]. Hypophosphatemia may be observed in acute leukemia
and in the leukemic phases of the lymphomas.It is thought that rapid cell
growth with consequent phosphorus utilization is responsible for this compli-
cation. Hypophosphatemia is also observed in sepsis, hepatic disease, and heat
stroke [22, 46]. The clinical manifestations of hypophosphatemia generally
result from a decrease in intracellular ATP levels. Additionally, erythro-
cytes experience a decrease in 2,3-diphosphoglycerate levels, which increases
hemoglobin-oxygen affinity and alters oxygen transport efficiency. Hemolysis
results from increased red cell rigidity.

Severe hypophosphatemia can also induce a dysfunction in the white cell
phagocytosis, rhabdomyolysis, and a disturbance in the renal tubular, heart,
and respiratory function. Prolonged phosphate depletion can lead to osteoma-
lacia [46].

Calcium

Calcium is critical for many metabolic functions. While 99% of body calcium
is found as part of the structure of bone and teeth, the remaining 1%
found in plasma and body cells is crucial for many functions such as blood
clotting, nerve impulse conduction, and muscle contraction. The homeostasis
of calcium is complex because the gastrointestinal tract, the bones, and the
kidneys all affect calcium balance. The normal total serum calcium concen-
tration oscillates between 9 and 10.5 mg/dL, and approximately 50% of serum
calcium is bound to albumin. A small amount of it is complexed to anions,
while the remainder is in the form of free ionized calcium.

Renal Handling of Calcium

The kidney is critically important for the maintenance of overall Ca2+

homeostasis in mammals by determining the excretion of Ca2+ from the
body and by conversion of vitamin D to its active metabolite, 1,25-
dihydroxyvitamin D3 [1,25(OH)2D3] [47]. To maintain a net Ca2+ balance,
98% of the Ca2+ filtered at the glomerulus must be reabsorbed along the
nephrons [48, 49].

The Proximal Tubule and the Loop of Henle
The main percentage of Ca2+ reabsorption takes place along the proximal
tubule and the thick ascending limb of the loop of Henle through paracellular
pathways.

Distal and Collecting Tubules
The remaining 15% of Ca2+ reabsorption occurs in the distal convoluted
tubules (DCT), the connecting tubules (CNT), and the initial portion of the
cortical collecting duct (CCD). The relative contribution of these individual
segments to active Ca2+ reabsorption appears to differ among species [50].
In these nephronal segments, Ca2+ reabsorption occurs against the existing
electrochemical gradient. Together with the fact that the tight junctions are
relatively impermeable for Ca2+ ions, this substantiates that Ca2+ is reabsorbed
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in these segments through an active transcellular pathway [48]. Transcellular
Ca2+ transport is generally envisaged as a three-step process consisting of
passive entry of Ca2+ across the apical membrane, cytosolic diffusion of Ca2+

bound to vitamin D3-sensitive calcium-binding proteins (calbindin-D28K),
and active extrusion of Ca2+ across the opposite basolateral membrane [50].
From an energetic perspective, it is attractive to consider the apical influx of
Ca2+as the rate-limiting step in this process and, therefore, presumably the
final regulatory target for stimulatory and inhibitory hormones [48, 51, 52].
The molecular nature of this apical influx mechanism has remained obscure
so far, but the recently cloned epithelial Ca2+ channel (ECaC) exhibits the
defining characteristics of transepithelial Ca2+ transport [53]. The rate of
active Ca2+ transport is tightly controlled by the calciotropic hormones,
and classical representatives of this group are 1,25(OH)2D3, parathyroid
hormone (PTH), and calcitonin. 1,25(OH)2D3 stimulates Ca2+ reabsorption in
a genomic fashion analogous to classic steroid hormones, whereas PTH and
calcitonin have been postulated to act in a cAMP-dependent manner [54,55].
Recent studies have implicated other hormones as potential regulators of
active Ca2+ reabsorption in renal tubular cells [56–59]. These studies also
provided evidence for new signaling pathways that are independent of cAMP.

Since the ionized form is the physiologically relevant one, in situations of
hypoalbuminemia in order to correct the serum calcium level to that of the
albuminemia, 0.8 mg/dL of calcium should be added for every 1-mg reduction
in serum albumin below 4 mg/dL. The serum ionized calcium level increases
in acidosis since in this context there is a reduction in the calcium bound to
plasma albumin, while the ionized calcium decreases in metabolic alkalosis
due to the opposite mechanism [47].

Vitamin D3

Dietary vitamin D3 is activated by ultraviolet light exposure in the skin and
subsequently undergoes 25-hydroxylation in the liver, followed by a further
1-hydroxylation in the kidney. The active form of vitamin D stimulates the
intestinal absorption of calcium, while the activation of this vitamin is induced
by the action of the parathyroid hormone. In addition, serum calcium levels
regulate parathyroid hormone release, with hypocalcemia being a stimulus
for an increase in parathyroid hormone secretion. The actions of vitamin D
and the parathyroid hormone action increase serum calcium levels since the
former induces intestinal calcium absorption, the latter increases its renal
reabsorption, while both stimulate bone turnover.

Calcitonin counterbalances the actions of parathyroid hormone, since it has
the milder and opposite bone and renal actions and is secreted in the setting
of hypercalcemia [18].

Calcium in the Aged

In healthy old people, calcemia and fractional excretion of calcium (FECa) do
not differ from those in a healthy young population. However, when healthy
old people undergo volume expansion, they develop a significant increase in
their FECa compared to basal conditions (previous to the test) (Table 9.1).
This increased FECa provokes a significant reduction in their calcemia: basal
value, 8.75 mg/dL [8–10]; volume expansion, 8.2 mg/dL (7.5–8.6), p: 0.005
(see Table 9.1).
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Healthy elderly people under the conditions of an adequate diet and sun
exposure, have normal levels of blood calcium, blood phosphate, vitamin
D, PTH and urinary calcium, and phosphate output. However, since this
population frequently has a dietary content of low vitamin D, reduced sunlight
exposure, and low serum levels of sexual hormones, they have a tendency to
develop hypercalciuria. The latter phenomenon, together with poor calcium
intestinal absorption, may account for the senile secondary hyperparathy-
roidism reported by some authors [60–62].

Hypercalcemia
Hypercalcemia is most commonly seen in cases of increased osteoclastic
bone resorption states such as hyperparathyroidism or excessive production
of parathyroid hormone-related protein. These clinical situations represent
approximately 90% of the cases of hypercalcemia. Another cause of hyper-
calcemia is an excess of circulating 1,25-dihydroxyvitamin D, which induces
an excessive bone resorption and intestinal calcium absorption. Normally, the
kidney plays a protective role against the development of hypercalcemia since
extracellular calcium itself appears to have a calciuric effect on the renal tubule
by its direct action on the calcium-sensing receptor of the thick ascending
limb of the loop of Henle. However, the kidney sometimes contributes to
the development of hypercalcemia, as is the case in thiazide treatment or
familial hypocalciuric hypercalcemia. Hypercalcemia may provoke neuro-
muscular derangements, altered mental status (depression), fatigue, muscle
weakness, cardiologic alterations (shortened QT interval and heart block),
digestive disorders (constipation, nausea, peptic ulcer, pancreatitis), and renal
diseases such as nephrogenic diabetes insipidus, nephrolithiasis, and nephro-
calcinosis [60]. The entities that can induce hypercalcemia in the elderly
are primary hyperparathyroidism [61–64], nonparathyroid endocrinopathies
such as adrenal insufficiency [60], malignancy-associated hypercalcemia,
i.e., parathyroid hormone-related protein, bone metastasis, multiple myeloma
[60, 65, 66], medication such as lithium, vitamin A, estrogens, antiestrogens,
and thiazides [67,68], immobility syndrome [68–70], granulomatous diseases,
i.e., sarcoidosis, among others [71–73].

Hypocalcemia
Symptoms of chronic hypocalcemia are predominantly neuromuscular. The
most common clinical manifestations are muscle cramps and numbness in
the fingers. Severe hypocalcemia can cause laryngeal and carpopedal spasm,
bronchospasm, seizures, depression, and decreased cognitive capacity. An
electrocardiogram may show shortening of the QT interval and arrhythmias.
Bedside signs of hypocalcemia are the Chvostek and Trousseau signs. Even
though both signs are characteristic of hypocalcemia, they are often negative
in hypocalcemic patients.

Causes of hypocalcemia are hypoparathyroidism, phenytoin, bisphos-
phonates, calcitonin [62], chronic hypomagnesemia, acute hypermagne-
semia [15, 60, 74], vitamin D deficiency in cases of low exposure to
sunlight, malabsorption [73,75], pancreatitis [76], chronic renal disease [77],
massive cellular lysis, i.e., rapidly growing hematological malignancies, and
rhabdomyolysis [14].
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Renal Acidification (Renal Control of pH)

The kidney is a key organ for the maintenance of acid-base equilibrium by
means of the renal acid-base homeostasis. This is roughly achieved by two
processes: reabsorption of filtered bicarbonate (HCO3

−) and excretion of fixed
acids mediated by the same basic process: renal H+ secretion [78].

The Proximal Tubule
The reabsorption of HCO3

− is mainly accomplished in the proximal tubule,
where 70–90% of the filtered HCO3

− is reabsorbed, whereas excretion of fixed
acid, achieved through the acidification of urinary buffers and the excretion
of ammonium ion, mainly occurs in the distal tubule.

Net HCO3
− reabsorption is higher in the first segment of the proximal

tubule (S1) than in the middle (S2) and terminal ones (S3). As HCO3
− is

freely filtered across the glomeruli, the concentration in S1 is equal to that of
the plasma, i.e., 25 mmol/L, decreasing to 5–10 mmol/L at the end of S3. The
more important processes in these segments are H+ secretion at the luminal
(apical) membrane via a specific Na+-H+ exchanger (NHE-3) and HCO3

−

transport across the basolateral membrane via the Na+-HCO3
−cotransporter

(NBC-1). The secreted H+ reacts in the tubular lumen with filtered HCO3
−

generating CO2 and H2O, a reaction catalyzed by luminal type IV carbonic
anhydrase. CO2 diffuses across the luminal membrane into the cytosol of
the proximal tubular cell reacting with H2O in the presence of type II
carbonic anhydrase [79]. In each cycle, NBC-1 passively extrudes from the
cell three molecules of HCO3

−and one molecule of Na+. Additional Na+

is actively transported out of the cell via the basolateral membrane by the
action of Na-K-ATP-ase. The result of these Na+ transport mechanisms
is that the intracellular Na+ concentration remains low. This low intracel-
lular Na+ concentration provides the force necessary to extrude H+from the
cell into the lumen by action of NHE-3 transporter. The decrease in the
concentration of bicarbonate in the luminal fluid facilitates the diffusion of
bicarbonate from the peritubular capillaries into the lumen via paracellular
pathways. The factors influencing renal proximal tubular reabsorption are
luminal HCO3

− concentration, peritubular HCO3
− concentration, tubular flow

rate, extracellular volume, PCO2� Cl−, K+, glucocorticoids, Ca2+, phosphate,
PTH, angiotensin II, and �-adrenergic tone [80].

Renal ammonia (NH3) is mainly synthesized in the S1 and S2 segments
of the proximal tubule by the metabolism of glutamine. Almost all the
ammonium eliminated in the urine is produced in these two segments. NH3

diffuses to late segments of the nephron, where it reacts with H+, giving
ammonium ions (NH4

+), which are excreted in the urine. Excreted NH4
+

returns an equal amount of bicarbonate to the blood.

The Loop of Henle
The thick ascending limb of the loop of Henle reabsorbs about 15% of
the filtered HCO3

− by a mechanism equal to that present in the proximal
tubular cells, i.e., an Na+-H+ apical exchanger and a basolateral Na+-HCO3

−

cotransporter.
Between 50-80% of the NH3/NH4 secreted by the proximal tubule and

delivered to the loop of Henle is reabsorbed in the thick ascending limb of
the loop by ionic transport. Due to the fact that the apical membrane is not
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permeable to NH3/NH4, the reabsorption (transport) of NH3/NH4
+into the

thick ascending limb of the loop of Henleis carried out by means of three
mechanisms: [1] substitution of K+ for NH4

+ in the Na+K+2Cl− cotransport;
[2] substitution of K+ for NH4

+ in the K+H−antiporter; [3] paracellular
transport across the tight junctions driven by the positive lumen voltage. The
countercurrent multiplication mechanism generates a medullary concentration
gradient through secretion of NH4

+ into the proximal tubule and possibly
into the descending limb of the loop. As the medullary thick ascending limb
of the loop of Henle possesses a low permeability to NH3, limiting its back
diffusion, the accumulation of NH3 in the medullary interstitium facilitates
the diffusion of NH3 into the collecting tubule. This process is facilitated by
the high acidity of the tubular fluid at this level [81].

The Distal Tubule
The acidification of the urine is accomplished in the distal nephron (mainly
cortical and medullary collecting ducts) by three related processes:

1. Reabsorption of the small amount of bicarbonate that escapes proximal
reabsorption (5–20%).

2. Conversion (titration) of the divalent basic phosphate HPO4
= to the

monovalent acid form HPO4
−(titratable acid).

3. Accumulation of ammonia (NH3) intraluminally, which reacts with H+ to
form the nondiffusible ammonium ion (NH4

+). All these processes are
based in the active secretion of H+ ions by an active transport, the H+-
ATPase present in the brush borders of some distal cells (intercalated type
A cells).

The collecting tubule has the capability to generate and maintain a high
urinary acidity due to the relative impermeability of its luminal membrane
to back diffusion of carbonic acid and H+ ions. This confers the possibility
of achieving a urinary pH as low as 4.4, generating a 1000-fold transtubular
gradient of H+, which secures the trapping of NH4

+ and the maximal titration
of urinary buffers.

The regulation of tubular pH takes place in intercalated type A (�-cells) and
intercalated type B (�-cells), which are functionally and structurally different.
The �-cells are responsible for H+ secretion into the luminal fluid of the
distal tubules, whereas the �-cells, present only in the cortical segment of the
collecting tubules, are responsible for HCO3

−secretion. The remaining cells,
approximately two-thirds of the cells in the collecting duct, commonly known
as principal cells, are responsible for reabsorption of Na+ and the secretion
of K+ [78]. Factors influencing the acidification in the distal nephron include
aldosterone, potassium stores, sodium intake, extracellular fluid volume, and
acid-based status [79].

Acidification in Normal Aging

So far only five studies have evaluated the response of the normal aging
kidney to a challenge with acid overload [82–86].

Urinary pH
The kidney of healthy aged persons is able to lower the urinary pH in response
to acid overload to a value similar to that reached by healthy young-adult
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subjects in response to the same stimulus [85,86]. Even more, one study [83]
reported that the fall in urinary pH was more intense in the aged, i.e., 4.85 ±
0.23 vs. 4.96 ± 0.52 in the young subjects. In a different study, the urinary
pH reached in response to acid overload varies from 4.5 ± 0.1 in the young
to 4.93 ± 0.07 in the aged [84].

Titratable acid elimination behaves similarly in the young and in the aged
[83–85], but in one study it was reported that it is higher in subjects above
60 years compared to the young [86].

Ammonia
There is almost a general consensus that NH4

+ elimination is lower in the aged
than in young subjects, except in one study [85] in which differences between
young and aged persons were not found. In this latter study, it was proven that
the aged need more time to reach peak acid excretion (between 6–8 hours)
and that the same dose of ammonium chloride induces a greater decline in
blood bicarbonate in the aged than in young individuals (Table 9.2). Several
factors can influence NH4

+ metabolism, such as blood electrolytes status prior
to the acid challenge, nutrition, subject position (recumbent, sitting, standing,
or walking), urine collection time, degree of blood acidification following
acute acid overload, and health assessment. Some of these factors have not
been evaluated, and some factors are not equal in all the studies; because
of this, the results from the different studies are difficult to compare. In an
attempt to find an explanation for the discrepancy regarding the dysfunction
in NH4

+ excretion in aged people found in the above-mentioned studies, a
few possible mechanisms have been postulated: First, absorption of NH4

+ in
the thick ascending limb of the loop of Henle takes place by the substitution
of K+ for NH4

+in the cotransporter Na+K+2Cl−. As we have analyzed in
Chapters 4 and 8, there is a certain degree of incompetence in the thick
ascending limb of the loop of Henle to retain Na+. It is known that the
cotransporter Na+K+2Cl− plays a first-order role in the absorption of Na
in this segment. So one possibility is that the Na+K+2Cl− cotransporter is
less efficient in the aged than in the young in reabsorbing both Na+ and
NH4

+. Although the clinical significance of the altered acidification in the
loop of Henle is poorly understood, in some patients renal tubular acidosis
may originate, at least in part, from an abnormal function of the loop of Henle
[79]. Another possible explanation is that standing from a supine position is
associated with a significant decrease in creatinine clearance [87]. As all data
are corrected for GFR, it may introduce some error in the final calculation.
An important difference among the studies is the observation period between
acid administration and collection time. As can be seen in Table 9.2, in some
studies the time varied from subject to subject in the same study [83, 84]. In
others these data are not given [82]. In one study the collection period was
5 hours [86], and in our study the collection time was extended to 8 hours
[85]. Another finding is that the healthy aged person has a lower plasma
concentration rate of aldosterone [88], which influences urinary acidification,
as we have already mentioned.

Bicarbonate Threshold
In the only study that has specifically examined the renal tubular handling of
bicarbonate following an acute acid overload, it was found that age does not
affect bicarbonate threshold [86].
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Table 9.2 Aging and Renal Tubular Acidification—Comparison of the Response to an
Acid Overload in the Four Studies Available Until Now. Basal Condition, Intensity of
Acidification, and Collecting Period Differ Among Them.

Methodology of Published Studies

Authors Gender Nutritional
Status
(albumin g/L)

Health
Assessment

Urine
Collection
Time

Subject
Position

Plasma
Electrolytes

Blood
CO3HNa

Schock and
Yiengst
(1949)

M Not given Not given Not given Not given Not given Not given

Alder et al.
(1968)

M/F Not given Bladder
catheter

Variable Not given Not given 4.6

Agarbal and
Cabebe (1980)

M/F Not given Not given Variable Not given NS 2.5

Macías-Núñez
et al. (1983)

M/F E. 42.6 ± 0.7
Y. 42.6 ± 0.8

Healthy 8 hr Recumbent NS 5.9

Schück and
Nádvomilkova
(1987)

M/F Not given Not given 5 hr Sitting,
standing or
walking

Not given Not given

Results of Published Studies

Authors Urinary pH NH4
+ Elimination Titratable CO3HNa Threshold

Alder et al. (1968) NS Diminished NS Not given
Agarbal and Cabebe
(1980)

NS Diminished NS Not given

Macías-Núñez el al.
(1983)

NS NS NS NS

Schück and
Nádvomilkova
(1987)

NS Impaired above 50 Increased impaired
above 60

Not given

(Source: Macías-Núñez, J.F., Cameron, J.S. The ageing kidney. In Oxford Textbook of Clinical Nephrology, 3rd ed.,
A.M. Davison, J.S. Cameron, J.P. Grünfeld, et al., eds. Oxford: Oxford University Press. 2005; pp. 73–85.)

In summary, from the few comprehensive studies available so far, it can
be concluded that

1. The basal conditions and techniques used differ from study to study,
resulting in consequent difficulties in comparing results.

2. Urinary pH and titratable acid behave similarly in the aged and in the
young.

3. The renal threshold for bicarbonate is comparable in the aged and in the
young [85].

4. Plasma pH and PCO2 take longer to be restored after an acid load in the
aged compared to the young [82].

5. Ammonium ion excretion is less efficient or, at least, takes longer to reach
its peak in response to an acute acid overload in the aged than in the young,
but there is no absolute deficit in the function.
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10
Dysnatremias: Diagnosis

and Treatment
Steven Achinger and Juan Carlos Ayus

Introduction

Disorders of water metabolism are a very common problem encountered in
the elderly population and are seen in both inpatient and outpatient settings.
Diseases of water balance (hyponatremia and hypernatremia) occur when
the normal homeostatic mechanisms that keep water intake and excretion
precisely balanced are impaired. Although this is true for young adults, this
does not always apply to the elderly, as their renal physiology differs from
that of the young. Hyponatremia in the elderly is sometimes caused by renal
sodium spillage rather than water retention (dilutional hyponatremia). The
characteristics of the renal physiology in the aged as well as their handling of
water and sodium are extensively discussed in Chapters 5 and 8. The causes
of impairments in these homeostatic functions are numerous, such as renal
failure, use of diuretics, and non-osmotic release of antidiuretic hormone
(ADH) due to nausea, pain, or other stimuli. Poor outcomes still commonly
occur among elderly patients with hyponatremia and hypernatremia despite
what is currently known about these diseases. One of the main factors in
this persisting problem is the failure to promptly recognize a life-threatening
condition and initiate appropriate treatment. This chapter will focus on the
pathophysiology of sodium disturbances with an emphasis on the common
clinical presentations of these diseases in the elderly.

Regulation of Water Balance

Disturbances in the serum sodium are generally a reflection of problems
in water balance and occur when water intake and water excretion are
not balanced. The extracellular fluid (ECF) tonicity is usually proportional
to the concentration of the serum sodium. As most cell membranes are
permeable to water, the total body water will equilibrate between the extra-
cellular fluid and intracellular fluid such that the osmolality will be the same
in both compartments. Therefore, the serum sodium is proportional to the
total body exchangeable sodium plus the total body exchangeable potassium
(exchangeable sodium and potassium are in soluble form, e.g., not in the bone)
[Eq. (1)]. As water intake and excretion are tightly regulated processes such
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intake

Free water retention

Free water 
excretion

Free water intake = 
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Fig. 10.1 Physiologic responses to disturbances in serum sodium. In hypernatremia,
anti-aquaretic responses coupled with increased thirst lead to net water gain. On the
other hand, hyponatremia leads to an aquaretic response and free water loss. (Used
with permission from Achinger, S.G., Ayus J.C. Fluid and Electrolytes. In Critical
Care, 4th ed., Civetta, Taylor, Kirby, eds.)

that intake and excretion are matched, a near-constant plasma osmolality is
maintained (Figure 10.1). The body handles solute balance through difference
mechanisms; therefore, disorders of the serum sodium are almost always
caused by disturbances in water balance.

�Na+�e + �K+�e- - - - - - - - - - - - - - - - - - - - - - - - - -��Na+�pl (1)
TBW

TBW is Total body water, where Nae = total body exchangeable sodium, Ke

= total body exchangeable potassium, and [Na]pl = plasma sodium concen-
tration.

Renal Water Handling

Antidiuretic hormone (ADH), a.k.a. arginine vasopressin (AVP) [1], is the
principal hormone that regulates kidney water excretion. This hormone is
secreted from the pituitary gland in response to input from brain osmore-
ceptors when serum osmolality is elevated. ADH acts at the level of the
collecting duct and leads to water reabsorption from the urine and excretion
of concentrated urine. The kidney can excrete urine with a wide range of
concentrations (from as low as 50 mOsm/kg when ADH activity is absent to
as high as 1200 mOsm/kg when ADH activity is maximal). Therefore, when
necessary, the kidney can either excrete a large water load in very dilute
urine or conserve water significantly. These ranges apply to patients with
normal kidney function. In renal failure or certain renal diseases (especially
tubulointerstitial disease), the possible range of urine osmolality is much
narrower, centered around isotonicity. In the elderly, tubulointerstitial renal
disease is relatively common, and the range of urinary concentration can be
more restricted. With a reduced range of urinary concentrations available, the
patient is more susceptible to developing a disturbance in the serum sodium.
In summary, when kidney function is not impaired, the body can achieve
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water balance across a very wide range of water intake. Disruption in the
processes that maintain water balance can lead to either hypernatremia or
hyponatremia.

Electrolyte Free Water

An understanding of water losses and water gain from the body is imperative
to understanding the approach to the patient with a disturbance in the serum
sodium. The electrolyte free water is a conceptual volume of a body fluid that
represents the volume of that fluid required to dilute the electrolytes contained
within that fluid to the same tonicity as plasma electrolytes (Figure 10.2). The
key to understand is that it is not simply water losses that are important (any
amount of urine contains water), it is the loss of water relative to the loss of
electrolyte that is important. If the urine contains the same concentration of
sodium and potassium as the plasma, there is no net excretion of water. If
the number of electrolytes in the urine is less than that in the serum, there
is net excretion of water. Electrolyte free water is the quantity of water lost
out of proportion with the loss of electrolytes; therefore, if this volume of
water is not replaced, this will increase the serum sodium. A few points must
be understood about electrolyte free water. First, this is truly a conceptual
volume. As can be seen from Eq. (2), the electrolyte free water clearance
can take on a negative value. This is the situation when the electrolyte
concentration in the urine is greater than that in the plasma. When this
occurs, there is net retention of electrolyte free water. Furthermore, electrolyte
free water clearance emphasizes that the concentration of electrolytes in the
urine, not the urine osmolality, determines net water excretion. The urine
osmolality may be high; however, if the urine contains mainly urea and
very few electrolytes relative to the serum, there will be a net loss of water.
This concept is illustrated in detail in case #5 below. Electrolyte free water
clearance, which can also be thought of as the ongoing electrolyte free water
losses, is calculated by using the following formula:

�Na+�u + �K+�u

�1− - - - - - - - - - - - - - - - - -�×urine output rate = rate of urinary water losses

�Na+�pl + �K+�pl (2)

Clinical Utility of Electrolyte Free Water Clearance

As stated above, the urine electrolytes and not the urine osmolality determine
the amount of free water excreted in the urine. It is not always necessary to

Fig. 10.2 (Used
with permission
from Achinger, S.G.,
Ayus J.C. Fluid and
Electrolytes. In Civetta,
Taylor, Kirby – Critical
Care, 4th edition.)
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Fig. 10.3 (Used with permission from Achinger, S.G., Ayus J.C. Fluid and
Electrolytes. In Civetta, Taylor, Kirby – Critical Care, 4th edition.)

calculate a value for the electrolyte free water clearance if the relationship
between the plasma electrolytes and the urine electrolytes is understood. This
important relationship is illustrated in (Figure 10.3). When the concentration
of electrolytes in the urine exceeds the concentration of electrolytes in the
plasma, then free water is not being excreted in the urine. On the other hand,
when the concentration of electrolytes in the urine is less than that in the
plasma, then free water is being excreted in the urine.

Hypernatremia

Introduction

Hypernatremia (serum sodium of greater than 145 mEq/L) is a commonly
encountered clinical problem in the elderly. Due to its pathogenesis, hyperna-
tremia also has a predilection to affect children and hospitalized patients. As
we will discuss, hypernatremia results when water losses exceed water intake.
Restricted access to water is nearly always necessary for this to occur since
the thirst mechanism is such a powerful stimulus. In the elderly, restricted
access to water commonly occurs in a nursing home setting in patients with
dementia or on tube feedings. Other clinical factors that can contribute to
hypernatremia by augmenting water losses are the use of loop diuretics and
gastrointestinal fluid losses. Most cases of hypernatremia in the elderly have
some combination of factors that lead to impaired access to water, often
worsened by ongoing electrolyte free water losses.

The Pathogenesis of Hypernatremia

When water intake fails to replace ongoing water losses, the proportion of
exchangeable electrolytes relative to total body water increases, leading to an
increase in the serum sodium [Eq. (1)]. When access to water is unlimited,
developing hypernatremia is rare, regardless of the degree of ongoing water
losses, because the thirst mechanism will lead to increased water intake to
exactly match the ongoing losses and maintain a constant plasma osmolality.
A list of the common etiologies of hypernatremia in the elderly is presented
in Table 10.1.
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Table 10.1 Common Causes of Hypernatremia in the Elderly.

Lack of water intake
Decreased thirst (dementia, neurological impairment)
Tube feedings
Bowel rest/nasogastric suction

Increased water losses
Loop diuretics
Solute diuresis (high urea load from high-protein feedings, hypercatabolic state such

as sepsis; or hyperglycemia)
Gastrointestinal losses (especially osmotic cathartics)
Diabetes insipidus

Hypernatremia subjects the body’s cells to osmolar stress, which leads to
movement of water out of the cells. The main target organ is the brain; hyper-
natremia can lead to severe central nervous system dysfunction and permanent
brain damage. During hypernatremic states, the brain counteracts the osmolar
stress through a series of adaptations. Principal among these mechanisms are
accumulation of osmotically active ions and de novo generation of osmot-
ically active idiogenic osmoles. Sodium and potassium are the cations that
the brain accumulates during the early response to hypernatremia. Idiogenic
osmoles are a group of substances that the cell generates that remain intracel-
lular in order to exert an osmotic effect to counteract the osmotic forces favoring
water removal from the cells. These are mainly glycerophosphocholine, choline,
myoinositol, and sorbitol [2, 3]. These responses occur relatively quickly;
following one week of hypernatremia, no further changes in brain osmolality
are observed in animal models [4]. These defense mechanisms are aimed at
maintaining the brain volume during hypernatremic states to prevent signif-
icant decrease in brain size due to osmotic water losses in the brain. When
correcting chronic hypernatremia, it must be kept in mind that idiogenic osmoles
are not rapidly dissipated; therefore, quickly lowering the serum osmolality
can induce cerebral edema due to the increased intracellular osmolality.

Clinical Manifestations of Hypernatremia

Since the brain is the most important end-organ target in hypernatremia,
symptoms related to central nervous system dysfunction induced by cerebral
dehydration and cell shrinkage are the most important clinical manifestations.
Typically, hypernatremia will present in the elderly with fairly nonspecific
symptoms such as lethargy and decreased level of consciousness. As this
disease most commonly occurs in elderly patients who may already have
cognitive dysfunction or who may otherwise be unable to voice complaints, a
high degree of suspicion is necessary. Perhaps due to the underlying conditions
that lead to its development, hypernatremia is associated with an overall
mortality rate between 40 and 70% [5]. The elderly and patients with liver
disease are two groups at elevated risk for complications and poor outcomes
from hypernatremia. The use of lactulose as an osmotic cathartic or in the
treatment of hepatic encephalopathy can result in significant water losses in
the stool due to osmotic diarrhea. If the potential for these water losses is
not appreciated and free water is not administered, hypernatremia can quickly
develop and lead to severe morbidity.



178 Steven Achinger and Juan Carlos Ayus

The Approach to the Hypernatremic Patient

Key in the evaluation of hypernatremia is to determine the sources of water
intake and the sources and extent of water losses. Because of the frequency
of cognitive impairment and dependence on tube feedings, elderly patients
are at risk for having inadequate water intake. The risk for hypernatremia is
even worse when there are increased ongoing water losses. In the outpatient
setting, water losses are mainly in the urine or possibly in the GI tract. Among
hospitalized patients, there are several potential sources of water loss that
should be addressed: (1) the urine, (2) the GI tract (diarrhea and nasogastric
suction), and (3) insensible losses (fever, sepsis, massive diaphoresis, burns).
Usually, exact amounts of gastrointestinal (except nasogastric suction) or
insensible water losses cannot be determined. Urinary water losses; however,
can be calculated if urine output measurements are accurate. Both the urine
cationic electrolytes (sodium and potassium) and the urine osmolality should
be measured. Errors can frequently be made in the interpretation of the urine
osmolality, because the urine osmolality alone cannot be used to determine
the presence or absence of urinary water losses.

The urine contains both electrolyte (e.g., sodium and potassium) and non-
electrolyte osmoles (e.g., urea) that are excreted along with the water in
the urine. Recall that it is the relative amounts of total body electrolytes
and total body water that are reflected by the serum sodium [Eq. (1)].
Therefore, water that is excreted in proportion to the amount of electrolytes
excreted will not have an effect on serum sodium. The urine osmolality
can be very high; however, when the urine electrolytes are relatively low,
this means that the water that is being excreted is mostly electrolyte free
water, which will tend to increase the serum sodium. In this setting, the
urine electrolyte concentration will be low and the urine osmolality high.
This means that the kidney is attempting to conserve water, but there are
water losses that are being obligated in order to excrete a non-electrolyte
solute. This is what occurs during solute diuresis. Such a patient is typically
polyuric, and the amount of water lost in the urine can be tremendous despite
intact urinary concentrating mechanisms. An example of this seemingly
paradoxical situation is demonstrated in case #5. Therefore, when water is
excreted with very few electrolytes, the loss of water is in excess of the loss
of electrolytes: Hypernatremia can develop if this water is not adequately
replaced.

If the urine is not concentrated in the face of hypernatremia, a urinary
concentrating defect should be suspected. The most common causes of a
urinary concentrating defect are renal failure, tubulointerstitial renal disease,
loop diuretics, and diabetes insipidus. In summary, all sources of water intake
and water loss should be considered in assessing the hypernatremic patient
with significant urinary water losses, and an imbalance favoring water loss
over water intake will lead to hypernatremia.

Evaluation of the Polyuric Patient

Hypernatremia often, but not invariably, develops in patients with polyuria.
The assessment of polyuria in the elderly patient often involves a narrow
range of conditions. However, determining the etiology of the polyuric
patient through differentiation of solute diuresis, primary polydipsia, central
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diabetes insipidus, and nephrogenic diabetes insipidus is at times confusing
and complex. This section will discuss these causes of polyuria in a case-based
format focusing on the differences in disease pathophysiology.

Case #1: Primary Polydipsia
A 63-year-old male schizophrenic patient has routine laboratory work done
prior to admission to a psychiatric hospital. His physical examination is
normal. The patient’s family members state that he urinates frequently and
that he is always thirsty, sometimes drinking large volumes of water at a time.
There is no history of seizures, and he has a normal level of consciousness.

Serum

Sodium (mEq/L) 132
Potassium (mEq/L) 3�6
Chloride (mEq/L) 97
Bicarbonate (mEq/L) 23
BUN (mg/dL) 11
Creatinine (mg/dL) 1�2
Glucose (mg/dL) 78

Urine

Sodium (mEq/L) 12
Potassium (mEq/L) 5
Osmolality (mOsm/kg) 70

Discussion By history, this patient appears to have polyuria. The serum
electrolytes show that he is mildly hyponatremic with intact renal function.
The low urine osmolality demonstrates that is a water diuresis and that the
patient is appropriately excreting dilute urine as a normal response to the
systemic hypoosmolality. By calculating the electrolyte free water clearance,
we can quantify the amount of water losses in the urine. We do not know the
exact urine output, so actual water losses cannot be ascertained; however, we
can calculate the percentage of the urine that is electrolyte free water. From
Eq. (2) we get [1 – �Na+

u +K+
u �/�Na+

pl +K+
p1�� = �1− �12+5�/�132+3�6�� =

0�88. Therefore, 88% of the patient’s urine output is electrolyte free water. In
the absence of any electrolyte intake, this percentage of his urine output must
be given in order to maintain the same plasma tonicity. It is not clear whether
the water diuresis is an appropriate response to excessive water intake or if
the water intake is pathological, leading to appropriate water excretion in the
urine. Here, the answer is most likely primary polydipsia. If a urine concen-
trating defect were the primary cause of the polyuria, then the patient should
not be hyponatremic, unless the patient had both a urinary concentrating
defect and excessive water intake, which is not likely.

Case #2: Primary Polydipsia Versus Diabetes Insipidus
A 69-year-old female presents with frequent urination and polydipsia. The
patient has no other complaints, and her medical history is significant only
for a 10-year-history of hypertension. Physical examination is normal. The
serum electrolytes and results of a 24-hour urine collection are given below:
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Serum

Sodium (mEq/L) 140
Potassium (mEq/L) 4�0
Chloride (mEq/L) 104
Bicarbonate (mEq/L) 24
BUN (mg/dL) 12
Creatinine (mg/dL) 0�8
Glucose (mg/dL) 80

Urine (24-hour)

Total volume (L) 9�5
Sodium (mEq/L) 13
Potassium (mEq/L) 7
Osmolality (mOsm/kg) 70

Discussion Based on the 24-hour urine collection, we see that the patient is
polyuric. The urine electrolytes and osmolality are very similar to case #1 and
the presentation is that of water diuresis. The serum sodium is normal, which
is not helpful in discerning the difference between primary polydipsia and
diabetes insipidus. Based upon the information that is currently given, it is not
known if the polyuria is an appropriate response to excessive water intake or
if the primary problem is a defect in urinary concentrating ability. To distin-
guish between these two, a water deprivation test is necessary. This should be
done in a hospitalized setting since patients with diabetes insipidus can rapidly
develop hypernatremia if water intake is restricted. The basic principal of a
water deprivation test is that if a patient with primary polydipsia is deprived
of water and allowed to become mildly hypernatremic, then the urine will
become concentrated, whereas the urine will remain dilute, despite hyperna-
tremia, in a patient with diabetes insipidus. This type of specialized testing
should be conducted in a specialized setting in consultation with a specialist.

Case #3: Nephrogenic Diabetes Insipidus
A 66-year-old female presents for a routine physical examination. The past
medical history is significant only for bipolar disorder, and the patient has
been treated with lithium carbonate for the last 10 years. Physical examination
is normal. She complains on further questioning of frequent urination and
excessive thirst. She denies any dysuria. Her chemistry profile and urine
electrolytes are given below:

Serum

Sodium (mEq/L) 148
Potassium (mEq/L) 4�1
Chloride (mEq/L) 108
Bicarbonate (mEq/L) 27
BUN (mg/dL) 17
Creatinine (mg/dL) 1�0
Glucose (mg/dL) 96
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Urine

Sodium (mEq/L) 28
Potassium (mEq/L) 20
Osmolality (mOsm/kg) 150

Discussion This patient’s presentation and laboratory studies are most
consistent with diabetes insipidus because of the elevated serum sodium and
failure to appropriately concentrate the urine. The fact that we have confirmed
a low urine osmolality during a time of hypernatremia lets us immedi-
ately make the distinction between diabetes insipidus and primary polydipsia.
Therefore, the diagnosis of diabetes insipidus is confirmed, and the addition
of a water deprivation test would not add to what we already know. Based
solely on the information above, it is still not known whether the patient has
central or nephrogenic diabetes insipidus. Nephrogenic diabetes insipidus is a
complication of lithium therapy. A rational next step in the evaluation would
be to stop the lithium, if possible, and reevaluate the patient.

Case #4: Central Diabetes Insipidus
A 77-year-old male arrives in the emergency room after sustaining severe head
trauma. The patient has a past medical history significant for elevated choles-
terol, hypertension, and coronary artery disease. He undergoes emergency
surgery for an acute epidural hematoma. During the course of the procedure,
his hourly urine output increases from 35 cc per hour initially to over 350 cc
per hour at the end of the surgery. The initial serum sodium is 139 mEq/L,
taken upon arrival at the hospital. Serum chemistry profile and urine studies
drawn upon arrival into the intensive care unit are given below:

Serum

Sodium (mEq/L) 149
Potassium (mEq/L) 3�9
Chloride (mEq/L) 111
Bicarbonate (mEq/L) 27
BUN (mg/dL) 16
Creatinine (mg/dL) 1�1
Glucose (mg/dL) 124

Urine

Sodium (mEq/L) 21
Potassium (mEq/L) 12
Osmolality (mOsm/ kg) 115

Discussion The urine electrolytes show the polyuria to be due to water
diuresis. As in case #3, there is a diagnosis of diabetes insipidus because we
have simultaneous measurements showing hypernatremia and dilute urine.
This information, however, does not allow us to discern whether the patient
has central or nephrogenic diabetes insipidus. In the setting of such a
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suggestive history of central diabetes insipidus, it is prudent to administer
DDAVP®, a vasopressin analog, and assess the clinical response. If the patient
fails to concentrate the urine following administration of DDAVP®, then he
has nephrogenic diabetes insipidus, whereas if the urine becomes concen-
trated, then the diagnosis is central diabetes insipidus. A water deprivation
test is not necessary because in a sense, by allowing the patient to become
hypernatremic, we have already performed a water deprivation test. When
DDAVP® is administered, water intake needs to be adjusted appropriately to
avoid precipitation of significant hyponatremia, and serial serum electrolytes
should be monitored during dose titration [6]. With an established diagnosis
of central diabetes insipidus, DDAVP® can be given either subcutaneously or
intranasally. As specific therapy is indicated in the setting of central diabetes
insipidus and since hypernatremia can develop rapidly in a fluid-restricted
patient, it is important to recognize the condition early, before significant
hypernatremia develops.

Case #5: Solute Diuresis from Excess Urea Load
A 74-year-old male presents with abdominal pain, fever, and nausea for 3 days.
He is noted to have diverticulitis and undergoes an emergency laparotomy. A
sigmoid colectomy is performed, and the patient currently has a colostomy.
He has a history of alcohol abuse without evidence of chronic liver disease.
He weighs 72 kg. Admission labs are listed below The patient has been kept
without enteral intake and is maintained on 5% dextrose in normal saline at
75 cc per hour. Twenty-four hours after the surgery, he is started on total
parenteral nutrition with a total volume of 1.5 L, 120 mEq of sodium, and
high amino acid content overnight, and the IV fluids are switched to normal
saline at 50 cc per hour. Serum sodium is 146. During the next 24 hours,
urine output increases. The chemistries and urine studies are listed below:

Admission 48 Hours After
Admission

Sodium (mEq/L) 137 154
Potassium (mEq/L) 4.0 3.1
Chloride (mEq/L) 101 119
Bicarbonate (mmol/L) 24 26
Urea nitrogen (mg/dL) 28 58
Creatinine (mg/dL) 1.4 0.9
Urine sodium (mEq/L) – 60
Urine potassium (mEq/L) – 10
Urine osmolality (mOsm/kg) – 510
Urine output (mL/hr) 25 175

Discussion This patient, like several of the previous cases, has developed
polyuria and hypernatremia. This presentation is seen frequently in hospi-
talized patients, and this case is very typical of solute diuresis leading to
hypernatremia. It is important to note that the urine osmolality is high, and
therefore ADH activity is present. This will at times confuse clinicians who
interpret the elevated urine osmolality as evidence that there are no urinary
water losses. To demonstrate urinary water losses, it is necessary to consider
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the electrolyte free water clearance. The ratio of the sodium + potassium in
the urine to the sodium + potassium in the serum is 70/157 = 0.44. At the
current rate of urine output, the patient is losing (100 – 0.44) × 175 cc/hr =
98 cc of electrolyte free water per hour in the urine.

Loss of free water occurring with an increased urinary concentration may
appear somewhat paradoxical, but it is the presence of the non-electrolyte
osmole in the urine that is “obligating” water loss. This is shown by the
presence of a low urine sodium and potassium at a time when the urine
osmolality is relatively high. Therefore, the etiology of the water losses is an
osmotic diuresis secondary to a high urea load and the necessity to excrete
large amounts of urea. Patients with renal insufficiency, as is common in
the elderly, are at higher risk for this complication, as urinary concentrating
ability is typically impaired, worsening the water losses from a solute diuresis.
The high urea load in this case is probably multifactorial, being secondary to
the hypercatabolic state secondary to critical illness/stress (in critical illness,
protein breakdown is increased, leading to significant urea generation), and
also the high protein in the total parenteral nutrition is exacerbating the urea
load. This problem is easily preventable by appreciating the degrees of water
loss in polyuric patients and providing appropriate amounts of replacement
free water and reducing protein intake if appropriate.

Treatment of Hypernatremia

In the treatment of hypernatremia, the first step is the restoration of normal
circulatory blood volume in patients with volume depletion using either
normal saline or colloid solutions. The next step would then be to correct
the serum sodium appropriately with free water replacement (Table 10.2).
Another important consideration is to know the ongoing water losses so that
the appropriate amount of replacement water can be given. The equation 2
gives the rate of urinary water losses (which is the same as electrolyte free
water clearance):

If there are extra-renal fluid losses, these fluid losses will need to be
estimated as accurate counts are typically not available. Insulin resistance has
been observed (7) to develop in hypernatremic patients. In this circumstance,
hyperglycemia can result when dextrose-containing solutions are used. For

Table 10.2 Treatment of Hypernatremia.

1. Replete intravascular volume with colloid solution, isotonic saline, or plasma.
2. Estimate water deficit. Deficit should be replaced over 48–72 hours, aiming for

a correction of 1 mOsm/L per hour. In severe hypernatremia (>170 mEq/L),
serum sodium should not be corrected to below 150 mEq/L in the first 48–72
hours. Replacement of ongoing water losses are given in addition to the
deficit.

3. Hypotonic fluid should be used. Usual replacement fluid is 77 mEq/L (0.45 N
saline); a lower sodium concentration may be needed if there is a renal
concentrating defect or sodium overload. Glucose-containing solutions should
be avoided and an oral route of administration should be used.

4. Monitor plasma electrolytes should be monitored every 2 hours until patient is
neurologically stable.

Source: Used with permission of MKSAP, 2006.
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this reason, glucose-containing solutions should be avoided if possible. When
intravenous glucose solutions are used (for example, 5% dextrose in water),
the plasma glucose should be closely monitored. Measurement of serum
electrolytes every 2 hours is necessary in a severely hypernatremic patient
until the patient is neurologically stable. In patients without central nervous
system symptoms, the serum sodium should not be corrected more quickly
than 1 mEq/hr or 15 mEq/24 hr. In severe cases (>170 mEq/L), sodium should
not be corrected to below 150 mEq/L in the first 48 to 72 hours.

The Prevention and Management of Hypernatremia

Patients at high risk for the development of hypernatremia are those with
impaired access to water (for example, infants and the elderly and hospi-
talized patients). In the evaluation of the polyuric patient, urine electrolytes
and urine osmolality should be measured, keeping in mind that the amount
of electrolytes in the urine is a better reflection of water losses. Volume
expansion with normal saline or colloid should precede the correction of
hypernatremia in volume-depleted patients, and the correction should not be
too rapid (in order to avoid cerebral edema).

Hyponatremia

Epidemiology
Hyponatremia is a common condition in hospital settings and is increasingly
recognized in outpatients. The condition frequently affects the elderly, as co-
morbid conditions such as congestive heart failure, cancer, and pulmonary
disease are more common in this group. Additionally, use of medications
is an important risk factor for hyponatremia, and the elderly again tend
to use more medicines than other populations. The definition of hypona-
tremia is a serum sodium less than 135 mEq/L, which is relatively common
among hospitalized patients. As we will discuss later in this chapter, age and
gender are very important risk factors for the development of hyponatremic
encephalopathy, and these two factors impact how the hyponatremic patient
should be managed.

Clinical Manifestations
Often times hyponatremia is asymptomatic and tolerated well chronically.
However, it is increasingly recognized that chronic hyponatremia can lead
to subtle neurological findings, and this can translate into poor outcomes
(especially in the elderly, who may be less tolerant of subtle ataxia and prone
to suffering falls) [8, 9]. However, hyponatremic encephalopathy (central
nervous system symptoms secondary to cerebral edema) can be a presenting
sign of hyponatremia [10–12], and this situation is a medical emergency
that must be diagnosed promptly and treated quickly to prevent death or
devastating neurological complications [13,14]. It is important to differentiate
between these two opposite ends of the spectrum since the management is
much different depending upon the degree of symptoms. In the elderly, this
can be difficult since the presentation of hyponatremic encephalopathy can
be atypical, such as a fall and subsequent orthopedic trauma.
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Diagnostic Approach to the Hyponatremic Patient
Patients develop hyponatremia when water intake exceeds water excretion
because of an impairment or inhibition of the normal homeostatic mecha-
nisms that act to balance water intake and excretion. This occurs in a variety
of settings, which are important to recognize. As noted earlier in Eq. (1), the
serum sodium is a reflection of total body exchangeable electrolytes relative
to total body water. This is true under normal conditions; however, when a
substance is relatively confined to the extracellular space, osmotic movement
of water from the intracellular space into the extracellular space in order to
equalize the concentration in both compartments leads to a decrease in the
serum sodium concentration despite a net increase in serum osmolality. It is
important, when possible, to measure the serum osmolality before instituting
therapy with hypertonic solutions to be sure that a true hypoosmolar state
exists and the sodium values are not spurious. However, when faced with a
hyponatremic patient and a normal glucose level with clear signs of hypona-
tremic encephalopathy, therapy can be initiated if serum osmolality cannot be
obtained quickly. When the glucose is elevated, the serum sodium must be
“corrected” by adding 1.6 mEq/L for every 100-mg/dL increase of the serum
glucose above 100 mg/dL. Pseudohyponatremia should also be kept in mind.
With the use of potentiometric methodologies, pseudohyponatremia due to
hyperproteinemia and hyperlipidemia alone is not a problem. However, if
samples are diluted prior to measurement of the serum sodium, hyperpro-
teinemia and hyperlipidemia can alter serum sodium measurements. When
pseudohyponatremia is present, the measured serum osmolality is normal.
The diagnostic approach is further based on the history, urinary electrolytes,
and assessment of the patient’s extracellular volume status (Figure 10.4). In
the following sections, we present several cases that demonstrate the evalu-
ation of the hyponatremic patient in a case-based format, with an emphasis
on common presentations of the disease in the elderly.

Pathogenesis of Hyponatremia
Hyponatremia develops when the water intake exceeds the excretion of
water. The excretory capacity of the typical adult (assuming normal renal
function) is tremendous: Approximately 15 L of free water per day in the
urine can be excreted in the urine. Excess ingestion of water as the sole
cause of hyponatremia is therefore rare except in the case of mental illness
and primary polydipsia. There are many conditions that impair free water
excretion (Table 10.3).In these settings, hyponatremia can easily develop.
There are states of impaired water excretion in which ADH release is a
response to a physiological stimulus such as pain, nausea, volume depletion,
post-operative state, or congestive heart failure. Additionally, ADH release
can also be pathophysiological, for example, in the setting of SIADH, with
thiazide diuretics, or with other types of medications such as antiepileptic
drugs. The use of thiazide diuretics is common in the elderly and is a frequent
cause of hyponatremia in this population.

Brain Defenses Against Cerebral Edema
Hyponatremia results in an osmotic gradient favoring water movement
from the extracellular compartment into the intracellular compartment. The
movement of water results in brain swelling that leads to neurological
manifestations. The brain is enclosed within a specialized compartment and is
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Fig. 10.4 Diagnostic Approach to Hyponatremia (Adapted from MKSAP 2006.)

therefore sequestered from the systemic circulation by the blood-brain barrier.
The blood-brain barrier impedes the entry of water and other substances into
the brain and has special sites for handling water fluxes [15–17]. The first line
in the blood-brain barrier is the tight junctions between vascular endothelial
cells [18–20] in the brain capillaries. These endothelial cells of the blood-brain
barrier form an interface with the end-foot processes of astrocytes; together,
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Table 10.3 States of Impaired Water Excretion.

Volume-Depleted States
Volume depletion
Diuretics

Normal Volume States
SIADH
Pain
Post-operative state
Nausea
Hypothyroidism

Volume-Expanded States
Congestive heart failure
Renal failure
Cirrhosis

Source: Used with permission from Achinger, S.G., Ayus J.C.
Fluid and electrolytes. In Critical Care, 4th ed., Civetta, Taylor,
Kirby, eds.

these form a very specialized structure [21]. Astrocytes are highly specialized
cells that are responsible for many supporting functions involved with fluid
and electrolyte balance in the microenvironment of the brain’s extracellular
fluid [22,23]. These cells express a concentration of aquaporin 4 (AQ4) water
channels and Kir4.1 potassium channel on their foot processes that surround
the perivascular space of the brain capillaries [15]. One of the functions of
the astrocytes is to take up potassium from the brain microenvironment near
the neurons and release it with accompanying water, into the perivascular
space, away from neuron cell bodies. It is known that astrocytes selectively
swell in response to hypotonicity, whereas neurons do not. The mechanism
for this is the presence of AQ4 on the astrocytes and not neuronal cells.
Interestingly, mice with targeted deletion of AQ4 do not develop cerebral
edema in the face of hyponatremia, suggesting that AQ4 plays an important
role in hyponatremia-induced cerebral edema [24]. The astocyte, therefore, is
the main regulator of brain water content and, during hypotonicity, appears to
be a main portal of water entry into the brain. The response of the astrocyte
is an important determinant of the brain’s response to hyponatremia-induced
cerebral edema.

Several mechanisms protect the brain from hyponatremia-induced cerebral
edema. An immediate response is the shunting of cerebrospinal fluid from
within the brain. This is a quick response with only a limited capacity to
buffer significant volume changes [25]. To decrease the brain size following
hyponatremia-induced cerebral edema, cell volume regulatory mechanisms in
astrocytes must be active. This is accomplished through reduction in cellular
osmolyte content. The astrocyte utilizes an ATP-dependent mechanism [26]
that requires Na+/K+ ATPase during which ions are extruded from the glial
cell. By reducing brain electrolyte content, water obligatorily follows the
extruded ions, thereby decreasing brain volume. Following induction of acute
hyponatremia in animal models, brain water content is near the baseline value
after 6 hours [27].
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Clinical Manifestations
The clinical manifestations of hyponatremia are caused by osmotic swelling of
the brain, which places pressure on the brain parenchyma as the brain pushes
upon the rigid structures encasing the central nervous system. The severity
of symptoms is variable and is not always correlated with the level of the
serum sodium. Life-threatening hyponatremic encephalopathy with seizures
and respiratory arrest can present in patients with a serum sodium as high as
128 mEq/L [28]. However, a serum sodium of 120 mEq/L or lower is not
unusual in cirrhosis or severe congestive heart failure without symptoms of
cerebral edema. In the typical progression of manifestations of hyponatremic
encephalopathy, there are early signs of nausea, vomiting, and headaches
[29], which are usually nonspecific and can go unrecognized. If the condition
is not recognized and is left without treatment, brainstem herniation with
subsequent respiratory arrest and death or severe neurological morbidity can
occur [6].

Risk Factors for Hyponatremic Encephalopathy
Age and Gender in Hyponatremic Encephalopathy It is now appreciated
that there are patient-specific risk factors for poor outcomes following the
development of hyponatremic encephalopathy. Children are at elevated risk
for poor outcomes due to the high ratio of brain size to skull size in this
group [29]. The skull reaches full size approximately at age 16, whereas the
brain reaches its adult size at approximately age 6 [30, 31]. Because of this
anatomical difference, children are more susceptible to the detrimental effects
of cerebral edema since the brain is not allowed as much room to expand as
it is in adults.

Being a woman of premenopausal age is another risk factor in terms of
neurological outcomes following hyponatremia. Premenopausal females are at
25 times increased risk of death following hyponatremic encephalopathy over
control patients [28]. The greater predisposition to death among females due
to hyponatremia is on account of differences in adaptive responses in brain
cell volume regulation during hyponatremic stress. It is known that ATP-
dependent mechanisms are important in the adaptive responses to cerebral
edema. Estrogens, by having a similar steroidal structure to ouabain and
other cardiac glycosides (such as digoxin), have inhibitory activity against
the sodium potassium ATPase [32]. Female sex hormones have been shown
to inhibit the Na+/K+ ATPase pump in diverse tissues such as heart, muscle,
liver, and red blood cells [33]. These observations apply to animal models
of brain adaptation in the setting of hyponatremia, where female rats suffer
increased morbidity from hyponatremia [34, 35]. Furthermore, synaptosomes
isolated from female hyponatremic rats have increased uptake of sodium
compared with male synaptosomes isolated from male hyponatremic rats,
suggesting an impairment in sodium extrusion [34, 36]. Also, the regulatory
volume decrease that serves to decrease cell volume following hypotonic
stress is inhibited by the presence of estrogen/progesterone in rat astrocytes
treated in vitro [37]. Finally, female rats undergo increased vasoconstriction
in response to vasopressin compared with male rats [35]. Vasoconstriction
can lead to brain hypoxia and, as will be discussed in the following section,
hypoxia is another factor that can worsen brain adaptation. These studies
support a mechanism involving the effect of estrogens on brain cell adaptation
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for the clinical observation that premenopausal females suffer worse outcomes
following hyponatremia.

Hypoxia and the Development of Hyponatremic Encephalopathy Hypoxia at
presentation, even after adjustment for co-morbid conditions, is a strong risk
factor for poor outcomes in patients with hyponatremic encephalopathy, as
previous epidemiologic studies have shown [28, 38]. The mechanism for this
association has recently been studied in animal models. As astrocyte cell
volume regulatory responses have been shown to be important in explaining
the poor outcomes seen in premenopausal females, the response of these
cells to hypoxic stress has been proposed also to affect these processes. It
is known that brain ischemia alone can lead to cerebral edema; the most
dramatic example of this is diffuse edema following asphyxiation or cardiac
arrest. This is termed cytotoxic edema and is thought to be due to impairment
of cell volume regulatory mechanisms. In the setting of hyponatremia, which
induces cerebral edema, if there is further impairment of volume regulatory
mechanisms, it is likely that there will be more severe cerebral edema than
if hypoxia were absent. This occurs because of an insufficient regulatory
volume decrease in the brain when hypoxia is present [39]. In the setting
of hypoxia, the cell responds by trying to maintain the levels of ATP [40].
Pathways that increase ATP such as glycolysis are upregulated, and pathways
that consume ATP are downregulated. Na+/K+ ATPase activity is a large
consumer of ATP; therefore, this is one of the processes that are downreg-
ulated during hypoxia, which is mediated through increased targeting for
endocytosis. Animal studies have demonstrated that survival is significantly
decreased and that brain adaptation is significantly impaired in the setting of
brain hypoxia [39, 41]. Therefore, hypoxic conditions can impair the brain’s
ability to decrease astrocyte cell volume in response to a hyponatremic
stress, which leads to worsened survival among hyponatremic rodents. These
animal studies suggest a cellular mechanism for impaired brain adaptation
and the increased risk of death when hypoxia occurs simultaneously with
hyponatremia.

Two mechanisms are responsible for the development of hypoxia in patients
with hyponatremic encephalopathy. These are hypercapneic respiratory failure
and neurogenic pulmonary edema [42, 43]. Hypercapneic respiratory failure
is a sign of impending brainstem herniation, can develop in untreated hypona-
tremic encephalopathy, and leads to hypoxia through decreased respiratory
drive. Neurogenic pulmonary edema, which develops in the setting of cerebral
edema, has been reported to occur with hyponatremic encephalopathy [42,43].
Neurogenic pulmonary edema is believed to be secondary to increased
vascular permeability and increased catecholamine release due to increased
intracranial pressure [44]. The hypoxemia that develops due to these condi-
tions can then further worsen astrocyte cell volume regulatory mechanisms,
which can cause further worsening of the cerebral edema. This can initiate
a cascade effect that, unless broken, results in worsening of the under-
lying cerebral edema and poor patient outcomes (Figure 10.5). Hypoxemia is
therefore both a risk factor and a pathogenetic mechanism in the development
of severe cerebral edema due to hyponatremia.
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Principles of Treatment of Hyponatremic Encephalopathy
Hyponatremic encephalopathy is a life-threatening medical emergency and
should be treated promptly and appropriately. Several critical issues must be
understood in the treatment of hyponatremic encephalopathy: (1) Patients who
do not have central nervous system symptoms do not require treatment with
hypertonic saline; (20) patients with hyponatremic encephalopathy (central
nervous system symptoms secondary to cerebral edema) should be treated
promptly with hypertonic saline; (3) patients at risk for a poor outcome
need to be identified and hypoxia, if present, must be corrected; (4) the
absolute change in serum sodium should not exceed 15–20 mEq/L over 48
hours; and (5) the patient should not be corrected to normonatremic levels
or hypernatremic levels. The use of hypertonic saline is the best treatment
for hypernatremic encephalopathy; following these guidelines will reduce the
likelihood of therapy-induced brain injury.

When treating a patient with hyponatremic encephalopathy with hypertonic
saline, three goals should be kept in mind: (1) Quickly reduce edema in
patients with severe manifestations (respiratory arrest or continuous seizures);
(2) correct serum sodium to a safe, mildly hyponatremic level (not to normona-
tremic or hypernatremic levels); and (3) maintain this level of serum sodium
[6] (Figure 10.6). In patients with severe manifestations (active seizures or
respiratory failure), a bolus of 100 cc of 3% saline (given over 10 minutes)
can be given to quickly increase the serum sodium. The goal of the bolus
is to increase the serum sodium by approximately 2–4 mEq/L. A bolus may
be repeated if necessary to get the desired effect. Following the bolus of
hypertonic saline, an infusion of hypertonic saline should be started with
the intention to raise the serum sodium to mildly hyponatremic levels. In
order to prevent therapy-induced cerebral injury, it is important that the total
change in serum sodium should not exceed 15–20 mEq/L over 48 hours
[14]. To treat patients with hyponatremic encephalopathy who do not exhibit
ongoing seizures or respiratory arrest, an infusion of 3% saline without a
bolus is appropriate initial management. In patients with congestive heart
failure, pulmonary edema may develop with the use of hypertonic saline.
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South Medical J 2006; 99(4): 353-362.)

Furosemide should be given to these patients in addition to hypertonic saline.
Such patients require close monitoring.

In our own practice, we do not use formulas to determine the amount
of hypertonic saline to give, and we do not recommend such a practice.
The danger of using formulas is that if they are employed as a substitute
for close patient monitoring, overcorrection of the serum sodium can easily
occur. The main reason that this can occur is that formulas are based on
a closed-system assumption, where ongoing water losses are not accounted
for. If a patient undergoes spontaneous water diuresis, the serum sodium
will continue to increase as the patient “autocorrects.” This most commonly
occurs when the stimulus for water retention is removed and the body begins
to respond appropriately to hypotonicity by suppressing ADH release and
excreting dilute urine.

A precipitous increase in urine output is the first sign that this is occurring.
For this reason, hourly urine output should be followed closely in all patients
being treated for hyponatremic encephalopathy. Additionally, all patients
receiving an infusion of 3% saline for hyponatremic encephalopathy should
have frequent monitoring of the serum sodium (at least every 2 hours) until
they are clinically stable and the serum sodium values are stable. Any patient
with manifestations of hyponatremic encephalopathy should be treated in an
intensive care unit setting until the patient is clinically stable. In lieu of a
calculated infusion rate, an assumption that can be used is that an infusion
of 1 mL/kg of 3% NaCl will raise the serum sodium by approximately 1
mEq/L. After the initial infusion rate is chosen, the rate of infusion should be
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titrated based upon measured serum sodium values and the clinical status of
the patient. Finally, when possible, prior to starting treatment with hypertonic
saline, the serum osmolality should be measured to verify that a hypotonic
state exists [29].

Risk Factors for Cerebral Demyelination During Correction
of Hyponatremia
Cerebraldemyelinationhasbeenassociatedwith thecorrectionofhyponatremia,
and risk factors for this complication should be understood so that it can be
avoided.Thesymptomsofcerebraldemyelinationusuallybecomeapparentdays
to weeks following correction of hyponatremia. The range of manifestations is
broad, as the symptoms can be minimal to none or as severe as a pseudocoma
with a “locked-in stare.” A key point is that the absolute change in serum sodium
over 48 hours is most predictive of the development of cerebral demyelination,
whereas the hourly rate of correction of serum sodium by itself is not [14]. This
is a key point because it is not appropriate to treat a patient with respiratory arrest
due to hyponatremic encephalopathy with a “slow” infusion of hypertonic saline
to increase the serum sodium by 0.5 to 1 mEq/hr. We believe that this type of
patient, with impending brainstem herniation, should be treated with a bolus of
hypertonic saline to quickly reduce brain volume. When such a patient is out of
immediate danger, then the hourly rate of correction should be more modest, the
total change in serum sodium should not exceed 15–20 mEq/L over 48 hours,
and the patient should not be corrected to normonatremic levels. Additionally,
other clinical factors not related to degree of correction such as liver disease and
hypoxia increase the risk of cerebral demyelination, and care must be exercised
in treating these patients [14]. Remember that patients with liver disease are
very susceptible to cerebral demyelination, and a great degree of caution should
be exercised in this group. The safe degree of correction over 48 hours in
this group is not known and might be less than 15–20 mEq/L over 48 hours [14].

Treatment of Asymptomatic Hyponatremia
In treating asymptomatic hyponatremia, the underlying cause should be
addressed and corrected when possible. Precipitating medications should be
stopped when possible. Irrespective of the serum sodium level, asymptomatic
hyponatremia does not require prompt treatment with hypertonic saline. Fluid
restriction can be helpful in selected cases; however, in cases where electrolyte
free water excretion is minimal or negative, this is often not enough. When
chronic hyponatremia is refractory to fluid restriction, demeclocycline can be
used. This agent has been used traditionally to lower urine osmolality and
increase free water excretion. Selective vasopressin receptor (V2) blockers are
newly available agents, show promise for the treatment of chronic hypona-
tremia [45], and may become the mainstay of therapy in the future.

The Prevention and Management of Hyponatremia

Hospitalized patients should be considered at risk for the development of
hyponatremia, and hypotonic fluids should not be administered unless there
is a free water deficit. Normal saline (0.9% NaCl) is the most appropriate
fluid to use in the post-operative setting, and hypotonic fluids should not be
administered following surgery unless there is a free water deficit. Patients
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taking thiazide diuretics, especially the elderly, should be weighed before and
after starting therapy to screen for water retention, and serum electrolytes must
be monitored as hyponatremia can develop. Hyponatremic encephalopathy
should be promptly recognized and treated with 3% hypertonic saline. Risk
factors for poor outcomes with hyponatremic encephalopathy are menstruating
females, hypoxic patients, and children. Hypoxia should be corrected during
treatment of hyponatremic encephalopathy.

Case #6: Hyponatremia Associated with Colonoscopy
A 71-year-old female with a past medical history significant only for hyper-
tension is scheduled to undergo an elective colonoscopy. She is prescribed
a polyethylene glycol bowel preparation. While taking this, she becomes
nauseated and vomits several times throughout the day. She develops diarrhea,
and her fluid intake increases during this time. Overnight she continues to be
nauseated and develops a headache. In the morning, just prior to the procedure,
her husband finds the patient unconscious and difficult to arouse. En route
to the hospital, she has a generalized seizure. On arrival at the hospital, her
serum sodium is 112 mEq/L.

Discussion Preparation for colonoscopy has been shown to be associated with
hyponatremic encephalopathy. The reduction in plasma volume associated
with the significant diarrhea that can develop from a bowel preparation is
thought to lead to increased thirst [12]. By replacing these fluid losses with
hypotonic fluids, she is at risk of development of hyponatremia. Concomi-
tantly, the patient can develop impaired free water excretion due to elevated
ADH levels due to nausea and volume depletion. This potential complication
can be avoided if a patient is instructed about the danger of taking in signif-
icant amounts of fluid during the preparation for a colonoscopy.

Case #7: DDAVP Withdrawal

A 66-year-old female has a history of central diabetes insipidus that developed
after the resection of a pituitary tumor 7 years ago. She is evaluated in an
emergency room after she had a generalized seizure at home. She had been
taking DDAVP® 10 mcg intranasally twice a day for this condition. The
patient is found to be lethargic and unresponsive, without current seizure
activity. The serum sodium is 117 mEq/L, and the serum potassium is 4.2
mEq/L. Her urine sodium is 100 mEq/L, and the urine potassium is 35 mEq/L
with a urine osmolality of 640 mOsm/kg. The patient is given 2 L of 0.9%
saline in the emergency room. Serum sodium is found to be 126 mEq/L
after presentation following this treatment. She is admitted for management
of hyponatremia. The admitting physician decides to hold the DDAVP®;
the patient’s urine output increases significantly overnight. In the morning
following admission, the serum sodium is 153 mEq/L, urine sodium is 16 mEq/L,
urine potassium is less than 10 mEq/L, and urine osmolality is 70 mOsm/kg.

Discussion DDAVP® by itself does not lead directly to hyponatremia.
DDAVP® leads to retention of free water; therefore, the dose of the
medication must be titrated with consideration of the patient’s fluid intake.
The patient must be closely monitored and the serum electrolytes carefully
followed. Patients will at times increase fluid intake, and water intoxication
can result, as happened in this case. When this happens, if DDAVP® is
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withheld, free water diuresis will ensue. This “autocorrection” of the serum
sodium can occur quite rapidly, and dangerous overcorrection of the serum
sodium may result. This concern is greatest in patients with diabetes insipidus,
who will continue to rapidly excrete large volumes of dilute urine, even
after the serum sodium has exceeded 140 mEq/L. A better approach that we
advocate in a patient with hyponatremic encephalopathy due to DDAVP®-
associated hyponatremia is to continue DDAVP® and restrict all enteral fluid
intake. Then 3% NaCl can be given to correct the serum sodium to the
preferred degree and ultimately stopped. The DDAVP should be continued
throughout this time. Absolutely no hypotonic fluids should be administered,
and the patient must be closely monitored to restrict all fluid intake. If a
patient is allowed fluid intake while DDAVP is given, hyponatremia can
rapidly develop. If necessary, a slow infusion of 0.9% saline can be given,
which will support the patient’s volume status. This approach can prevent
the type of overcorrection of the serum sodium that can occur when a patient
is allowed to “autocorrect” with an uncontrolled water diuresis. Consultation
with a specialist is mandatory in a complex case such as this. The hourly urine
output should be followed closely in all patients being treated for hypona-
tremic encephalopathy, as a significant increase in urine output will be the
first clinical sign that a water diuresis is occurring.

Case #8: Hyponatremia Due to SIADH
A 78-year-old male patient with small cell lung cancer who had been treated
with chemotherapy and achieved a remission last year has recently come
to the hospital and been diagnosed with recurrent disease. He is seen in
follow-up after being discharged from the hospital, where he was found
to have pneumonia and bilateral pleural effusions secondary to metastatic
disease. His serum sodium was decreased throughout the hospitalization,
which was managed with fluid restriction. His other medical problems include
hypertension. Current medications include oral levofloxacin and atenolol.
Currently, he is significantly improved since hospital discharge 3 days ago.
Physical exam reveals BP 110/50, P 65, and T 98.8. The remainder of the
physical exam is significant for a very thin male who is in no acute distress.
Lungs are found to have decreased breath sound in both bases, and the cardiac
exam is normal. There is no peripheral edema. Laboratory values drawn in
the clinic are given below:

Serum

aSodium (mEq/L) 110
Potassium (mEq/L) 4�0
Chloride (mEq/L) 80
Bicarbonate (mEq/L) 19
BUN (mg/dL) 6
Creatinine (mg/dL) 0�7
Glucose (mg/dL) 87
Phosphorus (mg/dL) 3�0
Albumin (g/dL) 3�4
Osmolality (mOsm/kg) 234



Chapter 10 Dysnatremias: Diagnosis and Treatment 195

Urine

Sodium (mEq/L) 110
Potassium (mEq/L) 30
Osmolality (mOsm/kg) 625

Discussion SIADH is a syndrome of hypotonic hyponatremia, with a urine
osmolality > 100 mOsm/kg in the absence of causes of physiological ADH
release or other conditions associated with hyponatremia such as volume
depletion, adrenal insufficiency, congestive heart failure, hypothyroidism,
cirrhosis, and/or renal impairment. In the case presented above, the laboratory
values support SIADH given the decreased serum osmolality and the high
urine osmolality.

The normal response to hypotonicity would be to excrete dilute urine,
which is not occurring in this case; in fact, the urine is very concentrated.
Before SIADH is diagnosed, it is important be sure that the patient does not
have another cause of a water-retentive state that is a physiological response:
These conditions are most commonly congestive heart failure, cirrhosis, and
volume depletion. The urine electrolytes can be a helpful adjunct in making
this discrimination. A state of low effective circulating blood volume such
as occurs with these conditions leads to activation of both sodium- and
water-retentive mechanisms. An elevated urine osmolality can be expected;
however, the urine sodium should not be elevated (> than 40 mEq/L) in these
conditions. During states of antinatriuresis, the urine sodium is typically less
than 20 mEq/L. However, it must be kept in mind that many patients with
cirrhosis and congestive heart failure receive diuretics; therefore, the serum
sodium must be interpreted cautiously in this setting. Other conditions that can
lead to ADH release should also be considered and ruled out before SIADH
is diagnosed. These include post-operative stress, medications, trauma, pain,
and nausea.

Case #9: Hyponatremic Encephalopathy Presenting with a Fall
A 74-year-old female patient presents to the emergency room after having
fallen in her home. According to the patient’s family, she has been slightly
confused over the past three days. Past medical history is significant only for
osteoporosis and hypertension. The patient’s daughter recalls that one week
ago, her mother’s primary care physician started her on hydrochlorothiazide.
Physical exam revealed BP 108/55; P 90; T 96.9. She is confused and not
responding to questioning appropriately. Lungs are clear, and cardiac exam
is normal. She has no pedal edema.

Serum

Sodium (mEq/L) 108
Potassium (mEq/L) 2�6
Chloride (mEq/L) 74
Bicarbonate (mEq/L) 21
BUN (mg/dL) 16
Creatinine (mg/dL) 1�4
Glucose (mg/dL) 86



196 Steven Achinger and Juan Carlos Ayus

Discussion Hydrochlorothiazide is a fairly common cause of hyponatremia
in the outpatient setting. By acting at the level of the cortical collecting duct,
thiazide diuretics can impair urinary diluting capacity but do not affect the
capacity to concentrate the urine. This is in contrast to loop diuretics, which
can impair both diluting and concentrating capacity. Thiazide diuretics induce
a state of effective circulating volume depletion that can stimulate ADH
secretion. This leads to increased urinary concentration and water retention.
Chronic hyponatremia is a cause of more subtle neurological impairment
that in the elderly can present with a fall [9]. Recent data show that with
sophisticated testing, neurological impairment may occur even at a serum
sodium as high as 132 mEq/L [8]. When using thiazide diuretics, the clinician
must be vigilant for the potential complication of hyponatremia, especially in
the elderly. A proposed measure to detect water retention is to have patients
weigh themselves before and 48 hours after starting the medication. If patients
fail to lose weight or gain weight during this time, then the medication
should be stopped and serum electrolytes checked. Additionally, all patients
on thiazide diuretics should have the electrolytes measured especially after
the onset of therapy or dose adjustments.
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Hypertension in the Elderly

José A. Garcia-Donaire, José Luís Rodicio Díaz,
and Prof. Luis M. Ruilope

Introduction

Hypertension is considered the most frequent chronic condition for which
people see a healthcare provider [1] and the most common attributable cause
of preventable death in developed nations, with an increasing importance in
developed countries [2].

In the last decades of the 20th century, a demographic expansion was
observed, basically dependent on the abrupt fall in birth rate, health and
scientific advances, an improved management of the different pathologies and
their consequences, and, finally, a marked social development that accounts
for a better quality of life for the general population. As a result of all
these factors, the proportion of elderly people has grown continuously. In
this population, hypertension represents the most powerful risk factor for
cardiovascular death [3].

Although blood pressure (BP) rises normally with age, it is not a physio-
logical phenomenon and hypertension is not less harmful for elderly than for
young people. The combination of aging and the accompanying rise in BP
has contributed to multiply the prevalence of elevated blood pressure among
elderly people, and absolute rates of 70% are expected in the coming years
for this specific population.

Multiple studies have demonstrated that elevated systolic blood pressure
(SBP) is more prevalent in older people [4]. Current international guidelines
for the classification of arterial hypertension, identical for adults and the
elderly without antihypertensive treatment, set the threshold to consider a
patient as hypertensive at an SBP of 140 mmHg or higher and at a diastolic
blood pressure (DBP) of 90 mmHg or higher; isolated systolic hypertension
is defined as persistent SBP equal to or higher than 140 mmHg, with DBP
lower than 90 mmHg (Table 11.1). The European Society of Hypertension
and European Society of Cardiology Hypertension (ESH/ESC) Guidelines [5]
were published in 2003 and classify hypertension in order to stratify total
cardiovascular risk to patients (Table 11.2).
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Table 11.1 Definitions and Classification of Blood Pressure Levels

Category Systolic (mmHg) Diastolic (mmHg)

Normal <120 <80
Pre-hypertension 120–139 80–89
Stage 1 hypertension 140–159 90–99
Stage 2 hypertension >160 >100

Source: National High Blood Pressure Education Program Coordinating Committee.
Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation
and Treatment of High Blood Pressure. Hypertension 2003; 42:1206–1252.

Pathophysiological Characteristics of Hypertension
in the Elderly

Numerous studies have demonstrated that aging is accompanied by the devel-
opment of modifications in cardiovascular and renal systems. These alter-
ations are particularly prevalent when hypertension is present [6,7]. The heart
suffers diverse changes, both in the mechanical component (hypertrophy of
the left ventricle’s posterior wall) and in the electrical system (see Chapter 4).
Therefore, cardiac output can be decreased in the elderly because of minor
myocardial contractility, and the heart rate is not modified due to the reduced
activity of the adrenergic receptors [8].

The effects on the renal system are related to vasoconstriction and afferent
arterial progressive occlusion, leading to glomeruli loss and mechanical
dilatation of the nonaffected nephrons caused by flow redistribution, which
may produce glomerular injury and progressive renal damage. The decrease
in the glomerular filtration rate (GFR) in the elderly as a result of glomerular
sclerosis may affect 40% of glomeruli by the eighth decade. These variations
are accompanied by a decreased capability in sodium handling, probably as a
consequence of a nephron’s dilutor segment defect. Changes in the properties
of the cardiovascular system may alter the hemodynamic characteristics of the
arteries and accelerate the atherosclerosis process. Hypertension can produce
arterial stiffness by functional and structural mechanisms, amplified by aging,
as a result of increased intramural pressure, the load-bearing elastic lamellae
stretch, and vasoconstriction.

Table 11.2 Definitions and Classification of Blood Pressure Levels

Category Systolic (mmHg) Diastolic (mmHg)

Optimal <120 <80
Normal 120–129 80–84
High normal 130–139 85–89
Grade 1 hypertension (mild) 140–159 90–99
Grade 2 hypertension (moderate) 160–179 100–109
Grade 3 hypertension (severe) ≥180 ≥110
Isolated systolic hypertension ≥140 <90

Source: ESH/ESC Hypertension Guidelines Committee. Practice guidelines for primary care
physicians: 2003 ESH/ESC hypertension guidelines. J. Hypertens. 2003; 21:1779–1786.
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The renin-aldosterone-angiotensin system (RAAS) becomes less effective,
leading to diminished angiotensin II formation and aldosterone secretion.
Although plasma norepinephrine levels are enhanced with aging, attenuation
in �- and �-receptors’ sensitivity has been demonstrated. Sensitivity to salt
is also present in some of the elderly hypertensive and contributes to the
development of rise in BP. At this point, it is necessary to distinguish between
salt sensitivity and the increased time taken by the healthy aged to excrete a
given amount of salt. As a result of the physiological decrease in the GFR
(see Chapter 5), if we were to provide an equal amount of salt to an aged
person and a young adult, the aged person would take more time to excrete
the given amount of salt than the young person. However, this does not mean
that the elderly are salt-resistant.

In elderly people with hypertension, a minor production of natriuretic
substances as prostaglandin E2 or dopamine could contribute to the devel-
opment of salt sensitivity [9].

Subsequently, pathophysiological features of hypertension in the elderly
are rather different than in younger adults; cardiac output, heart frequency,
ejection volume, intravascular volume, renal flow, and renin activity are
decreased in the elderly.

Clinical Characteristics of Hypertension in the Elderly

The specific pathophysiological conditions of hypertension in the elderly
confer singularity to this population in order to achieve the optimal
management, and clinical features may also be different from adult essential
hypertensive patients. The specific hemodynamic features of the cardiovas-
cular and renal system cause more increased peripheral and renal resistances.

Aging modifications create a propitious situation to develop hypertension
through a drop in cardiac output drop, an increase of peripheral resistances,
a progressive occlusion of renal resistance arteries leading to a dispropor-
tionate reduction of renal plasma flow, and also by a defective response of
baroreceptors to the increment in BP.

On the other hand, the higher stiffness of big arteries justifies a higher SBP.
In fact, the findings of altered pulse pressure (PP) can be considered as target
organ damage (TOD). Subsequently, systolic pressure is higher with stiffer
vascular walls. As elasticity decreases, pressure wave velocity (PWV) rises,
facilitating the conjunction of both waves (incident and reflexed), reaching
the sum in the systolic peak and leading to the presence of isolated systolic
hypertension (ISH).

In this situation, hemodynamic studies have shown that cardiac output is
not increased, but peripheral resistances are increased. When ISH is present,
due to compliance reduction, even a diastolic pressure of 85 mmHg may
reflect an increase in peripheral resistances. Thus, the main determinant for the
elevation of the systolic blood pressure is the loss of the elastic characteristics
of large arteries [10].

The degree of wave reflection and the pulse wave morphology are directly
dependent on aging and arterial stiffness. The development of increasing
arterial stiffness and increasing wave reflection with aging and hypertension
completely abolishes the central and peripheral pulse pressure by age 50 to
60 years.
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The left ventricle is impacted by arterial stiffness by generating a higher
early systolic pressure from the ejection of the stroke into a stiff aorta and
by creating an increase of central systolic pressure and ventricular overload
caused by the return to the aortic root of the reflected pulse waves.

In elderly patients with isolated systolic hypertension, aortic systolic
pressure can be increased by as much as 30 to 40 mmHg as a result of the
early return of wave reflection. Left ventricular workload is thus ultimately
dependent on systemic vascular resistance; early systolic impedance increases
to the forward-traveling wave caused by proximal aortic stiffening and late
systolic impedance increases caused by early return of the reflected pressure
wave [11].

Hence, cardiovascular risk is more closely related to peak systolic blood
pressure in the central ascending aorta, which is the principal determinant of
left ventricular cardiac output, than to simultaneously recorded systolic blood
pressure readings in peripheral arteries.

Therapeutical Options

Evidence about the benefits of antihypertensive treatment in the elderly is
unanimously agreed upon, achieving the reduction of cardiovascular morbidity
and mortality in cases of both systo-diastolic hypertension and isolated systolic
hypertension.

A meta-analysis conducted by Staessen et al. [12] demonstrates signif-
icant reductions in stroke incidence, coronary heart disease, cardiovascular
mortality, and global mortality in patients receiving medical treatment
compared to a placebo. These benefits are present beyond 80 years of age
[13], showing that treatment prevents stroke in 34%, heart failure in 39%,
and 2% in all cardiovascular events but not global mortality.

Global cardiovascular risk determination is the optimal approach in order to
decide who may benefit from a pharmacological intervention to reduce blood
pressure level. The ESH/ESC guidelines suggest a classification of global
cardiovascular risk based on the blood pressure categories, including normal
and high-normal BP. The terms “low-moderate-high-very high added risk”
indicate an absolute 10-year risk of cardiovascular disease of <15%, 15–20%,
20–30%, and >30%, respectively (Framingham criteria), or a 10-year risk of
fatal cardiovascular disease of <4%, 4–5%, 5–8%, and >8% (SCORE criteria)
(Table 11.3).

The most frequent cardiovascular risk factors, criteria to consider target
organ damage, and proper qualifying of diabetes and associated clinical condi-
tions are expressed in Table 11.4.

In any case, intensity of the assessment to be completed in elderly patients,
as in younger adults, must be just necessary to meet enough elements for
defining cardiovascular risk and choosing the most appropriate therapeutical
decision. The establishment of hypertensive therapy must follow the same
therapeutic recommendations as in younger adults or in general hypertensive
patients. Many patients also have other risk factors, target organ damage, and
associated clinical conditions. Thus, stratification of risk to quantify prognosis
and election of the first antihypertensive drug has to fit with these conditions.
In addition, many elderly people will need two or more drugs to control blood
pressure due to their difficulty to decrease SBP below 140 mmHg.
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Table 11.3 Stratification of Risk to Quantify Prognosis

Other
Risk
Factors
and
Disease
History

Normal
SBP
120–
129
or DBP
80–84

High
Normal
SBP
130–139
or DBP
85–89

Grade 1
SBP
140–159
or DBP
90–99

Grade 2
SBP
160–179
or DBP
100–109

Grade 3
SBP
≥ 180
or DBP
≥ 110

No other
risk
factors

Average
risk

Average
risk

Low
added
risk

Moderate
added
risk

High
added
risk

1–2 risk
factors

Low
added
risk

Low
added
risk

Moderate
added
risk

Moderate
added
risk

Very high
added
risk

3 or more
risk
factors or
TOD or
diabetes

Moderate
added
risk

High
added
risk

High
added
risk

High
added
risk

Very high
added
risk

Associated
clinical
conditions

High
added
risk

Very high
added
risk

Very high
added
risk

Very high
added
risk

Very high
added
risk

TOD = target organ damage.
SBP = systolic blood pressure.
DBP = diastolic blood pressure.
Source: ESH/ESC Hypertension Guidelines Committee. Practice guidelines for primary care
physicians: 2003 ESH/ESC hypertension guidelines. J. Hypertens. 2003; 21:1779–1786.

On the other hand, other factors are able to make problems for treatment
and must be taken into account. These are related to physiological changes
associated with aging or other frequent situations in the elderly (Table 11.5).

The capability of lifestyle modifications to reduce blood pressure levels
in the elderly has been demonstrated [14]. As an example, the Trial of
Nonpharmacologic Interventions in the Elderly (TONE) analyzed 975 patients
aged 60–80 with BP levels controlled in monotherapy [15]. Patients were
randomly distributed into four groups and received different nonpharma-
cological therapy: lower-sodium diet, weight loss program, combination of
both, or usual medical care. After 3 months, antihypertensive treatment was
suspended. During the next 30 months, the percentage of patients remaining
normotensive without drug therapy was 43.6% in the diet and weight loss
combination group, 35% in those assigned to just one intervention, and 16%
in those receiving usual care. These effects were achieved with very slight
modifications in the sodium quantity of the diet (mean 40 mmol/day) or
weight reduction (mean 4.7 kg).

In most cases, a moderate limitation of sodium intake to 100–120 mmol/day
is recommended, and its antihypertensive importance increases progressively
with age. Nevertheless, the elderly have two obstacles to overcome in order
to obtain that reduction: a minor gustative sensitivity, usually accompanied
by elevated salt intake; and a higher dependence on precooked food, which
is usually rich in sodium. On the other hand, a structured hypocaloric diet
together with physical activity is suggested in overweight or obese patients.
In order to prevent an increase in body weight, moderate physical activity
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Table 11.4 Considering Factors to Stratify Cardiovascular Risk

Risk Factors for
Cardiovascular
DiseaseUsed for
Stratification

Target Organ
Damage (TOD) Diabetes Mellitus

Associated Clinical
Conditions

Levels of systolic
and diastolic BP
• Men > 55 years
• Women > 65
years
• Smoking
• Dyslipidemia(total
cholesterol > 6.5
mmol/L, > 250
mg/dL_or LDL
cholesterol > 4.0
mmol/L, > 155
mg/dL,or HDL
cholesterol M >
1.0,W > 1.2
mmol/L,M > 40, W
> 48 mg/dL)
• Family history of
premature
cardiovascular
disease(at age < 55
years M, < 65
years W)
• Abdominal
obesity(abdominal
circumference M >
102 cm, W
> 88 cm)
• C-reactive protein
> 1 mg/dL

• Left ventricular
hypertrophy
(electrocar-
diogram:
Sokolow–Lyons
> 38 mm;
Cornell > 2440
mm/msec;
echocardiogram:
LVMI M > 125,
W > 110 g/m2)
• Ultrasound
evidence
of arterial
wall thick-
ening(carotid
IMT > 0.9 mm)
or atheroscle-
rotic plaque
• Slight increase
in serum
creatinine (M
115–133, W
107–124
μmol/L;M
1.3–1.5, W
1.2–1.4 mg/dL)
• Microalbu-
minuria (30–300
mg/24 hr;
albumin-
creatinine ratio
M > 22, W > 31
mg/g; M > 2.5,W
> 3.5 mg/mmol)

• Fasting plasma
glucose> 7.0
mmol/L (>
126 mg/dL)
• Postprandial
plasma
glucose > 11.0
mmol/L (>
198 mg/dL)

• Cerebrovascular
disease: ischemic
stroke; cerebral
hemorrhage;
transient
ischemic attack
• Heart disease:
myocardial
infarction;
angina; coronary
revascular-
ization;
congestive heart
failure
• Renal disease:
diabetic
nephropathy;
renal impairment
(serum creatinine
M > 133, W >
124 μmol/L; M
> 1.5, W > 1.4
mg/dL)
proteinuria (>
300 mg/24 hr)
• Peripheral
vascular disease
• Advanced
retinopathy:
hemorrhages or
exudates,
papilloedema

M = men.
W = women.
LDL = low-density lipoprotein.
HDL = high-density lipoprotein.
LVMI = left ventricular mass index.
IMT = intima–media thickness.
Source: ESH/ESC Hypertension Guidelines Committee. Practice guidelines for primary care
physicians: 2003 ESH/ESC hypertension guidelines. J. Hypertens. 2003; 21:1779–1786.

for 60–80 min or 35 min of stronger activity at least 3 to 4 times weekly is
adequate.

At this time, a large therapeutic arsenal is available for the pharmacological
treatment of hypertension.

Some considerations, based on current evidence must be highlighted: ISH
must be a priority target to pursue on diagnosis and treatment in elderly
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Table 11.5 Factors Related to Antihypertensive Treatment in the Elderly

Factors Complications

Decreased activity baroreceptors Orthostatic hypotension
Cerebral self-regulation alteration Cerebral ischemia under modest

systemic BP decrease
Minor intravascular volume Orthostatic hypotension Hypovolemia

Hyponatremia
Sensivity to hypokalemia Arrhythmia Muscular weakness
Minor renal and hepatic function Drug accumulation
Polypharmacy Drug interactions
Central nervous system alteration Depression Confusion

people. The recommended target to achieve is a BP level lower than 140/90
mmHg. In patients with diabetes and/or chronic kidney disease, the BP goal
must be lower than 130/80. There is no upper age limit to stop hypertension
treatment, albeit data in people above 80 years are scarce [13]; the HYVET
study will clarify this issue [16].

The pharmacological approach is not different in elderly as compared to
younger adults, but it is necessary to notice possible adverse events secondary
to gathering of several risk factors, co-morbidities, polypharmacy, and target
organ damage [1,5]. In every case and in elderly hypertensives, in particular,
caution with initial doses, slow uptitration, and close examination of tolera-
bility and side effects must guide the therapeutical attitude.

Monotherapy Versus Drug Combination

Specific therapeutical options are related to clinical complexity due to
morbidity and physical disability, common occurrences in these patients.
Several factors contribute to make the election of the optimal pharmacological
treatment in the elderly difficult. First, few studies including patients older
then 80 years old are published due to the existence of chronic pathologies,
ethical use of placebo, poor therapeutic accomplishment, and co-morbidity.
Another trouble is created by the need to add supplementary morbidity and
mortality parameters such as disability, quality of life, or cognitive status to
the traditional ones used in the pharmacological studies. Although controlled
study results suggest that medical treatment may reduce ISH-related morbidity
and mortality in the elderly, most of the studies did not include patients who
were older than 80 years or institutionalized.

The only study including hypertensive patients older than 80 years is
HYVET [16], with about 2100 elderly randomly assigned to indapamide +/–
perindopril or placebo +/- placebo in order to evaluate the benefits of treating
hypertension in this group and the viability of developing these studies among
aged persons.

The current tendency in pharmacological management of elderly hyperten-
sives consists of avoiding sudden changes in BP because of associated clinical
conditions that could interfere with tolerability such as renal insufficiency,
chronic obstructive lung disease, reduction of baroreceptors activity and
intravascular volume, orthostatic hypotension, urinary incontinence, cognitive
impairment, or depression. All these causes represent the origin for the drug



206 José A. Garcia-Donaire et al.

combination therapy with lower doses as first-line therapy in elderly hyper-
tensive patients.

This strategy may generate an increase in the drug response rate with lesser
adverse effects and reduce the necessary time to achieve the target BP levels.
In addition, advantages of this perspective might be a decrease in the number
of healthcare provider visits and better therapeutic accomplishment, which are
essential conditions in efficacy of and adherence to treatment in the elderly.

The combination of a diuretic and an ACE-i/AIIRB seems to be especially
attractive since the compensatory activation of the renin-angiotensin system in
response to the diuretic augmentation could be inhibited by the ACE-i/AIIRB,
counteracting negative consequences of an increase in the renin. In addition,
potassium retention caused by ACE-i/AIIRB can limit the diuretic-induced
potassium leak. The same benefits could be obtained with a calcium channel
blocker (CCB) and an ACE-i/ARB combo [17].

Long-term results of the perindopril-indapamide combination have been
analyzed by Chalmers et al. [18], including patients aged 65–85. After 4
weeks, 67% had normalized BP under combination therapy. Ninety-five
percent of treated patients achieved normal BP in one or more visits, and
79% did by the one-year follow-up.

Several studies, such as SHEP [19] or SYST-EUR [20], have shown that
ISH reduction in the elderly reduces cardiovascular events. At the same time,
data from those studies highlight the failure of monotherapy in controlling
ISH. In fact, just 30% achieved normalization with monotherapy, whereas
80% of those on combination therapy did. The frequency of adverse events
with combination therapy was comparable with a placebo and the same as
each drug on monotherapy.

Another study compared this combination with 50 mg of atenolol. Data
indicate that in patients older than 65, combination therapy induces a signif-
icantly greater BP reduction in a 12-month period if compared to atenolol,
and patients tolerated this dose of atenolol well.

Low doses of bisoprolol, 6.25 mg, and hydrochlorothyazide, 6.25 mg,
have been designated as an adequate combination to treat this population. It
demonstrated a comparable efficacy and tolerability with 5 mg of amlodipine,
with fewer dose-dependent secondary effects.

In summary, because of the intrinsic complexity in the elderly population,
every antihypertensive approach must consider the sum of conditioning factors
to preserve treatment efficiency and security. Results of controlled studies
based on low- and very low-dose drug combination therapies have demon-
strated the efficacy of this strategy, and it can be concluded that this is a valid
first-line therapy in the treatment of the elderly hypertensive.
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The Renin-Angiotensin System

and the Aging Process
Léon Ferder and Manuel Martinez-Maldonado

Introduction

The natural process of aging is associated with changes common to all
species, which signify a progressive modification and, ultimately, a decreased
functional capacity of organ function with respect to young adults. In general,
a correlation exists between the structural and functional alterations associated
with aging. In mammals, degenerative processes such as arteriosclerosis, the
development of senile plaques in the brain, and the replacement of functional
parenchyma by fibroconnective tissue in a variety of organs are seen more
frequently in aged individuals [1, 2] (see Chapters 4 and 6).

The renin-angiotensin system (RAS) through the effect of angiotensin II
(AngII) on its specific receptors exerts a wide variety of physiological actions,
including arterial blood pressure regulation, sodium and water homeostasis,
stimulation of other endocrine systems, and sympathetic activity modulation.
Many of these actions are endocrine effects modulated by AngII. Nevertheless,
this peptide is known to act as a paracrine, autocrine, and intracrine factor,
whose mechanisms of action range from influences on cell growth, alterations
of intracellular signaling pathways, apoptosis, extracellular matrix deposition
regulation, and excitation or depression of organs. We present evidence in
this chapter that the RAS plays a major role in the process of aging in rodents
and speculate about its potential role in human aging.

Mitochondria and Aging

Deposition of lipofuscine pigment and a reduction in the number of cellular
organelles, such as mitochondria, are common in the aging process [3, 4].
Mitochondria are energy-producing organelles that also conduct other key
cellular tasks. They are involved in the regulation of tissue oxygen gradients
[5], the modulation of apoptosis [6], and nitric oxide signaling [7]. Nitric
oxide signaling is diverse and involves its reaction with free radicals, metal-
loproteins, and specific protein amino acid residues. A well-characterized
site of nitric oxide binding is the terminal complex of the mitochondrial
respiratory chain, cytochrome c oxidase; however, the downstream signaling
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effects of this interaction remain unclear. It has also been recognized that
the intracellular formation of hydrogen peroxide by controlled mechanisms
contributes to the so-called redox tone and regulates the activity and activation
thresholds of redox-sensitive signaling pathways [7] (see Chapters 4 and 7).
Hence, mitochondrial damage such as that seen in aging may be the cause
rather than the result of tissue dysfunction as organisms grow older. For
example, lifelong free radical production could play a role in reducing the
number of mitochondria and altering their structure and function [8, 9].

Reactive oxygen species (ROS) produced by the action of AngII may
be causally involved in the aging process [1, 8]. Mice chronically treated
with enalapril, a non-sulfhydryl-containing angiotensin II-converting enzyme
inhibitor (ACEi), exhibited reduced age-associated cardiovascular and renal
damage in association with an increase in the number of mitochondria
in myocardiocytes and hepatocytes and an increase in survival of treated
mice [10]. It was also observed that both enalapril and captopril can tip
the oxidant/antioxidant balance toward the latter and protect cells from
oxidative damage [11, 12]. Likewise, in a model of aged mice, the effects of
enalapril suggested the existence of a relationship among the improvement
of antioxidant enzyme activity, increased mitochondrial number and myocar-
diocyte replicative capacity, reduced apoptosis, and improved myocardial
fibrosis [13].

Aging and Blood Pressure

The cardiovascular changes observed during aging are similar to those
resulting from high blood pressure (BP) with respect to biochemical,
mechanical, and electrophysiological properties of the cardiovascular system
[14, 15]. Increased BP is usually observed in aged humans and rats (see
Chapter 11). In this sense, some reports have indicated that hypotensive
agents like ACEi and angiotensin II receptor blockers (ATrB) can lower BP in
normotensive, normoreninemic animals [16–18]. ACEi may be more effective
than ATrB if the favorable effects on cardiovascular fibrosis detected in
experimental studies [19] also occur in humans. The pharmacological actions
of ACEi include blockade of bradykinin metabolism in addition to reduced
AngII formation, but both medication classes are able to revert part of the
aging process in rodents, suggesting that bradykinin is not a fundamental
mediator of the effect.

Cognitive Behavior and Aging

Changes in cognitive behavior due to advanced age have also been studied
in the rat, with older animals showing a decreased performance in memory
acquisition and retention tests and a significantly lower level of locomotion
activity. In general, both cognitive performance and noncognitive behavior
are altered in senescent rats.

The presence of a separate RAS in the mammalian brain has been reported
[20]. Binding sites for AngII have been identified in various brain regions
including the cortex, hippocampus, and midbrain [21]. The function of AngII
in the central nervous system is synaptic and involves the interaction of
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the polypeptide with neurotransmitters such as acetylcholine, catecholamine,
serotonin, and other peptides [22, 23]. Therefore, it is conceivable that the
RAS may be involved in altered cognitive states of aging. In fact, the
use of either an angiotensin-converting enzyme inhibitor (cilazapril) or an
angiotensin II type 1 receptor antagonist (E4177) has shown that long-term
inhibition of the renin-angiotensin system in aged normotensive Dahl rats
[24] improves cognitive function, indicating that the functional alteration is
not blood pressure-dependent. Memory function was tested with a passive
avoidance task, and the improvement observed was associated with significant
preservation of neuronal cells and capillary densities in the hippocampus,
indicating that AngII inhibition maintains cognitive function in the aged rat
through protection of vascular vessels and neuronal cells responsible for
memory function and that the effect is most likely mediated through AT1
receptors.

Effects of Aging on Behavioral Function

Age-related changes in behavior have been studied in the rat. Older animals
have decreased performance in memory acquisition and memory retention
tests compared with younger rats. Locomotor activity is also significantly
lower in aged animals and, as mentioned above, cognitive performance and
noncognitive behavior are altered in senescent rats.

Age-related spatial memory deficits are correlated with degeneration of the
septohippocampal cholinergic system [25–27]. Yamada et al. [28, 29] have
examined whether changes in NO production in the brain may be involved in
aging-associated brain dysfunction. The performance of aged rats (30 months
old) in a radial-arm maze task was significantly impaired compared to that
of adult rats (3 months old). The number of neurons containing NADPH-
diaphorase (NADPH-d) reactivity in the cerebral cortex and striatum of aged
rats was significantly less than that in the adult rats. The daily adminis-
tration of NG-nitro-L-arginine methyl ester (L-NAME; 10-60 mg/kg, i.p.)
to inhibit NO production resulted in a dose-dependent impairment of acqui-
sition in the radial-arm maze task, while it failed to affect previously acquired
performance, i.e., retention, in the adult rats. These findings demonstrate
that reduced NO production in the brain in aged rats could be responsible
for impaired memory processes, especially in the acquisition, but not in the
retention, of spatial learning [28, 29].

We found that chronic RAS inhibition in Wistar rats from weaning until 10
months old with either enalapril or losartan improved behavioral parameters.
Testing was performed in an eight-arm maze made of crystal clear acrylic. The
acquisition of spatial working memory was attained in a significantly shorter
period in treated than in untreated control animals. In addition, more treated
animals than controls reached the established criterion for spatial working
memory acquisition. During the 40-day analysis period, the mean number of
errors and emotionality (measured by the number of defecation pellets; fewer
pellets, fewer errors) were lower in both treated groups. Motor performance
(measured by locomotion speed) was also improved by both treatments. These
data suggest that emotionality, learning, memory, and motor performance in
the adult rat are, at least partly, controlled by AngII [30]. Moreover, chronic
enalapril (10 mg/kg/day) or losartan (30 mg/kg/day) treatment had important
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effects on spatial working memory, locomotor activity, and emotionality in the
senile rat when treatment was begun at 12 months of age. At 18 months of age,
spatial working memory acquisition was reached by all the treated animals in
a shorter period and the mean number of errors in 40 days was reduced. The
number of animals that reached the established criterion for spatial working
memory acquisition was larger in the treated groups. Emotionality was dimin-
ished by both treatments, while motor performance was increased by both
treatments [31]. These data suggest that reduction in AngII formation by ACEi
and blockade of AngII actions by ATrB reduce emotionality and improve
learning, memory, and motor performance in the aged rat.

It would be appropriate to examine if, in elder patients receiving either drug,
these functions are improved as compared to other antihypertensive drugs
(such as calcium channel blockers) or whether changes in these functions
existing before commencing therapy improve afterwards.

Effects of RAS on Aging of the Heart

The anatomical, physiological, and functional characteristics of the aging
heart and vessels have been extensively discussed in Chapter 4. In short,
aged rats exhibit an increase in left ventricular weight and myocardial fibrosis
[32]. The abnormal structure and function of the aged arterial wall consist
mainly of enhanced stiffness [33] related to smooth muscle cell hypertrophy
and collagen accumulation [16]. Endothelial and smooth muscle dysfunction
with aging have been described in conduit vessels such as the rat aorta [34]
(see Chapter 7).

AngII leads to structural changes in the cardiovascular system, particularly
the vasculature, mostly through hemodynamic effects, but also through its cell
growth-promoting properties [35]. Both ACEi and ATrB can prevent vascular
hypertrophy in a variety of experimental models [36] and protect against the
structural changes in the vasculature. These protective actions seem to be
independent of arterial pressure since they are exerted to a similar extent in
normotensive and hypertensive animals, and structural protection correlates
poorly if at all with blood pressure control.

Blockade of the RAS can prevent left ventricular hypertrophy (LVH) and
myocardiosclerosis in animals as well as in humans [18, 32]. Experiments in
Wistar rats indicate that chronic treatment (6 or 18 months) with the ACEi
(enalapril) or the ATrB (losartan) can lead to reduction in heart weight and
reversal of myocardiosclerosis [37, 38].

Moreover, 6 months of treatment with either enalapril or losartan prevented
the BP increase observed in normal rats as they go from infancy to early
adulthood, indicating the participation of the RAS in the regulation of BP
in normal early aging conditions. The hypertension of aging is frequently
attributed to the stiffening of blood vessels (diminished vascular compliance),
but it seems conceivable that the evolution of blood pressure levels from low
to higher values, including hypertension, is under the control of the RAS and
that its role in this context may be greater than previously appreciated.

Both ACEi and ATrB induced reductions in cardiac DNA and collagen
concentration as well as in the percentage of tissue fibrosis. These effects
could be related to a protective action of these pharmacological agents on
the myocardium by preventing or diminishing cell hypertrophy and collagen
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accumulation, which are the main alterations seen in the aging heart [39].
A striking finding in these studies was that nitric oxide synthase (NOS)
activity rose dramatically in the aorta with the chronic administration of both
compounds. Moreover, urinary excretion of nitrate + nitrite, a marker of
systemic NO production, was significantly higher in treated than in control
rats. Since NO counteracts many of the effects of AngII on smooth muscle
and endothelial cells, these results point to a protective cardiovascular effect
of RAS blockade, not only due to AngII inhibition, but also due to enhanced
NO production in the young adult normal rat [37].

Further experiments in 18-month-old (aged) normal rats revealed that both
ACEi and ATrB treatment also abolished the increment in BP observed in
untreated animals that had attained a similar age and delayed cardiac and left
ventricular hypertrophy/hyperplasia and aortic growth.

Aging leads to decreased aortic compliance, which promotes left ventricular
hypertrophy. Decreased aortic compliance in older control animals is
suggested by their higher aortic mass and increased vessel wall width. AngII
is a major promoter of myocyte hypertrophy and matrix deposition beyond
its hypertensive effect; therefore, inhibition of the RAS may prevent left
ventricular hypertrophy by preventing increased aortic stiffness. Moreover,
NOS activity in the aortic endothelium diminishes with age, as previously
reported in WKY rats [40], and endothelium-dependent relaxation of the rat
aorta in response to acetylcholine is decreased by aging and/or hypertension
as a result of impaired formation of NO [34]. In aged animals, both ACEi
and ATrB preserved NOS activity in endothelial cells of elastic arteries, and
both drugs increased aortic endothelium NOS activity in 6-month-old (normal
young adult) treated animals [38].

To further analyze the protective cardiovascular effect of RAS inhibition,
we have treated 12-month-old rats for 6 months with either enalapril or
losartan. Results have demonstrated that both drugs reduced heart and aorta
hypertrophy/hyperplasia, cardiac fibrosis, and �-smooth muscle actin and
collagen III deposition. In general, long-term blockade of AngII seems to
delay the development of age-related changes in the cardiovascular system
in experimental studies in rodents [41]. This therapy may be beneficial by
preventing AngII effects through oxidative stress, a mechanism proposed by
others as a pathogenic mechanism in kidney diseases [42].

Effects of RAS on the Aging of the Kidney

The characteristics of the aging kidney have been discussed in Chapters 3
through 7. In short, the progressive development of glomerulosclerosis is
widely known to occur in the aging kidney in both humans and rats and
is considered a biological characteristic of aging. The number of functional
glomeruli declines roughly proportionally to renal weight decrease. We have
found that only 25% of glomeruli remained in the renal cortex of aged mice
compared to young mice [43]. In humans, the number of sclerotic glomeruli
rises with advancing age from less than 5% at the age of 40 to represent
10–30% of the total glomerular population by the eighth decade [44].

Enalapril, administered to mice in their drinking water for 24 months,
significantly decreases both mesangial expansion and glomerulosclerosis
and attenuates the loss of glomeruli normally associated with aging [43].
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Furthermore, chronic ACEi treatment during the whole life span of the
rat reduces proteinuria and albumin accumulation in podocytes, delays the
progression of glomerulosclerosis, and prevents the accelerated hypertrophy
of the glomerular mesangial domain [45].

Glomerulosclerosis also occurs in a variety of experimental models of
renal injury. In the remnant kidney model, Hostetter et al. [46] have demon-
strated that ACEi and ATrB can attenuate glomerulosclerosis and lower
intraglomerular pressure by altering the resistance of the efferent arteriole.
These investigators have proposed that glomerular hyperfiltration is an under-
lying factor in glomerulosclerosis development. In other models, reduction
of intraglomerular pressure by ACEi seems to accounts for the attenuation of
glomerular injury [47].

In addition to its protective actions on glomerular structure, chronic
enalapril administration decreases both peritubular and medullar interstitial
sclerosis in aging mice [48], a finding that may account for improved overall
renal function resulting from ACEi and ATrB treatment in experimental
animals.

As already mentioned, ACEi are also able to prevent renal damage in
normotensive experimental models, indicating that their beneficial effects on
aging are independent of their antihypertensive action. Furthermore, using
doses that do not modify the systemic arterial pressure in experimental hyper-
tensive animals with subtotal nephrectomy also retards the appearance of
glomerulosclerosis [49].

AngII is a growth factor [50] and activates a number of intracellular
signaling pathways associated with cell growth [51]; it also induces the prolif-
eration of a variety of cells.

In mesangial cells, AngII induces proliferation, activation of DNA
synthesis, and the expression of early growth-related genes [52] (see
Chapter 6). Renal tubular cells have been shown to express the genes of
several cytokines, chemokines, and other mediators of the inflammatory
response, including the production of AngII from proteins synthesized from
genes encoding the components of the RAS [53]. Locally produced AngII
could participate in renal tissue damage by inducing or amplifying the inflam-
matory response in all glomerular diseases, but also in tubulointerstitial
diseases, independently of their initiating etiology. Moreover, AngII stimu-
lates production of monocyte chemoattractant protein-1 (MCP-1), which is
involved importantly in the inflammatory process [54]. Data obtained in
various studies support the idea that the RAS plays an important role in
the development of tubulointerstitial fibrosis in various experimental models
including ureteral obstruction [55–58], systemic or intrarenal AngII infusion,
and SHR rats. In all these models, treatment with ACEi or with ATrB prevents
the deposition of matrix, collagen, and the fibrogenic TGF-�1 [59, 60].
Moreover, blockade of the RAS in aged animals reduces urinary albumin
excretion [61]; thus, therapy may exert its protective effect by interference
with cytokine stimulation induced by proteinuria, as demonstrated in various
other models [62, 63]. TGF-�1could also be involved in the pathogenesis
of tissue lesions due to aging since enalapril and losartan reduce TGF-�1
immunostaining in treated as compared to untreated control rats [64].

Interstitial extracellular matrix accumulation and damage may contribute
to reactive oxygen species (ROS) overproduction and vice versa, and the
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inflammatory cell infiltrates present in this environment could be an additional
source of ROS. Mitochondrial count reduction and age-related oxidation
mechanisms in old animals are attenuated in the kidneys of enalapril- or
losartan-treated old rats, indicating increased antioxidant defenses secondary
to inhibition of the RAS and, in view of the effects of specific ATrB, mainly
mediated through AT1 receptors [65].

A role of the RAS in producing both peritubular and medullary inter-
stitial sclerosis in aging mice [48] can be inferred because Wistar rats
treated since weaning with either enalapril (10 mg/kg/day) or losartan
(30 mg/kg/day) for 18 months exhibit significant decreases in tubular atrophy
and glomerular and interstitial fibrosis [41]. Even when treatment with either
ACEi or ATrB was started later in life (from 12 to 18 months of age),
Wistar rats exhibited improvements in the structure and function of the
kidney. Figure 12.2 shows the results of the histological structural evalu-
ation of periglomerular fibrosis, mesangial matrix, focal sclerosis, tubular
dilatation, interstitial cortical fibrosis, interstitial medullar fibrosis, and �-
smooth muscle-actin deposition. Both enalapril and losartan had beneficial
effects; the former proved to be more effective than losartan in the preser-
vation of renal structure, when compared to the control group [64]. Electron
microscopy also revealed a significantly higher number and ultrastructural
conservation of mitochondria; a better-preserved structure of proximal tubule
microvilli was also observed in treated animals.

Spermatogenesis, Penile Tissue, Reproduction,
and Angiotensin II

It is clear that the RAS is important for sexual function, spermatogenesis,
and fertility. For example, angiotensin I-converting enzyme (ACE; CD143,
kininase II, EC 3.4.15.1) is known to be crucial for male fertility in animal
models. The expression of tubular (t) ACEmRNA varies with the type of
cell and the site within the seminiferous tubules of adult men and increases
markedly during cell differentiation. The enzyme seems to be strictly confined
to the adluminal membrane site of elongating spermatids and localized at the
neck and midpiece region of released and ejaculated spermatozoa. On the
other hand, somatic (s) ACEmRNA is expressed heterogeneously in Leydig
cells and endothelial cells of the testicular interstitium, and homogeneously
along the luminal surface of epithelial cells lining the ductuli efferents, the
corpus and cauda of the epididymis, and the vas deferens [66].

It remains to be seen whether aging affects distribution and expression of
somatic and tubular ACEmRNA and what its consequences are. Moreover,
it is not known whether changes in sperm structure, motility, and function
occurring with age can be modified by manipulation of the activity of the
RAS. A possible role of the RAS is suggested by experiments showing that
AngII stimulates capacitating and fertilizing ability in mammalian sperma-
tozoa when binding of AngII to its receptors results in stimulation of cAMP
production in both uncapacitated and capacitated cells [66]. This study
investigated possible mechanisms whereby AngII affects cAMP availability.
Extracellular Ca2+ is required for responses to AngII by mouse spermatozoa,
a response blocked by the pertussis toxin, suggesting the involvement of an
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inhibitory G alpha subunit; dideoxyadenosine, a specific membrane-associated
adenylyl cyclase (mAC) P-site inhibitor, also blocked responses, suggesting
involvement of an mAC. Both reagents also abolished AngII stimulation of
cAMP. In contrast, nifedipine, a Ca2+ channel blocker, did not inhibit AngII
effects on spermatozoa. Finally, in capacitated suspensions, both pertussis
toxin and dideoxyadenosine were again shown to block AngII stimulation of
cAMP. These results suggest that spermatozoa responses to AngII involve an
inhibitory G protein and an mAC, but it is likely that AII-receptor coupling
does not stimulate directly mAC, but rather does so in an indirect manner,
perhaps by altering the intracellular Ca2+ concentration [67].

Capacitation in vitro in mammalian spermatozoa can be regulated by
a number of first messengers, including fertilization, promoting peptide,
adenosine, calcitonin, and AngII, all of which are found in seminal plasma.
The responses appear to involve several separate signal transduction pathways
that have a common end point. These seminal plasma-derived first messengers
can bind to specific receptors and directly or indirectly modulate the activity of
membrane-associated adenylyl cyclase isoforms and production of the second
messenger cAMP. Responses to all of these except AngII involve initial
acceleration of cAMP production and capacitation followed by inhibition of
both cAMP production and spontaneous acrosome loss, resulting in mainte-
nance of fertilizing potential. Appropriate G proteins and various phosphodi-
esterase isoforms also appear to be involved. The transition from stimulatory
to inhibitory responses involves loss of decapacitation factors (DF) from
receptors (DF-R) on the external surface; a DF-R present on both mouse and
human spermatozoa has recently been identified as phosphatidylethanolamine-
binding protein 1. The presence or absence of DF appears to cause changes in
the plasma membrane that then alter the functionality of various membrane-
associated proteins, including receptors. Since spermatozoa contact these first
messengers at ejaculation, it is plausible that their actions observed in vitro
also occur in vivo, allowing these molecules to play a pivotal role in enhancing
the chances of successful fertilization [68], mechanisms that may be lost with
aging. In addition, the response to AngII and other messengers by these cells
may be exaggerated in aging, therefore leading to loss of spermatogenesis
and function of spermatozoa.

Of interest is the fact that AngII values in paired blood plasma and seminal
plasma from infertile men with azoospermia, with asthenozoopermia, or with
normal semen parameters revealed that the mean concentration of seminal
plasma AngII was four times as high as that of blood plasma. Seminal plasma
AngII of azoospermic patients was higher than that of other infertile men
and controls, but no correlation existed between seminal plasma AngII values
and other traditional parameters of sperm. This indicates that seminal plasma
AngII may be secreted locally in the male reproductive tract. In addition to the
testis and epididymis, the prostate and/or seminal vesicle may also be a source
of AngII. The reason why the seminal plasma AngII of azoospermic patients
is higher than that of others remains unknown. Further study is required to
clarify the exact role of seminal plasma AngII in the mechanisms of male
fertility regulation [69], but as suggested above, it may play a role in the loss
of fertility in aging and brings up the possibility that ACEi or ATrB may
have beneficial effects in sustaining fertility in the elderly.
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Normal aging also produces erectile dysfunction; therefore, we have
evaluated in adult rats the effect of chronic blockade of AngII on the structure
of the corpus cavernosum. In 7-month-old animals, the degree of corpus
cavernosum fibrosis was less in rats treated with enalapril than in controls
(Inserra et al., presented at the VIth Brazilian Congress on Sexual Impotence,
Rio de Janeiro, June 2001). Similar protection of the cavernous tissue,
unrelated to blood pressure control, was seen using the ATrB candesartan in
an SHR model [70].

Mechanisms by Which ACE Inhibitors and Angiotensin
II Antagonists May Alter the Aging Process

Under physiological conditions, mitochondrial respiration is considered the
most important source of ROS, which can oxidize mitochondrial DNA,
proteins, and lipids [71]. The possibility that alterations in the mitochondrial
genome are decisive in the aging process is supported by studies demon-
strating that mitochondrial DNA is more prone to mutation than nuclear
DNA [72]. That other mitochondrial changes are important in aging is also
supported by the following experimental observations: [1] Aging is accom-
panied by a decrease in the number of tissue mitochondria [73]; [2] aging is
associated with a decrease in mitochondrial DNA but not in total DNA [74];
[3] mitochondrial DNA isolated from the heart and brain shows an increase
in the number of catenated dimers, probably due to errors in the replication
of the mitochondrial genome, as a consequence of which mitochondria lose
their replicative ability, causing the total number of mitochondria to decrease.
The number and functionality of mitochondria may play a key role in cellular
aging. Poor function and oxidative damage to mitochondria could account for
some of the age-related changes in mitochondrial function.

In addition to their hemodynamic effects, ACEi may function as free radical
scavengers. Captopril and other ACEi containing a sulfhydryl group have a
nonspecific antioxidant action [75]. In in vitro experiments, we found that
therapeutic doses of captopril have antioxidant properties. Although most
studies have been unable to demonstrate a free radical scavenger action of
enalapril, the beneficial effects it exerts on the heart of mice may be related to
other antioxidant properties of this compound [11,13]. Conceivably, enalapril
may stimulate mechanisms that offset the action of free radicals, such as the
activity of superoxide dismutase. In support of this hypothesis, we found an
increase of cytosolic and mitochondrial superoxide dismutase activities in the
liver of mice treated with enalapril or captopril for 3 months [76].

We have also shown that 7 months of losartan treatment can increase
superoxide dismutase activity and total glutathione content, which would
also counteract the effect of free radicals in several rat tissues, including
the kidneys. This enhancement of antioxidant defenses is associated with a
decrease in lipid oxidation compared to untreated controls [12].

A protective role of enhanced antioxidant defenses has been reported under
experimental conditions. Exogenously administered superoxide dismutase and
catalase reduce the cellular lesions caused by myocardial ischemia reper-
fusion in dogs [77]. Moreover, the simultaneous overexpression of superoxide
dismutase and catalase diminished oxidative stress and increased maximum
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life span in Drosophila melanogaster [78, 79]. We would anticipate similar
effects on oxidative stress and life span for the ACEi and ATrB if they
increased the activity of antioxidant enzymes.

Chronic enalapril or losartan administration can prevent age-associated
changes in the kidney that may be related to mitochondrial function. Kidney
mitochondria of enalapril- or losartan-treated animals showed a decrease in
superoxide generation and improved production of energy [65]. To further
clarify the possible mechanisms involved in this response, we have analyzed
the function of kidney mitochondria in control animals and those treated
with enalapril or losartan. We studied whether chronic enalapril or losartan
treatment could prevent the decline of the respiratory control ratio and/or
the increase of hydrogen peroxide production that occurs in mitochondria
upon aging. Male Wistar rats (14 months old) were divided into three groups
that received enalapril, losartan, or water for 8 months. Mitochondrial O2

consumption, H2O2 production, antioxidant enzymes activities, and GSH were
determined. After 8 months on the respective treatment, body and kidney
weights were similar among the groups. The mitochondrial respiratory control
ratio (state3:state4) was higher on either ACEi or ATrB than in controls.
H2O2 production (nmol/min/mg protein) was lower in both treated groups
than in controls. On the other hand, kidney total glutathione content (nmol
GSH equiv/g wet tissue) was higher in ATrB than in controls, but kidney
GSH/GSSG was higher in both treated groups. These results indicate that
inhibition of the RAS can lead to regulation of kidney mitochondrial respi-
ration and amelioration of certain functional changes that occur with age [65].

Angiotensin II can induce oxidant stress by stimulating the generation
of both NO [80] and NAD(P)H oxidase-derived superoxide [81], thereby
enhancing peroxynitrite formation, an oxidant known to inactivate Mn-SOD
[82]. We have assessed the impact of hypertension on kidney mitochon-
drial function and the effects of angiotensin II receptor blockade on potential
mitochondrial changes in the spontaneously hypertensive rat (SHR) [83].
Control animals were treated with a calcium channel blocker, an antihyper-
tensive agent with a mechanism of action distinct from ATrB. It became
clear that in SHR hypertension occurs concurrently with a decline of kidney
mitochondrial function. ATrB and calcium channel blocker treatments were
equally effective in reducing blood pressure, but only losartan prevented
mitochondrial dysfunction and attenuated structural and functional changes
in the kidney. Clearly, at least part of the mitochondrial protection afforded
by losartan was unrelated to blood pressure, which was not responsible
for the adverse tissue or organelle effects. In agreement with these results,
previous studies from our laboratory showed that in normotensive aging mice,
inhibition of the RAS protects cardiac and hepatic mitochondria in the absence
of blood pressure changes. Moreover, the number of mitochondria in myocar-
diocytes was higher in the treated groups compared to control animals, and
morphometric studies showed lower myocardial sclerosis in animals receiving
ACEi; the number of mitochondria per myocardiocyte or hepatocyte was
higher in the groups receiving enalapril as compared to aged controls [10,18].
It is of interest in this context that in rats with experimental diabetes, AngII
receptor blockade prevents mitochondrial decay without significant reduction
of blood pressure (unpublished data).
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Markers of oxidant stress in the kidney are increased in SHR, as indicated
by a higher oxidation of the glutathione pool, when compared to WKY [84].
Losartan, but not the calcium channel blocker amlodipine, reduced oxidant
stress, as revealed by [1] the maintenance of the glutathione pool in a relatively
more reduced state, [2] the preservation of Mn-SOD activity, and [3] the
attenuation of uncoupling protein-2 (UCP-2) content reduction in losartan-
treated SHR, relative to untreated SHR.

We evaluated mitochondrial function by using a nonclassical group of
indicators, such as UCP-2 content, Mn-SOD, NOS mitochondrial activities,
and (membrane potential. The concentration of UCP-2 may play a role in the
attenuation of excessive mitochondrial superoxide production (and therefore
in protection against disease and oxidative damage at the expense of a
small loss of energy) and in the modulation of cellular signaling (perhaps
as part of a signaling pathway to regulate insulin secretion in pancreatic �
cells, for example) [85]. Mn-SOD converts mitochondrial superoxide into
hydrogen peroxide (a proposed mitochondrial-derived cellular messenger),
thus diverting superoxide from reacting with NO and inhibiting the formation
of mitochondrial peroxinitrite, thus inactivation of Mn-SOD [82]. To function
as an intracellular signaling molecule, H2O2 must be imported into the
cytosol. Cytosolic H2O2 enhances protein tyrosine phosphorylation by inacti-
vating protein tyrosine phosphatases while activating protein tyrosine kinases.
Transient protection of the H2O2 signal from abundant cytosolic peroxire-
doxin appears to result from the reversible inactivation of these enzymes
through either hyperoxidation or phosphorylation [86]. Interference with the
protection afforded by hyperoxidation or phosphorylation will enhance the
noxious effects of peroxide. Mitochondrial NOS activity is also important
because NO is a physiological regulator that acts directly on the mitochondrial
respiratory chain and modulates mitochondrial redox signaling [87].

UCP-2 is purported to act as an oxidant stress-compensating mechanism,
and a protective role for this protein in cellular pathophysiological processes
that involve ROS has been suggested [88]. An altered expression of UCP-2
may be related to the pathophysiology of hypertension in stroke-prone
SHR (SHR-SP) [89]. In addition, several agents that upregulate NOS also
increase UCP-2 expression, possibly to prevent excessive O2

· production [7].
Consequently, the observed modulation of NOS activity and UCP-2 protein
level in mitochondria as a result of the ATrB losartan suggests that the
blocker’s protective action may rely on a mechanism that involves both NO
and UCP-2.

Treatment with losartan, but not with the antihypertensive calcium channel
blocker amlodipine, prevented the decrease in NOS activity observed in
mitochondria obtained from SHR rats. Whenever mitochondrial derangement
prompts electron transport inhibition, electrons are forwarded into an
increased generation of ROS [90]. This is in agreement with the observed
increase of H2O2 production in mitochondria from SHR. Increased mitochon-
drial ROS generation was suggested to underlie tissue injury associated
with hyperglycemia [91]; clearly, it may also participate in the deterio-
ration of kidney structure and function in SHR [85]. It has also been
suggested that increased ROS content may adversely impact mitochondrial
membrane fluidity and composition, which may in turn affect the capacity
of the mitochondria to generate sufficient membrane potential to adequately
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respond to cell energy demands and impair mitochondria-derived redox
signaling, potentially modifying cellular regulatory pathways [92]. In losartan-
treated animals, excessive mitochondrial hydrogen peroxide production was
abolished or curtailed, an effect that may have contributed to the mainte-
nance of mitochondrial membrane potential within the values displayed by
nonhypertensive rats.

In addition to enhancing ROS production and reducing the mitochon-
drial membrane potential, AngII enhances superoxide production through the
activation of NAD(P)H oxidase [93] and by eNOS uncoupling [94]. These
effects were reversed by ATrB but not by non-RAS interfering agents, such
as calcium channel blockers. It is significant that AngII is associated with
downregulation of PPAR-alpha [95], a transcription factor that stimulates the
expression of nuclear genes involved in mitochondrial fatty acid oxidation. It
also modulates the UCP-2 [96] and Mn-SOD [97] gene expression. Conse-
quently, by upregulating PPAR-alpha, losartan, but not amlodipine, may have
enhanced not only UCP-2 and Mn-SOD contents, but also the generation of
electron donors for the respiratory chain and ATP production.

Finally, lesion scores in the renal tubulointerstitium are inversely related
to Mn-SOD activity and UCP-2 content, suggesting that in addition
to cytoplasmic oxidant stress resulting from membrane-bound oxidase
activation, the mitochondrial dysfunction that accompanies hypertension may
mediate renal architectural damage. Consequently, the renal-protective effects
of ATrB in essential hypertension may be related to the improvement of
mitochondrial function, and this may be an additional or alternative way to
explain some of the beneficial effects on organ structures of this type of drug
reported in clinical studies.

More specific approaches are needed to address if mitochondrial
dysfunction is the individual result of high AngII or hypertension, and if it
is a major cause of renal damage. A causal relationship has found between
a mitochondrial mutation and hypertension, suggesting that mitochondrial
dysfunction can precede the emergence of hypertension [98].

Angiotensin II, Diabetes, and Aging Processes

The kidneys are main targets of mitochondrial impairment at the onset of and
throughout streptozotocin (STZ)-induced diabetes mellitus. Insulin treatment
is unable to restore normal organelle function, suggesting that early diabetic
damage results from factors other than the state of hyperglycemia [99].
A marked increase in mitochondrial oxidative stress, indicated by an elevation
in oxygen species production, is accompanied by changes in mitochondrial lipid
oxidation and reduction in antioxidant defense levels in the pancreas, kidney,
brain, and liver from rats rendered diabetic by STZ injection. As mentioned,
AngII receptor blockade prevents mitochondrial decay without significant
reduction of blood pressure in rats with experimental diabetes [100].

A possible link between these experimental findings and human diabetes
mellitus is the fact that, in the latter, chronic inhibition of the renin-angiotensin
system (RAS) can delay the onset and progression of diabetic nephropathy
by reducing blood pressure and by other mechanisms that could include
improvement in the mitochondrial changes mentioned above [101–104]. RAS
inhibition can also prevent the development of type II diabetes. In view of
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the effect of AngII on mitochondrial function and the formation of oxygen
radicals and peroxinitrite, these effects may participate in the development
and maintenance of diabetes mellitus [105–107].

We have shown in rodents that inhibition of the RAS attenuates both the
diabetes-associated modification of oxidant damage indicators and structural
changes, including mitochondria, in the kidney of rats with streptozotocin-
induced diabetes mellitus [65,108]. Moreover, the expression of genes related
to fatty acid beta-oxidation, mitochondrial proton-electron coupling, and
oxidative phosphorylation was upregulated in myocardiocytes of captopril-
treated diabetic animals, suggesting that RAS inhibition with ACEi may also
protect the myocardium by enhancing energy supply [109–111].

Pharmacological interruption of the renin-angiotensin system by ACEi or
ATrB is increasingly being advocated as a standard therapeutic intervention
for patients with chronic nephropathies, regardless of whether systemic hyper-
tension is an associated feature [112]. Prospective, randomized, placebo-
controlled trials found that, at comparable BP control, ACEi are more effective
than non-ACEi therapy in limiting progression to ESRD in patients with
type 1 diabetic nephropathy [102] or with nondiabetic, proteinuric chronic
nephropathies [113–115] . Two recent trials found that the ATrBs losartan
[104] and irbesartan [103] led to an improvement in renal outcomes in
patients with type 2 diabetes and overt nephropathy, unrelated to blood
pressure control. Similar data were found in the Losartan Intervention For
Endpoint reduction (LIFE) study, which had 9193 hypertensive patients with
left ventricular hypertrophy (LVH), including 1195 diabetics. The mean age
of patients was 67 years [106].

We examined whether chronic AT1 receptor blockade could protect kidney
mitochondrial function from the effects of diabetes, in the streptozotocin
model of type I diabetes (unpublished data). We found that the kidneys of
hyperglycemic STZ-diabetic rats improved with losartan, but not amlodipine
(a calcium channel blocker) without effect on AngII receptors. ATrB [1]
prevented structural and functional organ decay, [2] prevented increased
mitochondrial oxidant generation, [3] improved mitochondrial function, and
[4] attenuated oxidant stress. Although Ca2+ channel blocker therapy reduced
blood pressure to the same extent as ATrB, only the latter prevented
mitochondrial function impairment and blunted structural and functional
kidney changes in diabetic rats, suggesting that, as in humans, the renal
and mitochondrial protective action displayed by losartan treatment occurred
independently of blood pressure changes.

Aging Response to AII Blockade

It has long been recognized that plasma renin and aldosterone levels fall with
advancing age. Studies in both aging animals and humans indicate that both
renal renin formation and release are reduced and contribute to the fall in
plasma renin concentration. Curiously, increasing age is associated with the
development of hypertension, which in turn could be a factor in the reduced
activity of the RAS. Surprisingly, elderly patients respond with a fall in blood
pressure to the administration of both ATrB and ACE, suggesting that despite
reductions in the circulating levels of renin and angiotensin, the RAS system
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may be a participant in the mechanism that increases and sustains blood
pressure in aging subjects.

We have described [10] that CF1 mice treated with the angiotensin I-
converting enzyme inhibitor enalapril and Wistar rats treated with an ATrB
exhibited a reduction of pathological age-associated cardiovascular and renal
changes as well as an increase in the mitochondrial number within cells,
associated with an increase in the survival and life span of the animals. The
beneficial effect of RAS blockade occurs despite the fact that plasma renin
concentration and intrarenal renin mRNA are reduced in older animals [43].
Nevertheless, the results are consistent with the finding that an increase in
angiotensin II formation or action within the kidney exists in these animals
[43] and supports the concepts that the intrarenal RAS contributes to hyper-
tension and renal damage in aging subjects and that it is regulated indepen-
dently of the circulating system in this group as well as in other subjects.

Moreover, plasma levels of AngI and AngII were low in control (untreated)
aged animals, but, as expected in non-aged normal animals, aged rats
receiving ATrB exhibited elevated levels of plasma renin, AngI, and AngII,
an indication that the angiotensin-renin feedback mechanism is intact in aged
rats. Aging was accompanied by high glomerular angiotensin II receptor
density, as demonstrated by autoradiography [116].
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Fig. 12.1 Ang II increases oxidative stress. Oxidative stress [1] produces induction of
genes related with cytokines and growth factors, inflammatory process, and fibrosis, [2]
changes the permeability of the mitochondria and cytochrome C stimulating apoptosis,
[3] produces oxidative stress damage mtDNA and produce energy deficit.
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These results strongly suggest that the RAS plays an important role in
the mechanisms by which aging affects renal function and that abnormal
regulation of AngII receptors may be responsible for functional alterations in
the kidney. Moreover, AngII-induced increases in the production of reactive
oxygen species and damage of mitochondria and their function can be respon-
sible for these alterations. This hypothesis is supported by the findings that
ACEi and ATrB decrease tissue oxidative state and improve mitochondrial
number and function, leading to higher animal survival and prolonged life
span (see Figure 12.1).

Conclusions

Chronic long-term inhibition of the RAS induces a significant protective
effect on the changes accompanying the physiological aging process, hyper-
tension, and diabetes mellitus, and on the cardiovascular system, the kidney,
and the brain. Increased activity of NOS in the aortic endothelium and in
cardiac and kidney mitochondria and preliminary results in the brain suggest
that blocking the formation or actions of AngII reduces oxidative stress in
mitochondria and thus protects the integrity of tissues and organ function.
AngII induces excessive release of vascular superoxide radicals generated
by stimulation of NADH/NADPH oxidase that inactivates NO and forms
peroxinitrite. The sustained decreased oxidative burden may account for the
protective effect of agents such as ATrB and ACEi. Inhibition of AngII
formation would attenuate oxidative stress and improve vasodilatation by
permitting unhindered production of NO. The lower rate of oxidative stress
also reduces the inflammatory processes and cytokine and growth factor
production. Blockade of this pathway will diminish fibrosis and preserve
function and structure in target organs, such as the corpus cavernosum (see
Figure 12.2). AngII blockade also leads to protection of mitochondrial DNA

Fig. 12.2 Effects of renin-angiotensin system blockade in different organs and tissues
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Ang II inhibition and Aging
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Fig. 12.3 Effects of Ang II inhibition on aging. Reducing levels of Ang II (ACE
inhibitors) or blocking the effects of Ang II (angiotensin-receptor antagonists) leads
to effects on mitochondria and organs that could explain the apparent activity of these
classes of drugs to retard the aging process in rodents(ROS = reactive oxygen species).

from deletion and mitochondrial membrane damage, thus preventing decreases
in mitochondrial numbers, and might be a useful tool to delay the normal
aging processes (see Figure 12.3). Although extrapolation of experimental
results to the clinical setting may be fraught with pitfalls, a variety of data
support that ATrB and ACE inhibitors exert beneficial effects in hypertension
and diabetes in humans. Presently, no data exist to suggest that ACE inhibitors
or angiotensin-receptor antagonists can retard the aging process in humans,
whether healthy or not. A clear-cut effect on some of the processes of human
aging awaits a properly designed study.
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Introduction

Chronic kidney disease is a major public health problem worldwide, as
Chapter 23 discusses further. In the United States, the number of persons
treated with end-stage renal disease (ESRD) has increased substantially over
the past 20 years [1]. This growth has occurred primarily in individuals older
than 65 years of age [1] (see Chapter 23).

The incidence of renal replacement therapy (RRT) for ESRD continues
to increase also in other geographical areas of the world, but at rates that
vary considerably among countries. Over the last decade, RRT registries have
reported average annual increases of 11% in Japan [2], 9% in Australia and
6.5% in New Zealand [3], and 6.1% in Canada [4]. In the same period,
data from national and regional registries and from repeated cross-sectional
surveys in Western Europe have shown increases in rates ranging from 2 to
4.3% per year in Germany [5], Spain [6], the UK [7], and France [8]. A more
recent analysis from nine countries participating in the new European Renal
Association–European Dialysis and Transplant Association (ERA-EDTA)
registry [9] reported that the adjusted (for age and gender) incidence rate of
RRT increased from 79.4 per million population (pmp) in 1990–1991 to 117.1
pmp in 1998–1999, i.e., a 4.8% increase each year. This increase did not
flatten out at the end of decade except in the Netherlands and was greater in
men than women, 5.2 versus 4.0% per year. In most countries, the incidence
rate remained stable for those younger than 45 years; it rose by 2.2% per year
on average in those between 45 and 64 years old and by 7.0% among those
aged 65–74 years; it tripled over the decade in those 75 years or older, and
by 1998–1999, it ranged from 140.9 to 540.4 pmp, depending on the country.
In the same countries, the incidence of ESRD due to diabetes, hypertension,
and renal vascular disease nearly doubled over 10 years; in 1998–1999, it
varied among countries from 10.2 to 39.3 pmp for diabetes, from 5.8 to 21.0
for hypertension, and from 1.0 to 15.5 for renal vascular disease [9]. Thus,
RRT incidence continues to rise at various rates throughout the world, with
the gap between countries resulting from enlarging differences in incidence
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in the elderly and to some extent due to diabetes, hypertension, and renal
vascular disease, which may reflect ethnic differences [10].

ESRD requiring replacement therapy, however, represents only a small
proportion of the kidney disease: For every person with ESRD, 29 people
have an elevated serum creatinine [11]. Kidney dysfunction is especially
common among older persons, affecting 10 to 15% of persons older than
70 years of age [12]. Even though debate continues as to the significance
of this observation—is it a physiological consequence of aging, or does it
represent the consequence of disease(s) (see Chapter 5)?—the loss of renal
reserve is present nevertheless. In 2002, approximately 1 million Americans
over the age of 65 years self-reported “weak or failing kidneys.” Data from
National Health and Nutrition Examination Surveys (NHANES) III, a study
of community-dwelling adults, estimated that 25% of all Americans 70 years
of age and older had moderate or severe decreased kidney function compared
with similar young adults. Studies in Europe have also shown the near-
exponential rise in chronic kidney disease (CKD) in the elderly [13, 14].
An age-stratified analysis in a French urban area was performed, revealing
a striking increase in the annual incidence of CKD as age increased, with
incidence rates in patients aged >75 years being almost 7 times higher than
those of patients aged 20 to 39 years (619 pmp versus 92 pmp) and more than
twice those of patients aged 40 to 59 years (619 pmp versus 264 pmp) [15].
In a predominantly Caucasian UK population who were unknown to renal
services, the prevalence of CKD (defined by serum creatinine cut-off values
of ≥2.03 mg/dL in men and ≥1.53 mg/dL in women) was 5554 pmp: The
median patient age was 83 years [16]. In a Spanish general population study,
it was found that the prevalence of stages 2 and 3 CKD increased with age
(especially >65) and did more so in women than in men [17].

Besides renal dysfunction indicated by a glomerular filtration rate (GFR)
of less than 60 mL/min/1.73 m2 of body surface area, the presence of chronic
kidney damage is defined also most commonly by the finding of albuminuria
present for three or more consecutive months [18]. Of note, urinary albumin
excretion increases with age [12, 19]; for instance, among persons 60 to 69
years of age, approximately 18% have albuminuria [19]. For example, in
England the incidence of advanced chronic kidney disease was 282, 503, and
588 per million population in the age group of 60–69, 70–79, and >80 years,
respectively [20]. Finally evidence continues to accumulate that strongly
suggests that CKD is an independent risk factor for cardiovascular disease,
even at a low level of albuminuria (30–300 mg of albumin per day, the equiv-
alent of microalbuminuria) or at only a moderate reduction in the estimated
GFR (30–59 mL/min/1.73 m2, the equivalent of stage 3 disease) [21].

The implications of these cardiovascular complications associated with
CKD are particularly profound in the older adult population, which carries
independent risk factors for these co-morbidities [22]. Old age itself is a
risk factor for malnutrition, another complication of CKD. Protein-energy
malnutrition and inflammation are commonly seen in individuals with ESRD.
Malnutrition and inflammation are possibly a consequence of poor nutrient
intake, hypercatabolic state, or decreased clearance of cytokines such as IL-6
and TNF-� [23, 24] and carry special concern for older subjects, who are
already at risk for protein malnutrition because of their aging physiology as
well as economic constraints. Further increasing the risk of the frail older
adult for osteoporosis is renal osteodystrophy secondary to CKD [25]. These
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multiple morbidities, associated with CKD, particularly the life-threatening
cardiovascular disease, point out the need to concentrate our efforts on the
prevention of renal diseases and their progression to ESRD.

Etiologies and Risk Factors for Chronic Kidney Disease
in the Elderly

Effort to reduce the burden of CKD requires the understanding of their causes
and risk factors.

Glomerulonephritis

Among the idiopathic glomerulonephritides, membranous glomerulonephritis
and antiglomerular basement membrane antibody disease are diagnosed more
often in the elderly than in younger subjects. The association of membranous
glomerulonephritis with solid tumors is important to identify, as both occur
more commonly in the elderly and successful treatment of the under-
lying malignancy may cure the glomerulonephritis [26]. Other secondary
glomerular diseases are also present with increased frequency in the older
population [11, 27–29]. In several kidney biopsy reports in elderly patients
(age ≥ 60 years), vasculitis (pauci-immune segmental necrosis with or without
crescents), amyloidosis, and paraprotein-mediated kidney disease all occurred
with increased incidence compared with the younger adult [27–29].

Interstitial Nephropathies

However, the most common single “cause” of chronic renal failure in elderly
patients is a state often characterized by the finding of rather or definitively
small kidneys of no obvious etiology. This finding is commonly associated
with hypertension and vascular sclerosis, but not invariably. In line with this
finding, tubulointerstitial patterns of renal injury are reported with increased
frequency on histological study in the elderly population as well [30].
Chronic tubulointerstitial nephritis is classically seen with nonsteroidal anti-
inflammatory drugs, which give a more indolent course without associated
symptoms. Tubulointerstitial nephritis is also associated with other poten-
tially toxic exposures, such as viral infections, heavy metals, individual herbs,
metabolic disorders, or radiation. The elderly population has an increased
incidence of this disease state; biopsies series report interstitial nephritis in up
to 18% of cases [27,28,30]. This percentage is potentially an underestimation
of the true incidence, because far from all of these patients with this clinical
presentation are biopsied (see Chapter 17). The elderly population’s exposure
to polypharmacy is one probable explanation for this increased incidence [30].

Hereditary Kidney Diseases

Kidney diseases are in part genetically determined; therefore, individuals with
a familial history of renal failure have a three- to ninefold greater risk of
ESRD. The rate of progression of renal disease in hereditary kidney diseases
such as autosomal-dominant polycystic kidney disease is highly variable, due
to genetic heterogeneity [31] (see Chapter 19). Individuals with mutations in
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polycystic kidney disease 1 (PKD1) experience a more severe disease course,
ultimately progressing to ESRD by the average age of 54, while individuals
with mutations in PKD2 experience loss of renal function approximately 20
years later [32]. When renal function falls below 75% of normal, the decline
is rapid, requiring renal replacement therapy in a matter of 5 to 10 years [33].

Hypertension

One of the leading causes of CKD in the elderly population is hypertension.
Elevated blood pressure (BP) is a strong independent risk factor for devel-
oping ESRD [34, 35]. A growing body of work suggests that, among older
persons, systolic BP and possibly pulse pressure are more strongly corre-
lated with coronary heart disease, congestive heart failure, and mortality
than diastolic BP or mean arterial pressure [19, 36–43]. The relative associ-
ation of each BP component with kidney dysfunction in the elderly is as
yet ill-defined. Among 2181 men and women enrolled in the placebo arm
of the Systolic Hypertension in the Elderly Program (SHEP), systolic BP
was found to be a strong independent risk factor for a decline in kidney
function among older persons with isolated systolic hypertension [44]. This
is especially important given that most cases of uncontrolled hypertension are
due to systolic hypertension among older adults [45]. Therefore, prevention
and treatment of systolic hypertension could help stem the growing epidemic
of kidney dysfunction among older persons. Moreover, uncontrolled hyper-
tension contributes to accelerated renal dysfunction in other kidney diseases.
Hypertensive atherosclerosis is also a disease of aging and is increasingly
recognized as a cause of CKD progression to ESRD in the elderly [27].
By contributing to hypertension, hemodynamically significant atherosclerosis
renovascular disease may increase the risk of coronary heart disease and
stroke in the elderly [46].

Diabetes Mellitus

Diabetes is, however, the most prevalent single cause of CKD in the
elderly population. Indeed, the majority of people with diabetes in developed
countries are over 64 years of age [47]. In contrast, in developing countries,
most people with diabetes are in the 45- to 64-year age range [47]. Moreover,
by 2030, it is estimated that the number of people over 64 with diabetes
will exceed 48 million in developed countries and 82 million in developing
countries [47]. Diabetic nephropathy develops in about one-third of patients
with diabetes after a decade or more, and its incidence is sharply increasing
worldwide. Diabetic nephropathy is most prevalent in African Americans,
Asians, and Native Americans than Caucasians [48]. In the United States, the
prevalence of diabetes in older adults reaches approximately 25% in certain
ethnic minorities [23] and continues to increase [49]. Between 1988 and 1994,
the prevalence of diabetes in all adults aged 60 to 74 years was 13%, but
was as high as 21% in non-Hispanic blacks and 24% in Mexican Americans
[23]. Diabetes is the one of the most frequent causes of CKD and the single
largest cause for initiation of renal replacement therapy. As recently as 1980,
diabetes was the cause of ESRD in just under 13% of new patients in the
United States. Twenty years later, however, it was the primary renal diagnosis
in 55–64% of Hispanic and 43% of non-Hispanic ESRD patients [48]. In
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parallel with this, most ESRD patients in the United States are now older
than 64.5 years at initiation of renal replacement therapy. By 2030, almost
60% of the projected 2.24 million prevalent ESRD patients are expected to
have diabetes, and more than half of those will be at least 65 years [48].

According to a survey published in 2003 [50], diabetic nephropathy was
the most common cause of end-stage renal disease in 9 of 10 Asian countries,
with an incidence that had increased from 1.2% of the overall population with
ESRD in 1998 to 14.1% in 2000. In China, the proportion of cases of ESRD
that were caused by diabetic nephropathy increased from 17% in the 1990s
to 30% in 2000. In India, diabetic nephropathy is expected to develop in 6.6
million of the 30 million patients with diabetes. Although figures of diabetic
nephropathy by age in these Asia-Pacific regions are scanty, the disease is
expected to be more common in the elderly than in younger individuals.

Also, data from 10 registries in Europe (1991–2000) have documented an
increase in patients with diabetic nephropathy entering RRT (+11.9% annually),
but large differences in RRT incidence in this disease continue to exist among
countries [51]. The mean age of those with type 2 diabetic nephropathy starting
RRT varied from 65 years in Norway to 68 years in the Spanish region of
Catalonia. Overall, the mean age of these patients in the 10 european registries
increased from 64 years in 1991 to 67 years in 2000. Thus, despite ethnic differ-
ences, the renal consequences of diabetes constitute a substantial problem in
both clinical and economic terms, especially for the elderly.

Mechanisms of Renal Disease Progression

During the last 20 years, research in animals and people has helped our
understanding of the mechanism by which chronic kidney diseases progress.
A large numbers of studies established that progressive deterioration of renal
function is the result of compensatory glomerular hemodynamic changes
in response to nephron loss. In a widely used experimental model of
renal mass reduction, the remaining nephrons undergo hypertrophy, reduced
arteriolar resistance, and increased glomerular blood flow [52]. In vivo,
angiotensin II enhances the vascular tone of both afferent and efferent
glomerular arterioles and modulates intraglomerular capillary pressure and
glomerular filtration rate (GFR) [53]. Aside from these glomerular hemody-
namic effects of angiotensin II, other studies have revealed several nonhemo-
dynamic effects of angiotensin II that may also be important. These findings
have suggested that angiotensin II may alter permselective properties of
the glomerular capillary barrier by mediating contraction of foot processes,
ultimately changing the slit-diaphragm architecture and allowing proteins to
escape more easily into the urinary space [54]. Abnormal protein trafficking
through the glomerular capillary wall might contribute to the progression of
renal disease. Indeed, recent data support the possibility that the excessive
protein load on the podocyte can be a factor underlying progressive injury
to these glomerular cells and through their release of transforming growth
factor ß1, ultimately allowing myofibroblast differentiation of mesangial
cells [55]. Moreover, excessive protein reabsorption by proximal tubuli
provided further intrinsic toxicity to this nephron segment. Thus, both in
vitro and in vivo, protein overload causes increased production of vasoactive
and inflammatory mediators such as endothelin-1, monocyte chemoattractant
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protein-1, RANTES (regulated upon activation, normal T cells expressed and
secreted)—a chemotactic cytokine for monocyte and memory T cells—and
osteopontin [56]. The activation of a variety of molecules such as cytokines,
growth factors, and vasoactive substances may result in abnormal accumu-
lation of extracellular matrix collagen, fibronectin, and other components that
are responsible for interstitial fibrosis. Proinflammatory mediators promote
local recruitment of macrophages and lymphocytes [57], which, in turn, can
stimulate the transformation of interstitial cells into myofibroblasts. Proximal
tubular epithelial cells can interact with interstitial fibroblasts to promote
fibrogenesis via release of profibrogenic molecules [57]. In summary, there
is robust experimental evidence that proteinuria is responsible for interstitial
inflammation and subsequent fibrosis, thereby contributing to progressive
renal function loss.

There are, however, nonproteinuric chronic nephropathies that still progres-
sively evolve to ESRD, which are also relevant to aging. This applies
to atherosclerotic renovascular disease, mostly related to sustained dyslipi-
demia and high blood pressure [46]. The principal mechanism underlying
these pathophysiological changes has been shown to involve (among many
other factors) the local renal endothelial system [58]. Animal models have
been instrumental in demonstrating the natural progression of nephroscle-
rosis to ESRD, through increased arterial pressure, enhanced afferent and
efferent glomerular arteriolar resistances, and reduced total renal blood flow
[59]. These result in segmental or global glomerular and arteriolar sclerosis
associated with inflammatory cell infiltration, interstitial fibrosis, and tubular
atrophy, so that renal disease progression is inevitable. These studies strongly
indicate that the severity of renal damage is dependent upon the intensity
and duration of hypertension [60]. High blood pressure also contributes to
the rate of progression of renal disease in hereditary kidney diseases such as
ADPKD, in which significant proteinuria rarely occurs. The most significant
defect in ADPKD is the progressive development and growth of thousands
of cysts in both kidneys (see Chapter 19). This results in replacement of the
normal renal tissue and significant overall growth of the organ. To this genetic
mechanistic background, elevated blood pressure, frequently observed in this
condition, adds further renal damage, and eventually the majority of (but not
all) patients experience renal failure [61]. Insight into these pathophysiological
mechanisms of renal disease progression has helped to indicate possible
preventive methods that in general could be extended to older individuals,
with some specific recommendations. While these renoprotective interven-
tions may postpone ESRD in a younger person, in the elderly it may obviate
the need for dialysis altogether, death eventually occurring from other causes.

Renoprotection in Nondiabetic Proteinuric Nephropathies

Experimental evidence in nondiabetic proteinuric nephropathy suggests that
chronic renal disease progresses by way of common mechanisms, so that
therapeutic interventions targeting this pathway may be successful in slowing
the rate of progression to ESRD, regardless of the initiating cause. To this,
blockade of angiotensin II with ACE inhibitors and/or ARBs slowed the
progressive loss of renal function in different animal models of CKD mainly
by normalizing blood pressure and limiting or preventing abnormal protein
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traffic through the glomerular capillary barrier. Along this line, clinical
evidence indicates that whenever proteinuria is decreased, progression to
ESRD is reduced [62–65]. Results of the Modification of Diet in Renal
Disease (MDRD) study [62] established that a reduction of proteinuria was
associated with a decrease in the rate of decline in GFR and that the protection
of renal function achieved by lowering blood pressure was dependent on the
extent of initial proteinuria.

The role of proteinuria as a promoter of progression and its impact on
renal outcome were also explored by the Ramipril Efficacy in Nephropathy
(REIN) study [65]. This study was designed to assess the hypothesis
that ACE inhibition could be superior to other antihypertensive drugs in
reducing proteinuria, limiting the decline in GFR, and preventing end-stage
renal disease in patients with chronic nephropathies. In this study, patients
were randomly assigned to receive ramipril or conventional antihypertensive
therapy to maintain diastolic blood pressure at 90 mm Hg or less. A prestrat-
ification strategy recognized two levels of proteinuria (stratum 1: >1 and
<3 g/24 hr; stratum 2: ≥3 g/24 hr). The study showed that, while blood
pressure control was similar in the two treatment groups, ACE inhibitor
therapy decreased the progression to end-stage renal disease by 50% [65,66].
Patients in the study, who had more proteinuria to start with, benefited more
from blood pressure-lowering treatment than those who had less proteinuria.

A meta-analysis [67] in 1860 patients with chronic nephropathies also
recorded that the benefit of ACE inhibition was greatest in patients with high
urine protein excretion at baseline. This drug class seems to have a greater
antiproteinuric effect than other antihypertensive drugs despite equal effects
on blood pressure. The investigators concluded that proteinuria is the most
important modifiable risk factor to slow progression and that reduction of
urine protein excretion is the main goal for treatment. The REIN study was
continued for 2 years (the REIN follow-up study), during which time all
patients previously on placebo were switched to an ACE inhibitor [67]. In
patients continuing to receive ramipril, GFR further decreased to approxi-
mately 1 mL/min/year during follow-up, a figure similar to that associated
with normal aging. Patients who switched from conventional therapy to
ramipril also benefited from treatment. One of the most impressive findings
of this prolonged follow-up was that after about 36 months of treatment with
ramipril, no additional patients progressed to the point of requiring dialysis,
whereas patients switched from conventional therapy to ramipril continued
to develop ESRD. To further investigate the nature of the time-dependent
improvement in GFR change, researchers looked for a breakpoint in the
individual GFR slopes of patients receiving continued ramipril therapy. It
could be predicted that after the breakpoint, 10 patients receiving continued
ramipril therapy would never progress to ESRD and that 10 had such improved
GFR slopes that progression to end-stage renal disease would be delayed by
about 5 years. The analysis provides evidence that the tendency of GFR to
decline with time can be halted and remission is achievable in some patients
with chronic renal disease.

Although specific clinical trials on renoprotection in the elderly are lacking,
the potential benefit of renin-angiotensin system (RAS) inhibition should not
prevent its use in old patients with proteinuric CKD. Of note, post hoc analyses
of many ACEi-based clinical trials demonstrate the greatest slowing of renal
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disease progression in patients with the greatest degree of renal insufficiency
at study initiation [68, 69]. Nevertheless, despite the fact that many studies
have documented the usefulness of ACE inhibitors and ARBs in delaying
the decline in renal function and reducing protenuria, many physicians fail
to use these drug classes in patients with renal insufficiency, particularly
in the elderly population, for fear that either serum creatinine or potassium
level will increase. However, data from clinical trials with ACE inhibitors in
chronic proteinuric renal disease demonstrate that if an elevation in serum
creatinine occurs, it stabilizes quickly and does not progressively worsen [68].
Thus, no patient should be denied a long-term trial of an ACEi because of
a preexisting elevation in serum creatinine level, or one that increases up to
30% above baseline and stabilize within 2 to 3 weeks. If chronic increases in
serum creatinine level of more than 30% following 4 or more weeks of ACEi
therapy occur, the patient should be evaluated for drug withdrawal.

Anecdotal reports, however, do suggest that in the elderly with chronic
renal disease, ACE inhibition may be more dangerous with regard to a decline
in renal function [70], but large bodies of data to support this view are
lacking. Actually, in the Evaluation of Losartan in the Elderly (ELITE) study,
which included heart failure patients with left ventricular systolic dysfunction,
aged 65 and older with serum creatinine up to 3.5 mg/dL, for patients
receiving captopril or losartan, the incidence of persistent renal dysfunction
was observed in about 10%, but only 2% had to discontinue the use of the
drugs [71]. Regarding serum potassium concentration, in a pooled analysis
of six published trials including 1514 diabetic and nondiabetic patients with
proteinuric chronic nephropathies [12, 24, 64, 72, 73], we have found that the
incidence of dropouts because of uncontrolled hyperkalemia was similar and
was less than 2% in both ACEi and conventional treatment groups. Interest-
ingly, the REIN study [65] found that differences in serum potassium levels
between ramipril-treated patients and controls never exceeded 0.3 mEq/L
throughout the whole follow-up period. Similar data can be derived (although
the numbers are small) from the analyses of studies on ARBs alone or
in combination with ACEi. The risk of hyperkalemia was minimized by
excluding patients with renovascular disease. Moreover, serum potassium
was closely monitored, hyperglycemia and metabolic acidosis were carefully
treated, and thiazide or loop diuretics were frequently used in combination
with ACEi. Adherence to these simple guidelines is therefore recommended
in the management of patients with drugs that inhibit the RAS, particularly in
the elderly. This is in line with National Kidney Foundation (NKF) guidelines,
which recommend blood pressure, GFR, and serum potassium measurements
in all patients with CKD at the initiation of either ACE inhibitor or ARB
therapy, and also with each increase in dose of either agent [74].

Renoprotection in Diabetic Nephropathy

The decade of large clinical trials in proteinuric chronic nephropathy was
closed when the results of three important studies were published in the New
England Journal of Medicine [64,75,76]. All three studies examined the role
of ARBs in type 2 diabetic nephropathy. One study evaluated the renopro-
tective effect of the ARB irbesartan in hypertensive patients with incipient
nephropathy (urinary albumin excretion ≥20–200 μg/min) [76]. The endpoint
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of the study was the time of onset of overt albuminuria (≥200 μg/min). In
a 2-year follow-up, only 5.2% of patients receiving 300 mg of irbesartan
reached the endpoint, as compared with 14.9% of patients on placebo. The
groups had similar blood pressure control, a finding that suggests that ARBs
are renoprotective independently of their antihypertensive effect.

The role of ARB in overt diabetic nephropathy was explored in two
other trials published in 2001 [64, 75]. In both studies, treatment with ARB
resulted in a significant reduction of proteinuria, the incidence of doubling
serum creatinine, and the risk of ESRD. In particular, the Irbesartan Diabetic
Nephropathy Trial (IDNT) compared the effect of the ARB irbesartan to
that of the dihydropyridine calcium channel blocker amlodipine or standard
antihypertensive therapy in 1715 hypertensive type 2 diabetic patients with
overt nephropathy [64]. The percent of patients who reached the primary
composite endpoint of doubling serum creatinine level, ESRD, or death was
lower (32.6%) in the irbesartan-treated than amlodipine-treated (41.1%) group
or placebo (39%). The beneficial effect remained even after correction for
the difference in the blood pressure between treatment group and placebo
and was mainly attributed to higher reduction of proteinuria with irbesartan
(33%) than with amlodipine (6%) or placebo (10%).

Similar results have been reported by the Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study,
which evaluated the renoprotection afforded by the ARB losartan as compared
to placebo (on top of conventional antihypertensive therapy) on 1513 patients
with overt type 2 diabetic nephropathy [75]. Losartan reduced the incidence
of doubling serum creatinine by 25% and the risk of ESRD by 28% as
compared to placebo, at comparable blood pressure control. Again, the
renoprotection was related to the antiproteinuric effect of losartan. Post hoc
analysis of the RENAAL study also documented that RAS blockade is an
appropriate therapy for these patients regardless of the baseline level of renal
function [77]. Of note, treatment was also more renoprotective and cost-
effective for levels of renal function between 10 and 30 mL/min. Thus, RAS
inhibition/blockade should be considered even when the GFR approximates
a level approaching renal replacement therapy. This is important given that
it is estimated that only 50% of patients in need are currently offered the
renoprotective treatment [64, 75], a figure that decreases to 11–12% when
GFR is severely impaired [78].

The RENAAL trial also provides the best evidence to date supporting
the use of drugs that block RAS in the elderly with diabetic nephropathy
(Figure 13.1). Using original data from this study, the investigators found no
indication that the effectiveness of losartan treatment differed by age [79].
Furthermore, in adjusted analysis restricted to the 421 patients over 65 years of
age, losartan significantly reduced the event rate of ESRD by 50% compared
with placebo. Similarly, the rate of doubling serum creatinine in the elderly
patients was reduced by 38% with losartan treatment. Analysis of adverse
event rates revealed no evidence that age increased the risk of important
side effects from losartan therapy. The only adverse effect that was more
frequent in patients with losartan was hyperkalemia, but this increased risk
was present in all ages. This provides evidence that RAS blockade is equally
efficacious and carries no greater risk than in younger patients with type 2
diabetes and overt nephropathy. The evidence from this study is potentially
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Fig. 13.1 In type 2 diabetes with overt nephropathy, elderly patients had the same
level of benefits (lowering risk of ESRD) as younger patients from treatment with
the ARB losartan. Post hoc analysis of the RENAAL Trial in 505 patients aged
<57 years, 587 aged between 57 and 65 years, and 421 aged >65 years (modified
from W.C. Winkelmayer et al. [79]). Multivariate Cox model with treatment group
(losartan or placebo) as covariates adjusted for baseline proteinuria, serum albumin,
serum creatinine and hemoglobin.

important in light of the underuse of therapeutic RAS blockade, especially
in elderly patients with diabetes. A recent study in Medicare beneficiaries in
two eastern states of the United States found that, as recently as in 2003,
only half of therapy-dependent diabetic subjects with hypertension and/or
proteinuria received ACE inhibitor or ARB treatment [80]. In that study, age
was a powerful and independent predictor of lower use of these medications.
In comparison with patients aged between 65 and 74 years, patients aged 75
to 84 years were 8% less likely to receive ACE inhibitor or ARB therapy,
and patients over 85 years of age were 30% less likely [80]. Among relatively
younger patients enrolled in a large western U.S. evaluation, 54% of patients
with albuminuria, 64% of patients with hypertension, and 74% of patients
with both albuminuria and hypertension received ACEi or ARB therapy in
2000. Thus, the underuse of these medications may be partly responsible for
the high rates of renal replacement therapy in the elderly, incurring substantial
opportunity lost for society overall. In a recent economic evaluation, it has
been documented that providing free ACEi therapy to all elderly Medicare
beneficiaries with diabetes in the United States would be a highly cost-
effective strategy because it would extend life and actually result in substantial
societal cost savings [81].

Several factors may be responsible for the underuse of RAS blockade
in elderly patients with diabetes. Healthcare providers may be hesitant to
prescribe ACE inhibitors or ARB to these patients for several reasons.
One might be the perception that the risk-benefit ratio of such therapies
is unfavorable in the elderly because they are at greater risk of adverse
events from these treatments, as discussed above. Whether this is actually
the case is unclear for diabetics. Age was not a predictor of hyperkalemia
in 119 patients (67% with a history of diabetes and 85% with chronic renal
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failure) using RAS inhibitors [82]. Another cause of underprescribing may
be some physicians’ perception that the reduced life expectation of elderly
patients with diabetes and the time delay until the benefits from such therapies
become apparent warrant prioritization of other treatment strategies with
more immediate benefits. Data from the RENAAL trial clearly demonstrate
that this perception is wrong and that even elderly diabetic patients benefit
greatly from RAS blockade treatment. However, it is uncertain whether
both effectiveness and risks associated with ARB as observed in the elderly
participants in the RENAAL study can be generalized to older patients in
a more typical care setting. The tight monitoring schedule of a clinical trial
may not reflect the surveillance environment present in a typical practice
setting, but it can provide important informations about adverse events. Hence,
the results from the analyses of adverse event rates provide particularly
important information for medical decision making regarding RAS blockade
in elderly diabetic patients. Thus, renoprotection via RAS blockade should be
a mandatory component of comprehensive diabetes care in elderly patients
with nephropathy, under appropriate monitoring.

More Renoprotection with a Multidrug Approach

A significant number of patients treated with ACEi/ARB showed only a partial
antiproteinuric response, and this heralded a progressive loss of renal function
in most cases [64, 65, 69, 75, 76]. Thus, a multidrug approach may likely
be the next improvement. We recently formalized a multifactorial approach
to chronic proteinuric nephropathies in an interventional protocol (named
remission clinic) as the ultimate treatment for progressive renal disease [83].
Patients with chronic kidney disease and proteinuria greater than 1 g/24 hr
are initially treated with a low starting dose of an ACE-I, which is then
increased to the maximum dose. Then, if the goals of blood pressure <120/80
mmHg and proteinuria <0.3 g/24 hr are not achieved, an ARB is added at
half-maximum dose. Again, the dose is increased stepwise. Throughout this
uptitration of ACE-I or ARB, the addition of diuretics is usually needed for
optimal blood pressure control or prevention of hyperkalemia. If, after this
step, target blood pressure and proteinuria are still not achieved, the next
antiproteinuric drug to be added is usually a nondihydropiridinic calcium
channel blocker. In those with low-density lipoprotein (LDL) cholesterol
>100 mg/dL, a statin is added, and in those with diabetes glycemic control
is reinforced to achieve hemoglobin A1c (HbA1c) <7.0%. Both interventions
(lipid reduction and tight glycemic control) are supposed to contribute to
renoprotection [84, 85]. Regarding older patients more closely in this study,
subgroup analysis of clinical trial data of statin therapies support lipid control
in elderly individuals at high risk for cardiovascular disease [86,87], but there
are limited data specifically for elderly patients with diabetes. Current diabetes
treatment guidelines recommend aggressive lipid control in all patients with
diabetes but do not make specific recommendations for elderly individuals.
Higher glycemic goals may also be appropriate for individuals with severe or
frequent hypoglycemia, a common problem for elderly individuals. Citing the
lack of clinical trial data in elderly patients, the American Diabetes Associ-
ation recommends that “less stringent treatment goals” may be appropriate in
elderly patients. The Merck Manual of Geriatrics [88] recommends a glycemic
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goal of HbA1c <7% for all elderly patients but states that “most elderly patients
can be treated as aggressively as younger patients, but some require modifi-
cations based on their life expectancy, functional status, cognitive abilities,
and preferences.”

The multidrug approach has been tested in more than 40 patients in our
unit, and we showed that is both feasible and apparently effective. However,
it is difficult to test in a controlled study, since any further addition of a new
or old drug to ACE-I or ARBs in a multiple intervention trial would require
a very large number of subjects and would be too costly for any company
to support [89]. We probably should make better use of a small but well-
designed and rigorously conducted study with a carefully selected marker of
renal disease progression.

The multidrug approach, however, requires safety considerations when
elderly persons with CKD are the target. Indeed, there has been concern
about the potential risk of aggressive blood pressure lowering, particularly in
elderly diabetic patients, as may result from uptitration of ACE inhibitors or
dual blockade of RAS [92]. Thus, it is generally thought that blood pressure
always should be lowered gradually, to avoid complications in elderly hyper-
tensive patients with diabetes. Nevertheless, there is no convincing evidence that
reducing diastolic blood pressure below 85 mmHg may actually increase cardio-
vascular risk [93,94]. Carotid artery occlusion, however, needs to be considered
as a potential contraindication to lower blood pressure in the elderly. Thus,
ideally every elderly patient with chronic nephropathy should have a carotid
artery ultrasound before being considered suitable for antihypertensive and
renoprotective treatment. In patients with carotid occlusion, however, treatment
ofhypertensionshouldnotbe tooaggressive,because insomeof themarelatively
slightdecrease inbloodpressurecan inducecerebral ischemia[95].However, the
blood pressure level one should aim for in these elderly patients has never been
systematically studied and should be considered as a pointer for future work.
Yet the incontrovertible fact remains that—as shown in the PROGRESS trial,
a randomized study of a perindopril-based blood pressure-lowering regimen
among 6105 individuals (mean age: 64 years) with previous stroke or transient
ischemic attack—specifically for patients with blood pressure below 160/90
mmHg, the combined antihypertensive treatment reduced the absolute rate of
majorvascularevents from4.4 to3.5%perannum[96]. Inotherwords,onemajor
vascular event can be prevented by treating 22 near-normotensive patients for 5
years with the combination of perindopril and indapamide, or with any other drug
or combination of drugs that lowers blood pressure by 12/5 mmHg—regardless
of existing antihypertensive treatment [96]. In addition, in elderly patients with
CKD, titration of ACE inhibition or combination with ARB may cause hyper-
kalemia and/or worsening of anemia or orthostatic hypotension with its attendant
risk of falls and fracture, which also need close monitoring [97–100].

Lifestyle Changes

In looking for more effective treatments, the role of lifestyle changes should
not be overlooked. Of note, smoking cessation per se may reduce disease
progression by 30%, which qualifies as the single most important renopro-
tective measure [90]. The efficacy of multifactorial intervention is supported
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by a target-driven, long-term (mean follow-up: 7.8 years), intensified inter-
vention aimed at multiple risk factors in 80 patients with type 2 diabetes and
microalbuminuria, which reduced the risk of nephropathy and cardiovascular
and microvascular events by about 50% [91].

Renoprotection in Nonproteinuric CKD in the Elderly

Isolated systolic hypertension (ISH) is associated with a greater risk of devel-
opment of CKD, compared with elevated diastolic blood pressure, and should
not be viewed as a normal result of aging. Patients with ISH should be
brought to the same target blood goals as are recommended for all adults:
<140/90 mmHg for those with uncomplicated hypertension or <130/80 mmHg
for those with CKD [101]. The optimal treatment for preserving kidney
function in patients with ISH remains uncertain. In SHEP—a trial conducted
in individuals aged at least 65 years with ISH—diuretic-based treatment,
compared with placebo, prevented the development of CVD events and did
not affect the risk of creatinine levels’ becoming elevated during follow-
up [102]. However, hypokalemia occurred frequently among diuretic-treated
participants. In the Systolic Hypertension in Europe (Syst-Eur) study in 4695
patients over the age of 60 years with ISN, treatment with the dihydropy-
ridine calcium channel blocker nitrendipine reduced all fatal and nonfatal
cardiac endpoints by 26%. The incidence of mild renal dysfunction decreased
by 64% [103]. Nevertheless, to lower blood pressure sufficiently and in a
timely manner, combination antihypertensive therapy is recommended as the
initial therapy in patients with systolic blood pressure >20 mmHg above their
pressure goal. However, caution is advised in initiating therapy with multiple
agents in patients who may be at risk for orthostatic hypotension, such as
older patients, particularly diabetics with autonomic dysfunction [104].

As with the elderly with proteinuric renal disease, stopping cigarette
smoking, reducing excess weight, and incorporating exercise in an overall
program of life style modification could be a reasonable complement to drugs
for renoprotection but is difficult to substantiate. Smoking cessation, weight
reduction, and incorporation of foods viewed as “healthy” are objectives more
extolled than attained. Other than limited reports of low-level reductions in
smoking or sustained weight loss at 1 year, the advice, though well motivated,
is largely hopeful rather than predictive of change.

Nephrosclerosis, benign nephrosclerosis, hypertensive kidney disease, and
nephroangiosclerosis are terms that clinicians use to identify renal damage
associated with essential hypertension. Nephrosclerosis has actually been seen
as a form of intrarenal renovascular disease [105]. There are few studies dealing
with treatment for nephrosclerosis. The African American Study of Kidney
Disease and Hypertension [106] recruited 1094 African Americans with hyper-
tensive renal disease who were randomly assigned to one of the two mean blood
pressure goals (102 and 100mmHg) and to treatment based on a beta-blocker, an
ACEinhibitor, or acalciumchannelblocker.Theoutcomewascomparable in the
two blood pressure groups. Patients receiving the ACE inhibitor-based therapy
showed a 22% reduction in risk of the composite endpoint, which included
unfavorable renal outcomes and death. A retrospective analysis of 295 Spanish
patients (mean age: 58.9 + 11.6 years) with nephrosclerosis, moderate renal
insufficiency,andnoproteinuriaatbaselinerepresentsanexampleof theefficacy
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of ACE inhibitors to slow the progression of hypertensive renal disease even in
the elderly [107]. During a 7-year follow-up, blood pressure values remained
significantly more elevated in the ACEi group than in the non-ACEi group, even
though patients were taking more drugs. In the ACEi group, 23% of patients were
on monotherapy; a calcium channel blocker was added in 46%; a diuretic, in
41% patients; and a �-blocker in 9%. In the non-ACEi group, a calcium channel
blocker was administered to 67% of patients, 33% received a �-blocker, and
31% were given a diuretic. Despite less blood pressure control, treatment with an
ACEi alone or in combination significantly reduced the incidence of renal events
(such as 50% reduction in creatinine clearance or entry in a dialysis program).
With the limit of the retrospective character of the study, these findings point
clearly in the direction of ACEi for the therapy in patients with hypertensive
nephrosclerosis.

Prevention of Diabetic Nephropathy Itself

The first clinical sign of renal dysfunction in patients with diabetes is
generally microalbuminuria (a sign of endothelial dysfunction not neces-
sarily confined to the kidney) [108], which develops in 2 to 5% of patients
every year [109, 110]. In type 2 diabetes, unlike type 1 diabetes [111],
microalbuminuria is seldom reversible [76], but instead progresses to overt
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Fig. 13.2 The BErgamo NEphrologic DIabetes Complications Trial (BENEDICT)
is a multicenter, double-blind, randomized study designed to assess whether the
ACE inhibitor trandolapril and the non-dihydropyridine calcium channel blocker
verapamil, alone or in combination, prevent microalbuminuria in subjects with hyper-
tension, type 2 diabetes mellitus, and normal urinary albumin excretion. The mean
age of patients at baseline was 62 years. Here are the Kaplan–Meier curves for the
percentages of subjects with microalbuminuria during treatment with trandolapril plus
verapamil or placebo. The difference between the two groups adjusted for prespecified
baseline covariates was significant (P = 0.01) according to the accelerated failure-time
model [118].
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proteinuria in 20 to 40% of patients [112, 113]. Forty to 50% of patients
with type 2 diabetes who have microalbuminuria eventually die of cardio-
vascular disease [114, 115]. This is three times as high a rate of death from
cardiac causes as among patients who have diabetes but have no evidence of
renal disease. Thus, preventing or delaying development of microalbuminuria
(incipient nephropathy) would be more relevant than retarding progression
of incipient/overt nephropathy in diabetic patients. Treatment with the ACE
inhibitor enalapril over a period of six years decreased the incidence of
microalbuminuria in patients with type 2 diabetes who were normotensive
and not obese [116]. Until recently, however, it was unclear whether these
medications could prevent microalbuminuria when given to patients with
hypertension, type 2 diabetes, and normal urinary albumin excretion. The
BErgamo NEphrologic DIabetes Complication Trial (BENEDICT) [117], a
multicenter, double-blinded, placebo-controlled randomized study in 1204
subjects, approached this issue by examining the effect of the ACE inhibitor
trandolapril alone or in combination with the nondihydropyridine calcium
channel blocker verapamil, verapamil alone, and placebo on microalbuminuria
[118] (see Figure 13.2). Of note, the mean age of the enrolled diabetic
patients was 62 years, which makes it notable to consider these patients as an
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Fig. 13.3 Patients who developed microalbuminuria throughout the study period of
the BENEDICT trial according to follow-up systolic blood pressure (SBP). These are
patients with type 2 diabetes, arterial hypertension, and normoalbuminuria at baseline,
with an average age of 62 years. Effective systolic blood pressure reduction below
the median (<139.16 mmHg) has specific and independent protective effects against
the development of microalbuminuria. The risk reduction for microalbuminuria that
was achieved by ACEi therapy in patients with follow-up SBP above the median
(>139.16 mmHg) was highly significant even after adjustment for baseline covariates
and concomitant treatment with non-dihydropyridine calcium channel blockers. Thus,
ACE inhibitor therapy had a further protective effect, in particular when SBP was less
effectively controlled (inset).
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elderly population. The BENEDICT study found that over 4 years of follow-
up trandolapril alone or of trandolapril plus verapamil delayed the onset of
microalbuminuria in more than 40% of patients as compared to placebo. The
effect of verapamil alone was similar to that of placebo. This indicates that
the apparent advantage of ACE inhibitors over other antihypertensive agents
also includes a protective effect on the kidney against the development of
microalbuminuria, at least in type 2 diabetic patients.

Moreover, finding that this effect was significant even after adjustment
for baseline and follow-up systolic and diastolic blood pressure provided the
endeavor of a specific renoprotective effect of ACE inhibition therapy against
the development of microalbuminuria that was independent of the level of
blood pressure control achieved. In a post hoc analysis of the BENEDICT trial
[119], it was also shown that in patients with type 2 diabetes and arterial hyper-
tension, effective blood pressure reduction has a specific and independent
protective effect against the development of microalbuminuria. Nevertheless,
ACE inhibition therapy has a further protective effect, in particular when
blood pressure is poorly controlled, whereas the nondihydropyridine calcium
channel blocker therapy is ineffective at any level of achieved blood pressure
(Figure 13.3). The finding that the risk for development of microalbuminuria
was not associated with baseline blood pressure provided consistent evidence
that the lower incidence of microalbuminuria observed with more effective
blood pressure reduction reflected a benefit of treatment and not simply less
severe hypertension at study entry (Figure 13.4). Therefore, these results
extend, to the very early stages of diabetic renal disease, the previous evidence

Fig. 13.4 In the BENEDICT study, the extent of SBP reduction had a specific
and independent effect against the development of microalbuminuria. ACE inhibitor
therapy had a further protective effect, in particular when the SBP was less effectively
controlled (inset).
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of a renoprotective effect of blood pressure control in people with diabetes
and established nephropathy [120–124].

The specific benefit of the ACEi therapy is confirmed by the data from a
meta-analysis of 16 trials that included 7603 patients with type 2 diabetes,
hypertension, and normoalbuminuria, which showed a 42% reduction in
the risk for development of microalbuminuria with ACE inhibitors, whereas
the effect of other antihypertensive medications did not differ from those of
the placebo [125]. Given a 10% incidence of microalbuminuria in patients
with diabetes and hypertension over 2 to 3 years, approximately 25 people
would need to be treated to prevent one more case of microalbuminuria [126].
Because microalbuminuria is a strong predictor of kidney failure and cardio-
vascular morbidity/mortality, the specific protective effect of ACE inhibition
therapy against the development of microalbuminuria should be taken into
consideration in the treatment guidelines for the practicing physician [127].
Thus, ACE inhibitors should be considered the treatment of choice in hyper-
tensive patients with diabetes.

Conclusion

A relatively large number of the newly diagnosed CKD patients every year
are elderly. The increased incidence of CKD among the elderly translates
into a similarly increased prevalence. The leading causes of these expanding
CKD populations is type 2 diabetes, which represents one of the most
current challenges for healthcare providers. There is, however, evidence that
preventing nephropathy is more important than retarding progression, and
this should be the main goal for nephrologists and diabetologists. Never-
theless, treatment of renal patients so far has been aimed to limit or prevent
progression to ESRD.

While we are trying to reduce the number of patients who reach ESRD, the
real problem is patients who actually die before even reaching end-stage renal
failure. Indeed, in more than 400,000 Medicare patients with diabetes and
chronic kidney disease, over a 2-year follow-up, the risk of death (29%) far
exceeded that of developing ESRD (6%) [128]. This observation is confirmed
by the analysis of the United Kingdom Prospective Diabetes Study (UKPDS
64) showing that among 5,000 type 2 diabetics followed for up to 8 years,
death due to cardiovascular disease is far more common than development
of ESRD [110]. Thus, for the future, the goal will be not only to concentrate
on reducing the number of patients who reach end-stage renal failure, but
also to prevent mostly vascular morbidity and mortality in those who are
at risk of dying of myocardial infarction or other cardiovascular diseases
before they reach end-stage renal failure. Thus, our efforts should now be
to find these patients and treat them before they develop cardiac or brain
events.

Eventually, the final step will be to prevent diabetes. Recent trials have
shown that this is possible in a significant proportion of people by lifestyle
changes, or even medication including ACE inhibitors [129,130]. These data
provide hope to the younger members of the million families worldwide in
which one elderly member is already affected by type 2 diabetes with renal
and cardiovascular disease complications.



248 Sanjib Kumar Sharma et al.

References

1. Incidence and prevalence of ESRD. USRDS. United States Renal Data System.
Am. J. Kidney Dis. 1997; 30:S40–53.

2. Usami, T., Koyama, K., Takeuchi, O., Morozumi, K., Kimura, G. Regional
variations in the incidence of end-stage renal failure in Japan. JAMA 2000;
284:2622–2624.

3. Disney, A.P. Some trends in chronic renal replacement therapy in Australia and
New Zealand. Nephrol. Dial. Transplant. 1998; 13:854–859.

4. Report. Dialysis and Renal Transplantation, Canadian Organ Replacement
Register. Ottawa, Ontario: Canadian Institute for Health Information. 2001.

5. Frei, U., Schober-Halstenberg, H.J. Annual Report of the German Renal Registry
1998. QuaSi-Niere Task Group for Quality Assurance in Renal Replacement
Therapy. Nephrol. Dial. Transplant 1999; 14:1085–1090.

6. Garcia Lopez, F.J., Robles, R., Gentil, M.A. En presentacion del Grupo de
Registros de Enfermos Renales de Espana. Comparacion de la incidencia, preva-
lencia, modalidades de tratamiento y mortalidad en pacientes con tratamiento
renal sustitutivo en cinco communidades autonomas espagnolas en el periodo
1991–1996. Nefrologia 1999; 19:443–459.

7. U.R.R.R. 2000. UK Renal Registry. Bristol, UK.
8. Jungers, P., Choukroun, G., Robino, C., Massy, Z.A., Taupin, P., Labrunie, M.,

Man, N.K., Landais, P. Epidemiology of end-stage renal disease in the
Ile-de-France area: A prospective study in 1998. Nephrol. Dial. Transplant 2000;
15:2000–2006.

9. Stengel, B., Billon, S., Van Dijk, P.C., Jager, K.J., Dekker, F.W., Simpson, K.,
Briggs, J.D. Trends in the incidence of renal replacement therapy for end-stage
renal disease in Europe, 1990–1999. Nephrol. Dial. Transplant 2003; 18:
1824–1833.

10. McCredie, M. Geographic, ethnic, age-related and temporal variation in the
incidence of end-stage renal disease in Europe, Canada and the Asia-Pacific
region, 1998–2002. Nephrol. Dial. Transplant 2006; 21:2178–2183.

11. Coresh, J., Astor, B.C., Greene, T., Eknoyan, G., Levey, A.S. Prevalence
of chronic kidney disease and decreased kidney function in the adult U.S.
population: Third National Health and Nutrition Examination Survey. Am. J.
Kidney Dis. 2003; 41:1–12.

12. Hannedouche, T., Landais, P., Goldfarb, B., el Esper, N., Fournier, A., Godin, M.,
Durand, D., Chanard, J., Mignon, F., Suo, J.M., et al. Randomised controlled
trial of enalapril and beta blockers in non-diabetic chronic renal failure. BMJ
1994; 309:833–837.

13. Bigazzi, R., Bianchi, S., Baldari, D., Campese, V.M. Microalbuminuria predicts
cardiovascular events and renal insufficiency in patients with essential hyper-
tension. J. Hypertens. 1998; 16:1325–1333.

14. Magnason, R.L., Indridason, O.S., Sigvaldason, H., Sigfusson, N., Palsson, R.
Prevalence and progression of CRF in Iceland: a population-based study. Am. J.
Kidney Dis. 2002; 40:955–963.

15. Jungers, P., Chauveau, P., Descamps-Latscha, B., Labrunie, M., Giraud, E.,
Man, N.K., Grunfeld, J.P., Jacobs, C. Age- and gender-related incidence of
chronic renal failure in a French urban area: a prospective epidemiologic study.
Nephrol. Dial. Transplant 1996; 11:1542–1546.

16. John, R., Webb, M., Young, A., Stevens, P.E. Unreferred chronic kidney disease:
A longitudinal study. Am. J. Kidney Dis. 2004; 43:825–835.

17. Simal, F., Martin Escudero, J.C., Bellido, J., Arzua, D., Mena, F.J., Gonzalez
Melgosa, I., Alvarez Hurtado, A.A., Tabuyo, M.B., Molina, A. [Prevalence of
mild to moderate chronic kidney disease in the general population of Spain.
Hortega study.] [in Spanish] Nefrologia 2004; 24:329–332, 334, 336–327.



Chapter 13 Prevention of Chronic Renal Diseases in the Elderly 249

18. National Kidney Foundation K/DOQI clinical practice guidelines for chronic
kidney disease: Evaluation, classification and stratification. Am. J. Kidney Dis.
2002; 39(Suppl 1):S1–S266.

19. Glynn, R.J., Chae, C.U., Guralnik, J.M., Taylor, J.O., Hennekens, C.H. Pulse
pressure and mortality in older people. Arch. Intern. Med. 2000; 160:2765–2772.

20. Caskey, F.J., Schober-Halstenberg, H.J., Roderick, P.J., Edenharter, G.,
Ansell, D., Frei, U., Feest, T.G. Exploring the differences in epidemiology of
treated ESRD between Germany and England and Wales. Am. J. Kidney Dis.
2006; 47:445–454.

21. Sarnak, M.J., Levey, A.S., Schoolwerth, A.C., Coresh, J., Culleton, B.,
Hamm, L.L., McCullough, P.A., Kasiske, B.L., Kelepouris, E., Klag, M.J.,
et al. Kidney disease as a risk factor for development of cardiovascular disease:
A statement from the American Heart Association Councils on Kidney in
Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology, and
Epidemiology and Prevention. Circulation 2003; 108:2154–2169.

22. Hansberry, M.R., Whittier, W.L., Krause, M.W. The elderly patient with chronic
kidney disease. Adv. Chronic Kidney Dis. 2005; 12:71–77.

23. Harris, M.I., Flegal, K.M., Cowie, C.C., Eberhardt, M.S., Goldstein, D.E.,
Little, R.R., Wiedmeyer, H.M., Byrd-Holt, D.D. Prevalence of diabetes, impaired
fasting glucose, and impaired glucose tolerance in U.S. adults. The Third National
Health and Nutrition Examination Survey, 1988–1994. Diabetes Care 1998;
21:518–524.

24. Kamper, A.L., Strandgaard, S., Leyssac, P.P. Late outcome of a controlled trial
of enalapril treatment in progressive chronic renal failure. Hard end-points and
influence of proteinuria. Nephrol. Dial. Transplant 1995; 10:1182–1188.

25. Buemi, M., Nostro, L., Aloisi, C., Cosentini, V., Criseo, M., Frisina, N. Kidney
aging: From phenotype to genetics. Rejuvenation Res. 2005; 8:101–109.

26. Burstein, D.M., Korbet, S.M., Schwartz, M.M. Membranous glomerulonephritis
and malignancy. Am. J. Kidney Dis. 1993; 22:5–10.

27. Haas, M., Spargo, B.H., Wit, E.J., Meehan, S.M. Etiologies and outcome of acute
renal insufficiency in older adults: A renal biopsy study of 259 cases. Am. J.
Kidney Dis. 2000; 35:433–447.

28. Modesto-Segonds, A., Ah-Soune, M.F., Durand, D., Suc, J.M. Renal biopsy in
the elderly. Am. J. Nephrol. 1993; 13:27–34.

29. Preston, R.A., Stemmer, C.L., Materson, B.J., Perez-Stable, E., Pardo, V. Renal
biopsy in patients 65 years of age or older. An analysis of the results of 334
biopsies. J. Am. Geriatr. Soc. 1990; 38:669–674.

30. Davison, A.M. Renal disease in the elderly. Nephron 1998; 80:6–16.
31. Ruggenenti, P., Remuzzi, A., Ondei, P., Fasolini, G., Antiga, L., Ene-Iordache, B.,

Remuzzi, G., Epstein, F.H. Safety and efficacy of long-acting somatostatin
treatment in autosomal-dominant polycystic kidney disease. Kidney Int. 2005;
68:206–216.

32. Johnson, A.M., Gabow, P.A. Identification of patients with autosomal dominant
polycystic kidney disease at highest risk for end-stage renal disease. J. Am. Soc.
Nephrol. 1997; 8:1560–1567.

33. King, B.F., Reed, J.E., Bergstralh, E.J., Sheedy, P.F., II, Torres, V.E. Quantifi-
cation and longitudinal trends of kidney, renal cyst, and renal parenchyma
volumes in autosomal dominant polycystic kidney disease. J. Am. Soc. Nephrol.
2000; 11:1505–1511.

34. Klag, M.J., Whelton, P.K., Randall, B.L., Neaton, J.D., Brancati, F.L., Ford, C.E.,
Shulman, N.B., Stamler, J. Blood pressure and end-stage renal disease in men.
N. Engl. J. Med. 1996; 334:13–18.

35. Perneger, T.V., Whelton, P.K., Klag, M.J. History of hypertension in patients
treated for end-stage renal disease. J. Hypertens. 1997; 15:451–456.



250 Sanjib Kumar Sharma et al.

36. Psaty, B.M., Furberg, C.D., Kuller, L.H., Cushman, M., Savage, P.J., Levine, D.,
O’Leary, D.H., Bryan, R.N., Anderson, M., Lumley, T. Association between
blood pressure level and the risk of myocardial infarction, stroke, and total
mortality: The cardiovascular health study. Arch. Intern. Med. 2001; 161:
1183–1192.

37. Benetos, A., Safar, M., Rudnichi, A., Smulyan, H., Richard, J.L.,
Ducimetieere, P., Guize, L. Pulse pressure: A predictor of long-term cardiovas-
cular mortality in a French male population. Hypertension 1997; 30:1410–1415.

38. Franklin, S.S., Khan, S.A., Wong, N.D., Larson, M.G., Levy, D. Is pulse pressure
useful in predicting risk for coronary heart disease? The Framingham heart study.
Circulation 1999; 100:354–360.

39. Chae, C.U., Pfeffer, M.A., Glynn, R.J., Mitchell, G.F., Taylor, J.O.,
Hennekens, C.H. Increased pulse pressure and risk of heart failure in the elderly.
JAMA 1999; 281:634–639.

40. Sesso, H.D., Stampfer, M.J., Rosner, B., Hennekens, C.H., Gaziano, J.M.,
Manson, J.E., Glynn, R.J. Systolic and diastolic blood pressure, pulse pressure,
and mean arterial pressure as predictors of cardiovascular disease risk in men.
Hypertension 2000; 36:801–807.

41. Blacher, J., Staessen, J.A., Girerd, X., Gasowski, J., Thijs, L., Liu, L., Wang, J.G.,
Fagard, R.H., Safar, M.E. Pulse pressure not mean pressure determines cardio-
vascular risk in older hypertensive patients. Arch. Intern. Med. 2000; 160:
1085–1089.

42. Vaccarino, V., Holford, T.R., Krumholz, H.M. Pulse pressure and risk for
myocardial infarction and heart failure in the elderly. J. Am. Coll. Cardiol. 2000;
36:130–138.

43. Rosen, A.B., Karter, A.J., Liu, J.Y., Selby, J.V., Schneider, E.C. Use of
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers in
high-risk clinical and ethnic groups with diabetes. J. Gen. Intern. Med. 2004;
19:669–675.

44. Young, J.H., Klag, M.J., Muntner, P., Whyte, J.L., Pahor, M., Coresh, J. Blood
pressure and decline in kidney function: Findings from the Systolic Hypertension
in the Elderly Program (SHEP). J. Am. Soc. Nephrol. 2002; 13:2776–2782.

45. Hyman, D.J., Pavlik, V.N. Characteristics of patients with uncontrolled hyper-
tension in the United States. N. Engl. J. Med. 2001; 345:479–486.

46. Hansen, K.J., Edwards, M.S., Craven, T.E., Cherr, G.S., Jackson, S.A.,
Appel, R.G., Burke, G.L., Dean, R.H. Prevalence of renovascular disease in the
elderly: A population-based study. J. Vasc. Surg. 2002; 36:443–451.

47. Wild, S., Roglic, G., Green, A., Sicree, R., King, H. Global prevalence of
diabetes: Estimates for the year 2000 and projections for 2030. Diabetes Care
2004; 27:1047–1053.

48. U.S.R.D. System USRDS 2003 Annual Data Report: Atlas of End Stage Renal
Disease in the United States. Bethesda, MD: National Institute of Health, National
Institute of Diabetes and Digestive and Kidney Diseases. 2003.

49. Mokdad, A.H., Ford, E.S., Bowman, B.A., Nelson, D.E., Engelgau, M.M.,
Vinicor, F., Marks, J.S. Diabetes trends in the U.S.: 1990–1998. Diabetes Care
2000; 23:1278–1283.

50. Lee, G. End-stage renal disease in the Asian-Pacific region. Semin. Nephrol.
2003; 23:107–114.

51. Van Dijk, P.C., Jager, K.J., Stengel, B., Gronhagen-Riska, C., Feest, T.G.,
Briggs, J.D. Renal replacement therapy for diabetic end-stage renal disease: Data
from 10 registries in Europe (1991–2000). Kidney Int. 2005; 67:1489–1499.

52. Anderson, S., Rennke, H.G., Brenner, B.M. Therapeutic advantage of converting
enzyme inhibitors in arresting progressive renal disease associated with systemic
hypertension in the rat. J. Clin. Invest. 1986; 77:1993–2000.



Chapter 13 Prevention of Chronic Renal Diseases in the Elderly 251

53. Aros, C., Remuzzi, G. The renin-angiotensin system in progression, remission
and regression of chronic nephropathies. J. Hypertens. Suppl. 2002; 20:S45–53.

54. Shake, J.G., Brandt, R.C., Daniels, B.S. Angiotensin II induces actine in the
polymerization within the glomerular filtration barrier: Possible role in the local
regulation of ultrafiltration. J. Am. Soc. Nephrol. 1992; 3:568A.

55. Wolf, G., Kalluri, R., Ziyadeh, F.N., Neilson, E.G., Stahl, R.A. Angiotensin
II induces alpha3(IV) collagen expression in cultured murine proximal tubular
cells. Proc. Assoc. Am. Physicians 1999; 111:357–364.

56. Zoja, C., Benigni, A., Remuzzi, G. Cellular responses to protein overload: Key
event in renal disease progression. Curr. Opin. Nephrol. Hypertens. 2004; 13:
31–37.

57. Eddy, A. Role of cellular infiltrates in response to proteinuria. Am. J. Kidney
Dis. 2001; 37:S25–29.

58. Agapitov, A.V., Haynes, W.G. Role of endothelin in cardiovascular disease.
J. Renin Angiotensin Aldosterone Syst. 2002; 3:1–15.

59. Komatsu, K., Frohlich, E.D., Ono, H., Ono, Y., Numabe, A., Willis, G.W.
Glomerular dynamics and morphology of aged spontaneously hypertensive rats.
Effects of angiotensin-converting enzyme inhibition. Hypertension 2005; 25:
207–213.

60. Frohlich, E.D. Arthus C. Corcoran Memorial Lecture. Influence of nitric oxide
and angiotensin II on renal involvement in hypertension. Hypertension 1997;
29:188–193.

61. Harris, P.C., Torres, V.E. Understanding pathogenic mechanisms in polycystic
kidney disease provides clues for therapy. Curr. Opin. Nephrol. Hypertens. 2006;
15:456–463.

62. Peterson, J.C., Adler, S., Burkart, J.M., Greene, T., Hebert, L.A., Hunsicker, L.G.,
King, A.J., Klahr, S., Massry, S.G., Seifter, J.L. Blood pressure control,
proteinuria, and the progression of renal disease. The Modification of Diet in
Renal Disease Study. Ann. Intern. Med. 1995; 123:754–762.

63. Wapstra, F.H., Navis, G., de Jong, P.E., de Zeeuw, D. Prognostic value of
the short-term antiproteinuric response to ACE inhibition for prediction of
GFR decline in patients with nondiabetic renal disease. Exp. Nephrol. 1996; 4
(Suppl 1):47–52.

64. Lewis, E.J., Hunsicker, L.G., Clarke, W.R., Berl, T., Pohl, M.A., Lewis, J.B.,
Ritz, E., Atkins, R.C., Rohde, R., Raz, I. Renoprotective effect of the angiotensin-
receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes.
N. Engl. J. Med. 2001; 345:851–860.

65. Randomised placebo-controlled trial of effect of ramipril on decline in glomerular
filtration rate and risk of terminal renal failure in proteinuric, non-diabetic
nephropathy. The GISEN Group (Gruppo Italiano di Studi Epidemiologici in
Nefrologia). Lancet 1997; 349:1857–1863.

66. Ruggenenti, P., Perna, A., Mosconi, L., Pisoni, R., Remuzzi, G. Urinary
protein excretion rate is the best independent predictor of ESRF in non-diabetic
proteinuric chronic nephropathies. “Gruppo Italiano di Studi Epidemiologici in
Nefrologia” (GISEN). Kidney Int. 1998; 53:1209–1216.

67. Jafar, T.H., Schmidt, C.H., Stark, P.C., Landa, M., Maschio, G., Marcantoni, C.,
De Jong, P.E., De Zeeuw, D., Shahinfar, S., Levey, A.S. The influence of
urine protein excretion on benefit of angiotensin-converting enzyme inhibitors
in patients with non-diabetic renal disease. J. Am. Soc. Nephrol. 2000; 11:63A.

68. Bakris, G.L., Weir, M.R. Angiotensin-converting enzyme inhibitor-associated
elevations in serum creatinine: Is this a cause for concern? Arch. Intern. Med.
2000; 160:685–693.

69. Ruggenenti, P., Perna, A., Remuzzi, G. ACE inhibitors to prevent end-stage renal
disease: When to start and why possibly never to stop: A post hoc analysis of



252 Sanjib Kumar Sharma et al.

the REIN trial results. Ramipril Efficacy in Nephropathy. J. Am. Soc. Nephrol.
2001; 12:2832–2837.

70. Acone, D., Cante, D., Cillo, F., Giordano, G., Giordano, C. Blood pressure and
progression of renal failure in the elderly. Kidney Int. Suppl. 1996; 55:S75–77.

71. Pitt, B., Segal, R., Martinez, F.A., Meurers, G., Cowley, A.J., Thomas, I.,
Deedwania, P.C., Ney, D.E., Snavely, D.B., Chang, P.I. Randomised trial of
losartan versus captopril in patients over 65 with heart failure (Evaluation of
Losartan in the Elderly Study, ELITE). Lancet 1997; 349:747–752.

72. Ruggenenti, P., Perna, A., Gherardi, G., Gaspari, F., Benini, R., Remuzzi, G.
Renal function and requirement for dialysis in chronic nephropathy patients on
long-term ramipril: REIN follow-up trial. Gruppo Italiano di Studi Epidemio-
logici in Nefrologia (GISEN). Ramipril Efficacy in Nephropathy. Lancet 1998;
352:1252–1256.

73. Maschio, G., Alberti, D., Janin, G., Locatelli, F., Mann, J.F., Motolese, M.,
Ponticelli, C., Ritz, E., Zucchelli, P. Effect of the angiotensin-converting-enzyme
inhibitor benazepril on the progression of chronic renal insufficiency. The
Angiotensin-Converting-Enzyme Inhibition in Progressive Renal Insufficiency
Study Group. N. Engl. J. Med. 1996; 334:939–945.

74. K/DOQI clinical practice guidelines on hypertension and antihypertensive agents
in chronic kidney disease. Am. J. Kidney Dis. 2004; 43:S1–290.

75. Brenner, B.M., Cooper, M.E., de Zeeuw, D., Keane, W.F., Mitch, W.E.,
Parving, H.H., Remuzzi, G., Snapinn, S.M., Zhang, Z., Shahinfar, S. Effects of
losartan on renal and cardiovascular outcomes in patients with type 2 diabetes
and nephropathy. N. Engl. J. Med. 2001; 345:861–869.

76. Parving, H.H., Lehnert, H., Brochner-Mortensen, J., Gomis, R., Andersen, S.,
Arner, P. The effect of irbesartan on the development of diabetic nephropathy in
patients with type 2 diabetes. N. Engl. J. Med. 2001; 345:870–878.

77. Remuzzi, G., Ruggenenti, P., Perna, A., Dimitrov, B.D., de Zeeuw, D.,
Hille, D.A., Shahinfar, S., Carides, G.W., Brenner, B.M. Continuum of renopro-
tection with losartan at all stages of type 2 diabetic nephropathy: A post hoc
analysis of the RENAAL trial results. J. Am. Soc. Nephrol. 2004; 15:3117–3125.

78. Brenner, B.M., Cooper, M.E., de Zeeuw, D., Grunfeld, J.P., Keane, W.F.,
Kurokawa, K., McGill, J.B., Mitch, W.E., Parving, H.H., Remuzzi, G., et al. The
losartan renal protection study—rationale, study design and baseline character-
istics of RENAAL (Reduction of Endpoints in NIDDM with the Angiotensin II
Antagonist Losartan). J. Renin Angiotensin Aldosterone Syst. 2000; 1:328–335.

79. Winkelmayer, W.C., Zhang, Z., Shahinfar, S., Cooper, M.E., Avorn, J.,
Brenner, B.M. Efficacy and safety of angiotensin II receptor blockade in elderly
patients with diabetes. Diabetes Care 2006; 29:2210–2217.

80. Winkelmayer, W.C., Fischer, M.A., Schneeweiss, S., Wang, P.S., Levin, R.,
Avorn, J. Underuse of ACE inhibitors and angiotensin II receptor blockers in
elderly patients with diabetes. Am. J. Kidney Dis. 2005; 46:1080–1087.

81. Rosen, A.B., Hamel, M.B., Weinstein, M.C., Cutler, D.M., Fendrick, A.M.,
Vijan, S. Cost-effectiveness of full Medicare coverage of angiotensin-converting
enzyme inhibitors for beneficiaries with diabetes. Ann. Intern. Med. 2005;
143:89–99.

82. Ahuja, T.S., Freeman, D., Jr., Mahnken, J.D., Agraharkar, M., Siddiqui, M.,
Memon, A. Predictors of the development of hyperkalemia in patients using
angiotensin-converting enzyme inhibitors. Am. J. Nephrol. 2000; 20:268–272.

83. Ruggenenti, P., Schieppati, A., Remuzzi, G. Progression, remission, regression
of chronic renal diseases. Lancet 2001; 357:1601–1608.

84. Parving, H.H. Diabetic nephropathy: Prevention and treatment. Kidney Int. 2001;
60:2041–2055.

85. Fried, L.F., Orchard, T.J., Kasiske, B.L. Effect of lipid reduction on the
progression of renal disease: A meta-analysis. Kidney Int. 2001; 59:260–269.



Chapter 13 Prevention of Chronic Renal Diseases in the Elderly 253

86. Lewis, S.J., Moye, L.A., Sacks, F.M., Johnstone, D.E., Timmis, G., Mitchell, J.,
Limacher, M., Kell, S., Glasser, S.P., Grant, J., et al. Effect of pravastatin on
cardiovascular events in older patients with myocardial infarction and cholesterol
levels in the average range. Results of the Cholesterol and Recurrent Events
(CARE) trial. Ann. Intern. Med. 1998; 129:681–689.

87. Sacks, F.M., Tonkin, A.M., Shepherd, J., Braunwald, E., Cobbe, S.,
Hawkins, C.M., Keech, A., Packard, C., Simes, J., Byington, R., et al. Effect
of pravastatin on coronary disease events in subgroups defined by coronary
risk factors: The Prospective Pravastatin Pooling Project. Circulation 2000;
102:1893–1900.

88. www.merck.com/mrkshared/mmg/home.jsp. The Merck Manual of Geriatrics.
New York, Wiley: Beer MH. 2006.

89. Hostetter, T.H. The next treatments of chronic kidney disease: If we find them,
can we test them? J. Am. Soc. Nephrol. 2002; 13:3024–3026.

90. Orth, S.R., Stockmann, A., Conradt, C., Ritz, E., Ferro, M., Kreusser, W.,
Piccoli, G., Rambausek, M., Roccatello, D., Schafer, K., et al. Smoking as a risk
factor for end-stage renal failure in men with primary renal disease. Kidney Int.
1998; 54:926–931.

91. Gaede, P., Vedel, P., Larsen, N., Jensen, G.V., Parving, H.H., Pedersen, O.
Multifactorial intervention and cardiovascular disease in patients with type 2
diabetes. N. Engl. J. Med. 2003; 348:383–393.

92. Wolf, G., Ziyadeh, F.N. Renal tubular hypertrophy induced by angiotensin II.
Semin. Nephrol. 1997; 17:448–454.

93. Ritz, E., Orth, S.R. Nephropathy in patients with type 2 diabetes mellitus. N.
Engl. J. Med. 1999; 341:1127–1133.

94. Hansson, L., Zanchetti, A., Carruthers, S.G., Dahlof, B., Elmfeldt, D., Julius, S.,
Menard, J., Rahn, K.H., Wedel, H., Westerling, S. Effects of intensive blood-
pressure lowering and low-dose aspirin in patients with hypertension: Principal
results of the Hypertension Optimal Treatment (HOT) randomised trial. HOT
Study Group. Lancet 1998; 351:1755–1762.

95. Klijn, C.J., Kappelle, L.J., Tulleken, C.A., van Gijn, J. Symptomatic carotid artery
occlusion. A reappraisal of hemodynamic factors. Stroke 1997; 28:2084–2093.

96. Randomised trial of a perindopril-based blood-pressure-lowering regimen among
6,105 individuals with previous stroke or transient ischaemic attack. Lancet 2001;
358:1033–1041.

97. Matsumura, M., Nomura, H., Koni, I., Mabuchi, H. Angiotensin-converting
enzyme inhibitors are associated with the need for increased recombinant human
erythropoietin maintenance doses in hemodialysis patients. Risks of Cardiac
Disease in Dialysis Patients Study Group. Nephron 1997; 77:164–168.

98. Schmidt, A., Gruber, U., Bohmig, G., Koller, E., Mayer, G. The effect of ACE
inhibitor and angiotensin II receptor antagonist therapy on serum uric acid levels
and potassium homeostasis in hypertensive renal transplant recipients treated
with CsA. Nephrol. Dial. Transplant 2001; 16:1034–1037.

99. Ruilope, L.M., Aldigier, J.C., Ponticelli, C., Oddou-Stock, P., Botteri, F.,
Mann, J.F. Safety of the combination of valsartan and benazepril in patients
with chronic renal disease. European Group for the Investigation of Valsartan in
Chronic Renal Disease. J. Hypertens. 2000; 18:89–95.

100. Nakao, N., Yoshimura, A., Morita, H., Takada, M., Kayano, T., Ideura, T. Combi-
nation treatment of angiotensin-II receptor blocker and angiotensin-converting-
enzyme inhibitor in non-diabetic renal disease (COOPERATE): A randomised
controlled trial. Lancet 2003; 361:117–124.

101. Jamerson, K.A. Preventing chronic kidney disease in special populations. Am.
J. Hypertens. 2005; 18:106S–111S.

102. Prevention of stroke by antihypertensive drug treatment in older persons with
isolated systolic hypertension. Final results of the Systolic Hypertension in the



254 Sanjib Kumar Sharma et al.

Elderly Program (SHEP). SHEP Cooperative Research Group. JAMA 1991;
265:3255–3264.

103. Staessen, J.A., Fagard, R., Thijs, L., Celis, H., Arabidze, G.G., Birkenhager,
W.H., Bulpitt, C.J., de Leeuw, P.W., Dollery, C.T., Fletcher, A.E., et al.
Randomised double-blind comparison of placebo and active treatment for older
patients with isolated systolic hypertension. The Systolic Hypertension in Europe
(Syst-Eur) Trial Investigators. Lancet 1997; 350:757–764.

104. Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A.,
Izzo, J.L., Jr., Jones, D.W., Materson, B.J., Oparil, S., Wright, J.T., Jr., et al.
The Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: The JNC 7 report. JAMA
2003; 289:2560–2572.

105. Marin, R., Gorostidi, M., Fernandez-Vega, F., Alvarez-Navascues, R. Systemic
and glomerular hypertension and progression of chronic renal disease: The
dilemma of nephrosclerosis. Kidney Int Suppl. 2005; pp. S52–56.

106. Wright, J.T., Jr., Bakris, G., Greene, T., Agodoa, L.Y., Appel, L.J., Charleston, J.,
Cheek, D., Douglas-Baltimore, J.G., Gassman, J., Glassock, R., et al. Effect
of blood pressure lowering and antihypertensive drug class on progression of
hypertensive kidney disease: Results from the AASK trial. JAMA 2002; 288:
2421–2431.

107. Segura, J., Campo, C., Rodicio, J.L., Ruilope, L.M. ACE inhibitors and
appearance of renal events in hypertensive nephrosclerosis. Hypertension 2001;
38:645–649.

108. Ritz, E. Albuminuria and vascular damage—The vicious twins. N. Engl. J. Med.
2001; 348:2349–2352.

109. Gall, M.A., Hougaard, P., Borch-Johnsen, K., Parving, H.H. Risk factors for
development of incipient and overt diabetic nephropathy in patients with non-
insulin dependent diabetes mellitus: Prospective, observational study. BMJ 1997;
314:783–788.

110. Adler, A.I., Stevens, R.J., Manley, S.E., Bilous, R.W., Cull, C.A., Holman, R.R.
Development and progression of nephropathy in type 2 diabetes: The United
Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int. 2003; 63:
225–232.

111. Perkins, B.A., Ficociello, L.H., Silva, K.H., Finkelstein, D.M., Warram, J.H.,
Krolewski, A.S. Regression of microalbuminuria in type 1 diabetes. N. Engl. J.
Med. 2003; 348:2285–2293.

112. Mogensen, C.E. Microalbuminuria predicts clinical proteinuria and early
mortality in maturity-onset diabetes. N. Engl. J. Med. 1984; 310:356–360.

113. Nelson, R.G., Knowler, W.C., Pettitt, D.J., Saad, M.F., Charles, M.A.,
Bennett, P.H. Assessment of risk of overt nephropathy in diabetic patients
from albumin excretion in untimed urine specimens. Arch. Intern. Med. 1991;
151:1761–1765.

114. Eurich, D.T., Majumdar, S.R., Tsuyuki, R.T., Johnson, J.A. Reduced mortality
associated with the use of ACE inhibitors in patients with type 2 diabetes.
Diabetes Care 2004; 27:1330–1334.

115. Parving, H.H., Mauer, M., Ritz, E. Diabetic Nephropaty. Philadelphia: Saunders.
2004; pp. 1777–1818.

116. Ravid, M., Brosh, D., Levi, Z., Bar-Dayan, Y., Ravid, D., Rachmani, R. Use
of enalapril to attenuate decline in renal function in normotensive, normoalbu-
minuric patients with type 2 diabetes mellitus. A randomized, controlled trial.
Ann. Intern. Med. 1998; 128:982–988.

117. The BErgamo NEphrologic DIabetes Complications Trial (BENEDICT): Design
and baseline characteristics. Cont. Clin. Trials 2003; 24:442–461.



Chapter 13 Prevention of Chronic Renal Diseases in the Elderly 255

118. Ruggenenti, P., Fassi, A., Ilieva, A.P., Bruno, S., Iliev, I.P., Brusegan, V.,
Rubis, N., Gherardi, G., Arnoldi, F., Ganeva, M., et al. Preventing microalbu-
minuria in type 2 diabetes. N. Engl. J. Med. 2004; 351:1941–1951.

119. Ruggenenti, P., Perna, A., Ganeva, M., Ene-Iordache, B., Remuzzi, G. Impact
of blood pressure control and angiotensin-converting enzyme inhibitor therapy
on new-onset microalbuminuria in type 2 diabetes: A post hoc analysis of the
BENEDICT trial. J. Am. Soc. Nephrol. 2006; 17:3472–3481.

120. Bakris, G.L., Weir, M.R., Shanifar, S., Zhang, Z., Douglas, J., van Dijk, D.J.,
Brenner, B.M. Effects of blood pressure level on progression of diabetic
nephropathy: Results from the RENAAL study. Arch. Intern. Med. 2003;
163:1555–1565.

121. Pohl, M.A., Blumenthal, S., Cordonnier, D.J., De Alvaro, F., Deferrari, G.,
Eisner, G., Esmatjes, E., Gilbert, R.E., Hunsicker, L.G., de Faria, J.B., et al.
Independent and additive impact of blood pressure control and angiotensin II
receptor blockade on renal outcomes in the irbesartan diabetic nephropathy trial:
Clinical implications and limitations. J. Am. Soc. Nephrol. 2005; 16:3027–3037.

122. Remuzzi, G., Macia, M., Ruggenenti, P. Prevention and treatment of diabetic
renal disease in type 2 diabetes: The BENEDICT study. J. Am. Soc. Nephrol.
2006; 17:S90–97.

123. Mogensen, C.E. Progression of nephropathy in long-term diabetics with
proteinuria and effect of initial anti-hypertensive treatment. Scand. J. Clin. Lab.
Invest. 1976; 36:383–388.

124. Dillon, J.J. The quantitative relationship between treated blood pressure and
progression of diabetic renal disease. Am. J. Kidney Dis. 1993; 22:798–802.

125. Strippoli, G.F., Craig, M., Schena, F.P., Craig, J.C. Antihypertensive agents for
primary prevention of diabetic nephropathy. J. Am. Soc. Nephrol. 2005; 16:
3081–3091.

126. Arauz-Pacheco, C., Parrott, M.A., Raskin, P. Hypertension management in adults
with diabetes. Diabetes Care 2005; 27 (Suppl 1):S65–67.

127. Ruggenenti, P., Remuzzi, G. Time to abandon microalbuminuria? Kidney Int.
2006; 70:1214–1222.

128. Collins, A.J. The hemoglobin link to adverse outcomes. Adv. Stud. Med. 2003;
3:S14–S17.

129. Knowler, W.C., Barrett-Connor, E., Fowler, S.E., Hamman, R.F., Lachin, J.M.,
Walker, E.A., Nathan, D.M. Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N. Engl. J. Med. 2002; 346:393–403.

130. Tuomilehto, J., Lindstrom, J., Eriksson, J.G., Valle, T.T., Hamalainen, H.,
Ilanne-Parikka, P., Keinanen-Kiukaanniemi, S., Laakso, M., Louheranta, A.,
Rastas, M., et al. Prevention of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance. N. Engl. J. Med. 2001;
344:1343–1350.



14
Obstructive Uropathy and Benign

Prostatic Hyperplasia
Gerasimos Alivizatos and Andreas Skolarikos

Introduction

Benign prostatic hyperplasia (BPH) remains a common cause for which men
visit their family doctor. It is associated with bothersome lower urinary tract
symptoms that affect quality of life by interfering with normal daily activities
and sleep patterns. These symptoms require careful evaluation to determine
their cause. The use of medical treatment allows many men to be treated
conservatively within their community. Persistent symptoms or the devel-
opment of complications such as retention or infection requires referral to an
Urologist. Before invasive treatment is contemplated, these men need careful
assessment so that they can be properly counseled about the likely benefit
and risks of surgery. In this chapter, we review the epidemiology, etiology,
pathophysiology, and natural history of BPH. We also present updated data
about the diagnosis and treatment of this common condition.

Obstruction of the lower urinary tract capable of causing lower urinary tract
symptoms (LUTS) in the elderly may be secondary to processes of various
origins. Prostate cancer, neurological diseases, prior interventions in the lower
tract or history of pelvic surgery, trauma, sexually transmitted diseases, and
the use of drugs that have the potential to affect the bladder or the bladder
outlet function are all potential causes of LUTS in the elderly. However,
benign prostatic hyperplasia is one of the most common diseases of the aging
male, affecting more than 50% of men over 60 years old. It is associated
with bothersome lower urinary tract symptoms that affect quality of life by
interfering with normal daily activities and sleep patterns. BPH is a frequent
cause of surgical treatment in men, which is usually carried out for intractable
symptoms or serious complications.

The Epidemiology of LUTS and BPH

LUTS are not a disease, but a symptom-complex characterized by bothersome
voiding, which may be caused by BPH. Other important causes include
idiopathic detrusor overactivity, age-related smooth muscle dysfunction, and
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neurological disorders such as stroke, Parkinson’s disease, dementia, and
diabetes [1]. LUTS are categorized into voiding and storage symptoms
(Table 14.1) [2–4].

LUTS do not usually occur in men under 50 years old [5]. The prevalence
increases from 3.5% for men aged 45–49 years to 30% for men aged 85
years [6]. Among men aged over 50 years, one-third will develop LUTS and
one-fourth will require surgical intervention [7]. Prostatic enlargement and
BPH also become more common with increasing age. By the third decade,
the prostate weighs 20 g (±6), and remains so unless BPH develops [8].By 40
years, BPH is present in 8% of men; this figure increases to 60% in men in
their 60s and to 90% in men aged over 80 years [8].

About 25% of men in the community have moderate to severe LUTS,
which significantly impact the quality of life of the individual [9] and his
partner [10], although the precise figure depends on the criteria used [11].
Some LUTS, such as urinary incontinence, may have a much more significant
impact on quality of life than others. Furthermore, the amount of irritation may
differ greatly among individuals with the same degree of symptom frequency
and severity due to individual and cultural variation in the degree to which
symptoms are tolerated [12]. A high proportion of elderly people simply
accept symptoms [13]. Erectile dysfunction [14] and painful ejaculation [15]
are highly prevalent in LUTS patients, further affecting their quality of life.

Table 14.1 Lower Urinary Tract Symptoms.

Voiding Symptoms

Hesitancy: sensation of delay in onset of micturition, high reflects the time required
by the detrusor muscle to overcome outlet resistance. This symptom can also be
produced by weak detrusor contraction.

Symptoms of poor urinary flow and straining to void develop insidiously, so that
the patient may not notice the decreasing flow. A flow rate <10 mL/sec is suggestive
of outflow obstruction, but can also be caused by a weak detrusor.

The sensation of incomplete bladder emptying is a reflection that the bladder is
unable to empty itself completely, causing residual urine to develop.

The symptoms of terminal or post-micturition dribbling are associated with age-
related weakness in the bulbospongiosus muscle, which aids urethral emptying.

A prolonged voiding time is found in outlet obstruction because the reduced flow
rate results in an increase time taken to void.

Storage Symptoms

Normal daytime frequency is <7 per day depending on intake; urinary frequency is
defined as a “perception of voiding too frequently during the day.” It may be caused
by a large residual volume (and the resultant decreased functional bladder capacity),
or a small-capacity irritable bladder, which may be associated with outlet obstruction
or idiopathic detrusor overactivity.

Nocturia is defined having to wake at night to void and can significantly impair the
quality of life of the patient and his partner. Nocturia is caused by nocturnal polyuria
rather than low bladder volumes in approximately half of BPH patients.

Urgency is a sudden compelling desire to void, which is difficult to defer. It tends
to be found in men who also have frequency and nocturia and can be caused by BPH
or by idiopathic detrusor overactivity.

Urge incontinence is defined as involuntary leakage of urine accompanied by
urgency. This is caused by detrusor overactivity, which may be associated with outlet
obstruction or be “idiopathic.”
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Etiology and Pathophysiology of BPH

BPH has a multifactor etiology involving hormones, growth factors, and
stromal epithelial interactions. Aging and testicular androgens are absolute
requirements. Disruption of the normal balances between androgenic and
growth factor signaling is a critical factor to development of BPH [5, 16].
Central to this is an apparent balance between factors such as TGF �1 that
induce extracellular matrix production and suppress collagen breakdown and
cell proliferation and factors such as FGF2 and IGF I/II that are mitogenic
in the stromal compartment [17, 18]. Genomics and proteomics studies will
enlighten changes in gene and protein expression in benign compared with
malignant glands, which, in the long term, will provide an explanation of and
novel treatment approaches to this common disease [19].

Functional studies are also providing new insights into the causes of bladder
dysfunction. By signaling to smooth muscle cells in response to stretch of
the urothelium through small molecules such as ATP and nitric oxide, one
can exert marked effects on smooth muscle contractility. Chronic stretch of
smooth muscle caused by prolonged impaired bladder emptying can result in
apoptosis and fibrosis within the smooth muscle compartment, leading to weak
detrusor contraction. Despite this weak contractile ability, such local changes
may cause the smooth muscle to become abnormally sensitive, leading to
detrusor overactivity [20].

The Natural History of BPH and LUTS

Several community and clinical studies have demonstrated the progressive
nature of BPH [21]. Different surrogate endpoints of BPH progression such as
symptom score, peak urinary flow rate, prostate volume, and the occurrence
of acute urinary retention (AUR) have been described [12, 21]. The Olmsted
county study [12] has demonstrated that men with moderate to severe LUTS,
impaired flow rates, or an enlarged prostate are more likely to eventually
require prostatectomy (a fourfold increase) and develop urinary retention than
men of a similar age without these features [22]. Higher baseline prostate
volumes and serum prostate-specific antigen (PSA) are the two most common
predictors of clinical progression and are helpful to the clinician for identifying
high-risk patients [12, 21, 22].

Further data are available from pharmacological studies. In short, these
have shown that compared with placebo, �-adrenergic and 5-� reductase
inhibitors improve symptoms and flow rates. Also compared with placebo, 5-�
reductase inhibitors reduce the rate of retention and surgical intervention, and
long-term alpha-adrenergic blockers may also decrease surgical intervention
rates [23,24].Other studies have shown that �-blockers have a favorable effect
on AUR, both in preventing it [24, 25] and also in increasing the success
rates of trial without catheter and successful voiding in men presenting with
AUR [25].

However, the difficulty with advocating widespread use of these agents is
the poor cost-effectiveness, the number of side effects, and the fact that the
actual number of events prevented is rather small [26].

Apart from the implications to the lower urinary tract, BPH is related to
deterioration of the upper urinary tract function [27]. Of men presenting to
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a urologist for BPH treatment, an average of 13.6% (range: 0.3% to 30%)
have renal failure, implicating that renal failure in patients with advanced
BPH does not simply reflect older age [28]. The role of symptoms, prostatic
enlargement, and bladder outlet obstruction as risk factors for chronic renal
failure in patients with BPH is still controversial. Most of the studies indicate
no correlation between these parameters and the deterioration of the renal
function [27]. Chronic urinary retention is the dominant mechanism by
which BPH can cause chronic renal failure [27]. Progressive upper tract
dilatation and a decrease in glomerular filtration rate occur in patients with
high-pressure chronic retention if obstruction is not treated [27, 29–31].
Low bladder compliance, detrusor instability, and anatomical ureterovesicular
junction obstruction or vesicoureteral reflux due to smooth muscle hyper-
trophy and connective tissue infiltration are the causal mechanisms of renal
failure in men with chronic urinary retention [32–35]. Other less commonly
proposed etiologies for chronic renal failure due to BPH include acute urinary
retention, urinary tract infections, renal calculi, secondary hypertension from
chronic urinary retention, nondilated obstructive nephropathy, and nephro-
genic diabetes insipidus [27, 36–38].

Making the Diagnosis and Quantifying LUTS and BPH

The diagnosis of LUTS and benign prostatic enlargement is based on history,
digital rectal and neurological examination, symptom scoring, measurement of
serum PSA, and frequency volume chart recording [39]. Optional tests include
uroflowmetry, postvoid residual urine, pressure-flow studies, transrectal ultra-
sonography, imaging of the upper urinary tract, and lower urinary tract
endoscopy [39]. Simple investigations to exclude urinary tract infection and
renal damage may also be helpful [3, 9].

History, Symptom Scoring, and Physical Examination

Objective evaluation of symptoms is essential in randomized controlled trials
and in assessing surgical or medical outcomes [39]. Most symptom question-
naires can be self-completed and have been extensively tested for validity
and reliability [2]. The international prostate symptom score (IPSS) has been
adopted by the World Health Organization [40]. The instrument has excellent
test-retest reliability and is internally consistent. Studies using these tools
have shown a strong relationship between high preoperative symptom scores
and good post-operative outcomes, although only a weak correlation is found
among symptom scores and prostatic volume, peak flow rates, postvoid
residual urine volumes, and age [41]. The obstructive scoring element of the
IPSS may be useful in predicting disease progression [42]. Some symptoms
such as frequency, urgency, and urge incontinence are associated with detrusor
overactivity and a poor outcome after prostatectomy.

Several quality-of-life measures have been used. These include the
Nottingham Health Profile (NHP), the EuroQol, the short form 36 (SF36),
and the BPH impact index [43]. The current trend in the field is to develop
more complex instruments, including various domains that may be of impor-
tance in patients with voiding dysfunction such as LUTS, incontinence, sexual
dysfunction, and quality-of-life concerns [10, 43, 44].
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Digital rectal examination (DRE) can exclude locally advanced prostate
cancer, but not early prostate cancer. The size of the gland is important when
counseling the patient on the type of surgery that may be offered.

Prostate-Specific Antigen in the Investigation of LUTS

The exclusion of prostate cancer in patients presenting with LUTS is of
paramount significance. Digital rectal examination, measurement of PSA,
measurement of human kallikrein 2, transrectal ultrasound, and prostatic
biopsies, when indicated, are all recommended to differentiate between BPH
and prostate cancer [45].

PSA has revolutionized the diagnosis of prostate cancer. It provides earlier
detection of prostate cancer than digital rectal examination and allows us to
identify men whose cancer is not palpable. However, PSA is not a perfect
tumor marker. It lacks both sensitivity and more importantly specificity. In
an effort to enhance the specificity, investigators have utilized a variety of
PSA derivatives including age-specific PSA cut-offs, various PSA forms, PSA
velocity, and PSA density. Unfortunately, none of these has demonstrated a
major benefit in general clinical practice [45].

An evaluation of serum PSA in the adult male population is no longer
limited to the diagnosis of prostate cancer, but has also found a role in the
management of patients with BPH. Serum PSA increases with prostate size
and age (by 3.2% per year) [46]. High PSA levels in patients with LUTS
are significantly associated with bladder outflow obstruction [47, 48]. The
Longitudinal Baltimore Study of Aging [49]showed a clear increase in the risk
of prostate enlargement in each age cohort (from 40 to 69.9 years) for higher
values of serum PSA levels. The results of the study were also of interest
in light of the known relationship between prostate volume and healthcare-
seeking behavior, futures episodes of AUR, and the need for prostate surgery
among men with LUTS. It is proposed that men with higher PSA levels could
be enrolled in a different observation scheme and that serum PSA levels could
provide a method of risk stratification to be used for selecting candidates for
future descriptive study treatment trials for the prevention of BPH progression
[49]. PSA testing may be appropriate in men with a clinically benign gland
and LUTS [48] so long as the guidelines in Table 14.2 are followed, i.e., that
the patient is fully counseled as to the implications and subsequent actions
that may be required following such a test. Men need to be aware that a
negative PSA test is no guarantee that prostate cancer is absent. However, it
seems likely that men in this age range with very low PSA levels (<1 ng/mL)
have low risks of developing clinically significant prostate cancer.

Flow Rates and Pressure-Flow Studies

Flow rates are useful to monitor changes over time in watchful waiting and
in the follow-up of both medical and surgical therapy [50]. In addition,
low flow rates (<10 mL/s) and outlet obstruction are associated with a
better surgical outcome [39]. Before advising men to undergo surgery, it is
essential to counsel them about the likely success rate—even in those with
“straightforward” symptoms. It is probably a counsel of perfection to advocate
pressure-flow studies in all men, but a low measured flow rate (<10 mL/s) will
predict outlet obstruction with good accuracy and should be carried out. Flow
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Table 14.2 Counseling Guidelines.

PSA Testing
– Is not recommended for routine clinical use
– Is not recommended in men with less than 10-year life expectancy
– Should only be offered following full counseling of men about the implications

Implications of PSA Testing That Should Be Explained Prior to Testing
– The test may detect early prostate cancer in 2–3% of men aged 50 to 65 years.
– The test will fail to detect some early tumors.
– PSA testing and subsequent treatment of early prostate cancer
– May incur risk and may not improve life expectancy.
– A transrectal ultrasound scan and biopsy may be needed, which carry some morbidity.
– The test may diagnose a tumor that we are uncertain how best to treat.

rates are therefore strongly recommended in the assessment of men before
treatment. On the majority of units, most men will undergo urodynamics
before surgically invasive treatments and particularly if there is any suggestion
that the symptoms may be related to underlying detrusor overactivity or causes
other than BPH [50]. The reason is that men with proven outflow obstruction
have better results following surgery and can therefore be better counseled
about the likely outcome; conversely, men with no obstruction and detrusor
overactivity do very poorly following surgery [50].

Treatment of LUTS

Nonoperative Treatment

This includes watchful waiting and pharmacotherapy.

Watchful Waiting
Some men wish to avoid both medical and surgical therapy. Conservative
management (“watchful waiting”) is a safe and acceptable alternative [51,52].
Patients under watchful waiting show no difference in the risk of prostatic
surgery compared to patients undergoing medical treatment [53]. However,
men managed by watchful waiting who later undergo transurethral resection
of the prostate (TURP) have less improvement than men randomized to
TURP initially [51]. Detrusor overactivity, a highly prevalent condition among
patients with bladder outflow obstruction, persists for long periods or appears
de novo when obstruction is left untreated [54]. The AUA guidelines recom-
mended that patients with mild symptoms of BPH (AUA symptom score <7)
and patients with moderate or severe symptoms (AUA symptom score >8)
who are not bothered by their symptoms should be managed using a strategy
of watchful waiting [52].

Pharmacotherapy
Over the last decade there has been a significant shift in practice [42], with a
33% increase in the numbers of men treated medically. This trend has been
encouraged by increased awareness by doctors and patients of the availability
of drug treatment and awareness of the potential morbidity of surgical therapy,
such as loss of sexual function and urinary incontinence [52, 55].
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Phytotherapy. Various plant extracts have been used in treating LUTS and
BPH [56]. A few short-term randomized trials and some meta-analyses show
clinical efficacy without major side effects for compounds such as Pygeum
africanum, Serenoa repens, and saw palmetto berry [56,57]. In some studies,
the efficacy of these compounds was found to be equivalent to finasteride
and a-blockers [56–58], while in others they did not improve symptoms or
objective measures of BPH [59].

Although there is some evidence showing the ability of these plant extracts
to influence prostatic hyperplasia via effects on androgen metabolism [60]
or on growth factor signaling pathway [47], the durability remains unproven,
and their efficacy and exact molecular mechanism of action remain unclear
[58, 60, 61].

�-Adrenergic Blockade. A-adrenoreceptor blockade has become one of the
mainstays of treatment for symptomatic benign prostatic obstruction. A-blocker
therapy is based on the hypothesis that clinical BPH is partly caused by
�-adrenergic-mediated contraction of the smooth muscle, resulting in bladder
outlet obstruction [62]. Some of the a-blockers may also cause apoptosis of
the prostatic epithelium [63]. The �1-adrenoreceptor subtypes in the prostate
have been extensively investigated; the most important is the �1� subtype
[64]. Up to 15% of patients receiving �-blockers experience mild side effects,
which include headache, dizziness, drowsiness, postural hypotension, and rarely
syncope (<1%). All �1-selective blockers in current use have a rapid onset
(within weeks) and a similar efficacy, producing a 40% increase in maximal
flow rate with significant symptom improvement [65], producing on average
a 4- to 6-point improvement in the AUA symptom index [66]. In general,
patients will perceive this level of symptom improvement as a meaningful
change [66]. A recent development is slow-release, once-daily preparations,
which provide sustained plasma concentrations and reduce side effects [67].

5-� Reductase Inhibitors. 5-� reductase enzyme is responsible for the
conversion of testosterone to dihydrotestosterone (DHT). There are two isoen-
zymes, I and II, with type II being found in high concentrations within the
prostate [68]. Finasteride, a type II 5-� reductase inhibitor, and dutasteride,
which suppresses both isoenzymes, are currently available for the treatment
of BPH. It is known that finasteride suppresses DHT by about 70% in the
serum and by 90% in the prostate. Serum DHT decreases by about 90% when
dutasteride is used [69].

Both drugs cause atrophy of the prostatic glandular epithelial cells, which
results in a 20–30% reduction in volume. Both compounds seem to work best
in men with significantly enlarged prostates. Randomized controlled trials
have shown that 5-� reductase inhibitors improve quality of life, decrease
prostatic volume, and decrease the risk of progressing to urinary retention or
prostatic surgery [70,71]. Finasteride shows a slower onset (3–6 months) but
similarly durable action compared to dutasteride [72].

When dutasteride was compared with finasteride for 1 year, the drug-
related adverse events were similar for both compounds. Finasteride results
in ejaculatory dysfunction (2–8%), loss of libido (1–10%), and impotence
(3.4–l6%) [73]. However, compared with placebo, men treated with finasteride
experienced new drug-related sexual adverse experiences with an increased
incidence only during the first year of therapy [73].
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Combined Treatment with �-Blockers and 5-� Reductase Inhibitors Recently,
the results of a multicenter, randomized, placebo-controlled double-blinded
trial (MTOPS) have shown that the combination of finasteride to doxasosin
was beneficial [23]. The combination therapy was superior to either drug
alone in reducing AUA symptom scores, in increasing median maximal flow
rates, and in reducing the likelihood of AUR and surgery. The follow-up
period of the MTOPS trial was 4.5 years, and another conclusion drawn from
this study was that finasteride needs time to reveal its beneficial therapeutic
capacity. Patients most likely to benefit from combination therapy are those in
whom baseline risk of progression is significantly higher, generally patients
with larger glands and higher prostate-specific antigen values [74].

In another study examining combination therapy, it was shown that patients
with LUTS and moderately enlarged prostates initially receiving combi-
nation therapy were likely to experience no significant symptom deterioration
after discontinuing the �-blocker following 9 to 12 months of combination
therapy [75].

Anticholinergic Medication A substantial proportion of men with LUTS
have a combination of storage and voiding symptoms, suggesting possible
coexisting bladder outlet obstruction and bladder overactivity. The latter is
traditionally treated with anticholinergic drugs. Efficacy and safety studies
of anticholinergic medication in men with LUTS/BPH are scarce and of
limited power. Preliminary data suggest that they are not associated with a
substantial risk of urinary retention or with a substantial increase in residual
urine volume [62].

Surgical Treatment

Surgical intervention is recommended for complications of LUTS such as
AUR, gross hematuria secondary to BPH, renal failure or bladder calculi
secondary to obstruction, and for severe symptoms (Table 14.3) [38].

Open Prostatectomy
Transvesical prostatectomy was popularized by Freyer in 1900 [77]. This
operation is occasionally performed today if access to the bladder is required.
Surgical mortality is less than 1% and usually secondary to rnyocardial
infarction, pneumonia, or pulmonary embolus. Retropubic prostatectomy is

Table 14.3 American Urological Association Guidelines for TURP.

A patient has a reasonable surgical risk with one or more of the following:
1. Urinary retention tine to prostatic obstruction
2. Intractable: symptoms owing to prostatic obstruction
3. Recurrent or persistent urinary tract infection related to prostatic obstruction

A patient who is a reasonable surgical risk with two or more of the
following:

1. Documented post-voiding residual urine
2. Pathophysiological changes of kidneys, ureters, or bladder caused by prostatic

obstruction
3. Abnormally low urinary flow rate or a normal flow rate, but with an

abnormally high voiding pressure secondary to outlet obstruction
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credited to Terence Millin [78] and was popularized in the late 1940s. It has
better exposure, allowing bleeding points to be visualized [78,79], and allows
more accurate division of the urethra, leading to a decreased incidence of stress
urinary incontinence. The mortality rate is less than 1%, but morbidity includes
hemorrhage, myocardial infarction, pulmonary embolism, and cardiovascular
accidents. Bladder neck contracture occurs in less than 2%, retrograde ejacu-
lation in the majority, and impotence in 15–20% of cases [79]. The post-
operative hospital stay is 5 to 7 days. Open prostatectomy is performed in
fewer than 1% of patients (usually in glands over 100 g).

TURP
TURP was pioneered in 1909 [80] and, following the development of the
resectoscope in the 1940s in the United States, increased in popularity. It
is the hallmark of the urologist, who can perform more than 98% of all
prostatectomies transurethrally. It takes 20–30 minutes to resect an average
30-g gland [80]. TURP has a mortality rate of around 0.2% to 0.4% for
elective operations [3]. Patients require a catheter for 48 hours, and the total
inpatient stay is 5 days [4]. There are few contraindications, the only clear ones
being severe mental disturbance and limited life expectancy [81]. Relative
contraindications include renal failure, extreme age, diabetes, cardiovascular
and cerebrovascular disease, respiratory failure, and detrusor underactivity
[80, 82]. Early post-operative problems include blood transfusion (2.4%),
return to surgery for bleeding (2.0%), sepsis (8.0%),and the TUR syndrome
(absorption of glycine solution with hyponatremia; <1%) [44]. Long-term
complications include urethral stricture (1–29%), bladder neck contracture,
impotence (5–10%), retrograde ejaculation (50%), and urinary incontinence
[83]. A recent randomized controlled trial has, however, shown that TURP
significantly relieves ejaculatory discomfort and pain, as compared to either
watchful waiting or laser prostatectomy, and also improves erectile function
[84]. Short-term results on bipolar transurethral resection, an innovation of
the standard resection technique using bipolar current and normal saline as the
irrigant fluid, show excellent functional outcome and reduced morbidity [85].

At present, TURP is in decline mostly due to the effectiveness of medical
treatment [86]. Urinary retention is the most common indication [86]. The
population at present is older, but this does not carry additional co-morbidity
[86] unless men are admitted as an emergency or present with prostate
cancer [3].

Acute urinary retention, acute on chronic urinary retention, and chronic
urinary retention all secondary to BPH are common in elderly men. These
conditions may be related to temporary or permanent renal impairment
[31, 36]. Compared with those patients who undergo elective prostatectomy
for symptoms alone, men presenting with acute or chronic retention have
an excessive risk of death and an increased risk of perioperative complica-
tions [87, 88].

Prompt relief of urinary retention by continuous bladder catheterization or
clean intermittent self-catheterizations before TURP may be valuable both in
patients presenting with acute retention and in those with chronic retention,
especially those with low voiding pressure [87, 88].

There are no randomized trials comparing TURP with open prostate-
ctomy. One large U.S. study appeared to find elevated long-term, age-specific
mortality rates associated with TURP [83]. This led to the establishment of
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several large prospective audits to investigate outcomes [3, 89]. It appeared
that the apparent increased mortality for TURP was because men were only
selected for open prostatectomy if they were very fit. The American Urological
Association’s indications for TURP are shown in Table 14.3. To date, TURP
remains the urological gold standard by which all new technology for the
treatment of benign prostatic obstruction needs to be assessed.

Laser Prostatectomy
In general, laser energy can be used to produce coagulation necrosis, vapor-
ization, or resection of tissue, procedures performed on the prostate commonly
referred to as transurethral laser coagulation, transurethral vaporization, and
transurethral resection/enucleation.

Early lasers included the side-firing neodymium:yttrium aluminum garnet
(Nd YAG) type (coagulation laser prostatectomy) and were fraught with
complications and lack of superiority against TURP [90, 91]. More recently,
there has been a renewed interest in Holmium laser prostatectomy. The
holmium aluminum garnet laser (Ho YAG) has characteristics making it
suitable for endourological surgery [90]. Its wavelength (2140 nm) allows
rapid absorption by water, which permits rapid vaporization of tissue to 0.4
mm and, at high energy, coagulation to a depth of 3–4 mm [90]. It may be used
as a tissue-removing modality in 3 forms: The first, holmium laser ablation
of the prostate, involves vaporization of prostate tissue using a side-firing
fiber. The second, holmium laser resection of the prostate (HoLRP), combines
laser resection of the prostate with division of the lobes into fragments small
enough to irrigate from the bladder. The third is holmium laser enucleation
of the prostate (HoLEP). In this technique, the laser acts as the finger would
in an open prostatectomy and endoscopically enucleates the prostatic lobes in
their entirety from the prostatic capsule. Then the enucleated lobes float freely
within the bladder, from which they are morcellated and extracted [91]. A new
addition to the laser field is the high-powered potassium-titanyl-phosphate
(KTP) laser. It uses a side-firing technique with a high level of energy to
cause large volumes of prostatic vaporization [92].

Good medium-term data [93]regarding laser prostatectomy show it to be
safe and effective with outcomes equivalent to TURP. It is associated with
decreased blood loss, catheter times, hospital stays, and complications [93]. It
requires more time to perform than TURP, but more prostate tissue is removed,
resulting in a similar efficiency in tissue retrieval, lower urinary tract symptom
relief, and peak urinary flow-rate improvement [93]. The disadvantages are
high start-up costs, longer procedure times, a steep learning curve [94], a
higher re-treatment rate compared to TURP [93], and the lack of long-term
results of randomized prospective studies [91, 93].

Other Minimally Invasive Procedures
Recent publications have described some interesting new therapies and
provided data concerning long-term follow-up and cost-effectiveness that
have been lacking until now [49]. These therapies include high-energy
transurethral microwave thermotherapy (HE-TUMT), which applies temper-
atures as high as 46–60 °C and causes thermal ablation of the prostate;
transurethral ethanol injection therapy, which causes chemical destruction
of the prostate; transurethral needle ablation (TUNA), which uses low-level
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radiofrequency energy to ablate the gland; Vaportrode loop, which by a vapor-
izing action using radiofrequency through a standard resectoscope vaporizes
tissue; and high-intensity focused ultrasound (HIFU), which causes coagu-
lative necrosis by delivering temperatures up to 80–100 °C [95].

Currently, among these techniques HE-TUMT seems to offer the soundest
basis for management of BPH, providing the longest follow-up and the largest
numbers of studies completed to date [95]. Several studies have shown that
it can be given as outpatient treatment. When compared to SHAM treatment,
there are subjective (mean 60% symptom score improvement) and objective
(mean 50% maximum flow-rate improvement) improvements, which are
maintained for 1 year [96]. When compared to TURP, the latter provides
greater symptom score and urinary flow improvements and fewer subsequent
BPH treatments than TUMT [97].

Conclusions

Lower urinary tract symptoms remain a common cause for men to see their
family doctor. These symptoms require careful evaluation to determine the
cause of such symptoms. The use of medical treatment allows many men
to be treated in the community. Persistent symptoms or the development of
complications such as retention or infection requires referral. Before invasive
treatment is contemplated, these men need careful assessment, at least with
flow rates, and in some instances with urodynamic pressure-flow studies,
so that they can be properly counseled about the likely benefit and risks
of surgery. The “gold standard” for surgical treatment requires removal of
the obstructing tissue to achieve durable results. This may be achieved by
transurethral prostatectomy or laser resection. Other modalities can sometimes
be used in an outpatient setting and can alleviate symptoms, but they are less
durable and less cost-effective.
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15
Urinary Tract Infection

Lindsay E. Nicolle

Introduction

Urinary infection is the most frequent bacterial infection in elderly popula-
tions. Symptomatic infection is common and is associated with morbidity
and, rarely, mortality. Most infections are, however, asymptomatic. The
heterogeneity of elderly populations means approaches to management may
differ for different groups. For instance, the management of urinary infection
may differ for women and men, and for the institutionalized and non-
institutionalized elderly. There are also unique considerations for institution-
alized elderly subjects with chronic indwelling catheters [1]. This discussion
is relevant to individuals without long-term indwelling catheters, unless stated
otherwise.

Asymptomatic bacteriuria is defined as isolation of organisms from a
urine specimen meeting a quantitative count of ≥105 CFU/mL and no
symptoms or signs attributable to infection [2]. The term “bacteriuria” is used
interchangeably with “asymptomatic urinary tract infection” in this chapter.
Recurrent urinary infection may be either reinfection or relapse. Reinfection is
recurrent urinary infection following antimicrobial therapy with an organism
isolated that is distinct from the pre-therapy isolate. Relapse is recurrent
urinary infection with similar organisms isolated pre- and post-therapy. When
relapse occurs, the organism has usually remained sequestered within the
urinary tract and was not eradicated with antimicrobial therapy.

Epidemiology

Asymptomatic Bacteriuria

The prevalence of asymptomatic bacteriuria increases markedly with age for
both men and women, reaching about 10% for women in the community over
65 years, and 5% for men over 70 years [3]. The incidence of asymptomatic
urinary infection in elderly ambulatory populations is not well studied. In one
report, 10% of 209 initially nonbacteriuric ambulatory male outpatients of a
veteran’s hospital had at least one episode of bacteriuria during a mean of 2.8
years’ follow-up [4]. Three-quarters of these episodes resolved spontaneously.

There is a remarkable prevalence of bacteriuria in institutionalized elderly
populations, at 25–50% for women and 15–40% for men [3]. The incidence
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of bacteriuria is also high, with 87 infections per 100 patient years reported in
a group of previously bacteriuric women [5]. For men resident in a veteran’s
hospital, the incidence was 45/100 patient years when urine cultures were
obtained every 2 weeks, and 10% of previously nonbacteriuric residents
become bacteriuric every 3 months [6]. Bacteriuria in residents of long-
term care facilities is dynamic. Nonbacteriuric subjects continually acquire
bacteriuria, and previously bacteriuric subjects become culture-negative [7–9].
Repeated prevalence surveys in the same institution have reported acquisition
of bacteriuria at one month in 11% of initially nonbacteriuric men, and
12% of women [8]. In another study, 8% of nonbacteriuric women acquired
bacteriuria by 6 months, and 23% by 1 year [7]. Reversion to negative urine
cultures was observed in 22% of initially bacteriuric men by 1 year [8]. For
women, 12% lost bacteriuria by one month, 31% at 6 months, and 27% at 1
year [8].

Symptomatic Urinary Infection

Symptoms consistent with urinary infection in a U.S. study of community
residents over 65 years occurred at a rate of 10.9/100 years in men and 14/100
years in women [10]. The rate was 15/100 years in subjects aged 65–74 years,
but 12/100 years in those over 75 years. In a prospective study, symptomatic
urinary infection, usually microbiologically confirmed, was 7/100 years for
postmenopausal women aged 55 to 75 years [11]. The rate was 6.2/100 years
in a cohort of 29 ambulatory elderly male veterans with bacteriuria [4] and
was 32.3/100 years in women residents of a geriatric apartment with prior
asymptomatic bacteriuria [12].

The incidence of symptomatic urinary infection in long-term-care facilities
has been reported to vary from 0.1 to 2.4/1000 resident-days [13]. The wide
variation reflects differences in patient populations and different surveillance
definitions for symptomatic infection. With restrictive definitions requiring
localizing genitourinary symptoms and a positive urine culture, the incidence
is as low as 0.1 to 0.15 per bacteriuric year for men or women [5,6]. Episodes
of fever attributed to urinary infection in noncatheterized nursing home
residents occur at a frequency of 0.5 to 1/1000 resident-days using restrictive
diagnostic criteria [14], but 6/1000 patient-days when less restrictive criteria
are used [15]. From 8–30% of transfers from long-term care to an acute
care facility are precipitated by urinary infection [13]. In addition, urinary
infection is the most frequent reason for prescribing antimicrobial therapy in
long-term-care facilities [16].

Morbidity and Mortality

Morbidity of symptomatic infection occurs along a continuum of relatively
mild voiding discomfort to more severe symptoms, with a spectrum from
disruption in daily activities to hospitalization. Specific measurement of the
impact with urinary infection is not, however, well documented. Hospital-
ization for acute pyelonephritis in a Canadian province was 10–15/10,000
population for subjects over 70 years, and 1.3 times more frequent in women
than men [17]. For the institutionalized population, deterioration in functional
status is another measure of morbidity [18], but symptomatic infection is
rarely identified as a direct cause of mortality.
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No long-term adverse outcomes such as renal failure or hypertension have
been attributed to asymptomatic bacteriuria [3]. In addition, while chronic
genitourinary symptoms are frequent in bacteriuric institutionalized subjects,
these are not attributable to urinary infection [19, 20]. Despite a high preva-
lence of infection with urease-producing organisms such as Proteus mirabilis,
complications of urolithiasis have not been reported to be a common problem
in institutionalized populations. Early reports from Greece and Finland, in
the 1970s, found an association of asymptomatic bacteriuria and decreased
survival for elderly men and women. Subsequent studies in both community
and institutionalized elderly populations in Finland, the United States, and
Canada have not confirmed this observation. Thus, asymptomatic bacteriuria
is not currently considered to be associated with decreased survival [3].

Pathogenesis

Route and Site of Infection

The reservoir for infecting organisms is usually the normal gastrointestinal
flora. Organisms colonize the periurethral area and ascend the urethra into
the bladder, leading to infection. These organisms also may ascend to the
kidney and, in men, to the prostate. In the normal genitourinary tract, inter-
mittent, complete voiding is the preeminent host defense to limit urinary
infection. Any structural or functional abnormality of the genitourinary tract
that impairs voiding increases the risk of urinary infection [21]. Many abnor-
malities, including urethral or ureteric strictures, bladder diverticuli, and cysto-
celes, are more common in older populations. About one-half of bacteriuric
elderly women have infection localized to the upper tract (kidney), with
renal localization more frequent with increasing age and in residents of
nursing homes [3]. The proportion of men with a prostatic site of infection
is not known, but is likely substantial. Rarely, urinary infection occurs by
hematogenous spread, following bacteremia from a non-urinary source.

Host Factors

Community Elderly Populations
The host factors promoting recurrent urinary tract infection in postmenopausal
women living in the community include genetic associations similar to
younger populations with acute uncomplicated urinary infection, as well as
abnormalities of the genitourinary system associated with complicated urinary
tract infection (Table 15.1) [22,23]. For postmenopausal women, the strongest
predictor of urinary tract infection is any history of prior urinary infection
[22, 23]. This is consistent with a life-long genetic predisposition for some
women, part of which is attributable to nonsecretor status [22]. Sexual activity
is not associated with recurrent infection for postmenopausal women [23].
Prior genitourinary surgery, incontinence, cystoceles, and diabetes have been
reported to be associated with infection in some studies [22,23]. All of these
variables are consistent with voiding abnormalities and complicated urinary
tract infection.

Prostatic hypertrophy is the most important host factor contributing to
urinary infection for elderly men in the community. Prostatic hypertrophy
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causes urethral obstruction and turbulent urine flow, facilitating ascension of
organisms into the bladder and prostate [24]. Once bacteria are established
in the prostate, they are difficult to eradicate because of restricted diffusion
of antimicrobials into the prostate and the development of prostate stones
with aging. These stones provide a nidus where bacteria survive within a
relatively protected environment. Relapse of urinary infection with bacteria
re-emerging from a prostatic focus is common, although months or even years
may intervene between episodes [6].

Long-Term-Care Residents
The major predictor of bacteriuria in the institutionalized elderly man or
woman is functional impairment, including incontinence of bladder and bowel,
immobility, and dementia (Table 15.1) [3, 7, 25]. Impaired bladder emptying
is a common accompaniment of chronic neurological diseases that often
precipitate the need for institutional care. These include Alzheimer’s disease,
Parkinson’s disease, and cerebrovascular disease. Other chronic diseases
including diabetes, as well as specific medication use, have not been associated
with bacteriuria in the institutionalized population. Men who have inconti-
nence managed with external condom-collecting devices have an increased
prevalence of bacteriuria [26]. In these residents, bacteria colonizing the
periurethral area may ascend into the bladder, particularly if there is kinking
or obstruction of the drainage tube.

Immune and Inflammatory Response
There is a local and systemic host response to symptomatic urinary infection
in the elderly [3]. Inflammation in the urinary tract is evidenced by pyuria,
elevated urinary cytokine levels, and an immune response by local production
of urine antibody to the infecting organism. Urinary infection with systemic
manifestations, such as fever, is associated with elevated C-reactive protein
and serum cytokine levels including il6, and a systemic antibody response to

Table 15.1 Host Variables Associated with Urinary ract Infection
in an Elderly Population.

Community

Women Past history urinary infection
Secretor status
Diabetes on treatment
Incontinence
Cystoceles

Men Prostatic hypertrophy

Institutionalized men or women Age
Functional status
↓ Mental status
Immobility
↑ Co-morbidi
↑ Medications
Incontinence urine
Incontinence bowel
Condom catheter
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the infecting organism develops. These inflammatory markers normalize as
systemic symptoms resolve with effective antimicrobial treatment.

Elderly subjects with asymptomatic bacteriuria also usually have evidence
for a local inflammatory and immune response. Over 90% of institutionalized
men or women with asymptomatic bacteriuria have pyuria [3, 27, 28]. Pyuria
has not been shown to have any prognostic significance in the bacteriuric
elderly [29]. Pyuria is also present in as many as 30% of institutionalized
subjects without bacteriuria, presumably secondary to other inflammatory
processes of the genitourinary tract [27]. Urinary antibody and cytokines such
as IL1 �, IL6, or IL8 are also elevated in a high proportion of subjects [3].
About one-third of those with asymptomatic bacteriuria also have elevated
serum antibody levels to their infecting uropathogens. All of these findings
persist while bacteriuria persists.

Microbiology

Escherichia coli is the most frequent organism isolated from urinary infection
in ambulatory elderly women [3] (Table 15.2). Symptomatic renal infection
(pyelonephritis) is highly associated with virulence characteristics of the
infecting organism. Gram-negative organisms other than E. coli, and Gram-
positive organisms such as Staphylococcus epidermidis, are isolated more
frequently in men. E. coli remains the most frequent infecting organism in
institutionalized women, although proportionally less common than in nonin-
stitutionalized women. P. mirabilis is usually the most frequent organism
isolated from institutionalized men. Other Gram-negative organisms are
common in institutionalized populations, including Enterobacteriaceae such as
Klebsiella pneumoniae, Serratia spp., Citrobacter spp., Enterobacter spp., and
Morganella morganii. Providencia stuartii is an organism isolated virtually
only from institutionalized subjects. Pseudomonas aeruginosa is common,

Table 15.2 Distribution of Infecting Bacteria Isolated from Elderly Populations with Asymptomatic
Urinary Infection.

Population (% of Isolates)
Asymptomatic Symptomatic

Community Institutionalized Community Institutionalized

Organism Women Men4 Women5 Men6 Female30 Female*31 Male32

E. coli 68% 19% 47% 11% 71% 39% 11%
P. mirabilis 0.8% 4.7% 27% 30% — 26% 17%
Klebsiella pneumoniae 10% 4.7% 6.8% 5.9% 16% 9.0%
Citrobacter spp. — — 2.6% 2.5% — 1.7% 8.6%
Enterobacter spp. — 1.7% 0.9% 1.7% — 2.1% —
Providencia spp. — — 6.8% 16% — —

}
4.8% 2.9%

Morganella morganii — — 1.7% 2.5% —
Pseudomonas aeruginosa — 4.7% 5.1% 19% — 5.5% 23%
Group B streptococci 10% — — 1.7% — 2.4% 2.9%
Enterococcus spp. 4.8% 25% 6.0% 5% — 5.5% 8.6%
Coagulase negative staphylococci 5.6% 39% 0.9% 1.7% — 2.1% 5.7%
Staphylococcus aureus — — — 2.5% — 2.1% 2.9%

* Includes 19 men.
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as are some Gram-positive organisms including Enterococcus spp. Group
B streptococcus may be more frequent in diabetic subjects. Polymicrobial
bacteriuria occurs in 10–25% of bacteriuric institutionalized elderly subjects.

Bacterial isolates from urinary infection in institutionalized populations are
generally more resistant to antimicrobials than those isolated from elderly
subjects in the community [13, 33]. This is attributed to intense exposure
to antimicrobials for both urinary and other infections in the institutional
population, together with opportunities for transmission of organisms given
the close proximity of patients and shared caregivers [34].

Clinical Presentation

Symptomatic Urinary Infection

The clinical presentation of symptomatic infection for well elderly subjects
living in the community is similar to younger populations (Table 15.3).
Acute cystitis presents with lower tract irritative symptoms including dysuria,
frequency, urgency, and suprapubic discomfort. New or increased inconti-
nence is a common presenting symptom for the elderly. Acute pyelonephritis
presents with costovertebral angle pain and tenderness, often with fever and
associated lower tract symptoms. Men with prostatic infection may present
with recurrent episodes of infection, both symptomatic and asymptomatic,
following relapse from a prostatic source.

The clinical diagnosis of symptomatic urinary infection in the highly
functionally impaired institutionalized elderly may be problematic [16, 35].
Communication is limited because of hearing loss, dysarthria, or mental
impairment, and chronic symptoms associated with co-morbid illnesses
complicate clinical assessment. Many residents with chronic genitourinary
symptoms have a positive urine culture given the high prevalence of
bacteriuria in institutionalized residents. However, chronic genitourinary
symptoms persist when bacteriuria resolves and should not be attributed to

Table 15.3 Clinical Presentations of Symptomatic Urinary ract Infection in Elderly
Populations.

Probable urinary infection:
• acute lower tract irritative symptoms (frequency, dysuria, urgency, increased incontinence)
• acute pyelonephritis (fever, flank pain, and tenderness)
• fever with localizing genitourinary signs or symptoms, including

• urinary retention or obstruction of the urinary tract
• chronic indwelling urethral catheter
• hematuria

Unlikely urinary infection:
• fever without localizing genitourinary signs or symptoms, noncatheterized patient
• gross hematuria without fever
• clinical deterioration without localizing genitourinary signs or symptoms

Nonsymptomatic urinary infection:
• chronic incontinence
• other chronic genitourinary symptoms
• foul-smelling urine
• cloudy urine
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urinary infection [19]. New acute symptoms, or acute deterioration in chronic
symptoms such as incontinence, may be attributable to urinary infection.

About 75% of institutionalized subjects with an episode of gross hematuria
are bacteriuric [36]. Hematuria is invariably explained by urolithiasis, tumors,
or trauma from an indwelling catheter. Bacterial hemorrhagic cystitis is an
uncommon cause of gross hematuria: it was measured at only 6.3/100,000
resident-days in one study. However, secondary systemic infection may occur
when hematuria from any cause develops in bacteriuric subjects. As many
as 30% of institutionalized subjects presenting with gross hematuria will
subsequently become febrile.

Clinical Deterioration Without Localizing Symptoms

A diagnosis of “urinary infection” is frequently made for any bacteriuric
long-term-care facility resident with “nonspecific” decline in clinical status
but no localizing signs or symptoms [16, 37]. With the high prevalence of
bacteriuria in this population, a positive urine culture is not sufficient for
a diagnosis of symptomatic urinary infection in the absence of localizing
genitourinary signs or symptoms. Fever without a clinically apparent source is
also a problematic clinical presentation in bacteriuric residents. As the usual
prevalence of positive urine cultures is as high as 50%, attributing fever to
urinary infection on the basis of a positive urine culture, without concomitant
localizing clinical findings, is usually an incorrect diagnosis. Only about
10% of episodes of fever in noncatheterized residents without localizing
genitourinary findings are from a urinary source [14]. Thus, a diagnosis
of urinary infection with this clinical presentation will be incorrect for as
many as 90% of such episodes. Clinical features to discriminate between a
urinary and non-urinary source have not been identified, beyond the presence
of an indwelling catheter. Thus, the diagnosis of urinary infection in the
febrile institutionalized resident without localizing findings is a diagnosis of
exclusion [35, 38].

An unpleasant urinary odor and cloudy urine are sometimes interpreted as
symptomatic infection, and antibiotics initiated. Odor may be a concomitant of
urinary infection, likely due to polyamine production by infecting organisms
in the urine. However, not all malodorous urine is attributable to bacterial
infection, and infected urine is not universally malodorous [35]. Addressing
unpleasant urinary odor is a problem of continence management, rather than
infection. Cloudy urine may be due to pyuria or crystals and is also not an
indication of symptomatic infection.

Laboratory Evaluation

Microbiological Diagnosis

A urine specimen for culture obtained prior to initiation of antimicrobial
therapy is necessary to confirm a diagnosis of urinary infection. The urine
culture also facilitates appropriate antimicrobial selection through organism
identification and susceptibility testing. A positive urine culture cannot
differentiate symptomatic from asymptomatic infection, but a negative urine
culture obtained prior to initiating antimicrobial therapy effectively excludes
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a diagnosis of urinary infection [38]. Urine culture should be obtained for
all elderly men with a clinical diagnosis of urinary infection, and all elderly
women who are institutionalized or with a clinical presentation consistent
with pyelonephritis or complicated urinary infection [38]. Pre-therapy culture
may not be consistently required for well ambulant women presenting with
characteristic symptoms of cystitis and who have not recently received antimi-
crobial therapy. Such women should also, however, have a pre-therapy
culture obtained if the diagnosis is uncertain, or if failure of therapy or early
symptomatic recurrence following therapy occurs.

An accurate microbiologic diagnosis of urinary infection requires an
optimally collected and transported urine specimen from which a uropathogen
is isolated in appropriate quantitative counts. Two consecutive specimens with
the same organism(s) isolated at ≥105 CFU/mL are the criteria for diagnosis
of asymptomatic bacteriuria in women. For symptomatic infection, a single
specimen with ≥105 CFU/mL is consistent with infection [39]. Lower quanti-
tative counts of ≥104 CFU/mL of a single organism are generally considered
sufficient for microbiological diagnosis for patients with a clinical presen-
tation of acute pyelonephritis or for men with symptomatic infection. Lower
quantitative counts may also be consistent with infection in selected clinical
settings including renal failure, diuretic therapy, or with some uncommon
infecting organisms (e.g., Candida albicans). The urine culture may, rarely,
be negative in patients infected with unusual pathogens (such as Hemophilus
influenzae or Ureaplasma urealyticum) or when infection is proximal to a site
of complete obstruction. The most common reason for a negative urine culture
in an infected patient, however, is specimen collection after antimicrobial
therapy has been initiated.

When functional limitations interfere with optimal voided specimen
collection from elderly subjects, a collection method that limits contami-
nation from colonizing genital organisms must be used. Clean-catch voided
urine specimens can usually be obtained from men. Where external urine-
collecting devices are used for continence management, urine specimens can
be collected from a clean condom and drainage bag applied after appropriate
cleaning of the glans [40, 41]. A quantitative count of ≥105 CFU/mL is
required to diagnose infection for specimens collected using external devices;
lower quantitative counts should be interpreted as contamination. If voided
urine specimens cannot be collected from women, in and out catheterization
should be used when a specimen is necessary for clinical management [38]. A
quantitative count of ≥103 CFU/mL of organisms is sufficient for microbio-
logic diagnosis for a specimen obtained by catheterization. Collection methods
using “pedi bags” or bedpans are subject to contamination and cannot be
recommended for specimen collection for urine culture.

Other Diagnostic Tests

Urinalysis for pus cells or leukocyte esterase dipsticks identify pyuria, rather
than bacteriuria. Nitrate dipstick tests also identify bacteriuria for common
infecting organisms. These tests may have low sensitivity for bacteriuria and,
if positive, do not differentiate symptomatic from asymptomatic infection [42].
A negative test for pyuria does, however, have high specificity and is useful
in excluding urinary infection [38]. Blood cultures to document bacteremia
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and confirm the infecting organism should be obtained from patients with
severe clinical presentations such as high fever, hemodynamic instability, and
acute confusional states.

Antimicrobial Management

Asymptomatic Infection

While studies directly evaluating antimicrobial therapy for asymptomatic
infection in elderly individuals in the community are limited, available studies
consistently report no benefits with antimicrobial therapy. Several prospective
cohort studies and one randomized placebo-controlled study have enrolled
both pre- and postmenopausal women, with no benefit with antimicrobial
treatment identified and no reported differences in outcome with age [2]. A
randomized trial of antimicrobial therapy in female residents of a geriatric
apartment reported that treatment of asymptomatic bacteriuria decreased the
prevalence of bacteriuria at 6 months’ follow-up, but did not decrease the
frequency of symptomatic episodes [12].

For the institutionalized elderly, prospective, randomized trials of antimi-
crobial therapy or no treatment for asymptomatic bacteriuria have consis-
tently reported no benefits with therapy. There is no decrease in subsequent
symptomatic episodes, no improvement in survival, and no improvement
in chronic symptoms such as incontinence [2, 5, 6, 20, 43]. At least 50% of
treated subjects will be bacteriuric again by 4 to 6 weeks following antimi-
crobial therapy. Treatment is associated with negative outcomes, including
increased frequency of adverse drug effects, emergence of infection with more
resistant organisms, and increased cost. Thus, asymptomatic bacteriuria in the
institutionalized elderly should not be treated. As treatment is not indicated,
screening for asymptomatic bacteriuria or pyuria is also not indicated [2].

Screening for and treatment of asymptomatic bacteriuria for all elderly
subjects is recommended prior to an invasive genitourinary procedure with
a high risk of mucosal trauma and bleeding [2]. Prophylactic antimicrobial
therapy initiated prior to the procedure will prevent postprocedure bacteremia
and sepsis [44].

Symptomatic Urinary Infection

Antimicrobial Use
Ideally, results of the urine culture and susceptibility testing will be available
when antimicrobial therapy is initiated for symptomatic infection. This allows
selection of a specific antimicrobial agent. However, this goal is usually
realistic only for subjects with relatively mild symptoms. For elderly patients
presenting with moderate or severe urinary symptoms, empirical therapy will
usually be initiated pending results of urine culture. Parenteral antimicrobial
therapy is required for more severe clinical presentations including hemody-
namic instability, severe nausea and vomiting, or uncertain gastrointestinal
absorption. The majority of symptomatic episodes, however, are adequately
managed with oral therapy.

Given the difficulty in definitively diagnosing symptomatic infection in
the functionally impaired long-term-care facility resident, consensus guide-
lines suggesting when antimicrobial therapy should be initiated have been
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developed [45]. These suggest, for the noncatheterized patient, that antimi-
crobial therapy should be initiated for presumed urinary infection only if there
is either acute dysuria or fever (>39.9 °C) accompanied by at least one local-
izing genitourinary symptom such as new or worsening urgency, frequency,
suprapubic pain, gross hematuria, costovertebral angle tenderness, or urinary
incontinence.

Once urine culture results of the specimen collected prior to initiation of
empirical therapy become available, usually 48–72 hours after collection,
antimicrobial therapy should be reassessed. Where appropriate, therapy should
be altered to complete the course of treatment based on the results. Patients in
whom parenteral therapy was initiated should also be reassessed at this time,
and changed to oral therapy to complete the therapeutic course if the clinical
response is satisfactory and oral therapy can be tolerated.

Antimicrobial Selection
Considerations relevant to selection of a specific antimicrobial for treatment
of urinary infection are similar for elderly and younger populations [46].
Consistent alterations in antimicrobial pharmacokinetics occur with aging,
including increased volume of distribution and decreased renal clearance.
These are not of sufficient consistency or magnitude, however, to require
antimicrobial selection or dose to be altered on the basis of age alone. Antimi-
crobial choice is determined by appropriateness of the agent for treatment
of urinary infection, known or presumed susceptibilities of the infecting
organism, whether oral or parenteral therapy is indicated, patient tolerance,
and renal and hepatic function. Antimicrobial cost is also often a consider-
ation. The history of any recent prior antimicrobial therapy should also be
considered, as there is an increased likelihood of reinfection with an organism
resistant to recent antimicrobial therapy.

When initial treatment with parenteral therapy is indicated, aminoglyco-
sides such as gentamicin or tobramycin remain the antibiotics of choice [47].
Ampicillin or vancomycin may be added if enterococcal infection is a
concern. After assessment of the initial response to therapy, and when the
pretherapy urine culture and susceptibility results are known, a decision
to continue aminoglycoside therapy, change to alternate parenteral therapy,
or complete the therapeutic course with oral therapy is made. Ototoxicity
and nephrotoxicity with aminoglycoside therapy are unlikely when therapy
is limited to 48–72 hours’ duration. Many other parenteral antimicrobials
are also effective, including fluoroquinolones (ciprofloxacin, levofloxacin,
gatifloxacin) and extended-spectrum beta lactam antimicrobials (cefotaxime,
ceftazidime, piperacillin) (Table 15.4). These may be selected depending
on a patient’s characteristics such as renal function, or local antimicrobial
susceptibilities.

The preferred oral therapy (Table 15.5) for urinary infection with
susceptible Gram-negative organisms remains trimethoprim/sulfamethoxazole
(TMP/SMX), as this is a relatively inexpensive agent and there is extensive
clinical experience with its use [47]. Some countries, including Sweden and
the UK, have restricted use of trimethoprim/sulfamethoxazole because of
concerns about sulfa allergy. Where sulfa allergy precludes use of the combi-
nation, trimethoprim alone may be used. There is, however, an increasing
prevalence of trimethoprim and TMP/SMX resistance globally, and local or
institutional organism susceptibilities should always be considered in selection
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Table 15.4 Parenteral Antimicrobial Regimens for the reatment of Urinary
ract Infection.

Agent Dose*

Preferred:
Gentamicin 1–1.5 mg/kg q8hr or 4–5 mg/kg q24hr
Tobramycin 1–1.5 mg/kg q8hr or 4–9 mg/kg q24hr
Ampicillin** 1g q4–6hr
Cefazolin 1–2 g q8hr

Other:

Trimethoprim-sulfamethoxazole 160/800 mg bid
Piperacillin 3g q4hr
Piperacillin/tazobactam 4g/500 mg q8hr
Cefotaxime 1–2 g q8hr
Ceftriaxone 1–2 g q24hr
Cefepime 2g q12hr
Ceftazidime 0.5–2g q8hr
Aztreonam 1–2 g q6hr
Meropenem 500 mg q6hr
Ertapenem 1 g q24hr
Amikacin 5mg/kg q8hr or 15mg/kg q24hr
Vancomycin** 500 mg q6hr or 1g q12hr
Ciprofloxacin 400 mg q12hr
Levofloxacin 500 mg q24hr
Gatifloxacin 400 mg q24hr

* Doses for normal renal function.
** For Gram-positive organisms.

Table 15.5 Oral Antimicrobial Regimens for reatment of Acute Urinary ract
Infection.

Agent Dose*

First line
Trimethoprim/sulfamethoxazole 160/800 mg bid
Trimethoprim 100 mg bid
Nitrofurantoin 50–100 mg qid or 100 mg bid
Amoxicillin** 500 mg tid

Other

Amoxicillin/clavulanic acid 500 mg tid
Cephalexin 500 mg qid
Cefaclor 500 mg qid
Cefadroxil 1 g od or bid
Cefixime 400 mg od
Cefuroxime axetil 250 mg bid
Cefpodoxime proxetil 100–400 mg bid
Norfloxacin 400 mg bid
Ciprofloxacin 250–500 mg bid
Ofloxacin 200–400 mg bid
Levofloxacin 250–500 mg od
Gatifloxacin 400 mg od

* Doses for normal renal function.
** For susceptible Gram-positive organisms.
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of empirical therapy. Nitrofurantoin remains an appropriate antimicrobial for
treatment of selected episodes of lower tract infection. This agent should not
be used for patients with renal infection or renal failure and is not effective
for infection with Klebsiella pneumoniae, P. mirabilis, or P. aeruginosa.
Nitrofurantoin is, however, usually effective for infection with Enterococcus
spp., including vancomycin-resistant enterococci. Amoxicillin is indicated for
the treatment of infections with susceptible Gram-positive organisms, such as
group B streptococci or enterococci. There is a high prevalence of resistance
of Gram-negative organisms to amoxicillin, so this agent is not appropriate
for empirical therapy. Many cephalosporins are also effective, but are not
generally recommended as first-line agents because of their relatively broad
spectrum of activity and, often, increased cost. In addition, about 30% of E.
coli bacteria in the community are resistant to cephalexin. Other effective
agents with a wider bacterial spectrum include amoxicillin/clavulanic acid,
oral extended-spectrum cephalosporins, and fluoroquinolones. In long-term-
care facilities, the prevalence of fluoroquinolone resistance in Gram-negative
organisms is increasing [34]. The strongest association of isolation of a
fluoroquinolone-resistant enterobacteriaceae or P. aeruginosa in these settings
is prior therapy with a fluoroquinolone antibiotic.

Duration of Therapy
Treatment of symptomatic bladder infection in elderly women may be less
effective than younger women. This observation is consistent for any duration
of therapy, but shorter courses of therapy, such as a single dose or 3 days,
may be proportionately less effective than 7-day courses for older women
[48]. A recent study, however, reported that 3 and 7 days of ciprofloxacin
gave similar cure rates for selected ambulatory elderly women presenting
with symptoms of acute cystitis and without underlying complicating factors
[30]. Thus, 3 days’ therapy is recommended for women meeting these charac-
teristics. Presumably, women with a complicated infection should receive 7
days of therapy, but studies defining the optimal duration of therapy have
not been reported. Women with renal infection and men with acute urinary
infection should receive 10–14 days of therapy. More prolonged antimicrobial
therapy may be considered, rarely, for selected patients. For men with early
recurrent infection from a prostatic source, re-treatment with therapy of 6
or 12 weeks will achieve higher cure rates, and these longer courses are
recommended [49, 50].

Suppressive antimicrobial therapy is given to prevent recurrent
symptomatic episodes or progressive renal damage in subjects in whom
infection cannot be eradicated. Clinical scenarios may include recurrent
invasive infection in the presence of an underlying genitourinary abnormality
that cannot be corrected, persistent infection stones where stone removal is
incomplete, or frequent symptomatic recurrences from a prostatic source. This
approach is appropriate only for carefully selected patients. Antimicrobial
selection in these cases is based on susceptibilities of the known infecting
organism. Continuing antimicrobial therapy should be reevaluated intermit-
tently to ensure it remains appropriate and effective. For a small number of
patients, therapy may need to be continued indefinitely.
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Outcome Following Therapy

The usual microbiological cure rate at 4–6 weeks’ post-therapy for ambulatory
elderly women with a normal genitourinary tract is 70–80%. For ambulatory
men with prostate infection, cure is only 40–50% at 4–6 weeks, even with
more prolonged therapy [49, 50]. Prostatic infection may also be associated
with very late relapses, occurring a year or more after therapy. Outcomes
following treatment of institutionalized men or women are similar to other
populations with complicated urinary infection. Recurrent infection, either
relapse or reinfection, occurs by 4–6 weeks in about 50% of therapeutic
courses. Thus, high post-therapy failure rates are the norm.

Post-therapy recurrence may be symptomatic or asymptomatic. The goal
of treatment of urinary infection for any elderly population is to ameliorate
symptoms, not to sterilize the urine. Thus, post-therapy urine cultures are not
indicated unless urinary symptoms have persisted or recurred.

Prevention

Asymptomatic Infection

Thehighprevalenceofbacteriuria inelderlypopulations isattributable togenetic
variables, aging changes, and associated co-morbidities. Most of these variables
are not modifiable, so prevention of asymptomatic infection is likely not feasible
for most individuals [16]. General measures such as optimizing management
of co-morbid illnesses and nutritional status are clearly desirable in elderly
populations, but there is no evidence that these interventions limit bacteriuria.

Ingesting large quantities of cranberry juice is a proposed strategy to
decrease bacteriuria in institutionalized women. A suppressive effect of
cranberry juice could be mediated through an antiseptic effect of hippuric
acid or interference with bacterial adherence. In a study of female residents
in a long-term-care facility, daily cranberry juice intake was reported to
decrease the prevalence of bacteriuria with pyuria compared with placebo [51].
However, neither bacteriuria itself nor symptomatic episodes were decreased,
and the initial randomization was unbalanced, with individuals in the placebo
group having a higher prior frequency of infection. Thus, a benefit of cranberry
juice or other cranberry products remains unproven for elderly populations.

Devices used for incontinence management contribute to the acquisition of
bacteriuria. These include condom catheter drainage, intermittent catheteri-
zation, and indwelling urethral catheters. Avoidance or limitation of use of
these devices should be effective in decreasing the frequency of bacteriuria.
For the individual elderly subject, however, this may not be achievable, as
continence management requires consideration of goals other than bacteriuria,
and use of these devices may not be avoidable.

Symptomatic Infection

Some elderly ambulatory women experience frequent recurrent episodes of
acute cystitis. Where such episodes are of sufficient frequency to be distressing
to the patient or interfere with daily activities, long-term low-dose prophy-
lactic antimicrobial therapy may be effective to prevent recurrence [52].
Prophylactic therapy is usually taken at bedtime, and initially continued for 6
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months or 1 year. This approach is appropriate only for women without under-
lying genitourinary abnormalities. It is not recommended for institutionalized
women, as virtually all of these will have complicating factors.

The postmenopausal period is associated with estrogen decline and alter-
ations in the genital mucosa and vaginal microflora. The lactobacilli that
predominate in premenopausal vaginal flora and maintain the acidic pH are
replaced by potential uropathogens such as E. coli as the pH increases [53].
These changes may contribute to an increased risk for urinary infection.
Estrogen replacement therapy returns the flora to lactobacillus predominance
and, theoretically, decreases the frequency of infection. The clinical evidence
to support the use of estrogen replacement to prevent infection is, however,
conflicting. Two prospective randomized trials of topical vaginal estrogen,
one with estriol and one with estradiol, have reported a benefit in decreasing
symptomatic episodes in women with frequent recurrent infection [54,55]. A
third prospective randomized trial using a vaginal pessary with estriol reported
no benefit [56], and a prospective observational study reported an increased
frequency of urinary infection with the use of topical estrogen [11]. Studies
evaluating systemic estrogen, including randomized clinical trials [57, 59],
prospective observational studies [8], and case control studies [60], have
consistently reported no reduced frequency of urinary infection in women
receiving estrogen. In fact, some studies report an increased frequency of
infection, potentially attributable to increased frequency of sexual intercourse,
for women on estrogen replacement [8]. Thus, the role of estrogen therapy
in managing recurrent urinary infection in postmenopausal women remains
controversial. Any benefit is restricted to topical preparations, and the optimal
agent, dose, and population that will benefit require further investigation.

There is an increased risk for invasive urinary infection with obstructing
lesions such as prostatic hypertrophy, ureteric strictures, or urolithiasis.
Prompt evaluation and early intervention to ensure adequate drainage should
be effective in decreasing invasive infection. Antimicrobial therapy prior
to an invasive procedure prevents postprocedure bacteremia and sepsis in
bacteriuric subjects with a high likelihood of mucosal bleeding [44]. Antimi-
crobial therapy is initiated immediately prior to the invasive procedure,
preferably within one hour, and not continued after the procedure. Such
procedures include cystoscopy and transurethral resection of the prostate in
men, and stent or nephrostomy tube insertion or mucosal biopsies in men and
women. Replacement of a long-term indwelling urethral catheter is not an
indication for antimicrobial therapy [61, 62].

When intermittent catheterization is used for bladder emptying, the
frequency of bacteriuria and antimicrobial treatment for symptomatic urinary
infection is similar in subjects whether a sterile or clean technique is used for
catheterization [63]. Thus, in the long-term-care setting, a clean technique is
appropriate and less costly.

Long-Term Indwelling Catheters

Epidemiology

From 5 to 10% of elderly residents of institutions have voiding managed
with long-term indwelling catheters [1,64]. The usual indications for chronic
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catheterization are urinary retention and continence management. A higher
proportion of women have chronic catheters, as external collecting devices for
continence control are not an option. A resident with a long-term indwelling
catheter is always bacteriuric, usually with two to five organisms [65].
Morbidity from urinary infection is increased in these individuals. Febrile
urinary infection, often without other localizing findings, is the most common
clinical presentation of symptomatic infection [15]. Other complications
include urolithiasis, particularly bladder stones, and local complications such
as urethral abscesses. Renal inflammation consistent with acute pyelonephritis
is present at autopsy more frequently in elderly subjects with a chronic
indwelling catheter compared to bacteriuric individuals without catheters [66].
Because of the increased risk of complications, chronic indwelling catheters
should only be used when there are compelling clinical indications, and the
need for continued use in a given patient should be repeatedly reassessed.
Residents with an indwelling urinary catheter also have increased mortality
compared to noncatheterized residents, but this difference is likely attributable
to greater co-morbidities and impaired functional status of catheterized
residents, rather than being directly attributable to catheterization.

Microbiology

The indwelling catheter becomes coated with a bacterial biofilm consisting
of microorganisms, extracellular polysaccharide, and urine components
including metal ions and Tamm-Horsfall protein [67]. Organisms in the
biofilm environment are relatively protected from both antimicrobials and
the host immune response. Urine specimens obtained for culture through the
catheter reflect the bacteriology of the catheter biofilm, rather than bladder
urine [68, 69]. The indwelling catheter should be changed, and a urine
specimen obtained through the newly inserted catheter, prior to initiating
antimicrobial treatment. This ensures that bladder urine rather than biofilm
is sampled for culture. Biofilm is also the cause of encrustation and catheter
blocking, which is a problem for some patients [70]. Obstruction is usually
caused by concretions formed by urease-producing organisms including P.
mirabilis or P. stuartii. The biofilm also provides an environment within
which organisms may persist during antimicrobial therapy, serving as a
reservoir for organisms causing relapse following therapy.

Clinical Presentation

Symptomatic urinary infection in subjects with an indwelling urethral catheter
is most frequently manifested by fever [15]. There may be localizing signs
such as obstruction or catheter bypassing, or evidence of trauma to the mucosa,
such as hematuria. In the absence of localizing findings, the diagnosis of
urinary infection is presumptive. Fever without localizing signs or symptoms
is more likely of urinary origin in patients with chronic indwelling catheters
than bacteriuric subjects without catheters [14]. However, the urinary tract
is still the source of fever in a minority of catheterized individuals, about
30–40% of such episodes. The consensus guideline suggests antimicrobial
therapy should be initiated for presumed urinary infection in patients with
a chronic indwelling catheter if one or more of temperature >39.9 °C, new
costovertebral angle tenderness, rigors, or new delirium are present [43].
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Treatment

Subjects with a chronic indwelling catheter have a high likelihood of
emergence of resistance in infecting urinary organisms when antimicrobial
therapy is given for any indication. Antimicrobial treatment of asymp-
tomatic bacteriuria in a catheterized patient results in a significant increase
in reinfection with more resistant organisms compared to no treatment, but
no decrease in episodes of symptomatic urinary infection [71]. Thus, asymp-
tomatic subjects should not be treated. Pyuria is universal in subjects with a
chronic indwelling catheter and is not an indication for antimicrobial therapy.

The selection of antimicrobial therapy for symptomatic infection in
elderly catheterized subjects is similar to other elderly populations with
urinary infection. Where possible, antimicrobial therapy should be withheld
pending urine culture results. If empirical therapy is initiated prior to culture
results’ becoming available, the antimicrobial choice should be reassessed
once the infecting organism and susceptibilities are known. The catheter
should be changed immediately prior to institution of antibiotics to facilitate
urine specimen collection and improve therapeutic outcomes [72]. Catheter
replacement immediately prior to therapy results in more rapid resolution of
fever and a lower frequency of symptomatic relapse. The duration of therapy
should be as short as possible, to limit emergence of resistant organisms;
usually 7 days if a prompt clinical response occurs. There are no clinical
studies, however, that define the optimal length of therapy.

Prevention

Currently, specific interventions to decrease the frequency of bacteriuria or
complications of urinary infection in elderly subjects with chronic long-term
indwelling catheters have not been defined. Catheter care to avoid obstruction
and mucosal trauma will prevent symptomatic episodes. Maintenance of a
closed drainage system delays onset of bacteriuria in subjects with short-term
indwelling catheters, but benefits for a long-term indwelling catheter have
not been studied. Routine catheter change, periurethral catheter care [73], or
catheter irrigation [74] do not decrease the frequency of symptomatic infection
or complications and are not recommended. Mucosal trauma may occur with
catheter change, leading to fever. However, this is uncommon, and antibiotics
are not recommended prior to catheter change. The most effective way to
prevent catheter-associated urinary infection is to restrict use of the chronic
indwelling catheter as much as possible.

Xanthogranulamatous Pyelonephritis

Xanthogranulomatous pyelonephritis is a rare presentation of chronic
pyelonephritis. It is characterized by infiltration and destruction of the kidney,
often with extension of the process into adjacent tissues [75–78]. Usually only
one kidney is affected, although there are reports of bilateral involvement. The
characteristic finding on histopathology is lipid-laden macrophages, called
foam cells [75]. The etiology of this unique process is not known. However,
infection is consistently present, and urolithiasis, obstruction, and a nonfunc-
tioning kidney are characteristic urological findings.

Xanthogranulomatous pyelonephritis may occur at any age, but is more
common in middle-aged and older individuals, and is two to three times
more common in women than men. Patients present with subacute or chronic
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symptoms. Over two-thirds of patients have a fever, usually with flank pain. A
flank mass is sometimes present [75]. Local extension to involve perinephric
tissues and sinus formation may occur. E. coli or P. mirabilis are isolated
from over 90% of cases [77, 78]. The diagnosis can usually be made by
computed tomography [76, 77]. Characteristic findings include an enlarged
kidney, calculi in the renal pelvis, and a poorly enhancing mass. The “bear
paw” sign—multiple, rounded low-density areas with enhancing rings in a
hydronephrotic area—is characteristic [75].

Patients with xanthogranulomatous pyelonephritis cannot be cured by
antimicrobial therapy alone and require surgical removal of the affected
kidney or areas of the kidney. Nephrectomy is usually necessary. Cases with
localized involvement may be cured with segmental resection together with
antibiotic therapy. Antimicrobial therapy is given based on the organisms
isolated from culture. Postsurgical recurrence does not occur.
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Incontinence in the Elderly

Michael Ingber, Pradeep Nagaraju and Ananias Diokno

Introduction

Urinary incontinence is a highly prevalent condition worldwide, affecting men
and women of all cultures and worsening with increased age [1]. Those over
the age of 60 have incontinence rates ranging from 10 to 35%. These rates
increase to nearly 50% in homebound or institutionalized elderly patients [2].
Despite the high prevalence of incontinence in the elderly, less than half seek
treatment. The barriers to seeking treatment include embarrassment, ignorance
of available treatment, and the sense that this is a normal process of aging [3].

There are significant medical, social, psychological, and economic implica-
tions of incontinence in the geriatric population, all of which may negatively
impact their quality of life. Chronic urinary incontinence can lead to
persistent perineal dermatitis and exacerbation of decubitus ulcers in those
with restricted mobility. Recurrent urinary tract infections and sepsis can
be associated with long-term urinary incontinence. Additionally, falls and
fractures occur in the elderly hastening to void due to incontinence.

Chronic urinary incontinence can result in loss of self-esteem, depression,
social isolation, and dependence on caregivers. There exists an independent
link between urge incontinence and the decision to institutionalize an elderly
individual. Providers need to be aware of effective treatment available for incon-
tinence to reduce the medical and psychosocial complications related to it. Early
treatment may help reduce the burgeoning direct medical costs of incontinence,
which was estimated at $16.3 billion in the United States 1995 [4].

Age and Incontinence

Urinary continence is established by a complex series of events that involve
the nervous system, bladder, and urinary sphincter (Figure 16.1). Medical
events and normal aging processes can affect any one of these systems and
lead to urinary incontinence. The normal bladder is compliant and allows
urine to accumulate without a large increase in intravesical pressure. The
urinary sphincter mechanism maintains continence by keeping the bladder
neck closed during filling. Voluntary and involuntary neurological pathways
assist in maintaining continence as well as in voiding.

Continence is established by bladder muscle relaxation and closure of the
bladder neck and urethra. This is mediated by sympathetic nerves and beta-2
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Fig. 16.1 The cerebrospinal axis and micturition pathway. Bladder storage is facil-
itated by continuous inhibition of the PMC. Voluntary relaxation of the external
Urethral sphincter precedes bladder emptying and the micturition reflex.

receptors in the bladder and alpha-1 receptors in the bladder neck and urethra.
Additionally, somatic innervation of the pelvic floor via the pudendal nerves
allows for voluntary contraction of the external urinary sphincter. Voiding
occurs through bladder contraction and bladder neck and urethral relaxation.
Bladder contraction is mediated by parasympathetic nerves and muscarinic
receptors in the bladder. Additionally, voluntary relaxation of the external
sphincter is necessary.

During bladder filling, continence is dependent on central nervous
inhibition of parasympathetic innervation to the bladder. Simultaneously, there
is stimulation of sympathetic innervation to the bladder and bladder neck from
the sacral reflex arc. This leads to a relaxed detrusor muscle and a closed
bladder neck. Voluntary contraction of the external urinary sphincter further
enhances continence at large urinary volumes.

Voluntary voiding is initiated by the frontal lobe. The pontine micturition
center (PMC), located in the dorsolateral pons, is responsible for coordinated
voiding, or detrusor-sphincter synergy [5]. This synergy involves contraction
of the detrusor muscle (via parasympathetics) with simultaneous relaxation of
the bladder neck and sphincter. In the resting state, there is constant inhibitory
influence on the PMC from the frontal lobe, thereby preventing the reflex
bladder contraction and bladder neck/sphincter relaxation. When the decision
to void arises, inhibitory influence of the frontal lobe is removed. The external
urinary sphincter is voluntarily relaxed and the voiding reflex, coordinated by
the PMC, is initiated.

Disruption in any portion of this complex neural pathway can lead to
dysfunctional voiding, and possibly urinary incontinence. A lesion above the
PMC would leave coordinated voiding intact; however, inhibitory influence of
the frontal lobe may become disrupted. This could lead to a lower threshold for
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involuntary detrusor contractions from bladder distension or bladder irritation.
This type of incontinence is noted by symptoms of urgency incontinence
and may be seen after cerebrovascular accidents, Parkinson’s disease, or
Alzheimer disease [5].

Disruption of signaling from the PMC can be seen with injury to the spinal
cord below the brainstem. Back surgery for prolapsed discs, multiple sclerosis,
and traumatic spinal cord injuries are examples frequently seen. In addition to
urge incontinence, these patients may also experience overflow incontinence
due to elevated postvoid residual volumes from the closed bladder neck and
sphincter during bladder contraction. Long-term sequelae may include chronic
urinary tract infections and renal deterioration.

Injury to lower motor neurons, specifically those that innervate the bladder
and pelvic floor (pelvic and pudendal nerves), results in either inability of the
bladder to contract or inability to sense bladder fullness. This is seen after
pelvic surgery or diabetic neuropathy of pelvic nerves. These patients may
present with infrequent voiding, infection, urinary retention, and overflow
incontinence.

Anatomy plays a vital role in continence mechanisms. In both genders,
there exists an external urethral sphincter comprised of striated muscle under
voluntary control. Traditionally, the smooth muscle components of the bladder
neck are thought of as the internal urethral sphincter. In men, the bladder
neck, prostatic urethra, and the membranous urethra are considered to function
as such. Women have abundant smooth muscle fibers, predominantly in the
bladder neck and proximal urethra. In addition, the muscles and fascial layers
of the pelvic floor provide urethral support and aid in continence. Injury to
or loss of function of this anatomical complex often leads to stress urinary
incontinence.

The role of aging in the development of urinary incontinence is perhaps
more evident in women. Postmenopausal women lose the beneficial effects
of estrogen on the urethral and vaginal mucosa. This leads to thinning and
atrophy of the urethral epithelium, and subsequently may lead to lower urinary
tract symptoms including urgency, dysuria, and nocturia [6]. Atrophy of the
urogenital tract may prevent normal coaptation of the urethra and thereby
exacerbate stress urinary incontinence [7]. Older women, especially those
with multiparity, may lose the normal anatomical support of the pelvic floor,
leading to urethral and bladder neck hypermobility. Increases in intraab-
dominal pressures such as coughing or sneezing lead to stress urinary incon-
tinence. There may also be a progressive loss of striated muscle cells in the
rhabdosphincter with age [8]. Pfisterer et al. [9] studied voiding diaries and
urodynamic tests on 85 women and noticed declining maximum urethral closing
pressure, detrusor contraction strength, and bladder sensation with age.

Elderly men develop similar lower urinary symptoms with age. Incon-
tinence rates, however, are less than those for elderly females. Prostatic
enlargement or benign prostatic hyperplasia (BPH) is a predominant factor
and is discussed later in this chapter.

In conclusion, the physiological aging process makes aged persons more
vulnerable to urological pathologies such as incontinence, urinary tract infec-
tions, and prolapse. However, factors more often related to incontinence
are co-morbidity, polypharmacy, and geriatric functional deterioration (see
Chapter 1).



296 Michael Ingber et al.

Evaluation of the Incontinent Patient

Perhaps the most important aspect in the evaluation of geriatric incontinence
is the history of the incontinence. Often times, the history will establish a
most likely diagnosis. In the office, caregivers should be present to assist
with details of incontinence symptoms. The events preceding incontinence
are important to ascertain. Urgency to void leading to incontinence is termed
urge incontinence. Coughing, sneezing, laughing leading to incontinence is
termed stress incontinence. Mixed incontinence is a combination of urgency
symptoms and stress activities leading to incontinence. Patients who have
continual leakage, have leakage with positional changes, or are unaware
of precipitating causes may have mixed incontinence or even have urinary
fistula. Validated questionnaires are often helpful to categorize incontinence,
to evaluate the impact upon quality of life, and to assess response to therapies.

Fluid intake should be noted, with attention to frequency and timing of
beverages, as well as intake of caffeine. One should inquire about toileting
habits, including daytime and nighttime voiding frequency, and whether or
not voiding is prompted by severe urgency. An assessment of bowel function
must be made. Constipation in the elderly plays an important role in voiding
dysfunction. Most elderly with incontinence will wear some type of absorbent
diaper or pad if incontinence is bothersome. The number of these used per
day should be quantified. Women should be asked about parity, menopausal
status, and use of any hormones.

The evaluator should inquire about past medical history, including any
major disease that may affect urological function. In addition, any history
of trauma, congenital anomalies, or prior urological disease should be noted.
A detailed surgical history should be obtained, specifically neurosurgical
procedures and abdominal or pelvic surgeries. Medication history is important,
as certain pharmaceutical agents may contribute to incontinence.

All patients presenting with urinary incontinence require a physical exami-
nation, with particular attention to neurological, pelvic, and rectal exami-
nation. Cognitive assessment should be made to assess for dementia. Neuro-
logical examination should test for gait, gross motor, and gross sensory
deficits. Focal neurological testing should assess for perineal sensation, anal
sphincter tone, and bulbocavernosus reflex. In the male, digital rectal exam
should be performed to evaluate for prostate size and tenderness. In both
genders, rectal exam is performed to evaluate for fecal impaction, rectal tone,
and any masses.

Routine abdominal examination should be performed. Abdominal
distention or palpable masses should be noted. In this case, consider consti-
pation, ascites, or intraperitoneal tumors giving rise to voiding symptoms.
Suprapubic fullness or tenderness may be suggestive of urinary retention.

Pelvic examination in the female should assess for evidence of pelvic organ
prolapse and urogenital atrophy. A provocative stress test can be performed
in patients with a full bladder by asking the patient to cough while in the
lithotomy position. A bimanual exam should be performed to evaluate for
any pelvic masses [5]. Examination for prolapse and incontinence should
be repeated in the upright squatting position in patients who complain of
symptoms that are not easily recognizable while in the lithotomy position.
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Finally, the measurement of the postmicturation residual urine volume may
be of value to define the pathogenesis of incontinence. For example, a high
residual volume is common in overflow incontinence, detrusor hyperactivity
with impaired contractility, and bladder outlet obstruction.

Laboratory evaluation in the incontinent elderly patient should begin with
dipstick analysis of the urine. Urinalysis results can dictate further lab studies
as necessary. For example, hematuria may require microanalysis and urine
cytology to screen for urothelial cancer. Proteinuria may require further urine
studies to evaluate glomerular function. Urine cultures should be ordered
in the elderly patient with new-onset incontinence and signs of infection.
The need for radiological testing is often based on suspicion for urinary
malignancies or upper urinary tract disease (stones, hydronephrosis, etc.).

Often, incontinence in the elderly is multifactorial with recumbancy, bowel
dysfunction, existing medical conditions, and medications further impacting
an altered continence mechanism. In these cases, the exact nature of the
incontinence may be difficult to ascertain. When a patient has failed conser-
vative measures of treatment, urological referral is often helpful. Additionally,
any history of radiation, prior pelvic surgeries, spinal injury, or neurological
disease should prompt further evaluation by a urologist. Urological office
testing may include bladder ultrasound, cystoscopy, and urodynamic testing.

Types of Incontinence

Incontinence in the elderly can be categorized as transient or chronic.
Transient incontinence in the aged person can be due to reversible causes.
Traditionally, the mnemonic “DIAPERS” has been used to identify the
reversible causes of incontinence in the geriatric population (Table 16.1:
Delirium, Infection, Atrophic vaginitis, Pharmaceuticals, Excess urine output,
Restricted mobility, Stool impaction). Incontinence in the setting of acute
delirium is usually reversible. Once the cause of the mental status change
is corrected and the delirium has resolved, continence is typically regained.
Urinary tract infection leads to urinary incontinence when urgency is the main
symptom. Infection is relatively common in the elderly, with a prevalence
of over 50% in institutionalized patients [10]. Incontinence may be the sole
symptom in the elderly patient presenting with a urinary tract infection. In
these cases, treating the infection may resolve the incontinence.

Incontinence can be exacerbated by urogenital atrophy in postmenopausal
females. Up to 40% of postmenopausal women may have signs and symptoms

Table 16.1 The Diapers acronym.

D Delirium, Dementia
I Infection
A Atrophic vaginitis
P Pharmaceuticals agents, Psychological causes
E Excess urine output, Endocrine conditions
R Restricted mobility
S Stool impaction

Adapted from Resnick, N.M. Urinary incontinence in the elderly.
Med. Grand Rounds 1984; 3:281–290.
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of urogenital atrophy [6]. Women often complain of frequency, urgency,
nocturia, dysuria, and urge incontinence. A prolonged lack of stimulation of
estrogen receptors in the vagina and urethra leads to dryness and atrophy of
the vaginal and urethral mucosa [11]. This can lead to poor urethral coaptation
and subsequent urinary incontinence. Low-dose estrogen given intravaginally
has been shown to improve symptoms and clinical signs of urogenital atrophy
and improve urinary incontinence [6]. Patients can easily be taught how to
perform this by gently applying approximately 1 g of 0.01% estradiol cream
onto the external vaginal mucosa and urethral meatus. For postmenopausal
women, application of estrogen cream should be done two to three times
weekly.

Pharmaceuticals can often worsen or be the cause of urinary incontinence
in the elderly. Diuretics, specifically, may worsen urinary leakage by frequent
filling of the bladder and stressing the continence mechanism. Patients often
describe this as incontinence upon rising from a supine to prone position at
night. ACE inhibitors may exacerbate stress incontinence if cough is present
as a side effect of the medication. Pharmaceutical agents with alpha-agonist
action can increase bladder neck resistance, leading to urine retention and
overflow incontinence in men with preexisting BPH. This can be seen, for
example, after taking decongestants that contain pseudoephedrine.

Anticholinergic properties of antipsychotics, antidepressants, anti-
Parkinson drugs, and medications given for detrusor overactivity inhibit
detrusor contractions and may lead to urinary retention and subsequent
overflow incontinence [12]. Narcotics, sedatives, and calcium channel
blockers can similarly contribute to retention in the elderly.

Restriction of mobility is common in the elderly and leads to urinary incon-
tinence often from urinary urgency and a difficulty in reaching a bathroom
facility. In these patients, a timed voiding schedule may be beneficial. A
bedside commode or urinal container can resolve the difficulty in access
to toilet facilities. Fractures from falls en route to the commode to relieve
urgency have been noted in this frail elderly population.

Finally, fecal impaction is a potential reversible cause of urinary inconti-
nence in the elderly. The rectum sits posterior to the bladder, and a distended
rectum due to fecal impaction may cause worsening urgency symptoms.
Additionally, constipation can lead to urinary retention and overflow incon-
tinence due to inhibitory reflex on the bladder from stimulation of the pelvic
nerves from rectal distension [13].

When none of the above reversible causes of incontinence is found in
the elderly patient, further investigation is necessary. Detrusor overactivity,
detrusor underactivity, bladder outlet obstruction, and stress incontinence are
causes of chronic incontinence in both men and women. These topics are
covered in further detail.

Detrusor Overactivity

Overactive Bladder

Detrusor overactivity (DO) presents in the elderly as frequency, urgency,
nocturia, and urge incontinence. It is the most common cause of geriatric
incontinence, accounting for almost 20% of incontinent women over the age
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of 65 [14]. The underlying cause of DO is hyperstimulation of the cholin-
ergic receptors in the bladder, leading to hypercontractility of the smooth
muscle. Often, the cause is idiopathic with no identifiable precipitating causes.
Cortical disease can cause detrusor hyperactivity by impairing the inhibitory
mechanism of upper motor neurons on the voiding reflex [5]. Though the
majority of elderly patients will have idiopathic detrusor overactivity, other
causes of DO must be ruled out.

Bladder Outlet Obstruction

Chronic stimulation of stretch receptors of the detrusor smooth muscle is
felt to be a common source for detrusor overactivity and incontinence. In
men, this is precipitated by bladder outlet obstruction from benign prostatic
hyperplasia (BPH). Benign prostatic hyperplasia is a common cause of lower
urinary tract symptoms in men. Several epidemiologic studies have shown
that the incidence of BPH in elderly men increases significantly with age, with
the majority of elderly men showing symptoms of prostatic obstruction [15].
In the elderly male, urinary retention secondary to BPH is a frequent cause of
recurrent cystitis and is often associated with DO. Chronic retention in men
can eventually lead to bladder calculus formation, which further precipitates
bladder irritation and urge incontinence.

Medical or surgical correction of the bladder outlet obstruction will
frequently improve lower urinary tract symptoms and lead to dryness. Medical
therapy in men includes the use of selective alpha-blockers to relax smooth
muscle in the bladder neck and prostate capsule. 5-� reductase inhibitors
can reduce prostate size, lowering the incidence of acute urinary retention
secondary to BPH. Combining alpha-blockers with a 5-� reductase inhibitor
may be more effective in relieving and preventing the progression of
symptoms than either of the two drugs alone [16]. Surgical therapy includes
transurethral resection of the prostate or minimally invasive procedures to
reduce the prostate size (e.g., radiofrequency ablation or microwave therapy).

In women, vaginal prolapse or hypersuspension from previous stress incon-
tinence procedures can lead to bladder outlet obstruction. Medical therapy in
the form of alpha-blockers is usually reserved for women with absent relax-
ation of the bladder neck upon voluntary voiding and is rarely used. Surgical
treatment may include correction of cystocele, transection of previous placed
suburethral sling, or urethrolysis.

Detrusor Hyperactivity with Impaired Contractility

Detrusor hyperactivity with impaired contractility (DHIC) is a paradoxical
syndrome that is the second leading cause of urge incontinence in the elderly
[17,18]. The bladder is overactive, but its poor contractility leaves the patient
with high urinary residual volumes. This leads to symptoms of frequency,
urgency, and urge incontinence, in the context of an already overdistended
bladder

Treatment with anticholinergics has variable success and can lead to acute
urinary retention. Intermittent catheterization is necessary in some patients
when residual volume is over half of their functional volume.
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Atrophic Vaginitis

In elderly females, the low levels of systemic estrogen can lead to atrophy
of the squamous and columnar epithelial lining of the vagina, urethra, and
trigone. This atrophied lining in the distal urinary tract leaves the underlying
smooth muscle penetrable to urinary irritants, leading to DO [6]. The treatment
in the female is systemic or local estrogen replacement. One gram of 0.01%
estradiol can be administered by patients intravaginally two to three times
weekly and significantly improves the health of the vaginal and urethral
mucosa.

Infectious Etiologies

Recurrent cystitis can lead to DO by its inflammatory changes to the urothelial
lining. Precipitating causes of recurrent cystitis in females include atrophic
vaginitis, poor perineal hygiene, and urinary retention. Treatment of these
infections and underlying etiologies is the first step in treatment of inconti-
nence. In some patients, infections persist despite treatment of the underlying
anatomic pathology. These patients may benefit from long-term (3- to 6-
month) suppressive antibiotic therapy with medications such as nitrofurantoin
or sulfamethaxazole [19].

Pharmacological Treatment of Detrusor Overactivity

Treatment in any patient with detrusor overactivity begins with behavioral
modification such as timed voiding, fluid restriction, and avoidance of urinary
irritants in the diet. Avoidance of caffeinated beverages and alcohol are
especially important. Some studies suggest that even chocolate, soft drinks,
and spicy or acidic foods should be avoided [20].

Bladder retraining helps a patient resist urges to void by contracting his
or her pelvic floor muscles (Kegel exercises) when the urge to void ensues.
Patients are also taught to change their position, concentrate on a subject other
than the sensation to void, or count backwards from 10. The urgency to void
may then subside. Once the patient is comfortable and in control, a normal
void can occur. However, only a few studies show a significant benefit to
bladder retraining [20].

The gold standard in the patient with detrusor overactivity is anticholinergic
therapy. Oxybutynin is the earliest of this group to have been studied and
approved for use in overactive bladder. Theoretically, these drugs are tertiary
amines and can cross the blood-brain barrier. The Overactive Bladder Perfor-
mance of Extended Release Agents (OPERA) trial was one of the first studies
to compare oxybutynin and tolterodine. Rates of somnolence, dizziness, and
insomnia were similar in the two drugs.

Other anticholinergics are now available. Trospium chloride is a quaternary
amine and theoretically does not cross the blood-brain barrier. Solifenacin is
an anti-muscarinic that is selective for the urinary bladder. Finally, darifenacin
is an M3 receptor antagonist and has a higher affinity for the bladder than
the salivary glands. Drugs that have anticholinergic properties as part of their
pharmacological profile, for example, tricyclic amine antidepressants, can
also be used to treat urge incontinence in the elderly patient. However, these
are considered second-line agents and should only be used after the other
anticholinergics have been tried and failed.
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Detrusor Underactivity

Detrusor underactivity is a less common cause of urinary incontinence,
affecting fewer than 10% of incontinent patients [21]. A defunctionalized
detrusor muscle leads to elevated residual bladder volume and can give rise
to symptoms similar to detrusor overactivity: frequency, urgency, urge incon-
tinence. This condition may give rise to urine overflow, termed overflow
incontinence, and result in severe urine leakage; especially with rises in
intraabdominal pressure, such as with changing position or coughing.

Impairment of nerves innervating the detrusor muscle is a cause of
detrusor inactivity. This can occur as a result of spinal cord injury, multiple
sclerosis, or pelvic surgery. Diabetes can impair detrusor function by
ischemic damage to pelvic nerves. Additionally, diabetes can impair afferent
stimuli from the bladder, abating the sensation of bladder fullness and
leading to chronic overdistention of the detrusor muscle. Other causes of
nerve impairment include alcoholism, pernicious anemia, and Parkinson’s
disease [5].

In men with chronic outlet obstruction from BPH, the detrusor muscle can
become replaced by fibrosis, leading to a defunctionalized bladder muscle.
Even after treatment of the obstruction, detrusor underactivity remains due to
the change in structural anatomy [22]. Women presenting with urine retention
often have no underlying etiology.

Undiagnosed detrusor underactivity and retention can lead to hydrone-
phrosis and renal damage. To this degree, it is important to assess the upper
urinary tract with radiological imaging such as ultrasound. Additionally, renal
function should be evaluated with BUN and creatinine. Urosepsis can occur as
a result of retained urine. Treatment must be directed to exclude these more
morbid conditions as well as to reduce symptoms of incontinence, frequency,
and urgency.

Treatment for incontinence related to detrusor underactivity is usually inter-
mittent catheterization or indwelling catheterization. For patients with mild
detrusor underactivity and modest residual volumes, timed voiding can be
employed. Voiding at smaller bladder volumes allows for more complete
bladder emptying in these patients. Medical treatment with cholinergic
agonists such as bethanachol, sometimes in combination with prostaglandin
E2, has been successful in only a minority of patients [23]. Lastly, neuromodu-
lation of the sacral nerve with pacemaker technology has recently been used in
some patients with nonobstructive urine retention (Interstim, Medtronic, Inc.,
Minneapolis, MN). Success rates, however, have been disappointingly low.

Stress Incontinence

Patients who complain of the involuntary loss of urine during coughing,
sneezing, or physical activity have stress urinary incontinence. In these
patients, the increase in intraabdominal pressure from the precipitating event
overcomes the bladder neck and urethral resistance pressure, and leakage
ensues.

Two etiologies for stress incontinence in women have been well described
in the urology literature. The first is a lack of urethral and bladder neck
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support. This normal musculofascial support of the female pelvic floor is
thought to deteriorate with age and may be more prevalent in women who
have had an increased number of vaginal deliveries [24]. Such patients have
hypermobility of the bladder neck and urethra. The examiner may visualize
this hypermobility on vaginal speculum examination as the bladder neck
descends with cough or strain. Incontinence may be observed if the bladder
is partly full.

The second etiology of stress urinary incontinence in the elderly female
patient relates to the urethra itself. Intrinsic sphincter deficiency (ISD) refers to
the inability of the urethra to maintain closure due to sphincteric dysfunction.
The most common method of evaluating the urethral sphincter itself is during
urodynamic testing. A valsalva leak point pressure less than 60 cm H2O
during urodynamic testing has traditionally been diagnostic of ISD. Some
investigators believe that urethral hypermobility and ISD coexist [25].

Stress incontinence in the male patient is most often due to sphincter injury
after radical prostatectomy, or transurethral resection of the prostate. Post-
prostatectomy incontinence is a documented occurrence in 4–40% of patients
undergoing radical prostatectomy for prostate cancer [26]. Most men recover
continence by 6 months postoperatively. Over 90% of men in a recent study
achieved continence by 1 year postoperatively [27]. Bladder outlet obstruction
and subsequent urine retention is another cause of stress incontinence in the
male patient.

Treatment of stress incontinence in the elderly begins with conservative
measures. Timed voiding and Kegel exercises have shown success in 25%
of patients with mild stress urinary incontinence. Kegel exercises are often
performed incorrectly and may require repeated instruction. Physical thera-
pists in continence centers can instruct proper contraction of levator muscles
by using biofeedback. With proper training, women can learn to strengthen the
muscles supporting the urethra and bladder [28]. Timed voiding is performed
by encouraging the patient to void on schedule every two to three hours.
Access to a commode must be made easy. Finally, anticholinergics can be
added to those patients whose stress urinary incontinence is associated with
urgency and urge incontinence.

Surgical treatment of stress incontinence continues to have long-term
success rates of over of 80%. Treating the patient with urethral hypermobility
involves reinforcement of the urethra or bladder neck to prevent the loss of
urine. Historically, this has been in the form of open surgical procedures,
namely Burch bladder neck suspensions or Marshall–Marchetti–Krantz proce-
dures [29]. More recently, ambulatory vaginal sling procedures have evolved
and are just as effective—with minimal morbidity and high success rates [30].
Ulmsten introduced the first such therapy in the form of tension-free vaginal
tape (TVT) [31]. In the past several years, the transobturator approach has
been developed as an alternative to TVT. Rather than passing trochars through
the retropubic space, they are passed through the obturator canal. This reduces
the risk of vascular or bowel injury. Transobturator slings are performed in
the outpatient setting. The recovery period is usually less than one week.

Treatment of women with low leak-point pressures or intrinsic sphincter
deficiency (ISD) is more difficult. These patients often have complicating
factors such as previous incontinence surgeries, history of radiation, or history
of pelvic trauma. Surgical treatment with retropubic slings has been the
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mainstay of therapy. Periurethral injections of bulking agents have been used
in those patients that have failed sling therapy or in those patients who
are not surgical candidates because of various medical co-morbidities. This
procedure can be done with local anesthesia in the office setting. Several
different types of injectable agents exist, the most popular being bovine
collagen. The durability of bulking procedures to prevent incontinence is
unfortunately short-term—in the range of three months to one year. Often,
multiple injections are required to achieve or maintain continence. In the most
severe cases, an artificial urinary sphincter can be offered to the female who
has lost all normal architecture to the urinary sphincter mechanism and has
failed traditional sling and periurethral bulking therapy.

Conclusions

With the baby boomer population now approaching old age, treatment of
urinary incontinence in the geriatric population will be one of the most
important aspects of medical care in the years to come. Healthcare practi-
tioners need to be educated on performing a thorough history and physical
examination and identifying potential reversible causes of incontinence in
the elderly patient. Behavioral therapies can always be used as treatment.
However, when these fail, medical or surgical intervention is usually required.
Referral to a urologist almost always provides additional support and treatment
when such conservative measures are not effective. Incontinence in the elderly
patient has far-reaching effects on a patient’s quality of life; if managed
appropriately, the effect of becoming continent can significantly improve a
patient’s well-being.
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17
The Diagnosis of Renal Diseases

in Elderly Patients. What Role
Is There for Biopsy?

Franco Vendemia

Introduction

Why Should We Investigate the Elderly with Renal Diseases
and How Should We Do It?

During the past 10 years, the analysis of some epidemiological data has
brought to light a closer than expected relationship between the aging process
and the progressive decline in renal function.

The first data came from the Registries of Dialysis and Transplantation of
developed countries: These records showed a relentless increase in the number
of delivered renal replacement treatments and indicated that this increase
largely depended upon aged patients [1]. Further information came from the
third National Health and Nutrition Examination Survey. According to this
report, elderly subjects with renal insufficiency are so numerous in the United
States that they could induce a further major increase in the number of the
patients receiving dialysis [2]. More recent information came from both public
[3] and private [4] healthcare providers in the United States. These sources
indicated that however many elderly people with renal insufficiency may be
diagnosed today, they only are the tip of a larger iceberg; the submerged
part (which usually escapes notice in ordinary surveys) includes all those
renal patients dying of cardiovascular disease well before they are in need
of dialysis treatment. All these data seem to give a pessimistic view of the
current epidemiological picture, and even by themselves could justify all
possible efforts to be undertaken to diagnose renal diseases in the elderly in
a timely fashion and to highlight their unfavorable outcomes.

Besides these data, other information offers further reasons to investigate
the types of lesions damaging elderly peoples´ kidney. Previous observations
had depicted an epidemiological scenario quite different from that evident
today: In the 1980s, the Baltimore Longitudinal Study on Aging suggested
that, apart from some rare exceptions, most elderly people have only a modest
decline of renal function, which is neither rapid nor severe [5]. Such a
slight change might simply be due to the involutional phenomena affecting
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all functions in people as they grow older. Consequently, the decline in
renal function occurring in the elderly has usually been considered as a
sign of the so-called aging kidney. The fairly reassuring observations of the
Baltimore Study remained an isolated example for many years, but recently
the substantial validity of these observations has been confirmed by two other
studies carried out in the United States [6] and in Canada [7]. These new
results stand in contrast with those emphasizing the “epidemic” of progressive
renal disease in the elderly population.

Nevertheless, the very difference between the two sets of data concerns the
percentage of subjects in whom progressive nephropathy is superimposed on
the not-so-progressively aging kidney. It is likely that the actual percentage
reported has been higher or lower than expected depending on the research
methods used and on the population samples that have been selected. In any
case, apart from the quantitative differences, which essentially have epidemi-
ological significance, the most important fact from a clinical point of view
is that the reduction of renal function in elderly people may depend on two
distinct types of lesions, which are quite different in terms of both their course
and their prognosis.

Because of this dual renal pathology with advancing age, one of the
problems the nephrologist is faced with every time he takes care of an elderly
person is that of distinguishing patients with a “simple” aging kidney from
those who are affected as well by a true renal “disease.” The aim of such
a distinction is to focus therapeutic efforts on the patients with real need
of slowing down the progression of renal insufficiency. This goal may be
certainly shared; however, the initial step, namely the diagnosis upon which
the therapy should be based, is not to be taken lightly.

Renal biopsy could be a useful tool in ascertaining the presence of a
parenchymal renal disease and to define its characteristics. Nevertheless, the
potential of renal biopsy is rarely fully exploited in practice. First, many
general practitioners fail to refer all the elderly patients who are possibly
in need of a biopsy to a nephrologist; in addition, many nephrologists are
reluctant to perform a renal biopsy in the elderly patients under their care.
On the other hand, the biopsy by itself cannot provide the solution to such
a complex problem, whereas it can be more useful when it is looked at
in a wider perspective, including some clinical and epidemiological aspects
besides the histomorphological picture.

This chapter examines the difficulties commonly encountered in the
diagnosis of elderly renal diseases and reviews suitable ways of overcoming
those difficulties. In particular, this chapter also focuses on the possible role
of renal biopsy within a logical sequence of investigations using, step by step,
the various diagnostic means available today.

The Need for a Stepwise Diagnostic Process

First Step: Patient Referral

A nephrologist is a secondary care specialist. Her ability to formulate a
plan of diagnosis, prognosis, and therapy depends on the patient’s first
being referred from general practitioners, or from other specialists, so that
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patients with nephrological problems always suffer from some “upstream”
selection. One of the main factors affecting such a selection is the age of
the patient: Usually, younger adults (20–65 years of age) are referred to
a nephrologist at the onset of disease and without any particular limita-
tions, whereas more elderly ones are often only referred when the disease
has already progressed, or, even more frequently, they are not referred
at all.

The referral of elderly patients compared to that of adult ones seems
to be affected more by the presence or absence of overt symptoms. It is
not rare that, at the onset of symptoms, an elderly person suffering from
gross hematuria is referred to a urologist while those with ankle edema are
referred to an angiologist or cardiologist; these very evident cases sooner or
later tend to undergo a nephrological consultation. On the other hand, the
destiny of asymptomatic patients is much more uncertain. It is a well-known
fact that most renal lesions do not manifest themselves clinically before the
appearance of late complications, and therefore their early detection may
only result from an incidental finding on laboratory testing for a concurrent
illness or nonspecific health status monitoring. The true problem of elderly
patients is that their abnormal laboratory findings do not draw the attention
of physicians and do not induce them to ask for a specialist’s opinion.
An epidemiological investigation, recently carried out in the UK, demon-
strated that of all the subjects of all ages with some signs of renal disease
at a laboratory level during one year, only 15% had been referred to a
nephrologist, while 85% remained unknown to renal services. The different
sizes of these two patient groups were related to their different demographic
composition: The smaller group consisted of nearly equal parts of elderly
and younger patients, whereas the second (unreferred) group, which was six
times larger than the referred group, was almost entirely composed of elderly
people [8].

The frequent underestimation of the significance of elderly patients´
laboratory reports in part depends on the use of serum creatinine as a marker
of renal function. The problem is that muscle mass diminishes with age, and
consequently the serum creatinine tends also to decrease, thus masking the
eventual increase due to renal insufficiency [9]. For this reason, interest is
growing in the mathematical formulas, which allow a more precise estimation
of renal function by utilizing the value of serum creatinine after standard-
ization for some factors known to affect the muscle state: gender, race,
body weight, and, above all, age. The question of which is the best formula
to calculate the renal function is still being debated; yet it seems that the
simplified version of the formula derived from the MDRD study is more
suitable in younger adult subjects, while there is some evidence that in the
elderly, the older Cockcroft–Gault formula is preferable [10]. A consensus is
growing about the idea that at least one of these formulas should be included
in routine laboratory reports, so as to draw the physician’s attention to the
level at which the kidney is actually working, and avoiding the assumption
that all elderly people have the same normal renal function as younger subjects
[9]. Moreover, in both the United States [11] and Europe [12], some initia-
tives are being studied that aim to involve general practitioners in detecting
those community dwellers who should benefit from referral to a nephrol-
ogist’s care.
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Second Step: The Clinical Assessment

The elderly person undergoing nephrological observation requires a special
attention aimed at comprehending the complexity and the specificity of his
or her problems [13].

History
The differences between elderly patients and younger adults are evident from
the moment of history taking. Often, elderly people tend to emphasize nonspe-
cific symptoms while underreporting those problems that could be of clinical
importance. To overcome this difficulty, it may be useful to obtain the cooper-
ation of the family and others involved in the care of the subject. These people
can often give some valuable information on both past laboratory investiga-
tions and medications currently taken by the patient. It frequently occurs that
we discover that some signs of renal disease had been already reported in the
past, and this allows us to at least date the onset of disease. Moreover, it is not
rare for an elderly patient to be taking a complex “cocktail” of medications,
which can cause or at least contribute to the development of the renal problem
affecting the patient.

Physical Examination
As with history taking, the physical examination also is more time-consuming
and requires more patience in the elderly than in the adult. Before pursuing the
often misleading symptoms complained of by the patient, it is necessary that
inspection, palpation, percussion, and auscultation are aimed at looking for
those signs that have a high probability of being present in an elderly person.
In particular, inspection can reveal some signs of a skin infection, vasculitis, or
diabetic foot. The abdominal palpation can reveal an enlarged urinary bladder,
signs of prostatic hypertrophy or tumor, or an aortic aneurysm. The percussion
of bony segments can cause pain suggestive of the presence of metastases
or multiple myeloma, while the auscultation of a para-umbilical bruit can
indicate the existence of a renal artery stenosis. Furthermore, in the elderly,
even evaluating the most common parameters requires careful thinking: A
BMI calculation can give an incorrect appraisal of nutritional state, as the
increase in fatty body mass can conceal a decrease in lean body mass; in the
same way, blood pressure measurement may be biased by the presence of
arrhythmias, congestive heart failure, and vascular rigidity from calcification.

Laboratory Investigations
Both when ordering laboratory tests and when interpreting their results, we
have to take into account the differences existing between elderly and young-
adult patients. First of all, renal function should be assessed by measuring the
BUN and serum creatinine, while an estimation of either creatinine clearance
or GFR by proper formulas is mandatory [10]. Furthermore, since urea and
creatinine arise from different metabolic pathways and undergo different
renal handling, the ratio between the two substances can provide some useful
information: A BUN level disproportionately high as compared to that of
serum creatinine can raise suspicion of some clinical scenarios particularly
common in elderly people, such as dehydration, urinary tract obstruction, and
hypercatabolism.

Renal function is not the only aspect of pathophysiology in the elderly
requiring a specific approach. The age-related problems deserving particular
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attention are numerous, such as the derangement of plasma electrolytes.
Though these changes are frequently induced by drugs, other causes cannot be
excluded, such as hypercalcemia, which may be due to neoplastic or myelo-
matous bone erosions, as well as hypophosphatemia, which may be caused
by malnutrition.

In elderly people with renal insufficiency, malnutrition is more widespread
than commonly thought [14]. Its background presence should always be borne
in mind, as it can make the clinical picture of renal diseases less clear. In fact,
malnutrition not only lowers the serum concentration of urea, creatinine, and
phosphate, but it can also affect other parameters, such as serum albumin,
cholesterol, C3 complement factor, and lymphocyte count. Furthermore,
malnutrition-associated iron deficiency contributes to the genesis of anemia,
and this could be one of the reasons why anemia is more frequent in the
elderly than in adults [15].

Another test that is often abnormal in the elderly population is the
serum protein electrophoresis. When a monoclonal component appears, it
is necessary to characterize the paraprotein by means of immunofixation on
both serum and urine. A urine test has to be performed in every patient, since
light chains may be present in the urine even in the absence of any changes
in the serum pattern, as they are so readily excreted.

Besides disclosing the existence of paraproteins, urine provides a wide
range of information, which is still being expanded thanks to advancing
knowledge. In the last few years, studies in the field of proteomics have
led to the discovery of some urinary proteins, with every one of them being
consistent with the presence of a certain disease, as in the case of diabetic
nephropathy, urinary tract malignancies, or tubular interstitial diseases. The
progress in this field is so rapid that, in the near future, disease-specific
urinary biomarkers are expected for all renal disorders [16]. At the moment,
these investigations are still in a preliminary phase and require some rather
complex technologies [17]. However, it is worth noting that the methods
currently used, such as immunonephelometry, already allow the isolation of
some urinary proteins, which possess diagnostic and prognostic properties.
For example, IgG reveals a loss of selectivity in glomerular filtration, while
�1-microglobulin indicates a saturation of tubular reabsorption [18]. Apart
from the interest generated by these new developments, the quantitation of
proteinuria remains one of the key components of urine analysis, as well as
the characterization of hematuria. In the younger adult, hematuria is not a
special problem from a diagnostic point of view, since up to the age of 50
or more, the bleeding nearly always arises from glomerular capillaries. In the
elderly, the matter is more complex, as in addition to glomerular hematuria,
some bleeding from elsewhere in the urinary tract frequently occurs. For
this reason, some tool helping to detect the origin of hematuria, such as the
erythrocyte morphology examined by phase contrast microscopy [19], is even
more important in the elderly than in the adult.

Finally, it is impossible to leave out urine culture. Urinary tract infec-
tions occur at a maximum rate in advanced age and, even when they are
asymptomatic, they are, however, associated with reduced survival [20]. The
causes of such an association have been not explained as yet. Nevertheless,
it is possible that in elderly people the link between the occurrence of
urinary infections and the increase in mortality rate is the activation of an
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inflammatory process; infections stimulate inflammation, and inflammation
in turn is involved in the genesis of both cachexia and cardiovascular damage.
The possibility that in elderly people a connection exists linking urinary
infections, mortality, and inflammation seems to be supported by a recent
epidemiological investigation showing high serum levels of various inflam-
matory factors in a sample of an elderly U.S. population [21]. It has been
hypothesized that such factors, once produced, are not sufficiently cleared by
the aging kidney and, consequently, they remain in the bloodstream for an
abnormally long time [21]. According to this hypothesis, when renal function
tends to decrease with aging, the only way to reduce the risk connected with
the accumulation of inflammatory factors is to prevent the synthesis of those
factors. Therefore, simply treating the acute episodes of urinary infections
may be not sufficient. It seems more useful to detect and remove the causes
that allow the infections to become chronic. A major cause, which is rather
frequent in the elderly, is urinary tract obstruction, which nowadays can be
easily detected by means of sonography.

Imaging Techniques
In the last decade, sonography and duplex sonography have definitively
demonstrated their safety and reliability. Their use in the geriatric field is
supported by two main circumstances: First, the lack of potentially nephro-
toxic contrast media makes these techniques specifically indicated in investi-
gating frail patients, such as the elderly with impaired renal function; second,
these methods are particularly suitable in detecting some diseases that are
commonly found in advanced age. Consequently, sonography has now come
into clinical practice as a routine investigation of obstructive uropathy, renal
cysts, and malignancies. Moreover, as sonography may display long-term
changes in the density of the renal cortex, this investigation may direct the
diagnosis, as in the case of parenchymal damage [22]. As to this aspect of
sonography utilization, further improvements are expected from the setup
of some new techniques that may provide a quantitative appraisal of renal
sclerosis by computer-assisted counting of reflected echoes [23]. Finally, as
to duplex sonography, it is currently impossible to avoid this investigation in
the diagnosis of renal vascular diseases. Its uses range from the macroscopic
renal vascular diseases such as atherosclerosis of main renal artery, to the
microscopic ones such as arteriosclerosis of thin intra-renal branches [24].

Diagnostic Hypotheses
At the end of the first phase of clinical assessment, it is possible to classify
the problem affecting the kidney of an elderly patient into one of the main
nephrological syndromes:

acute renal failure
chronic renal insufficiency
nephrotic syndrome and
urinary abnormalities.

However, each one of these syndromes may be the manifestation of many
different diseases. The whole clinical picture sometimes allows the formu-
lation of a diagnostic hypothesis, but the clinical approach by itself is not
always sufficient to reach diagnostic certainty.
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Acute renal failure, as well as the sudden worsening of a preexisting chronic
renal insufficiency, offers the opportunity of making a diagnosis exclusively
on clinical grounds. In fact, it is usually easy to detect a pre-renal cause, such
as dehydration and hypotension, or a postrenal cause such as urinary tract
obstruction by prostatic enlargement, tumors, or calculi. In the same way, it is
not difficult to hypothesize on a tubular obstruction by paraproteins, uric acid
crystals, and myoglobin or a toxic tubulopathy due to drugs or radio-contrast
media. Finally, it is usually possible to demonstrate the occlusion of either the
renal artery or vein, as well as an imbalance in glomerular hemodynamics,
induced by drugs affecting the renin-angiotensin system.

On the other hand, sometimes the clinical picture of the elderly is so unclear
that it is difficult to detect the signs of an atheroembolism, or an allergic
interstitial nephritis, or an acute pyelonephritis; as a consequence, many of
these cases remain undiagnosed. The clinical diagnosis may be even more
difficult when the acute renal failure is heralded by hematuria, mimicking the
picture of nephritic syndrome, or when it is accompanied by proteinuria and
it shows a rapidly progressive course.

In the cases of a nephritic syndrome, the first hypothesis may be that
of a postinfectious acute glomerulonephritis. In spite of this, in the elderly,
especially if the patient is in poor hygienic and nutritional condition, the
clinical picture is often different from the classic one, thus inducing doubt
in the interpretation of both signs and symptoms [25]. Moreover, other renal
diseases, such as membranoproliferative glomerulonephritis, may present in
the same way, therefore contributing to the uncertainties of diagnosis.

Regarding the cases with a rapidly progressive course, the presence of
respiratory or skin manifestations directs the diagnosis toward an anti-GBM
glomerulonephritis or a systemic vasculitis. Some types of vasculitis exist that
are renal-limited and, consequently, are lacking those extra-renal symptoms
directing the diagnosis [26]. In these cases, detecting the presence of ANCA
may help substantially; however, laboratory tests may be negative in about
15% of vasculitides, as well as sometimes being positive in cases without
vasculitis, as is sometimes the case with primitive or secondary glomeru-
lonephritis, interstitial nephritis, and sometimes even unrelated infections
(see Chapter 20). Furthermore, other renal diseases may exhibit a rapidly
progressive course, independently of the presence of any vasculitis, as is the
case with some severe cases of IgA nephropathy.

The influence that all these confounding factors may exert on the diagnosis
of acute renal failure has been carefully examined by a recent study of clinical-
histological comparison [27]. In a large study of elderly people with acute
renal failure, clinical assessment, as compared to the histological characteri-
zation, gave a correct diagnosis in no more than one-third of cases; in another
third of patients, the clinical picture only raised some suspicion about the
underlying renal disease, so inducing us to consider such a disease just within
the limits of differential diagnosis; finally, in the last third of patients, the
simple clinical data were insufficient to make the diagnosis. Although these
results may appear unsatisfactory, they are among the best achievable at this
level of investigation. In other clinical settings, different from acute renal
failure, the success of a clinical diagnosis may be even more uncommon.

Chronic renal insufficiency holds diagnostic difficulties that are even
greater than those of acute renal failure. Very often, elderly patients are



314 Franco Vendemia

referred when the disease is so advanced [27]that the only diagnostic possi-
bility is to search for renal artery stenosis, whose dilatation sometimes
allows dialysis to be postponed. However, even less advanced cases usually
offer few possibilities of tracing back the nephropathy underlying the renal
damage: Most nephropathies, after a first phase of activity, lose any specific
features and show only a uniform clinical aspect of impaired renal function,
hypertension, and urinary abnormalities. Except for the cases in which a
nephropathy is self-evident (such as polycystic kidney disease), nothing even
remains in the memories of the patients and their families to help the recon-
struction of some relevant clinical facts, except the recovery of past laboratory
reports to obtain some significant data.

The nephrotic syndrome is the most extensively studied among the modal-
ities of presentation of elderly renal diseases; nevertheless, its diagnosis is
still burdened by a number of unsolved problems [29]. The main difficulty is
that this same symptomatology is provoked and shared by many diseases, so
clinical reasoning has to go on a process of exclusion.

This diagnostic course usually starts by a search for the presence of a
systemic disease. In positive cases, a secondary nephrotic syndrome may be
hypothesized. However, great care should be taken, as the reality can be very
different from how it appears. A typical example is that of a diabetic patient,
in whom the “obvious” diagnosis of a diabetic nephropathy could be too
hasty. In reality, such a diagnosis has a high probability of being correct only
if the metabolic derangement has been present for about 10 years or more, and
only if other characteristic signs such as proliferative retinopathy are present.
In all other cases, it is probable that another nephropathy, different from
diabetes, is present coincidentally in a diabetic patient [30]. The frequency
of degenerative and obstructive disease of major and minor renal arteries in
diabetes must not be forgotten.

A further example is that of the patient with myeloma, in whom both
AL-type amyloidosis and light-chain deposition disease have to be taken
into account. Bone marrow aspiration shows an abnormal appearance more
frequently in the first case than in the second one. However, some transitional
forms may be seen. Furthermore, faced with bone marrow with nonspecific
changes in the presence of a serum electrophoresis with a small gamma
spike, it is possible to consider a “monoclonal gammopathy of undetermined
significance,” which may be more accurately attributed to the aging immune
system than to a true plasma cell dyscrasia [31]. In this case, nephrotic
syndrome might be dependent upon some nephropathy not related to the
presence of paraproteins.

These diagnostic uncertainties, which may be encountered in a patient
affected by diabetes or myeloma, are the most frequent but not the only ones.
In the patient suffering from rheumatoid arthritis or other chronic inflam-
matory diseases, the most probable hypothesis is that nephrotic syndrome is
caused by an AA-type amyloidosis. However, it is also possible that some
drugs, taken by the patient to fight the inflammatory disease, have effectively
prevented the occurrence of amyloidosis, while inducing at the same time
another nephropathy. This possibility may occur with the use of golden salts
and NSAIDs, which can induce a membranous nephropathy or a minimal
change disease, respectively.
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Finally, in elderly patients showing some serological signs of SLE, before
making a diagnosis of lupus nephritis, it is necessary to verify whether
the increase in circulating levels of auto-antibodies is not a nonspecific
phenomenon, as frequently found in the aged [32] and in Sjogren’s syndrome,
which is more common in the elderly than SLE. Ultimately, the diagnosis
of secondary nephrotic syndrome should not be automatic. Nonetheless, the
existence of a systemic disease at least offers a starting point to the clinical
reasoning.

In the case of the patient without any evidence of systemic disease, the
diagnostic dissection of a primary nephrotic syndrome is certainly more
problematic. In fact, on a plain clinical ground, the only way to distinguish
one nephropathy from the other is based on detection of some accompanying
signs. Still, it is difficult to estimate the real weight of those signs: Even
though their association with a particular nephropathy is significant at the
level of a whole series, their discriminating power in the single patient may
be weak indeed. For example, when primitive amyloidosis is suspected, it is
possible to look for deposits of amyloid substance in both the skin and heart,
by periumbilical fat aspiration and echocardiography, respectively. However,
while the finding of those deposits may be considered an unmistakable sign,
a negative result does not exclude the diagnosis.

The same type of ambiguity makes nearly all the diagnostic hypotheses
uncertain. Given the suspicion of a membranous nephropathy, it is possible
to investigate the presence of tumors, mainly in the lungs and bowel, by
chest x-ray and by searching for occult blood in the stool, respectively.
However, the association between membranous nephropathy and tumors does
not exceed 10% of cases and, conversely, tumors may be associated with
other nephropathies, different from membranous ones [33]. Consequently,
both positive and negative results are not conclusive diagnostically. Similar
considerations are valid for the association between minimal change disease
and lymphomatous disorders. Even more problematic is the link between
focal segmental glomerulosclerosis and so-called permeability factors, whose
nature has been not clarified as of yet and whose measurement is much too
complicated for routine practice [34].

After having examined the more frequent causes of primitive nephrotic
syndrome and having attempted to make a differential diagnosis by a critical
appraisal of accompanying signs, the search for renal disease causing the
nephrotic syndrome is not yet over, as other less common causes remain to
be considered. In particular, nephrotic syndrome might be the expression of
rarer diseases, such as membranoproliferative glomerulonephritis. It might
also be the rare manifestation of diseases usually exhibiting a different clinical
picture, such as IgA nephropathy.

Urinary abnormalities are the most representative cases of the whole field
of geriatric nephrology. Although they are extremely diffuse in advanced age,
they are still the least frequently studied among renal syndromes in the elderly.
The current neglect of this valuable diagnostic aid demonstrates that some old
prejudices have not been overcome yet. Many physicians are still convinced
that, after the age of 60, hematuria exclusively pertains to the urologist and
that subnephrotic proteinuria is an expression of the aging kidney.

Actually, the clinical significance of urinary abnormalities is much more
complex. There is no doubt that, in the aged, most isolated hematurias
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arise from urinary tract neoplasia; nevertheless, hematuria may herald from
a number of diseases, such as thin basement membrane nephropathy and
papillary necrosis, which are typical nephrological diseases. Regarding
isolated proteinuria, although the excretion of small, usually subclinical,
amounts of protein does increase with age, its supposed connection with the
aging kidney is not supported by any pathophysiological findings. In contrast,
it is commonly the first sign of renal damage induced by diabetes, hyper-
tension, or other causes [36]. Finally, when considering the combination of
hematuria with proteinuria, it should not be forgotten that in adults this is the
most common sign of most glomerulonephritides, especially IgA nephropathy.
In the elderly, a sufficient number of studies demonstrating the same clinical-
histological correlation are still lacking; however, there is no reason to suspect
that in the aged, a clinical manifestation absolutely identical to that of younger
adults may be induced by a cause different from that seen in the adult.

A valuable epidemiological investigation carried out in Japan demonstrated
that both proteinuria and proteinuria associated with hematuria must not be
considered as innocent by-products of the physiological aging process, since
they may be the sign of some pathological change of the kidney, showing a
high predictive power for the progression to end-stage renal disease [37].

Third Step: The Histological Characterization

Although renal diseases exhibit a short inventory of symptoms, this brief
list conceals a wide range of morphological changes. A certain number of
elementary lesions, alone or combined with each other, define about 50 main
nosographic entities, which in turn are divided into various subgroups and
severity levels. Since every one of these entities carries a different prognostic
and therapeutic direction, it is important that the histological characterization
is as precise as possible. Therefore, it is necessary to have mastery of all
histopathological techniques available today and specific competence in renal
histopathology [38]. At the same time, the clinical state of the patient must
never be forgotten, so that useful clinical-histological correlations can be
made. Renal biopsy should be performed whenever the indication exists,
regardless of the patient’s age.

The Renal Biopsy
Thus, advanced age does not fall within the acknowledged contraindications
to renal biopsy [39]. Therefore, the existence of biopsy series dealing with
patients aged 80 years and older should be not be surprising [40]. On the
contrary, it should be surprising that those series are still so rare. The reasons
for such a shortage have to be sought in a certain way of thinking, fairly
common even among specialists. Even today some nephrologists wonder
whether is it more proper to perform the biopsy or to refrain from this
investigation in patients aged over 65 years [41]. Furthermore, another view
exists that even asserts that the utility of performing a biopsy is a simple
“myth,” only deserving to be disproved [42]. This distrust in renal biopsy is
often explained by the worry that, in the elderly, this investigation offers low
benefits but creates high risks. In particular, there is a widespread suspicion
that the background sclerosis of all aging kidneys will confuse the histo-
logical picture of any renal disease, therefore compromising the reliability of
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diagnosis. Even more widespread is the fear that the risks connected with the
invasiveness of a procedure are increased due to the frailty of elderly people.

However, experiences gathered in last three decades do not support any
of these worries. Serious diagnostic difficulties due to excessive sclerosis of
the aging kidney have been not reported in any known series. As to the risks
connected with biopsy technique, the examination of two very large studies
allowed the analysis of adverse events to be made separately according to the
age of the patients: The frequency of postbiopsy complications occurring in
patients older than 60 years was even lower than that observed in patients
younger than 60 years: 7.9% vs. 8.1% in the first series [43], and 7.7% vs.
10.1% in the second [44]. It is possible that the low frequency of compli-
cations evident in these representative series was the consequence of some
selection processes performed on biopsy candidates, excluding those elderly
subjects considered at higher risk. Therefore, it is possible that a widening
of selection criteria, however desirable, might be burdened by some increase
in the frequency of complications. However, it is also possible that such an
untoward occurrence may be counterbalanced by diffusion of some technical
improvements allowing a reduction of risks connected with biopsy [45]. For
example, in last few years, real-time ultrasound guidance and the use of
automatic needles to draw the sample of renal tissue have definitely improved
the safety of biopsies. The advantage these devices yield is proven by the fact
that their adoption allowed a biopsy to be performed even in some people
with a solitary kidney [46]. Therefore, if the taboo of the biopsy in the patient
with a solitary kidney is already teetering, it is difficult to understand why the
concerns regarding biopsies in elderly patients still persist in some quarters.

Refraining from renal biopsy in elderly patients is even more incomprehen-
sible when it is compared to the rising popularity of other kinds of procedures,
such as renal artery dilatation. Yet the comparison between the two proce-
dures demonstrates that biopsy is less dangerous than angioplasty. In fact, a
recent review of nearly 10,000 percutaneous renal biopsies recorded a total
complication rate of 7.4% and a mortality rate of 0.06% [47]. On the other
hand, a meta-analysis of nearly 1,500 percutaneous transluminal angioplasties
showed a total complication rate of 12% and a mortality rate of 1% [48].
Therefore, a biopsy seems to present a complication risk around half that of
angioplasty, with a mortality as little as 20 times less. However, as a rule,
such a comparison should be not made, since the two kinds of procedures are
not directly comparable: Biopsy only provides a diagnosis, which in its turn
has to be utilized to set a therapy, whereas angioplasty is already a therapy
by itself.

On the other hand, the therapeutic effect of angioplasty is still far from
proven. As a matter of fact, the above-mentioned meta-analysis demonstrated
that renal angioplasty is a definitive therapy in 25% of cases, induces some
partial improvements in 45% of patients, and is ineffective in the remaining
30% [48]. These results are considered to be fairly good by some people,
whereas they are not so convincing for others. However, most physicians seem
to share the opinion that without renal angioplasty patients would experience
a worsening of their condition. Actually, there is no evidence to support
this last opinion, since none of the studies considered in the meta-analysis
had a control group of patients. This aspect of the problem has been taken
into account by a randomized prospective study: A plain pharmacological
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therapy, administered to the patients included in control arm of the study, was
able to obtain the same results as angioplasty, which was performed in the
patients assigned to the principal arm of the study [49]. Taken together, all
these observations suggest that the patients undergoing an angioplasty may
run remarkable risks while obtaining no substantial benefits. In spite of this,
many nephrologists do not hesitate to schedule their elderly patients for a
renal angioplasty, whereas they are more reluctant to perform a renal biopsy.

The different attitudes toward these two procedures, which are both
equally invasive, show how important the therapeutic perspective is in a
physician´s decision making: Angioplasty at least offers some lingering hope
of improvement, while the biopsy is just the starting point for a long thera-
peutic course. Therefore, it is possible that most doubts on the usefulness of
a biopsy just reflect the perplexity of those therapeutic decisions that should
be taken as a consequence of histological diagnosis.

Still, some controlled studies exist, though retrospective and nonran-
domized, demonstrating that therapies for glomerulonephritis usually admin-
istered to younger adult patients are effective in the elderly, too. As is to
be expected, these studies display a high frequency of drug-induced side
effects; however, the same studies also display the more worrying outcomes
observed in the control cases, not receiving the therapy. One of the more
enlightening studies regarding this issue concerns the use of steroids alter-
nated with chlorambucil in the treatment of membranous nephropathy [50].
In elderly patients treated according to this regimen, a therapeutic success,
more frequently partial than total, was reached in 73% of cases, while no
appreciable result was observed in 14% of patients and a worsening occurred
in the remaining 13%. This result was not significantly different from that
obtained by the same regimen in patients younger than 65 years. However,
the price to be paid, in terms of drug-induced side effects, was much higher in
elderly patients than in adult ones: 60% vs. 25%. The alarming frequency of
iatrogenic complications could attenuate the fairly positive judgment on thera-
peutic effects of treatment. However, both milder treatments and refraining
from any treatment worsened outcomes fairly. In the control group of patients,
treated by a simple supportive therapy, membranous nephropathy sponta-
neously went into remission in 8% of cases, remained in a steady state in
34%, while progressing to end-stage renal disease in the remaining 58% of
patients. By comparing the different therapeutic options, the data on mortality
appeared even more concerning: Deaths that were probably connected with
drug-induced side effects occurred in 7% of treated cases, whereas deaths
directly caused by the renal disease occurred in 25% of the nontreated cases.

In the few published studies dealing with the therapy of renal diseases
in the elderly, a risk–benefit ratio similar to that observed in the treatment
of membranous nephropathy has been reported in the treatment of some
other nephropathies, such as focal segmental glomerulosclerosis [51]. Such
encouraging results have been obtained by using in each disease a proper
therapeutic scheme, specifically indicated for that disease. This is an incentive
to characterize the nephropathy by means of histology before undertaking
appropriate therapy. On the contrary, a “blind” treatment, theoretically given
to avoid the biopsy complications [42], has the same risks of drug-related
side effects, without offering those benefits offered by a therapy specifically
“tailored” according to the type of histological diagnosis [52].



Chapter 17 The Diagnosis of Renal Diseases in Elderly Patients. What Role Is There for Biopsy? 319

The advantage of histological diagnosis does not only provide the basis
for the right treatment. Even when a therapy of proven effectiveness is still
lacking, the knowledge of an exact diagnosis presents some positive aspects:
First of all, it allows useless therapies to be avoided; furthermore, it allows
the patient follow-up to be scheduled in view of a future treatment, when it is
available; finally, diagnosis is essential to direct the prognosis, as the various
renal diseases do not show the same rates of progression [53].

Since the risks connected with the biopsy procedure are smaller than
commonly assumed and, on the other hand, the benefits of histological
diagnosis are greater than thought, it seems that the arguments in favor of
renal biopsy in the elderly should prevail. In any case, to further improve
the already positive risk–benefit ratio, it is necessary that biopsy candidates
undergo a careful preliminary evaluation, aimed at investigating the presence
of those clinical conditions known to be more frequently associated with
postbiopsy bleeding: renal function impairment, hypertension, and taking of
drugs with anticoagulant properties [45, 47].

In contrast to acute renal failure and rapidly progressive renal disease,
severe chronic renal insufficiency is normally a clear-cut contraindication
to renal biopsy. In fact, the excess of sclerotic tissue characteristic of
the advanced phases of nephropathies, besides hampering the histological
diagnosis, hampers hemostasis as well. In younger adults, a renal biopsy is
usually avoided when the serum creatinine is higher than 3–4 mg/dL or when
the kidney length is shorter than 8–9 cm. These limits may be not appro-
priate in the elderly, as both serum creatinine [9] and kidney dimensions [54]
lose their connection with the severity of renal failure with aging. For this
reason, it is more appropriate to calculate the creatinine clearance according
to the Cockcroft–Gault formula [10] as discussed above and exclude from the
biopsy those patients showing a value below about 30 mL/min, although it
must be kept in mind that data to help determine what figure should be used
are lacking.

Also, hypertension is usually considered to be a contraindication to renal
biopsy; however, high blood pressure may be lowered before proceeding
to the invasive procedure. The main problem is that an antihypertensive
treatment may need more than one week before obtaining some result of
clinical importance. Adjourning the biopsy for some weeks does not entail
relevant consequences in patients with mild to moderate chronic renal insuf-
ficiency or in those with urinary abnormalities. Delay begins to become
problematic in patients with nephrotic syndrome, as the late outcomes are
directly related to the time spent by the body in this highly risky condition.
Finally, every time delay is a serious concern in patients with either acute
or rapidly progressive renal failure in whom a timely diagnosis and a timely
therapy are essential for survival, even in a short period of time.

In these cases, a rapid lowering of blood pressure is indicated, according to
the modalities currently used in hypertensive emergencies. As to the choice
of antihypertensive drugs, calcium-entry blockers should possibly be avoided,
since an increase of hemorrhagic risk in patients taking this kind of drug has
been reported [55].

Besides calcium-entry blockers, all the drugs the patient takes have to be
carefully evaluated under the aspect of hemorrhagic risk. Usually, elderly
persons frequently use NSAIDs, predominantly to subdue musculoskeletal
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pain, almost to the point of abuse; moreover, many elderly people take
a low-dose (75 mg/24 hr) aspirin to prevent an arterial thrombosis at the
level of carotid, coronary, or leg vessels; similarly, other elderly people are
taking warfarin to prevent a thromboembolism from their fibrillating atria or
mechanical heart valves. The importance of giving up NSAIDs, in the week
preceding the biopsy and in the following one, has to be repeatedly explained
to the patient and his family, since the hemorrhagic risk connected with these
drugs is generally underestimated. As much patience is needed to convince
the patient to withdraw from aspirin for the same two weeks; actually,
such a temporary withdrawal is not harmful. On the contrary, withdrawal
from warfarin deserves greater caution. In patients showing a high risk of
thromboembolism, warfarin may be replaced by a preparation of heparin,
according to the schemes recommended in the perioperative period of elective
surgery [56]. In this case, performing a percutaneous biopsy is no longer
possible, while an open biopsy becomes indicated, as this is the only way
to warrant careful hemostasis [45]. In any case, postbiopsy bleeding remains
the most dreaded complication. Consequently, many preventive strategies
have been studied, such as the measuring of bleeding time and the admin-
istration of drugs with some antihemorrhagic action [45]. Nevertheless, the
real effectiveness of these measures is still under debate and, at the moment,
their validity seems to be more acknowledged in the United States than in
Europe [57].

Once all practical and theoretical problems have been overcome, and the
biopsy has finally been performed, it is possible to appraise the usefulness
of histological investigation. As the single biopsy is helpful in solving the
diagnostic doubts in a single patient, the databases collecting large series of
biopsies are essential to understand the epidemiology of renal diseases. This
is particularly important in the case of the elderly with renal diseases, who
are still being burdened by a lot of old prejudices.

Renal Diseases in Elderly Patients
Elderly people may be affected by any kind of renal disease, exactly as adults
and children are. This seems an obvious observation nowadays; however, only
some years ago, the leading opinion was that elderly people were mainly prone
to vascular and interstitial nephropathies, while glomerulonephritis occurred
more frequently in young people. Reconciling the ideas commonly accepted
in the past with today’s reality is very difficult indeed. Theoretically, it is
possible that renal diseases have changed their incidence pattern with time;
it is also possible that the current diagnostic tools such as renal biopsy have
finally displayed an epidemiological situation underestimated for a long time.

Misconceptions about the elderly renal diseases had probably risen from a
too strict interpretation of some necroscopy data presented by the “fathers”
of modern nephrology. In 1836, Richard Bright described the macroscopic
appearance of the organs belonging to patients who died of albuminuric
disease [58]. The age was only recorded in 74 of the 100 reported cases; of
these, no more than 4 were older than 60 years, and their contracted kidneys
testified that some disease occurred many years before, during the juvenile
or adult age. The author observed that, although his series included patients
aged between 8 and 73 years, disease had cut off the greater part of its victims
before middle age was attained.
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A century later, in 1942, Arthur Ellis described, also in the UK, a series
of some 600 patients affected by “Bright’s disease,” grouping under this
name every renal disease accompanied by hypertension [59]. The age was
only reported in those 318 patients whose nephropathy was more precisely
indicated as glomerulonephritis; 173 cases had experienced an abrupt onset of
their disease, while 145 had suffered from an insidious onset. Only 5 patients
were older than 60 years in the whole series, and all were to be found within
the group of chronic cases. Actually, the author suspected that during the
period between the two world wars, when he was collecting his series, many
acute patients were not admitted to the hospital.

Anyway, the double misconception, about the low frequency of glomeru-
lonephritis in elderly people and about the chronic nature of those rare
glomerulonephritides eventually occurring in the elderly, began to be
disproved when some more recent necroscopy data were made known. In
1960, a report was published on a study of more than 11,000 necroscopies
performed between 1945 and 1956 [60]; of these, more than 1,000 showed a
picture consistent with a pyelonephritis and nearly 100 revealed the signs of
glomerulonephritis. From this latter group, 74 cases had been selected whose
clinical records allowed the disease to be precisely reconstructed; surpris-
ingly, 26 patients were older than 60 years: that is, more than one-third of the
total. Another surprise involved the types of glomerulonephritis. As a matter
of fact, among the elderly patients, the acute type, taken together with the
“subacute” type [a confusing term used at that time to indicate crescentic
(rapidly progressive) glomerulonephritis], was more frequent as compared to
the chronic type: 65% vs. 35%; on the contrary, among the patients younger
than 60 years, acute and subacute types showed a frequency lower than that
of the chronic type: 46% vs. 54%. The authors warned against the errors
that can possibly occur when only necroscopy data or only clinical data are
considered: The former ones cannot account for all those cases not undergoing
a post-mortem, while the latter ones can frequently induce a misdiagnosis,
as was demonstrated in 45% of examined cases, by comparing the clinical
records to the histological reports.

Some of these concepts were confirmed by another necroscopy study,
performed between 1956 and 1972 and published in 1974 [61]. Of the 44
elderly patients who had died from glomerulonephritis, 64% showed a picture
of rapidly progressive focal necrotizing nephritis, 18% exhibited acute postin-
fectious nephritis, and 18% had miscellaneous chronic nephritides.

If, in the period between 1960 and 1974, some research based on necro-
scopic investigations had subverted the original ideas about Bright’s disease,
biopsies in the following years helped define the emerging concepts in a more
detailed way. Renal biopsy had already come into clinical practice from the
second half of the 1960s; however, at the beginning, it was mainly performed
in younger adults and children. The first large study entirely consisting of
elderly patients with renal diseases was only published in 1980 [62]: The 115
patients older than 60 years corresponded to 10% of the authors’ whole study.
Glomerulonephritis was found in 68% of elderly patients, a renal involvement
secondary to a systemic disease in 23%, and a tubular interstitial nephropathy
in 9%. In patients younger than 60 years, a different proportion among the
various diagnoses had been previously found: 55%, 30%, and 15%, respec-
tively. Moreover, in any group of renal diseases, some differences in the
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distribution of single nephropathies were evident, according to whether the
patients were older or younger than 60 years; for example, among the primary
glomerular diseases, elderly patients as compared to the younger ones had
a higher frequency of extracapillary nephritis (16.5% vs. 4%) and a lower
frequency of mesangial nephritis (6% vs. 10.5%). At the same time, among the
nephropathies secondary to systemic diseases, elderly patients as compared
to the younger ones had a higher frequency of vasculitides (8% vs. 3.2%) and
a lower frequency of lupus nephritis (1.7% vs. 13.8%). The unique role of
biopsy in defining a correct diagnosis was stressed by comparing histological
and clinical features: The clinical presentation of most cases with the same
nephropathy was as different as possible, thus being unsuitable for diagnosis.

After that report, many others followed in the next few years, and in
1985 about 30 studies were pooled together [63]. Based on these pooled
data, a scheme had been constructed representing the whole spectrum of
glomerulonephritis with age. The graph showed a bimodal trend, with a
first peak of frequency around the age of 10 years and a second peak just
corresponding to the age of 65 years. The graph showed as well that some
types of nephropathy tended to be more frequent at the two extremes of
life: Minimal change disease and membrano-proliferative glomerulonephritis
were more common in children and young people, whereas pauci-immune
rapidly progressive glomerulonephritis and membranous nephropathy were
more common in elderly patients. Apart from these results, that article mainly
deserves to be remembered because it showed the importance of a certain kind
of methodological approach: To perform a detailed analysis of the distribution
of the various renal diseases, according to all the different periods of a
lifetime, it is necessary to have sample sizes so large that they can only be
collected by pooling the data coming from many centers performing renal
biopsies. The Registries of Renal Biopsy, which are organized at a regional
or national level, are now dealing with this task, and some of these registries
have recently presented their data on elderly renal disease.

The Danish Registry collected some 2,400 cases of primary glomeru-
lonephritis diagnosed by means of biopsies performed between 1985 and
1997 [64]. The incidence of glomerulonephritis in the whole of Denmark (5.2
million people) was calculated to be nearly 39 cases per million per year. The
incidence was also calculated according to the age of patients, provided that
they were matched with the population being the same age. Interestingly, a
graph was obtained mimicking that shown in the article cited above. A double
peak of incidence was found: The first one between 20 and 30 years, the
second one between 60 and 70 years; by comparing those peaks, glomeru-
lonephritis clearly appeared to be more diffuse in the elderly than in young
people. This evidence was allowed to emerge only thanks to the method used
to express the data: incidence per million of population, rather than a percent
frequency.

Using the same method of calculation, some similar results were obtained
by the Italian Registry [65]. Among the biopsies performed in 1996, more
than 2,500 cases were collected: Primary glomerulonephritis accounted for
59% of diagnoses, while secondary glomerulonephritis, nonglomerular renal
diseases, and undiagnosed renal diseases were found in 20%, 11%, and 10%
of cases, respectively. Among the patients undergoing biopsy, those older
than 65 years accounted for 23% of the total. At first sight, this seems to
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be a minority, as compared to the patients younger than 65 years; however,
elderly patients included in the biopsy series were more numerous than the
proportion of elderly people in the general population, who made up just
16%. This disproportion severely affected the results. When the frequency of
renal diseases was expressed as a percentage rate, renal diseases occurring in
the elderly always appeared to be as a negligible minority. On the contrary,
when the incidence of renal disease was assessed by considering the compo-
sition of the general population, a different reality immediately appeared. The
incidence of primary glomerular diseases, secondary glomerular diseases, and
nonglomerular renal diseases, expressed as the number of cases per million of
population, was greater in elderly patients (30.8, 16.2, and 9.8, respectively)
than in adults (28.3, 8.4, and 4.5, respectively) and in children (8.7, 3.1,
and 2.1, respectively). Even the total count of biopsies expressed in the same
way was greater in elderly patients than in adults and children (61.9, 45.8,
and 15.7, respectively). Italian nephrologists had performed a biopsy more
frequently in elderly patients than in younger ones, probably without realizing
it, since most of them still continue to consider the elderly patients as
only making up only a marginal 23% of their biopsy patients. Finally, the
incidence of the single types of primary glomerulonephritis, when expressed
as the number of cases per million of population, appeared in a different
light: Membranous nephropathy, crescentic nephritis, membrano-proliferative
glomerulonephritis, minimal change disease, and acute post-streptococcal
glomerulonephritis were all found to be more frequent in elderly patients
than in younger patients. Only focal segmental glomerulosclerosis, non-IgA
mesangioproliferative nephritis, and IgA nephropathy were found to be less
common in elderly patients than in younger ones. The low frequency of IgA
nephropathy occurring in elderly patients shown in the Italian Registry, as well
as by most biopsy series, probably reflected a double-selection bias: Urinary
abnormalities were considered too trivial to induce general practitioners to
refer the elderly patients to a nephrologist and to induce nephrologists to
perform a renal biopsy in those patients. This particular issue has been dealt
with by a French regional registry.

The Registry of “Côtes d’Armor,” in northwestern France, collected more
than 1,700 biopsies performed between 1976 and 2002 [66]. Interestingly, this
registry showed that the percentage of elderly patients who underwent biopsy
increased from less than 10% before 1980 to more than 30% after 1996.
As more and more elderly patients were accepted into the biopsy program,
the annual incidence of renal disease, expressed as the number of cases
per million of population, appeared to be changing. The most evident case
concerned the incidence of IgA nephropathy. Before 1996, the occurrence of
IgA nephropathy in elderly patients appeared to be one-third of that seen in
younger patients (12 vs. 37). After 1996, the occurrence of IgA nephropathy
was demonstrated to be similar in both elderly and young patients (27 vs. 25).
Since it is difficult to believe that IgA nephropathy has changed its epidemi-
ological pattern in only a few years, it is more likely that the increasing
confidence toward renal biopsy in elderly patients has finally disclosed an
epidemiological situation that had remained concealed for a long time.

Besides these Danish, Italian, and French registries, the British [67] and
Spanish [68] collections have also made interesting contributions to the current
understanding of elderly renal diseases. However, these last registries, as well
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as another report from an Italian registry [69], expressed their data only as
a percent frequency, rather than as an incidence per million of population,
thus showing a clinical-histological appraisal rather than an epidemiological
approach to the problem. Nevertheless, all the registries contributed to
expanding the awareness that renal disease in the elderly is not a marginal
issue.

Conclusion

Dialysis rooms are full of elderly patients, and more patients are continuously
arriving. All healthcare professionals are worried; however, the measures
taken to slow down the patient flow do not seem strong enough. Elderly
patients should be offered the same chance of diagnosis, prognosis, and
therapy that adult patients are usually given; however, many old-fashioned
ideas are still hampering a correct approach to elderly renal disease.

Renal biopsy is an excellent tool to discover which nephropathy underlies
nonspecific clinical pictures. This chapter has demonstrated how useful the
biopsy may be in understanding the renal problem of the individual patient;
it has also shown how much the Registries of Renal Biopsy can contribute
to the understanding of the spread of renal disease through the communities.
A wider use of biopsy in elderly patients, as recently seen in northwestern
France, could be an important step toward both clinical and epidemiological
objects.
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Diabetic Nephropathy

Alessia Fornoni, Carlos Leon, and Leopoldo Raij

Introduction

Diabetic nephropathy (DN) is the leading cause of end-stage renal disease
(ESRD) in the United States, accounting for 53% of incident patients and 45%
of the prevalent ESRD population [1]. This percentage of incident patients is
rather less in Europe, varying from 15 to 50% in different countries. These
high figures are due primarily to the increased prevalence of type 2 diabetes
in older subjects (20% of patients over age 65 have diabetes as defined by
glucose tolerance tests), the longer life expectancy of patients with type 2
diabetes, and the acceptance of diabetics with ESRD in treatment programs
today, from which they had formerly been excluded [2]. The great majority
of elderly subjects (>70 years of age) with DN have this as a complication of
type 2 diabetes.

DN is a syndrome characterized by the appearance of abnormal urine
albumin excretion (>30 mg/24 hr or >20 μg/min or >30 μg/mg creatinine)
or diabetic glomerular lesions and loss of glomerular filtration rate (GFR) in
the absence of albuminuria. Among patients with type 1 diabetes, 17–28%
progressed from normoalbuminuria to microalbuminuria after 10 years of
follow-up, although 30% may revert back to normoalbuminuria [3,4]. Among
patients with type 2 diabetes, microalbuminuria is already present in 30% of
patients at time of diagnosis [1]. Without specific intervention, initial reports
suggested that 80% of subjects with type 1 diabetes and microalbuminuria
will progress to proteinuria (>300 mg/24 hr or > 200 ug/min or >300 μg/mg
creatinine) over 6 to 14 years [5]. However, more recent studies showed
that the overall risk for progression from microalbuminuria to proteinuria is
30% for patients with type 1 diabetes as well as those with type 2 diabetes
[3]. Among the patients with overt nephropathy, ESRD will develop in 75%
of type 1 diabetic patients and 20% of type 2 diabetic patients at 20 years
[2]. Since the prevalence of type 2 diabetes is 10–15 times higher than type
1 and continues to rise in both North American and European populations
[1, 6], patients with type 2 diabetes now represent the largest single disease
group requiring renal replacement therapy. In addition, since the greater risk
of dying in the population with type 2 diabetes is from cardiovascular disease
(CVD), and therapies and interventions for CVD continue to improve, a
further increase in the number of patients with type 2 diabetes reaching ESRD
is expected to occur. Thus, the healthcare burden of patients with diabetes and
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ESRD requiring renal replacement therapy is expected to rise even though,
among patients who require dialysis, those with diabetes have a 22% higher
mortality at 1 year and a 15% higher mortality at 5 years than patients without
diabetes [7].

Risk Factors

The early identification of those patients at risk of developing DN is the
subject of an intense research effort. Among the known risk factors for the
development of DN, both modifiable and non-modifiable risk factors have
been identified (Table 18.1).

Nonmodifiable Risk Factors

Ethnicity
Race is a strong independent risk factor for DN. DN rates are much higher
in African-American, Native American, and Hispanic compared with white
populations [1]. Studies of Pima Indians show a cumulative incidence of
ESRD of 40% at 10 years and 61% at 15 years following the onset of
proteinuria, compared to a cumulative incidence of 17% ESRD at 15 years
following the onset of proteinuria in Caucasian type 2 diabetics. For diabetes-
related ESRD, Mexican Americans have an incidence ratio of 6, while African
Americans have a ratio of 4 compared to Caucasian populations. Within the
UK, the incidence of ESRD again is significantly higher among South Asians
and African-Caribbean populations [8].

Family History
Clustering of DN in families has been convincingly demonstrated in several
studies, and both heritability and segregational genetic analysis have suggested
a role for genetic background in the pathogenesis of DN [9]. In fact, similar
patterns of glomerular involvement were observed in family members with
diabetes even in the absence of clinical nephropathy [10]. In addition, multiple
studies support familial aggregation of albuminuria, GFR, and creatinine
clearance [11]. This genetic clustering has led to a substantial development
of genome-wide expression analysis for the identification of susceptibility
genes [12]. The first genome scan that searched for nephropathy loci was
performed in Pima Indians. Among this group, a strong familial clustering of
nephropathy has been reported: 14.3% of diabetic offspring if neither parent

Table 18.1 Risk Factors for the Development of Diabetic
Nephropathy. Risk Factors Can Be Divided Among Those
That Can Be Modified by Intervention and Those That Are
Not Amenable to Intervention.

Modifiable Risk Factors Nonmodifiable Risk Factors

Hyperglycemia Ethnic background

Hypertension Family history

Cigarette smoking Presence of retinopathy

Dyslipidemia Altered GFR at presentation
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had proteinuria; 22.9% if at least one parent had proteinuria; and 45.9% if
both parents had nephropathy. More recently, Turkish kindreds and African-
American families were also analyzed. As a result, susceptibility loci on
chromosomes 3, 7, and 18 were identified. However, as DN is an example
of a complex rather than Mendelian disease, no gene has yet been uniquely
associated with susceptibility to DN in either human populations or animal
models. Finally, when collecting family history from patients with diabetes,
it is important to consider that parental hypertension is a risk factor for the
development of DN among offspring [3].

Elevated GFR
It remains controversial whether hyperfiltration predicts the appearance of
DN in patients with type 1 diabetes. While some found that GFR > 140
mL/min/1.73 m2 predicted higher risk of progression to microalbuminuria [5],
other studies were unable to confirm these findings [13]. A similar controversy
exists for patients with type 2 diabetes [3].

Reduced GFR
Loss of GFR can be the initial manifestation of DN. In fact, in women with
type 1 diabetes, a low GFR despite normoalbuminuria was associated with
worse DN than women with normoalbuminuria and high GFR. Similarly,
in patients with type 2 diabetes, particularly older women, a low GFR
with normoalbuminuria was observed in up to 23% of the patients and was
associated with a trend toward more rapid progression than in patients with
microalbuminuria [14].

Presence of Retinopathy
The presence of diabetic retinopathy (DR) usually antedates the development
of microalbuminuria in patients with type 1 diabetes, and the severity of DR
lesions usually correlates with DN glomerular lesions even in the absence
of renal functional abnormalities [15]. Patients with normoalbuminuria and
proliferative DR have a 9-fold risk for microalbuminuria [4] when compared to
the only 1.3-fold risk in the presence of stage 1 DR. The relationship between
DR and DN is much less clear for type 2 diabetes [3,4]. However, when DN is
defined by the presence of histological glomerulopathy (mesangial expansion
and GBM thickening) and not solely by the presence of microalbuminuria, a
strong concordance between DN and DR is observed [3].

Modifiable Risk Factors

Glycemia
The DCCT trial offers the best evidence that strict glycemic control was
associated with lower likelihood of microalbuminuria at 6.5 years [16]. In
addition, even after the discontinuation of intensive treatment that led to
equal A1c value among groups, the long-term follow-up of the same patients
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showed that there was a 59% risk reduction of developing microalbuminuria
in those patients who were initially assigned to intensive treatment [17].
Similarly, in the UKPDS study on a patient population with type 2 diabetes,
intensive glucose control reduced the risk for microalbuminuria [18]. Once
microalbuminuria has developed, a correlation between A1c and reversal from
microalbuminuria to normoalbuminuria has been established in patients with
type 1 diabetes [19] as well as in those with type 2 diabetes [20]. In addition,
higher A1c levels predicted progression from microalbuminuria to proteinuria
in the EURODIAB study [21].

Hypertension
In the population of patients with type 1 diabetes and normoalbuminuria,
ambulatory blood pressure measurements revealed that nocturnal blood
pressure values and dipper status were predictors of progression to microal-
buminuria [22]. In addition, data from the Steno Diabetes Center showed that
before the onset of microalbuminuria, a 4 times higher number of patients who
later developed microalbuminuria were receiving antihypertensive treatment
when compared to those patients who maintained normoalbuminuria [4].
Similarly, prediabetic blood pressure predicted the development of microalbu-
minuria in a selected population of patients with type 2 diabetes, i.e., the Pima
Indians [23]. In addition, blood pressure often predicts which patients with
microalbuminuria may revert to normoalbuminuria in patients with type 1
[4, 16] and type 2 [20] diabetes. These data suggest that ambulatory BP
monitoring may need to be performed annually in normotensive normoal-
buminuric diabetic patients as an additional criterion to assess the risk of
developing DN. In type 2 diabetics, the prevalence of hypertension is 30–50%
at diagnosis, increasing to 90% with the development of abnormal urinary
albumin excretion. The degree of hypertension after the diagnosis of diabetes
is often related to the degree of albuminuria.

Cigarette Smoking
Cigarette smoking is an independent risk factor for the development of
microalbuminuria as well as for the progression to ESRD in patients with
type 1 diabetes [24] as well as for patients with type 2 diabetes [25]. When
cigarette smoking and elevated A1c are concomitantly present, a synergistic
effect is observed. Interestingly, analysis of renal biopsies of patients with
type 2 diabetes shows that cigarette smoking is an independent determinant
of GBM thickening [25].

Dyslipidemia
Among patients with type 1 diabetes and normoalbuminuria, serum choles-
terol was higher in those patients who progress to microalbuminuira when
compared to those who remained normoalbuminuric [4]. Similarly, low serum
cholesterol levels also predicted return from microalbuminuria to normoalbu-
minuria in both the above Steno Study as well as the Joslin Clinic Study [19].
Although a recent strong association among lipids, inflammatory biomarkers,
and renal function has been established in a cross-sectional study of 732 men
with diabetes [26], there is no definitive evidence yet that lipid lowering may
reduce progression of DN.
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Clinical Manifestation of Diabetic Nephropathy

Clinical DN results from glomerular, tubular, interstitial, and vascular lesions,
which become severe when normal glomerular membrane permselectivity,
filtration function, and glomerular autoregulation of blood pressure are
impaired. The natural history of renal involvement has been better defined
in type 1 than type 2 diabetes. Mogensen [27] has identified five distinct
stages of renal dysfunction in this population, and it has been assumed that
a similar sequence of events occurs in type 2 diabetics. After an earlier
functional phase (stages 1 and 2) in which hyperglycemia is accompanied by
an increased GFR and microalbuminuira, persistence of high glomerular flows
and pressures plus poor control of glycemia eventually fosters renal damage,
which results in the progression of microalbuminuira to proteinuria accom-
panied with a decline in GFR (stage 3). This is followed by the development
of hypertension (stage 4) and progression to ESRD (stage 5). However, not
all patients follow this pattern, since a quite large subset of patients is charac-
terized by worsening GFR despite normoalbuminuria in both type 1 and
type 2 diabetes [3]. It is interesting to note that this pattern of presentation
is more characteristic in the subpopulation of elderly females. In the third
NHANES survey, Kramer et al. [28] noted that retinopathy and albuminuria
(spot urine albumin/creatinine ratio) were absent in 30% of elderly type 2
diabetic patients with eGFR < 60 mL/min/1.73 m2 (Modification of Diet in
Renal Disease, MDRD, formula). These findings certainly do not invalidate
the use of urine analysis for albumin/protein, but clearly suggest that comple-
mentary pathogenetic mechanisms operate in a small segment of elderly type
2 diabetic patients such as the possibility of premature senescence of the
kidney or excessive sensitization of renal vasculature to blood pressure.

Screening for Diabetic Nephropathy

Screening for DN is based on the detection of microalbuminuria and can
be performed by albumin-to-creatinine ratio in a random spot collection
(preferred method), or by measurement of albumin in a timed urine collection
(24 hours or less). Screening for microalbuminuria should be performed with
diabetes duration more than 5 years in type 1 diabetics and in all type 2
diabetic patients. The analysis of a spot sample for the albumin-to-creatinine
ratio is strongly recommended by most authorities such as the National
Kidney Foundation (NKF) and American Diabetes Association (ADA) [2,29].
Measurement of a spot urine for albumin only, whether by immunoassay
or by using a dipstick test specific for albumin, without simultaneously
measuring urine creatinine, is less expensive than the recommended methods
but is susceptible to false-negative and -positive determinations as a result of
variation in urine concentration due to hydration and other factors. Screening
for microalbuminuria should consist of at least two samples within six months
(Figure 18.1). Presence of microalbuminuria in addition to level of GFR may
be used to stage CKD according to the current National Kidney Foundation
classification [30]. In addition, serum creatinine should be measured annually
for the estimation of GFR in all adults with diabetes regardless of the degree
of urine albumin excretion. The GFR can be easily estimated using the MDRD
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New diagnosis of type 2 diabetes
History of type 1 diabetes for 5 years

Check A/C ratio on spot urine (3 times in 6 month)
Check eGFR and repeat in 3 months if abnormal

eGFR< 30cc/min/1.73m2

CKD management 

2/3 A/C > 30 µg/mg creatinine 2/3 A/C < 30 µg/mg creatinine

Rapidly
worsening
proteinuria

Initiate treatment to reduce proteinuria
Determine eGFR

Determine eGFR

biopsy

Initiate treatment to show progression
Follow-up in 6 months

eGFR < 60 cc/min/1.73m2/month eGFR < 60 cc/min/1.73m2/month eGFR < 60 cc/min/1.73m2/month

Repeat alb/creat ratio
and eGFR every year

Follow-up in 6 months

Follow-up every 6 months

Loss of eGFR <
1cc/min/1.73m2/month

Loss of eGFR <
1cc/min/1.73m2/month Loss of eGFR <1cc/min/1.73m2/month

Follow-up every 6 months Screen for renovascular disease

Positive treat Negative biopsy

Fig. 18.1 Algorithm for the screening and management of diabetic nephropathy.

formula [30], although an overestimation of GFR can be expected in nephrotic
patients with increased tubular secretion of creatinine. Nephrologist referral
should be considered either when the GFR has fallen to <30 mL/min/1.73 m2

or if GFR <60 mL/min/1.73 m2 and difficulties occur in the management of
hypertension or hyperkalemia. Early referral of such patients has been found
to reduce cost and improve quality of care and keep people off dialysis longer.
Screening for microalbuminuria is also essential to estimate the cardiovascular
morbidity and mortality of the population of patients with diabetes. After 40
years of diabetes, only 10% of those with proteinuria are alive compared
to 70% of those without, the main cause of mortality being cardiovascular
disease. In type 2 diabetes mellitus, the UKPDS provides compelling evidence
of the link between varying levels of proteinuria and mortality rates (1.4%/year
for normoalbuminuria; 3.0% for microalbuminuria; 4.6% for proteinuria; and
19.2% in the presence of abnormal renal function).

Renal Pathology

Macroscopic Changes

The kidneys of patients with DN are, on average, larger than those of nondia-
betic control subjects. Following the onset of diabetes, kidney weight increases
by an average of 15% with parallel increases in the protein and RNA content
of the kidney and an increase in DNA synthesis. In diabetics with microal-
buminuria, renal volume continues to increase as urinary albumin excretion
rises to the level of overt proteinuria. Thus, renal size remains increased
until overt nephropathy is established. In most patients with type 1 diabetes,
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glomerular hypertrophy develops and may be the expression of compensatory
growth in the face of progressive glomerular loss. Similarly, hypertrophy of
the interstitium occurs, which accounts for a large proportion of the overall
renal weight.

Light Microscopy

It is well known that in early stages of renal disease, the renal histology
is much less uniform in type 2 than in type 1 diabetes, with a high
frequency of atypical patterns including tubulointerstitial lesions, advanced
glomerular hyalinosis, or global sclerosis. In patients with type 1 diabetes,
light microscopy findings such as arteriolar hyalinosis and global glomeru-
losclerosis are closely related and are associated with GFR loss, and the
degree of GBM width as evaluated by EM is a predictor of the development
of MA. Structural predictors of progression have instead not clearly been
identified in patients with type 2 diabetes, although podocytopenia has been
proposed as a predictor of progressive albuminuria in selected populations
and in experimental models of type 2 diabetes. Both a nodular and a diffuse
pattern of glomerular lesion can be observed. Diffuse glomerular lesions are
more frequent than the nodular lesion, with an incidence of over 90% for
patients with type 1 diabetes of over 10 years’ duration and an incidence of
25–50% in patients with type 2 diabetes. It includes uniform thickening of
the GBM, mesangial matrix expansion, hyalinosis (accumulation of plasma
protein in the subendothelial space), increased number of mesangial cells, and
accompanying periglomerular fibrosis [31]. The distribution of the diffuse
lesions is irregular, both among lobules of the same glomerulus and between
different glomeruli (Figure 18.2a). Nodular glomerular intercapillary lesions
in the diabetic kidney were described in 1936 by Kimmelstiel and Wilson and
can be found in the late stages of DN in type 1 and type 2 diabetics. They
are periodic acid-Schiff (PAS) positive masses that are irregular in size and
distribution, both within and between glomerular loops, but more likely in
the peripheral part of the glomerulus. These large aggregates of extracellular
matrix contain a number of mesangial cells and possibly macrophages. When

Fig. 18.2 (a)Diffuse glomerulosclerosis. The whole glomerulus shows increased
mesangial matrix and increased thickness of several GBM tracts and of Bowman’s
capsule. Hyaline material is deposited at the vascular pole, as well as in a small vessel
besides the glomerulus. Trichrome staining, 200X. (b)Nodular glomerulosclerosis. An
acellular rounded accumulation of translucent material is present, where the remaining
parts of the tuft show diffuse mesangial matrix deposition and increased thickening
of the GBM. Deposition of hyaline material is present along the Bowman’s capsule.
Trichrome staining, 200X. (c) Electron microscopy: The dishomogeneous increased
thickness of the GMB is evident. Uranil acetate-lead citrate, 13,000X. (Courtesy of
Dr. Maria Pia Rastaldi.).
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present, they are pathognomonic for diabetes, but they are not a universal
finding and are reported in only 12–46% of biopsies in both type 1 and type
2 diabetes (Figure 18-2b). Nodules are also seen in amyloids, where they are
unevenly distributed, and in light-chain deposition disease. In these condi-
tions, specific stains and immunofluorescence findings, respectively, will
clarify the diagnosis. In the arterioles, hyaline material progressively replaces
the entire wall of both the afferent and efferent vessels. Although afferent
arteriolar hyalinization occurs in other conditions, involvement of the efferent
vessel is highly specific for diabetes and can be independent of the presence
of hypertension. In the tubular and interstitial space, beside thickening and
reduplication of the GBM, a variety of nonspecific findings characterize DN
and have no diagnostic utility but have prognostic utility, since kidney survival
rates diminish if interstitial fibrosis is present. Although aging per se can
cause fibrointimal hyperplasia and up to 10% of glomerulosclerosis, most of
the diabetic nephropathy-induced changes are not observed in normal aging.

Immunofluorescence Microscopy

Staining for the IgG, albumin, and fibrinogen can be found in the GBM in
patients with diabetic nephropathy. These proteins probably reach such sites
passively as the result of increased capillary permeability, rather than through
more specific interactions. There are also increases of type IV collagen,
laminin, and fibronectin in the mesangium; type I and type VI collagen may
accumulate late in the course of the disease, mainly in nodular lesions [31];
IgM, fibrin products, and C3 can be found in the arteriolar deposits of hyalin
and may suggest a role for the coagulation pathway activation in the genesis
of glomerulosclerosis.

Electron Microscopy

Thickening of the glomerular basement membrane is the earliest and more
prominent feature of diabetic kidney disease (Figure 18-2c). Up to an 80%
increase in the area of the capillary wall can be found within months of
the onset of type 1 diabetes. Excessive irregular thickening of the basement
membrane is associated with nodular renal disease. In all stages of DN,
there are no electron-dense deposits. The foot processes of the epithelial cells
remain discrete until renal function has declined to 20% of normal, when
they become wider in cross-section with shortening of the filtration slits.
Eventually, podocyte fusion and effacement are noted. The mesangial fraction
(i.e., the volume of the glomerulus occupied by the mesangium) may double
when compared with controls. In arterioles, the hyalin deposits appear as
uniform densities and spread from a subintimal location toward the media
and then to its near replacement.

Pathogenesis of Diabetic Nephropathy

A complete discussion of the pathogenesis of DN is beyond the scope of
this chapter and will be limited to concepts that have influenced current
therapeutic directions. Several contributing factors of either hemodynamic
or metabolic origin have been identified, but an extensive research effort
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is urgently needed to identify a unifying mechanism that could represent a
new and more definitive therapeutic target. Since diabetes causes selective
tissue damage (capillary endothelial cells in the retina, neurons and Schwan
cells in peripheral nerves, and mesangial cells in the glomerulus), and these
cells are vulnerable to hyperglycemia because of their inability to reduce
intracellular transport of glucose when they are exposed to hyperglycemia,
it has been suggested that several pathways activated by intracellular hyper-
glycemia may all contribute to the development of the complication [32].
Among them are the increased polyol pathway flux, the increased formation
of advanced glycation end products (AGEs), and the increased hexosamine
pathway flux. These metabolic derangements almost invariably result in
activation of protein kinase C (PKC) and production of reactive oxygen
species (ROS), finally leading to TGF-� upregulation and collagen production
[33]. However, long-term inhibition of PKC or of ROS production does
not prevent the chronic lesions associated with DN [34]. Similarly, strict
glycemic control slows but does not prevent the progression of DN [16, 18],
suggesting that other factors are involved and/or that hyperglycemia results in
a “glucose memory,” as suggested by clinical trials [17] and supported by our
experimental findings of glucose-induced genetic modifications in mesangial
cells [35]. In fact, hemodynamic mechanisms, of which activation of the
renin-angiotensin-aldosterone (RAAS) axis is the most prominent feature,
also plays an important role and is responsible for some of the metabolic
findings observed in DN via its direct interaction with nitric oxide and
ROS [7]. More recently, glomerular hypertension was found to be associated
with mesangial overexpression of GLUT-1, clearly linking the hemody-
namic and metabolic pathogenesis of diabetic nephropathy [36]. Coupling
of hemodynamic and metabolic changes in DN is bidirectional, since hyper-
glycemia inhibits voltage-gated calcium channels, resulting in dilatation of
glomerular afferent arterioles and impaired glomerular blood flow autoregu-
lation [37]. More recent data also suggest that the complex interplay among
metabolic, biochemical, and hemodynamic abnormalities may be explained by
the unifying hypothesis that diabetic nephropathy is a chronic inflammatory
disease [38].

Differential Diagnosis

The incidence of nondiabetic causes for proteinuria in diabetes ranges from
4–25%, usually higher in type 2 than type 1 diabetic patients. It is not
clear whether most of these reports merely represent the coexistence of the
two conditions rather than a specific association. Inevitably, the perceived
incidence of nondiabetic glomerular disease will depend on the frequency
with which renal biopsy is performed and the clinical criteria used to select
patients for renal biopsy. It has been reported that in type 2 diabetic patients,
the incidence of other renal disease may exceed 25%. A kidney biopsy should
be considered in the following cases: absence of retinopathy (especially
for patients with type 1 diabetes), sudden onset and rapid progression of
proteinuria particularly with known disease duration of less than 5 years and/or
abnormal evolution, presence of macroscopic hematuria or urinary sediment
suggestive of active glomerulonephritis, and rapid decline of renal function.
Membranous nephropathy is the primary glomerular disease most commonly
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reported in association with diabetes. In most cases, patients present between
the ages of 40 to 60 years after 10 or more years of diabetes. Diabetes
can also manifest in the kidney as papillary necrosis, which is observed at
autopsy in 4.4% of diabetic kidneys, more common in females, especially
when recurrent urinary tract infections occur. The incidence and severity of
papillary necrosis is decreasing with early antibiotic treatment but tends to
occur in those with long-standing diabetes. If initially unilateral, it will often
affect the contralateral kidney over subsequent years and will eventually be
bilateral in 65% of patients. Presentation can be asymptomatic, following an
indolent course. Tubular proteinuria is often accompanied by microscopic
hematuria and sterile pyuria. Among other causes of renal disease in patients
with diabetes, renovascular disease needs to be considered. Renovascular
disease is recognized with increasing frequency in diabetics, especially in
association with peripheral vascular disease. Typically, renal impairment may
develop in the context of microalbuminuria or mild proteinuria. Hypertension
is common but is not a universal feature. When suspected, the diagnosis should
be sought by duplex scanning or magnetic resonance angiography, followed
by conventional angiography if possible. Other kidney-related problems
in diabetics include pyelonephritis, where Gram-negative organisms most
commonly infect the parenchyma; another problem in diabetics is emphyse-
matous pyelonephritis, a rare and severe complication of pyelonephritis, which
usually affects diabetic patients and requires nephrectomy of the affected
kidney. Renal tuberculosis should be suspected when there is azotemia with
modest proteinuria and sterile pyuria in the absence of papillary necrosis.
Although renal imaging may be suggestive and a tuberculin test may be
positive, the diagnosis requires culture of Mycobacteria species in the urine.
Finally, diabetic patients are at increased risk of contrast nephropathy.

Prevention and Treatment of Diabetic Nephropathy

General Considerations

According to the last position statement of the American Diabetes Associ-
ation [2], the first goals in the prevention and treatment of DN are
optimization of glucose and blood pressure control. In addition, a reduction in
protein intake has been recently added with level of evidence B (supportive
evidence) to the general recommendations. Finally, a strong preventive
effort has been instituted by the National Kidney Disease Education project
(http://www.nkdep.nih.gov), which has implemented a community-based
strategy to educate individuals at highest risk for development of kidney
disease. Thus, a new approach to DN based on the identification of new
predictors and of new preventive measures is needed (Figure 18.3).

Glycemic Control

Intensive diabetes management with the goal of achieving near normo-
glycemia has been shown in large prospective randomized studies to delay the
onset of MA and the progression of MA to proteinuria in patients with type 1
[16] and type 2 diabetes [18]. However, although these large studies demon-
strate the importance of strict glycemic control for primary prevention of
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DN: old paradiagm

Diabetes

Diabetes

Sub-clinical DN

MA

Clinical DN

Treat disease

ESRD

DN: new paradiagm

Sub-clinical DN Clinical DN

MA ESRD

Treat disease:
Reduce proteinuria

Slow CKD progression

Prevent disease
Treat modifiable risk factors

Identify non modifiable
risk factors and new biomarkers

Fig. 18.3 New approach to DN. A schematic representation of the new paradigms for
diagnosis and intervention in DN.

microvascular complications, there is no clear evidence that glycemic control
can affect the progression of CKD in the population of patients with diabetes.

Blood Pressure Control

Large prospective randomized studies in patients with type 1 diabetes have
demonstrated that treatment using angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blocker (ARB) provides a selective benefit
over other antihypertensive drug classes in the primary prevention of
DN and in delaying the progression from microalbuminuria to proteinuria
[39–42]. More interestingly, a direct association between ARB use and
decreased loss of renal function as a primary endpoint was observed in
the Reduction of Endpoints in NIDDM with the Angiotensin II antagonist–
Losartan (RENAAL) trial and the Irbesartan Diabetic Nephropathy Trial
(IDNT) [43, 44]. The safety and efficacy of ACEi in patients with more
advanced renal failure have been reported more recently as well [45]. In
addition to their beneficial effect in primary and secondary prevention of
diabetic nephropathy, ACEi have been shown to reduce the incidence of CVD
(i.e., myocardial infarction, stroke, death) independently of blood pressure
control, further supporting the use of these agents in patients with microal-
buminuria [41]. Although hyperkalemia has been a issue of concern with the
use of ACEi-ARB, pooled data from clinical trials suggest that the risk is low
[43, 44], and this also applies when ACEi are administered to patients with
more advanced CKD [45]. Older age is not a contraindication to the use of
ACE/ARB. In a population of type 2 diabetics with early DN, ARB are similar
to ACEi in providing long-term renoprotection [46]. Smaller studies have
been performed concerning protection of renal function with ACEi compared
to other antihypertensive agents, but no agent has been found to be equal
or superior to ACEi/ARB. In fact, the seventh report of the Joint National
Committee on Prevention, Detection, Evaluation and Treatment of High Blood
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Pressure (JNC 7) recommended ACEi/ARB as a first-line agent in patients
with diabetes. As additional therapy or in patients unable to tolerate ACEi
and/or ARBs, the use of beta-blockers, diuretics, or calcium channel blockers
for the management of blood pressure should be considered [47]. There have
been variable results relating to the efficacy of ACEi or ARBs for the primary
prevention of DN in patients with type 2 diabetes. Among several studies
in normotensive normoalbuminuric patients, the largest was the BENEDICT
trial [48], which showed a lower rate of progression to microalbuminuria in
patients treated with trandolapril when compared to verapamil or placebo.
More recent data also suggest that adding spironolactone to the recommended
antihypertensive treatment may offer additional renoprotection in patients
with either type 1 or type 2 diabetes.

Protein Restriction

The American Diabetes Association recommends restriction of protein intake
to 0.8 g/kg in diabetic patients with any degree of CKD [2], although this issue
remains controversial. Protein restriction may be of benefit in slowing the
progression of albuminuria, GFR decline, and occurrence of ESRD. Protein
restriction should be considered particularly in patients whose nephropathy
seems to be progressing despite optimal glucose and blood pressure control
and the use of ACEi/ARBs.

Combined Therapy

The optimal therapeutic approach to the treatment of DN may be intensive
combined therapy, thereby targeting the many factors underlying the disease,
including hyperglycemia, hypertension, and dyslipidemia. The potential
efficacy of intensive combined therapy in patients with type 2 diabetes
and microalbuminuria was examined in the Steno type 2 trial [49]. In this
prospective study, 160 patients were randomly assigned to standard or multi-
factorial intensive therapy. The intensive regimen consisted of behavioral
therapy (including advice concerning diet, exercise, and smoking cessation)
and pharmacological intervention (consisting of the administration of an ACEi
and multiple other agents to attain several aggressive clinical therapeutic
goals). At a mean follow-up of 7.8 years, intensive therapy reduced both
microvascular and macrovascular disease [49]. With respect to DN, there
were significant improvements in albumin excretion and in progression to
overt nephropathy. However, the study did not produce any evidence that
intensive treatment may delay loss of GFR.

Novel Therapeutic Approaches

While a plethora of novel therapeutic agents are currently being tested in
phase 1 and 2 clinical trials and offer very interesting novel therapeutic
strategies, their use is beyond the objective of this chapter and has been
recently reviewed elsewhere [34].
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Care of the Elderly Patient with Diabetes

Evidence-based guidelines for the care of elderly patients with diabetes have
been recently generated by the American Geriatric Society [50]. Unfortu-
nately, there are no long-term studies in individuals over 65 years of age
demonstrating the benefits of tight glycemic, blood pressure, and lipid control.
Although there is clinical and functional heterogeneity in the population
of older patients with diabetes, patients who can be expected to live long
enough and who are active, cognitively intact, and willing to undertake the
responsibility of self-management should be encouraged to do so and be
treated using the goals for younger adults with diabetes. Although control
of hyperglycemia is important, greater reductions in morbidity and mortality
can be achieved in this population from control of all CV risk factors rather
than from high glycemic control [3]. Even though the elderly represent the
majority of diabetic patients with ESRD, some conclusion can be drawn from
larger studies where elderly patients were included. The Irbesartan Diabetic
Nephropathy Trial (IDNT) included elderly Caucasian patients (up to 70
years, mean age of 58 years) and showed benefits of delaying progression of
decline in GFR with escalating doses of ARB [42]. In addition, the DETAIL
trial (Diabetics Exposed to Telmisartan and Enalapril) included patients up
to 80 years (mean age of 61 years in the treatment arms) and showed that
telmisartan was as effective as enalapril in slowing the decline in GFR in
patients with DN [46]. A similar mean age of 60.7 years characterizes the
population studied by Brenner et al. [43] in a multicentered randomized
clinical trial where losartan treatment was shown to be effective in reducing
the rate of progression to ESRD when compared to placebo. Similar results
were obtained after treatment with irbesartan in a patient population with a
mean age of 69 years [39]. Thus, we can conclude that a nephroprotective
effect using either ARBs or ACEi can be appreciated independently of age.
However, none of the above-mentioned trials reported a specific subgroup
analysis of the elderly population.

Management of End-Stage Renal Disease in Diabetes

Since the different modalities of renal replacement therapy are reviewed in
Chapters 24 and 25, we will briefly review the topic by paying specific
attention to issues related to diabetic patients.

Predialysis Care

A recent National Institutes of Health (NIH) consensus statement stressed
the importance of early medical intervention in predialysis patients. Ideally,
patients should be referred at an early stage of their disease to a multi-
disciplinary diabetic clinic comprising nephrologists, diabetologists, ophthal-
mologists, podiatrists, and dietitians [2]. Initially, attention must be directed
toward delaying the rate of progression of renal disease, improving diabetic
control, and preventing other diabetic complications. In view of the high
death rate from CVD in diabetic patients, attention should focus on control
of cardiovascular risk factors including smoking, hypertension, and hyper-
lipidemia. As CKD advances, attention must also be given to treatment of
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anemia, hyperparathyroidism, and nutritional status. Patients can be counseled
regarding future dialysis with full consideration of the medical and social
implications of treatment once the GFR is less than 25 mL/min/1.73 m2,
at which point a plan for access placement should be made. Similarly,
referral for pre-emptive transplantation should be made once the GFR is less
than 20 mL/min/1.73 m2. Dialysis access should be organized in good time
before it needs to be utilized, which is particularly important in diabetics.
It may also be the time to offer pre-emptive transplantation in selected
cases.

Renal Replacement Therapy

Patients with ESRD due to DN require renal replacement therapy with higher
GFRs than ESRD patients due to other etiologies, since patients with DN
reaching ESRD appear to be more vulnerable to uremic symptoms, fluid
retention, anemia, and hyperkalemia at an earlier stage than nondiabetic
subjects. Current KDOQI guidelines recommend considering initiation of
dialysis in diabetic patients when the GFR has reached 15 mL/min/1.73 m2

[30]. Whether hemodialysis (HD) or peritoneal dialysis (PD) has a better
survival in diabetic patients is controversial. While initial reports suggested
that PD was associated with a better outcome [51], data from the USRDS
case-mix study suggest that mortality may actually be increased in diabetic
patients treated with PD rather than HD. Interestingly, the increase in risk with
PD was limited to elderly diabetic patients [52]. In a subsequent very large
study utilizing data from 398,940 patients who initiated dialysis between the
years 1995 to 2000, mortality risk was significantly higher on HD than PD
among younger diabetics with no co-morbidities, while HD was associated
with a lower mortality risk in older diabetics independently of the presence or
absence of co-morbidities [53]. Patient survival in diabetics on maintenance
dialysis is lower (25% at 5 years) than that seen in nondiabetics with ESRD
due to chronic glomerular disease or hypertension [1]. Survival also varies
inversely with age, being best in young patients with good blood pressure
control and no clinically evident cardiac disease. CVD is the most common
cause of death, accounting for more than one-half of cases [1, 54]. The
adequacy of dialysis and a decrease in nutritional status may also account for
the worse outcome in diabetics. Diabetic patients appear to be more sensitive
than nondiabetics to inadequate dialysis prescriptions, with a 7% increase
in mortality for every 0.1 unit decline in Kt/V. Death by withdrawal from
dialysis is also more likely to occur in diabetics. Renal transplantation is
another option: In one USRDS report relating to diabetics with ESRD, patient
survival at 5 years after renal transplantation in diabetics ranged from 75
to 83 % [1], far above that observed with either hemodialysis or peritoneal
dialysis, which is approximately 25% at 5 years. The following are our recom-
mendations concerning renal replacement therapy in diabetic patients: Renal
and renal-pancreas transplantation should be offered to any suitable diabetic
patient with ESRD. For those requiring dialysis, PD seems to be a good
choice, in particular for diabetics who have adequate manual dexterity and
visual acuity to perform this technique, although there is no consensus to
support this recommendation. Home HD is also an option that is associated
with the highest survival rates. Given the problems with HD access due to
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vascular disease, early and close attention must be paid to the development
of the vascular access in diabetic patients with CKD. As with nondiabetics,
the preferred type is a native arteriovenous fistula. The optimal dose of PD
or HD in diabetic patients is uncertain. We suggest aiming for the same goals
in diabetics as in nondiabetics (see Chapter 24).

In the United States, only 15% of the incident patients with end-stage renal
disease initiated HD using an arteriovenous fistula compared with 65% and
67% in Japan and Europe, respectively. Information from the U.S. Renal Data
System showed that in 2000, 27% of patients had an arteriovenous fistula,
approximately 23% were using a catheter for hemodialysis, and approximately
47% had a synthetic graft [1]. A variety of factors, such as diabetes and older
age, have been proposed to contribute to the low incidence of fistulae. Previous
reports have highlighted the elderly and diabetic patients as two groups with
poor fistulae outcomes, blaming the culprit to a higher incidence of peripheral
vascular disease and atherosclerosis. However, recent data emphasize that
these populations of patients should not be excluded from fistulae creation
since good outcome in these patients have been reported by many investigators
in recent years. Konner et al. [55] reported on the successful creation of
arteriovenous fistulae in 748 consecutive patients with ESRD; 181 of these
patients (24%) had diabetes and 311 patients (42%) were elderly (65 years).
Finally, the concomitant presence of other complications of diabetes, such as
severe peripheral vascular disease leading to limb amputation and blindness,
may affect the choice for the modality of renal replacement therapy and may
affect the overall mortality of this specific patient population, although it
is remarkable to note that blind diabetic patients who receive specific PD
training suffer from fewer complications than non-blind controls. No matter
what approach is chosen for the patient with diabetes, one should not forget
that diabetics have a 22% higher mortality at 1 year and a 15% higher
mortality at 5 years than patients without diabetes (see Chapter 25).

Concluding Remarks

DN is an increasing epidemic problem mainly related to the growing
population of elderly patients with type 2 diabetes. Although specific recom-
mendations in the elderly population are not available, we believe that recom-
mendations from studies in the general population may apply to the elderly
as well. While we wait for translation of the basic scientific advances to the
clinical setting, we need to maintain an approach to ensure that glycemia,
blood pressure, and CV risk factors are seriously addressed for each patient
with a personalized approach [12].
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19
Renal Cystic Disease in the Elderly

Roser Torra Balcells

Introduction

Cystic diseases of the kidney are a very heterogeneous group of disorders which
have in common the presence of renal cysts (from the Greek kystis, “bladder”),
that is, saclike structures containing fluid or semisolid material. The patho-
genesis of these diseases is incompletely understood. Some cysts develop during
embryogenesis, others late in life; some cysts arise from a genetic abnormality
and are regarded as hereditary, while others are not. As most cysts look alike,
classifications of renal cystic disorders have usually been based on the number
and distribution of the cysts, microdissection characteristics, and genetic and
clinical patterns. These are provisional classifications to clarify and organize
the current knowledge, but they will eventually become obsolete when more is
learned of the etiology and pathogenesis of these disorders.

A classification of the renal cystic diseases that can be seen in elderly
patients is shown in Table 19.1. Some renal cystic diseases are excluded
from this classification because they are not compatible with a normal life
expectancy or are seen exclusively in neonates, infants, children, or young
adults. Bilateral multicystic dysplasia, infantile polycystic kidney disease,
phakomatosis, and renal cystic disorders in syndromes of multiple malforma-
tions will not be further discussed in this chapter.

Despite being the focus of a large amount of clinical and laboratory investi-
gation during the past decade or more, there is a surprising lack of information
on cystic diseases as they appear in an older population.

Diagnostic Tools

The diagnostic tools we use nowadays to diagnose cystic diseases of the
kidney are the same at all ages and include the following:

Excretory urography (IVP): With the advent of newer modalities, it has
become apparent that the sensitivity of IVP for small renal masses is
limited. Findings suspicious for a mass effect in the kidney on IVP should
prompt further radiographic evaluation.

Ultrasonography: Ultrasound is the recommended follow-up examination to
a renal cystic disease. Its strength is the reliable identification of simple
renal cysts. Increased through transmission, an anechoic internal component
of the cyst, an imperceptible extrarenal wall, and a sharply demarcated
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Table 19.1 Classification of Renal Cystic Disorders in the Elderly.

Unilateral multicystic kidney
Multilocular cyst
Simple cysts
Autosomal dominant polycystic kidney disease
Acquired cystic disease of the kidneys
Adult medullary cystic disease
Medullary sponge kidney
Cystic disease of the renal sinus
Pelvicaliceal diverticula
Neoplastic cysts
Inflammatory cysts

intrarenal wall allow confident diagnosis. Only when these criteria are
not met is further imaging indicated. The sensitivity of ultrasound for
renal cell carcinoma 3 cm or smaller is 79% [1], although the addition of
Doppler technology may improve the accuracy of ultrasound determination
of malignancy [2].

Computed tomography (CT): The current gold standard for the evaluation of
renal masses is CT. Helical scanning has the advantages of minimal motion
artifact, exact duplication of cuts before and after contrast administration,
and the ability to reconstruct images retrospectively at any level.

Magnetic resonance imaging (MRI): For the routine evaluation of renal cysts,
MRI currently carries no significant advantage over CT. In certain situations,
however, such as a patient with contrast material allergy, or a hyperdense
renal cyst, MRI is either safer or more accurate than CT. Additionally, MRI
can assess venous involvement by renal cell carcinoma and renal volume in
certain diseases such as ADPKD.

Dimercaptosuccinic acid (DMSA) renal scintigraphy: DMSA scintigrams,
which differentiate parenchymal lobulations from space-occupying lesions,
largely have been replaced by CT. Evolving single photon emission tomog-
raphy (SPECT) techniques may enhance the usefulness of DMSA [3].

Angiography: The angiographic findings of hypervascularity and hypovascu-
larity, although suggestive of renal cell carcinoma and renal cyst, respec-
tively, are not conclusive. This fact and the invasiveness of angiography
have led to its general replacement by CT or MRI in most cases.

Percutaneous aspiration or biopsy: Except for specific indications, percuta-
neous renal biopsy is not recommended for otherwise healthy patients with
a renal mass. Situations in which fine needle sampling of a renal mass may
be useful include clinical or radiographic suspicion of a diagnosis other
than renal cell carcinoma (lymphoma, suspected nonrenal cancer metastatic
to the kidney, abscess, or infected cyst, etc.).

“Simple” Cysts

Simple cysts are the most common renal disorder, and they are especially
frequent in elderly patients. Over 50% of people over 50 years old have at
least one cyst on post-mortem examination. The Mayo Clinic experience of
100 post-mortem examinations over the age of 90 indicated that one or more
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cysts are present in almost 100% of cases. Twenty-four percent of patients
over the age of 40 have cysts detectable by computed tomography of the
abdomen obtained for reasons unrelated to the kidney. They can be single or
multiple, are usually asymptomatic, and rarely lead to complications. Their
clinical significance resides in the fact that they need to be differentiated from
hypernephroma and, when very numerous, autosomal dominant polycystic
kidney disease (ADPKD).

Pathology

Simple renal cysts are usually lined by a single layer of epithelial cells and
filled with a clear, serous fluid. They are usually small and grow slowly, but
huge cysts up to 30 cm in diameter have been described. The inner surface of
these cysts is glistening and usually smooth, but some cysts may be trabecu-
lated by partial septa that divide the cavity into broadly interconnecting locules.
These septate simple cysts should not be confused with multilocular cysts.

Pathogenesis

Many clinical and pathological studies suggest that most, if not all, simple
renal cysts are acquired. As opposed to the cysts in autosomal dominant
polycystic kidney disease, the composition of cystic fluid in renal simple
cysts usually resembles that of interstitial fluid [4], the difference being that
small molecular tracers, such as inulin, paraaminohippuric acid, sodium o-
iodohippurate, and sodium pertechnetate, are not found in the cystic fluid
aspirated from patients to whom these drugs have been administered intra-
venously. Therefore, renal simple cysts do not appear to be in communication
with the tubular lumina. It is possible that renal simple cysts result from
progressive dilatation of saccular tubular diverticula with increasingly narrow
necks, which are eventually completely cut off from the tubule.

Clinical Manifestations

Simple renal cysts occur equally in both kidneys and are found more
frequently in the lower pole, followed by the upper pole and then the mid-
section of the kidney. Most frequently, the cysts are asymptomatic, but they
may be discovered at the time of a nephro-urologic evaluation for some
unrelated problem. It is therefore important that the presence of these cysts
does not distract from the diagnosis of other more important intrarenal or
extrarenal lesions. Large renal cysts may cause abdominal or flank discomfort,
usually described as a sensation of weight or a dull ache. More frequently,
however, this pain can be explained by another coincident lesion such as
nephrolithiasis. Simple cysts in the upper pole of the right kidney can produce
pain in the right upper abdominal quadrant, under the costal margin, and in the
right side of the back and should be considered in the differential diagnosis
of right upper quadrant abdominal pain.

Rare cases of gross hematuria due to vascular erosion by an enlarging
cyst have been well documented [5], but another cause of macrohematuria or
microhematuria is usually found in the great majority of patients with simple
renal cysts who have hematuria.
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When the simple cysts lie at or near the hilus, a urographic pattern of
caliceal obstruction or hydronephrosis is frequently found [6]. In most but not
all cases, these apparent obstructive changes seen on the excretory urogram
are of no functional significance. A dynamic hippuran/DTPA radioactive
renal scan before and after administration of frusemide is helpful to assess
the degree of functional obstruction [7].

Rare cases of renin-dependent hypertension caused by solitary intrarenal
simple cysts have been described [8]. The proposed mechanism is arterial
compression by the cyst, causing segmental renal ischemia. These cases have
been well documented by renal vein renin studies and cure of the hypertension
following surgical or percutaneous drainage of the cyst. A rare but dramatic
complication is that of infection of a renal cyst. The usual presentation is
with high fever, flank pain and tenderness, and frequently a sympathetic
pleural effusion. Most patients are females, and the most common pathogen
is Escherichia coli. Urine cultures are frequently negative. Ultrasonography is
helpful in making the diagnosis. As opposed to uncomplicated simple cysts,
infected cysts have irregular borders with internal echoes. The distinction
between an infected simple cyst and a primary abscess of the kidney, however,
may be difficult and depends on the recognition of a smooth contour to the
inner surface of the lesion at ultrasound.

Imaging and Differential Diagnosis

Ultrasound is the recommended imaging modality for reliable identification
and follow-up of cystic lesions. Equivocal cysts raising the possibility of
malignancy can be further evaluated with CT, but, if any doubts remain
regarding the nature of the lesion, percutaneous aspiration or biopsy is
advocated to provide a definitive answer. The ultrasound features that permit
the diagnosis of benign simple cysts are lack of internal echoes, smooth walls,
and enhancement of echoes deep to the lesion . If all of these criteria are met,
accuracy approaches 100%. The computed tomography criteria that permit
the diagnosis of benign simple cysts are a density that is near that of water,
thin or imperceptible wall, sharp interface with renal parenchyma, and no
significant increase in density after the administration of intravenous contrast
material . The cysts in MRI are defined by low signal intensity in T1-weighted
images and high signal intensity in T2-weighted images.

Based on CT evidence, Bosniak [9] has classified renal cysts into four
categories:

Type I: This simple cyst is the most common and generally requires
no treatment, although, rarely, a large simple cyst causes symptoms or
obstruction and requires intervention.

Type II: This homogenous hyperdense cyst has thin septations and fine calci-
fication that do not enhance after intravenous injection of contrast medium.

Type III: This multiloculated cystic mass or cyst has thick irregular calcifi-
cations, a thick wall, or nodularity.

Type IV: A cyst associated with a solid component; such lesions are
considered to be cystic malignancies and should be managed with radical
nephrectomy.

Simple renal cysts frequently are not solitary, and one or more additional cysts
may be present in the same or contralateral kidney. Occasionally, however,
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simple cysts may be very numerous and cause parenchymal and pyelocaliceal
distortion. When both kidneys are extensively and diffusely involved, differ-
entiation from autosomal dominant polycystic kidney disease may be difficult.
Because of the obvious implications, it is important that the diagnosis of
ADPKD is not made in this situation unless a familial history consistent with
autosomal dominant transmission can be documented. In presence of renal
failure, ADPKD always shows kidneys that are increased in size, whereas
kidneys with renal failure and simple cysts are usually small but for the cysts.

There are few data on the numbers of renal cysts to be expected in
normal individuals as an incidental finding, which is an important topic if
an individual is at risk (for example, from family history) of having adult
polycystic disease. Ravine et al. [10] suggest that while two cysts in total
is sufficient to make a diagnosis of PKD under the age of 30, over the age
of 60, in contrast, at least four cysts are required distributed within both
kidneys. Simple cysts are more frequently detected with increasing age if
more sophisticated imaging techniques are employed [11]. Pointers in favor
of a few cysts being “simple” are that the kidneys are of normal size and that
there are no associated liver cysts, which should be checked.

Treatment

The improvement of the diagnostic techniques during the past decade has
dramatically reduced the indications for surgery in the management of benign
simple cysts. At present, surgery is only indicated in the rare cases where
there is still doubt about the precise diagnosis after using less invasive investi-
gations, in the rare complicated cysts that cannot be adequately treated percu-
taneously, and in the symptomatic cysts that recur rapidly after percutaneous
drainage. Drainage of the infected simple cyst is essential. The penetration of
antibiotics into the cyst is poor. Percutaneous drainage is the most widely used
technique to drain these cysts. Percutaneous aspiration of a renal cyst is easily
accomplished and should be done for a diagnostic purpose whenever the cyst
might be responsible for pain, obstruction, or hypertension. The recurrence
rate of cysts following aspiration alone has exceeded 90%, prompting the use
of sclerosing agents [12–14]. Successfully treated cysts resolve completely
ultrasonographically, but a persistent defect still may be seen on CT. Alcohol
appears to be the most effective agent (85% success). Of patients treated with
alcohol, 50% experience a feeling of intoxication, nausea, flank pain, or hot
flashes.Because of concern about collecting system obstruction if peripelvic
cysts are present, this therapy should not be used. For most other simple
cysts, aspiration and sclerosis are recommended as the first-line treatment.
However, sclerosis may make radiographic follow-up of a lesion difficult,
and so it should be avoided in complicated cysts.

Autosomal Dominant Polycystic Kidney Disease

While benign simple cysts are the most prevalent renal cystic disorder,
autosomal dominant polycystic kidney disease (ADPKD) is undoubtedly the
most important. This is also true in the geriatric population, especially with the
recognition that survival of patients with this disease into old age is not as rare
as initially thought and that significant pathology may result from associated
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extrarenal disorders. The existence of polycystic kidneys has been known for
centuries. Nevertheless, ADPKD did not become a well-defined entity, clearly
separated from other renal cystic disorders, until the 20th century. During the
early part of that century, reports of large series of patients helped to define
its clinical characteristics and hereditary pattern. Among these early reports,
the initial description by Lejars (1888) and the classical work by Dalgaard
[15] deserve special mention.

Because of the natural history of ADPKD detailed below, the elderly with
this disease are likely to differ from the population of younger patients in a
number of respects, although very few comparisons or data analyses have, in
fact, been made. Data from a number of series in the 1970s and 1980s suggest
that the majority of ADPKD patients would have entered ESRD by the age of
65. The elderly population with ADPKD thus includes an increasing number
of “survivors,” who will have been selected for relatively benign disease in
terms of rate of evolution. One factor in this will almost certainly be a relative
excess of the somewhat more benign mutation PKD2 (see below), however
many elderly PKD1 patients have been reported.

Epidemiology

There have been two population-based epidemiological studies of polycystic
kidney disease in the adult. The first is a classical study by Dalgaard [15] in
Copenhagen between 1920 and 1953. The second is a study by Iglesias et al.
[16] in Olmsted County, Minnesota, between 1935 and 1980. Based on the
Olmsted County data, the calculated lifetime risk of having a diagnosis of
ADPKD is approximately 1 per 1000. This is a conservative value, since it
does not include the autopsy cases. Up to 50% of patients with ADPKD may
have escaped detection during life in the Olmsted County study. Comparison
of these two epidemiological studies of ADPKD covering two different time
periods suggests that ADPKD is becoming recognized earlier and more often
during life and that milder cases are compatible with a normal life expectancy
[16–18]. Approximately 6% of the total end-stage renal disease enrollment in
the United States and 8% in Europe are due to ADPKD.

Pathology

The kidneys in ADPKD are almost always enlarged, to massive proportions in
advanced cases. Characteristically, there is bilateral and diffuse involvement
of the renal cortex and medulla with numerous small and larger cysts.
Although the external surface of the kidney is distorted by innumerable cysts,
the kidneys retain their characteristic reniform shape. Islands of normal renal
parenchyma can be seen between the cysts. The contents of the cysts range
from clear, straw-colored fluid to dark-reddish gelatinous material.

Pathogenesis

ADPKD (McKusick’s online Mendelian inheritance in man [OMIM], 173900)
is the most common genetic renal disease. It is genetically heterogeneous
caused by mutations in the PKD1 or PKD2 genes. The PKD1 gene is located
on the short arm of chromosome 16 (16p.3.3), codes for a protein, polycystin 1,
which is involved in cell-cycle regulation and intracellular calcium transport,
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and localizes in the primary cilia of renal epithelial cells. The PKD2 gene is
located on the long arm of chromosome 4 (4q.21.2), codes for polycystin 2,
which is a member of the family of voltage-activated calcium channels, and
colocalizes to the primary cilia of renal epithelial cells [19]. A third gene,
PKD3, is suspected but not yet identified. The gene penetrance of ADPKD
is 100%; PKD1 is the most commonly implicated, affecting approximately
85% of patients, PKD2 approximately 15% [20].

Clinical Manifestations
The clinical diagnosis of ADPKD may be made at any time during infancy,
childhood, or adulthood, but it is more frequently made during the third,
fourth, and fifth decades of life. The diagnosis is usually made during the
evaluation for abdominal or flank pain, hematuria, or hypertension. Nowadays
a very common way of diagnosing the disease is family screening. Less
frequently, the diagnosis is made during the work-up of a urinary tract
infection or renal insufficiency, or because the patient has become aware
of an abdominal mass. Although not necessarily the presenting complaints,
many of these symptoms or manifestations are already present at the time
of the initial evaluation, or they develop later on during the course of the
disease [21].

Pain located in the abdomen, flank, or back is the most common initial
complaint and it is almost universally present in patients with ADPKD.
The pain can be caused by enlargement of one or more cysts, bleeding,
either confined inside the cyst or leading to gross hematuria with passage of
clots, or a perinephric hematoma; urinary tract infection (acute pyelonephritis,
infected cysts, perinephric abscess); nephrolithiasis and renal colic; rarely,
a coincidental hypernephroma. In addition, patients with ADPKD may have
abdominal pain related to definitively or presumably associated conditions.
Dull aching and an uncomfortable sensation of heaviness may result from
a large polycystic liver. Although rare, hepatic cysts may become infected,
especially after renal transplantation. Abdominal pain can also result from
diverticulitis, which has been reported to occur with increased frequency in
patients with ADPKD maintained on dialysis [22]. ADPKD patients may
also be at a higher risk of developing thoracic aortic aneurysms [23]. But
abdominal aortic aneurysms are not increased among these patients [24]. Of
course, these patients may also develop pain for reasons completely unrelated
to their underlying disease. It goes without saying that abdominal pain in a
patient with polycystic kidneys may be a diagnostic challenge.

Hypertension

Hypertension is one of the most common early manifestations of ADPKD
[25]. Even when renal function is normal, hypertension has been found in
50–75% of patients. In fact, the clinical course of hypertension in ADPKD
is very unlike that of hypertension in chronic glomerulonephritis or tubuloin-
terstitial nephropathies. In ADPKD, the hypertension is usually more severe
early in the course of the disease and becomes less of a problem with
the progression of the renal insufficiency. Studies of the renin-angiotensin-
aldosterone system (RAS) have not convincingly demonstrated that it plays
an important role in its pathogenesis. Moreover, Doulton et al. [26] have
demonstrated that activation of the classic circulating RAS is no greater in
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hypertensive ADPKD patients than in individuals with essential hypertension.
In spite of this evidence, ACEi and ARBs are still the most indicated drugs
to treat hypertension in ADPKD [27].

In patients with polycystic kidneys and normal renal function, the natriuretic
response to an acute saline expansion is blunted as compared to controls,
whereas in patients with polycystic kidneys and renal insufficiency, the natri-
uretic response is exaggerated [28]. This may explain why ADPKD patients
develop hypertension early before the deterioration of renal function, at which
time they are sodium retainers, whereas the hypertension tends to become
less severe with the development of renal insufficiency, at which time they
are sodium wasters.

Nephrolithiasis and Obstruction

The incidence of nephrolithiasis appears to be increased in ADPKD [29,30].
The true incidence, however, is difficult to assess since the passage of stones
is frequently not documented and renal colic in these patients may also be
due to passage of blood clots. In addition, cyst wall calcification may be
falsely taken for opaque renal calculi. All this considered, the frequency
of nephrolithiasis in some series has ranged between 18 and 34%. The
composition of the renal calculi does not appear to be different from the
general stone population. Calcium oxalate, calcium phosphate, and uric acid
stones have been reported. No metabolic abnormalities predisposing to stone
formation have been identified so far. It is possible that the high incidence
of stones in these patients is accounted for by the anatomical distortion with
stagnation of the urine.

Fig. 19.1 Multilocular cyst. Well-circumscribed, encapsulated renal mass composed
of multiple noncommunicating cysts.
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Ureteral obstruction is not infrequent in ADPKD. It can be caused by a
calculus, clot, or compression by a cyst. Because of the nonspecific symptoms
and the caliceal distortion present in ADPKD, the obstruction may be difficult
to detect. Unilateral or bilateral renal shutdown may rarely occur as a
result of intracystic bleeding, with compression and obstruction of the renal
pelvis.

Laboratory Findings

In addition to the microhematuria and mild degrees of proteinuria, sterile
pyuria is very common. Hyperuricemia and erythrocytosis are also found
with increased frequency. There is a decreased maximal urine concentrating
capacity, whereas the capacity to dilute the urine is normal. Inability to acidify
the urine and reduced ammonium formation have been described in some
patients, but these defects may not be different from those encountered in
other patients with moderate to severe renal disease.

Diagnosis

Ultrasonography has displaced excretory urography as the main screening test
for polycystic kidney disease (Figure 19.2). It is more sensitive than excretory
urography and avoids radiation exposure. It is less sensitive, however, than
computed tomography. When the result of ultrasonography is questionable,
computed tomography should be performed to rule out an early stage of devel-
opment of the disease (Figure 19.3). Computed tomography has taken the
place of renal arteriography in the early diagnosis of polycystic kidneys. MRI
is the most precise tool to follow up kidney volume in ADPKD according to
the CRISP study [Consortium for Radiologic Imaging Studies in Polycystic
Kidney Disease (CRISP), sponsored by the National Institutes of Health
(NIH)] [31]. The CRISP study was designed to include patients with normal

Fig. 19.2 Ultrasound scan of ADPKD kidneys.
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Fig. 19.3 CT scan of ADPKD kidneys.

function who were at high risk for renal insufficiency in order to demon-
strate a clear-cut reduction in the glomerular filtration rate at some point
during the study. Indeed, the study found a strong relationship between
kidney volume at the beginning of the study and the subsequent change in
the glomerular filtration rate. This information, when analyzed together with
data from several longitudinal and cross-sectional studies, provides support
for the view that enlarging cysts have an important role in promoting the
ultimate decline in glomerular filtration rate [32]. However, at present, quanti-
tative assessment of kidney volume with the use of MRI remains a research
procedure, albeit a substantial potential addition to the ability to determine
the effect of therapeutic interventions on renal progressionin this challenging
disease.

Genetic testing is a diagnostic tool available nowadays. Either linkage
analysis or mutation detection can be carried out for PKD1 and PKD2. The
main indications for genetic testing are doubtful cases in adults and ruling
out the disease for a living donor. Presymptomatic testing, prenatal diagnosis,
and testing to know whether the disease is PKD1 or PKD2 are questionable.
Although PKD2 disease is milder, it has been reported that most patients
entering ESRD at an advanced age are still PKD1 [33].

Associated Conditions

ADPKD has been associated with a variety of extrarenal disorders. As previ-
ously mentioned, patients with this disease now survive longer. Because of the
improved survivorship, the morbidity and mortality related to these associated
disorders are likely to become more important.
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Hepatic Cysts
The first report of polycystic liver disease (PLD) in association with autosomal
dominant polycystic kidney disease (ADPKD) was made by Bristowe in 1856.
Subsequently, PLD has become a well-recognized association in patients with
ADPKD. Rarely symptomatic, patients with PLD usually require little inter-
vention. However, the prevalence of ADPKD has undoubtedly contributed
to the large number of cases of symptomatic hepatomegaly reported in the
medical literature. Until recently, the existence of PLD and polycystic kidney
disease was thought to represent the same autosomal dominant inherited
genetic disorder. Advances in the field of genetics have now prompted the
discovery of an autosomal dominant polycystic liver disease (ADPLD) distinct
from ADPKD [34]. The number of ADPKD patients with hepatic involvement
appears to be rising, likely as a result of longer life expectancy from improved
renal replacement therapy and renal transplantation. The prevalence of hepatic
cysts in ADPKD patients has climbed to 75–90% [35, 36].

In the cases of PLD with either ADPKD or ADPLD, hepatic complications
typically occur only in the setting of significant hepatomegaly. However, even
with massive organ enlargement, significant hepatic complications remain
fairly uncommon. Symptomatic cases usually present with an abdominal
mass, abdominal pain or sensation of abdominal fullness, dyspnea, and early
satiety although patients may complain of more severe pain after meals or if
a hepatic cyst ruptures, hemorrhages, or becomes infected. Abdominal wall
hernias and uterine prolapse secondary to increased abdominal pressure from
massive liver involvement or ascites may also occur. Hepatic insufficiency
or failure has been reported very rarely as a complication of long-standing
polycystic involvement of the liver.

Cyst infection poses a serious problem for the patient with PLD and has
been reported to have morbidity and mortality rates of 3% and 2%, respec-
tively, in the ADPKD patient with end-stage renal disease (ESRD). Liver-
associated enzymes and bilirubin may be mildly elevated, but the diagnosis
of cyst infection cannot be disregarded if these lab tests are normal. Classi-
cally, these patients will present with fever, leukocytosis, and right upper
quadrant pain. This acute presentation can progress to sepsis and death if
cyst infection is not diagnosed and treated aggressively, particularly in those
patients with ESRD requiring hemodialysis. Bacteremia as documented by
positive blood cultures is reported to occur in 63% of cases. When both blood
and cystic fluid are cultured, identification of an organism can be made in up
to 86% of cases. Published data suggest that the cyst infections are usually
monomicrobial, with Gram-negative organisms such as E. coli being the most
common offending organism. On CT scanning, the findings of fluid-fluid
levels within cysts, cyst wall thickening, intracystic gas bubbles, cyst wall
calcification, and heterogeneous or increased density have all been correlated
with infection of a hepatic cyst. Ultrasound imaging may show changes such
as indistinct cyst margins or cystic wall changes as well as echogenic fluid.
Ultimately, drainage of the suspected cyst provides the definitive answer as
to the presence of infection.

Prior to the development of laparoscopic techniques, laparotomy with fenes-
tration was considered the standard of therapy for uncomplicated hepatic
cysts. The combination of fenestration with hepatic resection is also a favored
procedure for the highly symptomatic PLD patient. A low mortality rate
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(3–11%) for those patients undergoing the procedure supports its use when
necessary, although the relatively high morbidity rates (20–100%) must be
considered [37]. Liver transplantation as a means of treating advanced PLD,
while seemingly more accepted in recent literature, continues to have a very
limited role in the management of the polycystic liver patient. This inter-
vention should be reserved for those patients whose quality of life has become
significantly affected [38].

Intracranial Aneurysms

The association of intracranial aneurysms and ADPKD has been established
on the basis of large retrospective autopsy studies. In two prospective studies
of patients with ADPKD screened by cerebral MR angiography, no associ-
ation was found between the presence of ICA and age, gender, presence of
hypertension, and reduced renal function [39]. The only characteristic clearly
associated with the presence of ICA is a family history of ICA or SAH: In
three large prospective studies, an ICA was detected in 15.6% of 77 patients
with a positive family history versus only 5.9% of 186 patients without such
a history [40]. Therefore prevalence of asymptomatic ICA in patients with
ADPKD is about 6% in the absence of a familial history of ICA or SAH and
about 16% in patients with such history.

The natural history of ICA in ADPKD remains largely unknown. We
fortunately do know that all ICA do not rupture. When they do, this event
entails a 35–55% risk of combined case fatality and morbidity.

MR angiography is the most convenient test to screen for the presence
of intracranial aneurysms and carries essentially no risk, because it does
not require intravascular administration of contrast material. Nowadays it is
accepted that only patients with positive family history or related symptoms
should be screened.

Other Cardiovascular Complications

Several case reports of associations of ADPKD and cardiovascular abnormal-
ities have appeared in the literature. Dilatation of the aortic root, bicuspid
aortic valve, mitral valve prolapse, and coarctation of the aorta were the most
frequent abnormalities. Of these, dissecting thoracic aortic aneurysms were
the most common. The observed frequency of coexisting polycystic kidney
disease and dissecting thoracic aortic aneurysm in these autopsy series was
7.3 times higher than that expected by chance association alone.

Carcinoma in Polycystic Kidneys

Focal cellular hyperplasia of the tubular epithelium is a common abnor-
mality in ADPKD, but it seems not to constitute a pre-neoplastic state. Many
case reports of the association between ADPKD and renal cell carcinoma
have been published, but these do not prove the existence of an associ-
ation, since chance association of two relatively common disorders can be
expected in a considerable number of patients. In many large series of patients,
the association between renal cell carcinoma and ADPKD has not been
found. Furthermore, development of renal cell carcinoma in polycystic kidney
patients on hemodialysis or after renal transplantation has been reported rarely
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and does not appear to be a common problem. When ADPKD and renal
cell carcinoma coexist in the same patient, the diagnosis is challenging. Pain
in association with fever, weight loss, anemia, or a striking change in the
configuration of the kidney and the presence of mottled calcifications within
a renal cyst should raise the suspicion of coexisting renal cell carcinoma. In
this situation, MRI and renal arteriography are the most helpful diagnostic
tests.

Clinical Course

A decline of renal function occurs in most, but not all, patients with ADPKD
diagnosed during life if they are followed for sufficiently long periods of time.
These patients have a prolonged period of stable renal function followed by
a slow decline of renal function. A diversion from the initial slope in these
patients should alert the physician to the possibility of an intercurrent renal
disease, a reaction to a medication, or the development of obstruction. It is
important to avoid undue pessimism when assessing the prognosis of ADPKD
in an individual patient . Kidney survival is better in the patients diagnosed
more recently. In a 1992–2001 cohort, the mean age at entry to ESRD was
63 years in men and 61 in women [41] and was associated with a lower mean
blood pressure, possibly from improved management. A similar improved
prognosis is seen as well in patients who at the time of the diagnosis are
normotensive, have a normal serum creatinine or plasma urea, and have no
proteinuria on the urinalysis. One of the most outstanding prognostic factors
is kidney size [31].

Also, the genotype confers a different prognosis, with PKD2 patients having
a better outcome than PKD1. The mean age of onset of ESRD for PKD1 is 53
years, while it is 69 for PKD2 patients [20]. A higher proportion of patients
aged 60 or over should have PKD2 mutations than the usually quoted overall
14%, but data are not available on this point. It is therefore important, when
assessing the prognosis of polycystic kidney disease in an individual patient,
to take into consideration multiple factors peculiar to this patient rather than
extrapolating from large clinical series.

Cardiovascular pathology and infections account for approximately 90%
of the deaths of these patients treated by hemodialysis or peritoneal dialysis
and after renal transplantation.

Treatment

There is as yet no specific therapy for ADPKD, although several promising
lines of investigation are active at the moment [42] such as tolvaptan and
octeotride. The goal of treatment is to prevent complications and, if possible,
slow down the rate of progression of the renal disease. The patients should
be advised against the use of constrictive belts and the practice of contact
sports, as well as caution against narcotic or analgesic abuse for frequently
occurring chronic pain. Cyst decompressive procedures are of no proven
value. Hypertension should be strictly controlled. The best antihypertensive
treatment for these should be provided. Reduction of dietary protein intake
may be of value to slow down the rate of progression of renal insufficiency.
Unnecessary urinary tract manipulation should be avoided; when absolutely
necessary, antimicrobial prophylaxis should be prescribed.
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The treatment of infected renal cysts poses special problems because of
the variable penetration of different antibiotics into the cysts. Most antibi-
otics enter the proximal cyst to some extent. Lipid-soluble antibiotics with an
alkaline pK, such as clindamycin, enter the distal cyst well. Other lipid-soluble
antibiotics that may be useful in the treatment of these infected cysts are
chloramphenicol, tetracycline, trimethoprim, erythromycin, and ciprofloxacin.
Because of the reported increased risk for diverticulitis, prevention of consti-
pation is important. In cases of unilateral or bilateral ureteral obstruction by
a cyst, surgical relief of the obstruction is frequently necessary to relieve
the pain and preserve renal function. Percutaneous draining of a compressing
large renal cyst can be successful in rare cases. When end-stage renal
disease occurs, dialysis and renal transplantation are indicated. Patients with
ADPKD on maintenance hemodialysis do well compared with other types
of renal disease, probably because they have fewer associated disorders.
Bleeding secondary to heparinization during dialysis occurs only rarely, and
usually these cases can be satisfactorily managed by using low or regional
heparinization.

Finally, the discovery of ADPKD in an elderly patient raises the question
of genetic counseling. We believe that relatives at risk, children and siblings,
benefit from screening, but repercussions on insurability and employability
should be considered in each individual case. The benefits from screening are
early treatment and prevention of complications, choice of alternative family
planning for those with ADPKD, and reassurance of those without ADPKD.
Recommendations for screening include blood pressure measurements at age
10 and 15 and ultrasonography at age 20 (earlier in special circumstances,
e.g., contact sports).

Unilateral Multicystic Kidneys

Unilateral multicystic kidneys are a rare form of noninheritable renal dysplasia
that needs to be considered in the differential diagnosis of a nonvisualized
kidney in the adult.

Pathology

These kidneys consist of a grape-like cluster of cysts held together by
connective tissue and have lost the typical reniform outline. The composition
of cystic fluid resembles plasma in regards to sodium, potassium, creatinine,
urea, and sugar. The ureter is characteristically absent, rudimentary, or atretic.

Pathogenesis

The cause of multicystic renal dysplasia is uncertain, but a primary defect
in the ureteric development is strongly suspected. Experimentally, a typical
multicystic kidney can be produced by transient ureteric obstruction during
renal development.

Clinical Manifestations

Multicystic dysplastic kidneys are the most common cause of an abnormal
mass in the newborn and, when bilateral, are incompatible with life. Unilateral
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multicystic kidneys, however, may not be detected until adulthood or may go
completely undetected during life and be discovered at autopsy. Multicystic
kidneys are most commonly found in the adult as an incidental finding during
the evaluation of hypertension, nephrolithiasis, or urinary tract infection.
Occasionally, however, the diagnosis of multicystic kidney will be associated
with the presence of abdominal or flank discomfort due to the mass effect of
the lesion.

Imaging

The diagnosis of this condition requires lack of visualization of the kidney by
excretory urogram and the inability to obtain a retrograde pyelogram because
of partial or complete absence or obliteration of the ureter. Very frequently,
calcified cysts are shown on x-ray by the presence of ring-like calcifications
of various sizes.

Treatment

Nephrectomy is not necessary except in those few patients who have
abdominal or flank discomfort.

Multilocular Renal Cysts

Multilocular renal cysts consist of a well-circumscribed, encapsulated
renal mass composed of multiple noncommunicating cysts of varying size
(Figure 19.1).

Pathology

Histologically, two types of multilocular cysts have been described. In both
types, no fully developed nephrons or segments of nephrons can be found
in the septa of the cysts, while the remaining kidney tissue outside the cyst
is normal. The first type of multilocular cysts is most frequently found in
adults; the septa in this type are composed of fibrous tissue. The second
type of multilocular cysts is found in infants and young children only and is
considered by some authors to be a benign equivalent of a nephroblastoma.

Pathogenesis

The pathogenesis of multilocular cysts is unknown. Recent reviews suggest
that multilocular cysts are neoplasms, usually benign but occasionally
harboring histologic malignancy. A few cases have been reported where devel-
opment of a multilocular cyst has occurred in a kidney previously normal
by excretory urography. There is also evidence that these lesions increase in
size, resulting in compression and damage of the surrounding normal renal
parenchyma. It is possible, however, that not all multilocular cysts have a
singular pathogenesis; some multilocular cysts, especially in children, may
be congenital and dysplastic.
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Clinical Manifestations

Multilocular cysts are less rare than initially suspected. Approximately half
of the cases reported have occurred in children and half in adults. The ages
of the adult patients at diagnosis have ranged from 18 to 72 years old, with
a peak incidence in the sixth decade. Multilocular cysts are typically solitary
and unilateral. Bilateral multilocular renal cysts are very rare and have been
described only in children. The presenting symptoms are usually an abdominal
mass, pain, or hematuria.

Imaging and Differential Diagnosis

Multilocular cysts are usually first detected on ultrasound. Multilocular cysts
are complex masses with well-defined cysts mixed with highly echogenic
stroma. Central and peripheral calcification occurs more commonly than
initially reported. On angiography, these lesions are generally avascular or
sparsely vascular, rarely being moderately vascular or hypervascular. The
angiographic appearance is, therefore, insufficient to rule out a renal cell
carcinoma. Cyst puncture reveals clear fluid with benign cytology. Only one
or a few cysts are filled with contrast media if this is instilled, while the
bulk of the multilocular cyst remains unopacified. CT is also a very good
techinque to visualize this type of cyst.

Treatment

If technically possible, partial nephrectomy is the treatment of choice for
multilocular cysts. The occurrence of renal cell carcinoma in multilocular
cysts is not frequent enough to justify routine nephrectomy in these cases.
However, thorough tissue sampling for histologic studies and use of frozen
sections should be done at the time of surgery to rule out the presence of a renal
adenocarcinoma, which would necessitate complete nephrectomy. A preoper-
ative diagnosis of multilocular cysts free of renal adenocarcinoma is difficult
to establish. On the other hand, atypical hyperplasias in multilocular cysts
may on occasion be erroneously interpreted as low-grade adenocarcinomas.
In any case, the biological course of multilocular cysts is usually benign, even
in those cases with associated renal cell carcinoma with no reports of local
or metastatic recurrence following nephrectomy for a multilocular cyst with
adenocarcinoma.

Acquired Cystic Disease of the Kidneys

The terms “acquired cystic disease of the kidneys” and “acquired polycystic
kidney disease” have been used to describe the cystic degeneration of the
renal parenchyma that occurs in end-stage kidneys probably as a result of
prolonged uremia. However, as said previously, the term “polycystic” should
just be used for ADPKD or the recessive form of the disease.

It appears that the cystic changes can start prior to the initiation of dialysis
and that they develop regardless of the type of dialysis being used. This
phenomenon is therefore likely to be related to the uremic state rather than
being a consequence of the dialysis procedures. The role of uremia is also
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supported by the regression of those cystic changes that can occur after
successful renal transplantation [43, 44].

Pathology

The kidneys are frequently larger than expected for an end-stage kidney, but
true renal enlargement is rarely observed (Figure 19.4). The cysts,which are
usually much smaller than in autosomal dominant polycystic kidney disease,
tend to occur in the renal cortex but also involve the renal medulla . They may
be lined by a simple cuboidal epithelium or by a hyperplastic multilayered
epithelium with papillary projections. The continuity between the cysts and the
renal tubules has been confirmed by microdissection studies, and they seem
to originate from the proximal tubules [45]. Deposition of oxalate crystals

Fig. 19.4 Acquired cystic disease of the kidneys: (a) external surface; (b) cut surface.
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is frequently observed in the renal interstitium surrounding the cysts, in the
walls of the cysts, and in the lumen.

Pathogenesis

Tubular obstruction by interstitial fibrosis or deposition of oxalate, ischemia,
and accumulation of toxic metabolites have all been proposed to play a role. It
is possible that biologically active substances that are retained in uremia and
not removed by dialysis, such as the mitogenic polyamines, could stimulate
epithelial and smooth muscle cell proliferation and result in a variety of
abnormalities in end-stage kidneys, including atypical cysts, renal cell tumors,
and nodular formation in the intrarenal arteries and arterioles. Nevertheless,
the evidence to support these hypotheses is sparse, and much more needs to
be learned about pathogenesis and the biological and clinical significance of
this disorder.

Clinical Manifestations

In most patients, the cystic degeneration of the renal parenchyma that occurs
on long-term dialysis is a silent process. The number of patients with cysts, as
well as the number and size of the cysts, increases with duration of the dialysis.
Using sensitive computed tomography techniques, multiple renal cysts may
be observed in approximately 80% of patients who have been on hemodialysis
for more than 3 years. With the increasing number and size of the cysts, the
kidney volume also increases. Determinations of kidney volume by computed
tomography suggest that the volume of the kidney decreases during the first
3 years of dialysis and then increases as the result of cyst formation. It has
been reported that the cysts occur more frequently in dialyzed patients who
are anuric than in those who maintain some urine output. The frequency of
these cystic changes does not appear to be influenced by the efficiency of
dialysis, as reflected by blood chemistry parameters [46].

Complications of acquired cystic disease of the kidneys have included intra-
cystic bleeding, gross hematuria, retroperitoneal hemorrhage, and malignant
transformation.

Intracystic bleeding can be the cause of unexplained flank or back pain
in hemodialysis patients. The hemorrhagic cysts can rupture into the pelvis,
giving rise to gross hematuria, or into the retroperitoneum, causing a
retroperitoneal hemorrhage. Retroperitoneal hemorrhage is a life-threatening
complication that usually has a dramatic outcome. Heparinization during
hemodialysis and the use of anticoagulants to prevent the clotting of arteri-
ovenous fistulae may play a contributory role. The typical presentation of
these patients is with severe abdominal and flank or back pain, distended
abdomen, hypoactive or absent bowel sounds, and a palpable abdominal mass.
In some cases, fever, femoral nerve compression, and obstructive jaundice
have been observed. Spontaneous retroperitoneal bleeding has been estimated
to occur in 1–3% of all chronic hemodialysis patients. In many of these cases,
the retroperitoneal hemorrhage results from the rupture of a sclerotic artery
in the wall of the cyst.

Whether acquired cystic disease of the kidneys should be regarded as a
premalignant state is controversial [47]. In their original description, Dunnill
et al. [43] described three types of renal tumors associated with acquired cystic
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disease. These were papillary tumors, tumors exhibiting tubular differenti-
ation, and solid tumors. They were frequently multicentric. A major problem
is how to assess their malignant potential. The distinction between renal cell
adenomas and carcinomas is frequently made on the basis of size; if the
renal cell tumor is less than 3 cm in diameter, the risk of metastasizing is
usually small. Whether renal cell carcinomas will become a major medical
problem in the long-term maintenance of the hemodialysis population is
uncertain.

Imaging and Treatment

Only the complications of acquired cystic disease of the kidneys may require
treatment. Until more information becomes available, it seems reasonable to
follow small (<3 cm) renal tumors by serial computed tomography, MRI,
or ultrasound examinations . Surgical intervention would be indicated for
large solid tumors with invasive features or when there is evidence of
progressive tumor enlargement. The treatment of retroperitoneal bleeding
is usually conservative, but therapeutic embolization or nephrectomy may
become necessary in some cases.

Adult Medullary Cystic Disease

Juvenile nephronophthisis (JNPHP) and medullary cystic kidney disease
(MCKD) are two diseases with common pathological features represented
by the presence of small cysts located at the corticomedullary junction and
deeper in the renal medulla, arising from the distal convoluted and collecting
tubules, along with some tubulointerstitial damages. JNPHP and MCKD
usually lead to end-stage kidney disease (hence the alternative term of uremic
medullary sponge kidney to refer to the entire JNPH/MCKD group). JNPHP,
an autosomal recessive condition, is linked to mutations in more than one
gene. As JNPHP is a condition affecting young people, only MCKD is within
the scope of this chapter.

MCKD usually occurs in the third to fourth decades of life, sharing the same
clinical renal presentation with JNPHP, except for the growth retardation and
extrarenal malformations, which are absent in MCKD, and for the later age of
occurrence of uremia. Two forms of MCKD are recognized, MCKD1 (OMIM
174000) and MCKD2 (OMIM 603860), which are transmitted as autosomal
dominant traits, the corresponding genes of which have been identified and
mapped to chromosome 1q [48] and chromosome 16p [49], respectively.
Uremia supervenes after 60 years of age in MCKD type 1 and around
30 years in MCKD type 2. MCKD type 2 is often associated with hyper-
uricemia and gout, and on occasion hyperuricemia has been also observed in
association with JNPHP, with this latter phenotype being considered a likely
allelic variant of MCKD type 2 in that its responsible gene, which encodes
uromodulin, is apparently located on chromosome 16p in a region overlapping
with the locus of MCKD2 [50]. In approximately 15% of the cases of JNPHP/
MCKD complex, no family history is found, possibly representing a new
mutation.
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Pathology

The kidneys are small, and the characteristic pathological change is the
presence of multiple cysts most commonly seen at the cortical medullary
junction and along the medullary collecting ducts. Nevertheless, these cysts
are not universally present and, when present, are not necessarily confined to
the medulla. For this reason, some authors object to the term medullary cystic
disease.

Clinical Manifestations

MCKD is usually recognized during the second to fifth decades of life, has
an insidious onset, and progresses rapidly to end-stage renal failure. A late
onset of the disease, during the seventh and eighth decades of life, has been
observed in some families, and, therefore, medullary cystic disease should
be considered in the differential diagnosis of chronic renal failure even in
the elderly. In some of these elderly patients, the clinical course has been
unusually prolonged. Inability to concentrate urine and wasting of sodium
are usually present. The urinary sediment is characteristically benign and
the proteinuria is usually mild, below 1 g per 24 hours. Anemia is a very
frequent finding, but there is no evidence to support that the degree of anemia
is out of proportion to the degree of insufficiency. Hypertension may be
present but is not a prominent feature of this disease. Extrarenal disorders,
such as retinitis pigmentosa, metaphyseal chondrodysplasia, cerebellar ataxia,
and hepatic fibrosis, which are frequently associated with JNPHP, are not
observed in the adult form. Osteodystrophy is less frequent.

Imaging

Detection of the cysts by radiographic procedures is frequently unsuccessful,
since these are usually small (1 mm to 1 cm in diameter). Ultrasound may
show increased echogenicity of kidneys with a density comparable to the liver,
diminished corticomedullary demarcation, and presence of multiple cysts at
the corticomedullary junction.

Treatment

The treatment of medullary cystic disease is merely supportive. Because
of the tendency to salt wasting, volume contraction, and renal azotaemia,
unnecessary sodium restriction or the use of diuretics should be avoided.

Medullary Sponge Kidney

Medullary “sponge” kidney (MSK) is a medical condition characterized by
the congenital ectasia of the distal collecting tubules with enlargement of
the affected pyramids, either diffusely throughout both kidneys, only in one
kidney, or variably in different papillae.

The exact pathogenesis of MSK is not known. It is generally assumed to
be congenital in origin, although no clear inheritance pattern has been found.
The global incidence of MSK is estimated to be around 0.5%, and in the
elderly population, in specific, this incidence is thought to be minute.
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MSK has been associated with several other medical conditions. These
include hemihypertrophy, hepatic fibrosis, and autosomal dominant poly
kidney disease. Hemihypertrophy is probably the most significant one as
it can be found in up to 25% of MSK patients. MSK, as such, is usually
symptomless, but complications such as urinary tract infection and calculi
cause renal colic to be the most frequent presenting symptom. Microscopic
hematuria is an expected finding in MSK, while gross hematuria is found in
10–20% of patients.

The diagnosis of MSK is confirmed radiographically with the radiological
features on antegrade visualization of the papillae ranging from a blush in
mild cases to the outline of cystic dilatation of the collecting ducts in the
most obvious cases.

The clinical course of MSK is usually benign and does not progess to renal
failure, although some patients may reach ESRD. Most commonly, patients
suffer from recurrent UTI as well calculus-related renal colic and urinary tract
obstruction [51].

Pathology

Precaliceal canalicular ectasia may involve one or more renal papillae in one
or both kidneys. These dilated tubules may be surrounded by an apparently
normal medullary interstitium or, in cases of more prominent cystic disease,
inflammatory cell filtration and interstitial fibrosis. The renal size is usually
normal or slightly enlarged.

Pathogenesis

MSK is usually regarded as a nonhereditary disease, despite rare reports of
familial cases. It is more controversial whether it should be considered a
congenital or acquired disorder. Although there have been cases of MSK
diagnosed in childhood, others remark that the rarity of this disorder in
children favors the interpretation that this is an acquired disease. Progression
of the tubular ectasia and development of new tubular dilatation and medullary
cysts have been documented in some patients. It is possible that MSK is
only a structural abnormality and results from a variety of different physical,
chemical, or genetic factors.

Clinical Manifestations

The prevalence of MSK by age, gender, and race is unknown. The frequency
in different clinical series has varied widely between 0.5 and 21%, depending
not only on the type of population being studied but also on the different
diagnostic criteria used to identify MSK. Early reports suggest a male predom-
inance, but both genders probably are equally involved. In fact, females with
idiopathic calcium nephrolithiasis have underlying MSK more frequently than
males. Most patients are diagnosed in their fourth or fifth decade, but infre-
quently the diagnosis is not made until the sixth, seventh, or eighth decade.

Although MSK may be silent, its anatomical characteristics and associ-
ation with functional alterations mean that it is frequently complicated by
nephrolithiasis and pyelonephritis. Other, less frequent manifestations are
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gross and include microscopic hematuria, renal failure, and primary hyper-
parathyroidism.

Recurrent calcium nephrolithiasis and nephrocalcinosis are the most
common signs. The association with renal hypercalciuria, distal tubular
acidosis, and hypocitraturia (in conjunction with urinary stasis in the papillary
duct ectasias) triggers the formation of calcium phosphate and/or calcium
oxalate stones.

Hyperparathyroidism is frequently associated and was thought to cause
MSK and also trigger stone formation in these patients [52]. However, in most
patients, hypercalciuria, nephrocalcinosis, and renal stones clearly precede
the onset of hyperparathyroidism by many years. It was also suggested that
renal hypercalciuria triggers the parathyroid gland stimulation, leading to
hyperplasia. Nevertheless, we now believe that both hyperparathyroidism
and stones might be secondary to common disorders. In addition to the
morphological abnormalities of the precalyceal ducts, MSK is associated
with other abnormalities of the lower tubule, such as a defective urinary
concentration, distal renal tubular acidosis, and hypocitraturia, and also of
the upper nephron (in the proximal tubule), that is, maximum reabsorption of
glucose (TmGlucose) and maximum secretion of P-aminohippurate (TmPAH)
[53]. The risk of renal failure seems to be modest in MSK and related to
renal infections and the formation of struvite stones. Familial cases have been
reported, sometimes associated with renal agenesia, other renal malformations,
or abnormalities in the urinary tract.

Imaging

The diagnosis of MSK is made by excretory urography that characteristically
reveals the anterograde visualization by contrast media of dilated collecting
tubules [54]. Medullary sponge kidneys are commonly bilateral, but they
may be unilateral in up to one-fourth of the cases. The degree of tubular
dilatation is highly variable, and the wide range of reported frequencies of this
abnormality is in part due to the variable degrees of collecting duct dilatation
that different observers have decided to consider abnormal. Mild cases of
precaliceal ectasia can easily be overlooked if the excretory urography is not
of high quality, clearly outlining most caliceal fornices, or if the images are
obscured by overlying bowel. A definite diagnosis of MSK can be made
when the dilated collecting ducts are visualized on early and delayed films
without the use of compression and in the absence of ureteral obstruction.
Deposition of calcium salts within these dilated tubules may give the radio-
graphic appearance of renal calculi or nephrocalcinosis. The distribution of
the renal calculi in these patients is characteristic, in clusters fanning away
from the calyx. Although MSK can occasionally be detected by ultrasonog-
raphy or computed tomography, the contribution of these techniques to the
diagnosis of this condition is very limited.

Treatment

There is no specific treatment for MSK. The treatment of nephrolithiasis
and urinary tract infection, when present, is the same as it would be in the
general population. Thiazides and inorganic phosphates have been found to
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be effective in preventing stones in these patients. Extensive or repeated
unnecessary investigations for hematuria should be avoided.

Cystic Disease of the Renal Sinus

Less is known about the cystic disorders involving the renal sinus than of
those involving the renal parenchyma. The differential diagnosis of mass-
occupying lesions in the area of the renal sinus is difficult, and many different
processes may look the same on excretory urography [55].

Parapelvic cysts originate in the renal parenchyma extending into, and
primarily expanding within, the renal sinus. Peripelvis cysts originate in sinus
structures, which presumably represent mostly lymphatic collections.

Clinical Manifestations

Parapelvic cysts are most frequently diagnosed after the fourth decade of
life and are usually asymptomatic. They are usually discovered in the course
of evaluations for conditions such as urinary tract infections, nephrolithiasis,
hypertension, and prostatism. Despite considerable distortion of the calices
and infundibuli, the pressure in these lymphatic cysts is low and not
likely to result in significant functional obstruction. Indeed, renal function
in patients with bilateral multiple parapelvic cysts is usually normal. The
evidence that supports a pathogenetic role of these cysts in the hyper-
tension or nephrolithiasis of these patients is not convincing. Occasionally,
parapelvic cysts are the only finding in the course of evaluations for otherwise
unexplained lumbar or flank pain.

Treatment

The therapeutic approach to parapelvic cysts should be conservative, since
this is a benign condition.

Pelvicaliceal Diverticula

These are cystic cavities that contain urine and are lined by transitional
epithelium [56]. They may be contained in the renal parenchyma and originate
from the fornix of a minor calyx by a narrow isthmus (caliceal diverticulum)
or be extrarenal and in direct communication with the renal pelvis (pelvic
diverticulum). It is uncertain whether these diverticula are of congenital or
acquired origin. They are usually better demonstrated by retrograde pyelog-
raphy than by excretory urography. They are usually asymptomatic unless
complicated by nephrolithiasis or infection. The frequency of stone formation
in the caliceal diverticulum has been reported to be between 10 and 50%.
Surgical intervention is indicated rarely when conservative management of
these complications fails.

Neoplastic Cysts

These have been covered in previous sections.
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Inflammatory Cysts

Medullary cavities resulting from analgesic-related papillary necrosis or from
mycobacterial or other bacterial infections sometimes need to be considered in
the differential diagnosis of medullary sponge kidney and caliceal diverticula.
Detailed discussion of these disorders is not in the scope of this chapter.
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20
Renal Vasculitis in the Elderly

David Jayne

Introduction

Vasculitis in the kidney typically presents with the syndrome of rapidly
progressive glomerulonephritis and results in 4% of the cases of renal failure
in those over 60 years old [1]. The typical renal lesion of vasculitis is a
glomerular capillaritis leading to a segmental, necrotizing glomerulonephritis
with epithelioid crescent formation [2]. Less frequently, this lesion occurs with
arteritis of extra-glomerular vessels in the kidney, while a large-vessel arteritis
of the renal artery is rare. It has become increasingly clear that renal vasculitis
is more common with age and that this disease is probably the most common
primary cause of renal failure in the elderly. Because untreated renal vasculitis
progresses to end-stage renal disease, and steroid and immunesuppressive
therapy can improve the outcome, early diagnosis and institution of therapy
are particularly important. A major current dilemma is the toxicity of this
treatment and its contribution to morbidity and mortality, which are increased
in the elderly. There is a clear advantage in early diagnosis when less intense
treatment is effective, on careful monitoring of therapy to minimize adverse
recent risk, and in the evaluation of safer alternative drugs.

Classification of Renal Vasculitis

Vasculitis occurs as a primary disease or secondary to drug reactions,
infections, or malignancy. It may also occur as a component of another
auto-inflammatory disease such as rheumatoid arthritis, systemic lupus
erythematosus (SLE), or Behcet’s disease. This situation is complicated
because apparent primary systemic vasculitic disorders, especially micro-
scopic polyangiitis associated with autoantibodies to neutrophil cytoplasmic
antigens (ANCA), may be triggered by causes of secondary vasculitis. This has
been well described for both infective endocarditis and rheumatoid arthritis.
Reports of secondary renal vasculitis frequently involve the elderly, but this
has not been systematically studied [3].

The terminology of the primary vasculitic disorders has been defined by
consensus statements, which have been classified according to the predom-
inant vessel size involved and the presence or absence of ANCA (Table 20.1)
[4]. Renal vasculitis is a common feature of the small vessel vasculitides,
whether or not ANCA is present. Wegener’s granulomatosis and microscopic
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Table 20.1 The Classification of Primary Systemic Vasculitis According
to the Predominant Size of Blood Vessel Involvement and the Presence or
Absence of ANCA.

Predominant Size
of Vessel Involved

Usually ANCA-Positive Usually ANCA-Negative

Small Wegener’s granulomatosis Henoch–Schönlein purpura
Microscopic polyangiitis Cryoglobulinaemia
Renal-limited vasculitis

Medium Churg–Strauss angiitis Polyarteritis nodosa
Kawasaki disease

Large Giant cell arteritis
Takayasu’s arteritis

polyangiitis have been grouped together as “ANCA-associated vasculitis”;
a category of renal-limited vasculitis has also been described either alone
or as a subgroup of microscopic polyangiitis. When it occurs in Churg–
Strauss angiitis, the features are similar to those in microscopic polyangiitis;
in polyarteritis nodosa, a glomerulonephritis would reassign the diagnosis
to microscopic polyangiitis and significant. Both giant cell arteritis and
Takayasu’s arteritis involve the aorta and its major branches, but the latter is
rarely described in the elderly. Large-vessel arteritis in the elderly is ascribed
to giant cell arteritis, but when renal involvement has occurred, there has
usually been evidence of a concurrent small-vessel vasculitis [5].

For patients presenting with the syndrome of rapidly progressive glomeru-
lonephritis, deteriorating renal function, and a crescentic glomerulonephritis
on biopsy, classification depends on the nature of the glomerular immune
deposits and the presence of circulating antibodies (Table 20.2). Linear
immune fluorescence and anti-glomerular basement membrane antibodies are
characteristic of anti-GBM disease; speckled deposits of immunoglobulin and
complement imply an immune complex process such as SLE or Henoch–
Schönlein purpura, while a pauci-immune appearance is associated with circu-
lating ANCA and a diagnosis of vasculitis. An overlap syndrome with both
anti-GBM disease and ANCA-associated vasculitis is found in 30% of anti-
GBM positive patients and is more common in older patients with anti-GBM
disease [6]. Up to 30% of renal biopsies in ANCA vasculitis have speckled
immune deposits of uncertain diagnostic significance. Finally, some 10%
of pauci-immune crescentic nephritis patients are ANCA-negative, and this
group has previously been termed as having “idiopathic rapidly progressive
or crescentic glomerulonephritis” [7].

Epidemiology of Vasculitis

The incidence of primary systemic vasculitis is approximately 40/million/year,
with the ANCA-associated group comprising 15–20/million/year [8]. An
apparent increasing incidence has been explained by improved detection,
especially in the elderly; where long-term epidemiology studies have been
performed, no increase in incidence has been seen. Prevalence rates of ANCA
vasculitis range from 90–200/million. Both Wegener’s granulomatosis and
microscopic polyangiitis have an increased incidence with age, being very
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Table 20.2 The Classification of Rapidly Progressive Glomerulonephritis
According to Renal Immune Fluorescence Findings and Circulating
Serological Abnormalities

Renal
Immunofluorescence

Compatible Serology Diagnosis

Type 1 Linear Anti-GBM
antibodies

Anti-GBM disease

Type II Granular ANA, anti-dsDNA
antibodies

Systemic lupus
erythematosus

Cryoglobulins Cryoglobulinaemia
Low complement

levels
Henoch–Schönlein

purpura
Type III “Pauci-immune”

(absent, or scanty
deposits)

ANCA Vasculitis

rare in children. Where the association with age in Wegener’s granulomatosis
is similar for those aged 50–60 and in older age groups, the incidence of
microscopic polyangiitis continues to rise and is highest in the oldest age
groups (Figure 20.1). Renal involvement is more common in microscopic
polyangiitis, at over 90%, and in Wegener’s granulomatosis the proportion
with renal involvement increases with age [9]. An analysis from patients
entered into prospective therapeutic trials has indicated that renal function
at diagnosis is lower in older patients, indicating that not only is renal
involvement more frequent, but it is more aggressive (Figure 20.2) [10].
The age association implies an etiological contribution of an aging immune
system and the possible involvement of environmental factors. Silica exposure
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Fig. 20.1 Frequency of Wegener’s granulomatosis and microscopic polyangiitis
according to the patient’s age at diagnosis. Number of patients for each decade enrolled
into three clinical trials.
(Source: Data from the European Vasculitis Study Group [26].)
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Fig. 20.2 Glomerular filtration rate (mean) at diagnosis according to the patient’s age.
(Source: Data from the European Vasculitis Study Group [26].)

increases the incidence of microscopic polyangiitis, and an association with
farming, especially with animals, has also been demonstrated. The relative
frequencies of Wegener’s granulomatosis and microscopic polyangiitis are
influenced by latitude, with Wegener’s granulomatosis being more frequent in
colder climates in both the North and South hemispheres [8]. In addition, there
are ethnic differences, with Wegener’s granulomatosis being less common
in eastern Asian and black populations. The lack of a major immunogenetic
contribution and the late age of onset differentiate ANCA-associated autoim-
munity from other autoantibody-associated autoimmune diseases.

As a consequence of the increased incidence with age, the proportion of
kidney biopsies displaying a crescentic nephritis rises from 5% in those under
60 years to over 11% in those over 60 years of age [11].

Pathogenesis

ANCA-associated vasculitis predominantly affects small blood vessels, with
glomerular and alveolar capillaritis accounting for renal and pulmonary
vasculitis, the most common manifestations in the elderly. The pathogenetic
role of ANCA remains controversial, because this pathology can occur without
circulating ANCA, immune deposits are rarely present, and ANCA can persist
without disease activity. Experimental studies have demonstrated unequivo-
cally that ANCA can induce neutrophil activation and cytokine release and
mediate endothelial cytotoxicity [12]. Both spontaneous and induced animal
models have confirmed the pathogenicity of ANCA [13]. ANCA with speci-
ficity for myeloperoxidase (MPO-ANCA) is more common in the elderly than
proteinase 3 ANCA [14]. MPO-ANCA is also found in vasculitis associated
with environmental exposure or occurring secondary to chronic infections.
This points to a greater role of environmental stimuli for vasculitis occurring
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in the elderly. In contrast, genetic factors may be less important in the
elderly, as the association of polymorphisms of alpha 1 anti-trypsin and Fc
gamma R III with vasculitis is only found with PR3-ANCA-positive patients.
Dysregulated antigen presentation occurs in Wegener’s granulomatosis, and
persistent circulating T cell and B cell activation are typically present [15].
Bacterial antigens have been proposed to play a role in Wegener’s granu-
lomatosis, possibly through molecular mimicry, but the lack of an immuno-
genetic association implies that environmental drives are likely to be numerous
and varied between patients. The inflammatory infiltrate at vasculitic foci is
neutrophil-rich, and interventions that deplete neutrophils, including experi-
mental chemokine blockade or the drugs cyclophosphamide and deoxysper-
gualin, are effective therapies [16]. Autoantibodies to endothelial antigens
are found in over 50% of vasculitis patients, but their targets have not been
defined and their contribution to pathogenesis is unclear [17]. Wegener’s
granulomatosis is characterized by poorly formed granulomata in a perivas-
cular distribution with frequent giant cells. Granulomatous disease appears
less common in the elderly and capillaritis predominates [9].

Presentation and Diagnosis of Renal Vasculitis

The absence of specific symptoms of renal disease results in diagnostic delay,
and patients with renal limited vasculitis present with more advanced renal
failure than those with extrarenal disease [18, 19]. However, there is usually
a prodromal phase of several months with constitutional symptoms such as
fever, night sweats, polymyalgia, and weight loss. During this phase, urinary
abnormalities will be present and should be sought in all elderly patients
with unexplained illness. Without early detection, for patients presenting with
symptoms and signs of uremia, the average delay from onset of symptoms is
6 to 9 months and may be longer in the elderly [14,19]. Glomerular hematuria
and proteinuria are always present in renal vasculitis but may be confused with
prostatic disease or urinary tract infection. Atypical presentations including
“failure to thrive” and unexpected, asymptomatic renal impairment may be
more common in the elderly.

The diagnosis depends on the triad of clinical features, serology, and
histology. ANCA positivity confirmed by a positive proteinase 3 ANCA or
myeloperoxidase ANCA has a high predictive value for the diagnosis of
vasculitis in the absence of another chronic inflammatory process. A negative
ANCA does not exclude the diagnosis of vasculitis; immune-complex causes
including SLE should be considered, as they may be missed in the elderly.
Renal histology is essential in the absence of ANCA positivity in order to
make a secure diagnosis. There is a debate as to the diagnostic value of
renal biopsy when the ANCA is positive and clinical presentation is typical.
However, false-positive ANCAs have been reported in myeloma, atheroem-
bolic disease, and chronic infections, so the absence of biopsy confirmation
increases the risk of an incorrect diagnosis. In practice, the start of treatment
need not be delayed for a biopsy result.

The typical renal biopsy feature in ANCA-associated vasculitis is a pauci-
immune necrotizing glomerulonephritis with crescent formation [2]. The
proportion of affected glomeruli in a biopsy is predictive of outcome as
is the severity of tubulointerstitial fibrosis [20]. Microscopic polyangiitis is
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associated with more severe biopsy changes, with more evidence of chronicity
and scarring [2]. In Wegener’s granulomatosis, acute tubular changes are
more frequent, scarring is less apparent, and the prognosis is better. There has
been debate as to whether treatment should be guided by histological features
and over the suggestion that those with advanced, chronic changes should
receive less aggressive treatment in view of a poorer prognosis. This has not
been examined in an interventional study, and the relatively poor correlation
between histological changes and renal outcome for individual patients argues
against adjusting treatment according to the biopsy’s severity.

Attempts have been made to subgroup patients with vasculitis according to
the extent and severity of disease, and several systems have been developed.
They include the “five-factor score,” which identified factors predictive of a
poor prognosis, and comprised proteinuria, impaired renal function, cardiac or
gastrointestinal vasculitis, and central nervous system vasculitis; the disease
extent index, a numerical score of the number of systems involved; generalized
or limited Wegener’s granulomatosis based on the presence of predefined
“major” items of vasculitis activity using an adapted Birmingham Vasculitis
Activity Score (BVAS) [21]. The European Vasculitis study group (EUVAS)
has subclassified ANCA vasculitis at presentation into three groups: early
systemic, generalized, and severe, according to the presence and severity of
renal disease. In three concurrent studies, the average age of each group
rose with the severity of the vasculitis: early systemic at 51 years; gener-
alized at 56 years; and severe renal at 66 years [22, 23]. Elderly patients
with Wegener’s granulomatosis are more likely to have atypical or delayed
presentations, have less severe ear nose and throat disease, and are less likely
to develop endobronchial disease, yet renal vasculitis is more aggressive
[9,24]. Renal vasculitis is more common in the elderly, with ANCA-associated
vasculitis being present in 95% of the cases [14]. Pulmonary involvement,
typically with radiological infiltrates, both in Wegener’s granulomatosis and
in microscopic polyangiitis, is also more frequent in the elderly, occurring in
50–76%, probably reflecting alveolar capillaritis [14,19]. An overlap between
microscopic polyangiitis and idiopathic pulmonary fibrosis has recently been
described, and unusual vasculitic presentations in the elderly diagnosed as
pulmonary fibrosis have been reported [25].

Approaches to Therapy

Without therapy, renal vasculitis in ANCA vasculitides will usually progress
to end-stage renal disease. Progression of renal disease in rarer vasculitides,
such as in Henoch–Schönlein purpura, has been less well studied and the role
of therapy less established. Current regimens aim to suppress manifestations of
disease activity and achieve a “remission” in order to avoid further vital organ
damage, rescue renal function, and reduce constitutional disturbance [26]. The
toxicity of high corticosteroid doses and cyclophosphamide has been accepted
to achieve this aim, with lower steroid doses and an alternative immunesup-
pressive, such as azathioprine, used to maintain remission [23]. The major
early risk of this treatment is sepsis, often associated with neutropenia, which
increases the septic risk more than fourfold [19]. A causal sequence of
cyclophosphamide-induced neutropenia, sepsis, and death has been estab-
lished and cyclophosphamide protocols amended to minimize the risk of
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neutropenia [18,26]. Elderly patients are much more susceptible to the myelo-
suppressive effects of cyclophosphamide and consequently have a higher rate
of severe infection and infective death [19]. Impaired neutrophil function
in the elderly also contributes to susceptibility to infection. Furthermore,
elderly patients are less tolerant of steroid-related side effects including fluid
retention, hypertension, diabetes, and steroid-induced bone disease.

The combination of more severe disease and higher rates of treatment
toxicity in the elderly presents the physician with a major challenge. If
treatment of renal vasculitis is unsuccessful and the patient progresses to
end-stage renal failure, mortality is particularly high, over 50% after one year
[18,19]. The use of intravenous pulsed cyclophosphamide appears safer than
daily oral cyclophosphamide, with a lower incidence of neutropenic sepsis and
lower cumulative cyclophosphamide exposure [27]. In retrospect, a mistake
that has previously been made is to use higher cyclophosphamide doses,
2–5 mg/kg/day of oral cyclophosphamide, for those with more severe disease
[28]. Results in the elderly, with advanced renal disease, were particularly
poor with this approach, and recent protocols have reduced dosage for age
and renal impairment, in view of the renal excretion of active metabolites,
and have reduced severe adverse event rates, even in the elderly, to below
20% [19,26,29]. Corticosteroid dosing has not been examined in the elderly,
and current protocols still use prolonged high-dose oral prednisolone. When
used in combination with cyclophosphamide, steroid dose appears closely
related to infective risk, and there is a trend toward the use of short-term,
high-dose intravenous pulsed methylprednisolone and more steeply tapering
oral corticosteroid usage.

Plasma exchange has been shown, in small studies, to improve chances
of renal recovery for patients with ANCA-associated vasculitis presenting
in renal failure [30]. Common complications relate to the need for intra-
venous access, which would already be in place for patients requiring renal
support. There does not appear to be particular problems with using plasma
exchange in the elderly, and this intervention offers the opportunity of a
rapid therapeutic effect. Whether plasma exchange permits reduced steroid
or cyclophosphamide exposure or is useful in less severe renal, or severe
nonrenal, presentations is not known.

For less aggressive presentations, methotrexate has been demonstrated to
be as good as cyclophosphamide for remission induction and is probably
safer [22]. Both azathioprine and methotrexate are routinely used to prevent
relapse after induction therapy with cyclophosphamide, and their efficacy
appears equivalent. The duration of induction therapy depends on the speed
of response; some 75% remit by 3 months and 90% by 6 months. True
refractoriness to cyclophosphamide is rare; more commonly it is not tolerated
or is withdrawn due to sepsis.

Although cyclophosphamide can be withdrawn when disease control is
achieved, thedurationof subsequent immunesuppressive therapy that is required
to prevent relapse is not known. Some 50% of patients with renal vasculitis
will relapse by 5 years, and relapse of renal vasculitis increases the risk of
progression to end-stage renal disease: This risk needs to be balanced against
the anticipated complications of long-term therapy [18]. Factors predictive of
relapse include reduction or withdrawal of therapy, diagnosis of Wegener’s
granulomatosis as compared to microscopic polyangiitis, and ANCA status
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after remission induction therapy [31]. There has been controversy as to
how useful the ANCA test is in disease monitoring; this is due in part to
differences in ANCA testing methodology and to the fact that immunesup-
pressive therapy dissociates disease activity from ANCA levels. However, it
has now been clearly shown that ANCA positivity six months after the onset
of therapy, or the presence of a positive ANCA when treatment is withdrawn,
is strongly predictive of relapse [32]. This association is of particular value
in the elderly when it is more desirable to minimize therapy and should
allow safer withdrawal of therapy within 1 year in over 50% of elderly patients.

Alternative Therapies for Renal Vasculitis

The high risk of severe adverse events of current therapy in the elderly
has focused attention on the evaluation of alternative therapies. Intravenous
immunoglobulin reduces levels of vasculitic activity in persisting or relapsing
vasculitis, reduces ANCA production, and, as sole therapy, has led to initial
disease control in new patients with ANCA-associated vasculitis presenting
with rapidly progressive glomerulonephritis [33, 34]. Tumor necrosis factor
(TNF) blockade with the soluble 75kd TNF receptor etanercept was not
effective at preventing relapse in Wegener’s granulomatosis in a placebo-
controlled trial, but the addition of infliximab to induction protocols for renal
vasculitis has been safe, has permitted reduced steroid exposure, and requires
further evaluation to assess whether it improves renal recovery [35, 36]. T
cell depletion with anti-thymocyte globulin or alemtuzumab (CAMPATH
1-H) has led to remissions in refractory disease but carries a high risk of
infective mortality in those over 60 years or those with uremia. Rituximab is a
monoclonal antibody targeting CD20 on B cells developed for non-Hodgkin’s
lymphoma. It has shown surprising efficacy in several small prospective
studies in refractory vasculitis and appears safe [37]. Immunesuppressives
have been safely withdrawn after rituximab, and retreatment at the time of
ANCA rise or relapse is effective. Thus, B cell depletion carries the hope
of improving control in vasculitis while reducing the risks associated with
immune suppression. It is unclear to what extent this will benefit the elderly
with renal vasculitis when much of the treatment-related mortality occurs in
the first 3 months. The therapeutic effect of rituximab is delayed, and initial
therapy with high-dose steroids and cyclophosphamide may still be required.

Alternative immunesuppressives including mycophenolate mofetil,
leflunomide, and deoxyspergualin have been assessed for remission mainte-
nance or the treatment of refractory disease. Current data with mycophenolate
mofetil and leflunomide are inconclusive, but both agents may be useful
alternatives to azathioprine or methotrexate for specific patients. Deoxysper-
gualin has a novel and incompletely understood mode of action and appears
in preliminary studies to be at least as effective as cyclophosphamide [16].

The Outcome of Renal Vasculitis

Creatinine at presentation remains the strongest predictor of both patient
and renal survival for vasculitis in the elderly [20, 38]. Those presenting in
renal failure have a particularly poor outcome, and earlier diagnosis is likely
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Fig. 20.3 Patient survival according age above or below 60 years for patients
presenting with renal vasculitis in London between 1995 and 2000.
(Source: Booth, A.D., Almond, M.K., Burns, A., et al. Outcome of ANCA-associated
renal vasculitis: A 5-year retrospective study. Am. J. Kidney Dis. 2003; 41:776–784.)

to improve outcome more than improved therapies. Elderly patients have
considerably higher early mortality, with rates of 36% and 50% reported in
the early 1990s. In a large audit of renal vasculitis between 1995 and 2000,
mortality at 1 year was 5% for those under 60 and 23% for those over 60, and
rose to 44% for those over 70 (Figure 20.3) [18]. In part this is due to more
advanced renal disease with more chronicity on renal biopsy, but intolerance
of therapy and infections are major contributors. Dual positive presentations
of anti-GBM disease and vasculitis are more common in the elderly and are
associated with particularly aggressive pulmonary and renal disease and poor
outcomes [39].

There have been fewer long-term studies of renal vasculitis, but there is
the impression that once renal vasculitis is controlled and provided relapse
is avoided, renal function can remain stable for many years [18]. There is
probably an increased cardiovascular risk during longer follow-up, which may
relate to more widespread vascular injury at the time of active vasculitis or the
consequences of chronic renal failure and long-term medication. Angiotensin-
converting enzyme antagonists may improve renal outcome, but they require
further study. Malignancy rates at 5 years are 10–15%. It is unclear whether
this is a genuine increase from the expected risk or a consequence of the
disease or its therapy. Vasculitis can also occur in the context of malignancy.
It has recently been appreciated that thromboembolic disease is particularly
common in the few months after diagnosis of vasculitis, occurring in 15% in
one study [35].

Relapse of vasculitis is less common in the elderly than in younger patients,
possibly due to the lower proportion of patients with Wegener’s granulo-
matosis and granulomatous disease that is more refractory to therapy [9].
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Consequently, immune suppression does not necessarily have to be so
prolonged once remission has been achieved. Follow-up should remain life-
long because late relapse occurs with potentially devastating consequences.

Summary

Vasculitis is increasingly being recognized as a disease of the elderly and
is now a common primary cause of renal failure. Diagnosis is often delayed
with severe consequences on the risks of death and end-stage renal failure.
Strategies to improve early detection of vasculitis, using urine testing and the
ANCA assay, are required in combination with increased awareness among
primary care physicians. The treatment of vasculitis in the elderly differs little
from that of younger age groups, yet the morbidity and mortality associated
with therapy are considerably higher. Treatment protocols have been better
evaluated by randomized controlled trials supported by collaborative research
networks in Europe and the United States [26, 35]. There have been modest
improvements in reducing the toxicity of therapy with recent protocols that
reduce cyclophosphamide dosing according to age, but newer, safer, agents are
required. B cell depletion is the most promising approach to improve medium-
to longer-term therapy, but with the possible exception of TNF alpha blockade
and intravenous immunoglobulin, there are no new approaches for induction
therapy. Elderly patients with vasculitis tolerate end-stage renal failure partic-
ularly poorly, which places an emphasis on rapid, effective induction therapy,
and plasma exchange is attracting renewed interest for this indication. Ongoing
cohort studies are exploring the late consequences of vasculitis, and strategies
to reduce the increased cardiovascular and malignancy risks are likely to be
evaluated in the future.
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21
Acute Renal Failure in the Aged

Carlos G. Musso, José M. López-Novoa, José Carlos Fernandez
and Juan-Florencio Macías-Núñez

Acute Renal Failure: Its Definition and Physiopathology

Acute renal failure (ARF) the generic term for an abrupt and sustained
decrease in renal function resulting in inability to maintain the equilibrium
of the internal milieu. Despite the absence of a universal definition, it is
reasonable to define ARF as an acute and sustained increase in serum
creatinine of 0.5 mg/dL if the baseline is less than 2.5 mg/dL, or an increase in
serum creatinine by more than 20% if the baseline is more than 2.5 mg/dL [1].

Three mechanisms are involved in the appearance of ARF: diminution of
the renal blood flow with preservation of renal parenchymal integrity (pre-
renal ARF), acute lesions of the renal parenchyma (intrinsic renal ARF), and
obstruction of the urinary flow (post-renal ARF) [2]. Pre-renal ARF can be
induced by the following situations: intravascular volume depletion, decreased
cardiac output, renal vasoconstriction, and impaired autoregulation induced by
drugs. Intrinsic ARF can be caused by the compromise of renal vasculature,
glomeruli, acute tubular necrosis (ATN), or tubulointerstitial damage.

The pathophysiology of ATN can be divided into three phases: initial,
maintenance, and recovery. The initial phase of ischemic ATN refers to a
hypothetical period of time during which renal perfusion is compromised to
the extent that precipitates intrarenal events that are responsible for persistence
of renal dysfunction long after the original cause has been resolved. Mainte-
nance refers to the period of ongoing renal failure that is usually followed by
a recovery phase during which the renal injury is repaired and baseline renal
function is re-established [3]. Although many of the theories that explain
the reduction of GFR in ARF have been known for 50 years, the exact
pathogenesis of this syndrome, especially the means by which oligoanuria is
sustained, remains unresolved; however, it is clearly multifactorial [4,5]. The
current consensus opinion is that three major factors contribute to the profound
reduction in GFR that characterizes ATN: tubule injury, hemodynamic abnor-
malities, and intrarenal inflammation. Tubular injury leads to insufficiency
by causing “back-leakage” of glomerular filtrate and intratubular obstruction.
Intrarenal vasoconstriction and reduction of the ultrafiltration coefficient (Kf)
can also directly impair GFR. Most of our knowledge about these factors
has been derived from experimental models of ARF, mainly in rodents.
These models can be divided into two groups: the hemodynamic models,
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which are based on ischemia derived from occlusion of the renal artery,
and intramuscular injection of glycerine; and the nephrotoxic ones based on
the administration of uranile nitrate (UN), mercury bichloride (HgCl2), or
aminoglycosides [6].

The main physiopathological aspects of the ARF learned from the above-
mentioned studies are the following (Figure 21.1):

1. Reduction of renal blood flow (RBF): The initial phase of HgCl2-induced
ARF has a minimal impact upon RBF se RBF undergoes only a 20%
reduction while GFR decreases by a further 50% [7]. Moreover, clinical
evidence from animals administered UN indicates that, while RBF might
return to its original levels within 48 hours, GFR remains depressed and
can even diminish further. Ischemic damage provokes vacuolization of
endothelial cells and reduces the diameter of renal arterioles, thereby
increasing the vascular resistance. However, classical studies indicate
that the cellular vacuolization affects the epithelial tubules more than the
endothelial vasculature [8]. All these findings suggest that other factors
apart from vasoconstriction contribute to the decrease in GFR.

2. Reduction of the ultrafiltration coefficient (Kf): The glomerular Kf
decreases during the initial phase of UN-induced ARF. This indicates
that changes in glomerular permeability can justify, at least in part, the
observed descent of the GFR. Mesangial cell concentration probably
contributes to Kf reduction in ARF [9]. It seems that this phenomenon
could be secondary to the intrarenal generation of angiotensin II [10].

3. Tubular obstruction: There is some morphological evidence of obstruction
of the proximal segment of the nephron during the initial phase of UN-
induced ARF. There exists strong morphological evidence of intratubular
obstruction after 1 hour of ischemia. It is known that obstruction induces
changes in the resistance of preglomerular, glomerular, and postglomerular
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Fig. 21.1 Possible relationships between the instauration of acute tubular necrosis
(ATN) and the changes that accompany the physiological aging process.
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vessels, which thereby results in an acute increase of glomerular pressure.
It is more probable that intratubular obstruction plays a role in the
suppression of filtration in the initial phase of ARF than during the
maintenance phase [11, 12].

4. Integrins and their role in tubular obstruction: Tubular cells redistribute the
integrins on their membranes when they are subjected to oxidative stress;
they relocate them from the basal to apical surface. This phenomenon
contributes to tubular obstruction in two ways: First, the basal cell surfaces
are no longer securely attached to the basement membrane, so cells detach
and are shed. Second, once free, the cells are not effectively cleared, as
the apical surfaces, full of translocated integrins, adhere inappropriately
to other cells that are still fixed in their normal positions. Tamm–Horsfall
proteins have also been implicated in tubular obstruction. They contain
an amino acid sequence that cell surface integrins use to recognize and
bind to other cells. Therefore, they have the ability to bind desquami-
nated cells and so contribute to tubule cast formation and hence tubular
obstruction [13].

5. Interstitial inflammation-leukocyte infiltration and adhesion molecules:
Injury due to ischemia and subsequent reperfusion is via an interstitial
inflammatory process that involves leukocyte infiltration, edema, and the
resultant compromise of microvascular blood flow. The expression of
certain adhesion molecules is increased in response to cytokines released
by ischemic tissues. These adhesion molecules are necessary for the infil-
tration of leucocytes. Chemokines, which are involved in the attraction
and activation of leucocytes (such as interleukin-1 and TNF-a), have also
been implicated in ischemic-reperfusion injury [13].

6. Alterations in intracellular calcium: An increase in the level of unbound
intracellular calcium has been noted in the proximal tubules of rat kidneys
subjected to hypoxia. Furthermore, cells of this region can be protected
from hypoxic damage using calcium chelators to reduce the concentration
of free intracellular calcium [13].

7. Calpain enzyme: Levels of intracellular calcium influence the actions of
many important enzymes; one of these is calpain, a calcium-dependent
cysteine protease. When activated, calpain is involved in the destruction
of proteins that play a key role in the interaction between the cytoskeleton
of the cells and plasma membrane [13].

8. Oxidant mechanisms: Significant evidence implicates reduced oxygen
metabolites in ischemic noxious and immune-mediated tissue damage in
ARF [13].

9. Insulin-like growth factors (IGF): After damage to the kidney, whether
ischemic or noxious (e.g., radiocontrast dye), production of IGFs is
increased, enhanced by both growth hormone and epidermal growth factor
(EGF). Exogenous IGF-I has been shown to improve recovery time in rat
kidneys following ischemia [13].

10. Epidermal growth factors (EGF) and transforming growth factor-�
(TGF-�): They act on the same receptor, and EGF has been shown to
be a mitogen for proximal tubule cells in vitro. Administration of EGF
following renal injury enhances proliferation and speeds the recovery of
proximal tubules in vivo [13].
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11. Transforming growth factor-�s (TGF-�s): This may regulate wound repair
and tissue reconstruction, by stimulating synthesis of extracellular matrix
(ECM) proteins as well as promoting cell differentiation and proliferation.
Following ischemic damage, upregulation of TGF-�1 appears to regulate
synthesis of various ECM proteins in the proximal tubules. Nevertheless,
such activity could also contribute to excessive fibrosis and sclerosis
during tissue repair [13].

12. Hepatocyte growth factor (HGF): This is also implicated in the response
of the injured kidney, being increased following both ischemia and toxic
damage. HGF seems to play a major role in tubular re-epitheliazation [13].

13. Retrodiffusion (back-leak): Following an intense ischemia, obstruction
may exist without any detectable increase in intratubular pressure due
to the retrodiffusion mechanism. During the maintenance phase, there is
evidence to suggest that this mechanism plays an important role, alongside
other factors, in the continuing reduction of GFR [14].

Mediators Implicated in ARF

It has been clearly shown that a substantial part of the reduction in RBF
and GFR is based upon an active and reversible process of renal arteriolar
vasoconstriction and contraction of the glomerular mesangial cells. There
is sufficient evidence that the ARF process involves a series of vasocon-
strictors: angiotensin II, platelet-activating factor, adenosine, endothelin, and
vasoconstrictor prostanoids. In addition, the absence of vasodilators such as
nitric oxide (NO) and vasodilator prostanoids can play an important role
(Figure 21.1).

The Renin-Angiotensin System
In experimental models of rats with renal ischemia, activation of the intrarenal
renin-angiotensin system (RAS) was observed after 15 minutes of ischemia,
and it continued for 24 hours following the removal of the obstruction. With
HgCl2-induced ARF models, plasma levels of renin and angiotensin II increase
during the initial phase; however, this does not take place during maintenance,
in which their levels are diminished. In the model of UN-induced ARF,
levels of circulating and renal renin increase following the injection of the
toxin, yet they remain elevated for 96 hours [11]. The model of the RAS
activated by injections of glycerine has been heavily studied: During the
initial phase, some studies demonstrated an increase in the activity of plasma
and renal renin levels, whereas others showed both increase and inhibition.
In the maintenance phase of ARF, there is more homogeneity, and all the
studies demonstrate an increase in circulating and renal levels of renin and
angiotensin II [15]. The mechanisms by which angiotensin II reduces GFR
and RBF are multiple. First, it produces vasoconstriction, diminishing the
RBF. Second, angiotensin II reduces the Kf and thereby glomerular filtration,
a mechanism most likely to be mediated by mesangial contraction. Third,
angiotensin II is a basic mediator of the tubular-glomerular feedback system,
thereby contributing to the reduction in RBF and subsequently GFR during
ARF [16].

Platelet-Activating Factor
Platelet-activating factor (PAF) is a vasoactive agent with important effects
on renal function. The administration of PAF in animal studies produces
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some effects that imitate ARF. There is evidence to demonstrate that the
administration of PAF inhibitors protects against the reduction in GFR and
RBF in animals with renal ischemia. The known mechanisms by which PAF
induces ARF are by contracting smooth muscle and also inducing contraction
of the glomerular and mesangial cells, reducing the RBF [17].

Prostanoids
Prostanoids are involved in the regulation of renal function on multiple
levels: They have hemodynamic effects and modulate the action of different
hormones, vasoconstrictors, and vasodilators. They participate in the tubulo-
glomerular feedback and regulate the glomerular Kf since they are likely to
mediate the regulation of mesangial contraction. The evidence for the role of
ecosanoids in the genesis or maintenance of ARF is extensive. It has been
suggested that the decrease in renal prostaglandins could be implicated in
glycerine-induced ARF as well as in the increase in TXA2 in hemodynamic
and nephrotoxic models [18]. The administration of prostaglandins has a
protecting effect on noradrenaline and glycerine-induced ARF [19] but not
on UN-induced ARF. It can be concluded that the increase in the production
of renal prostaglandins protects hemodynamic ARF; however, the effect upon
the nephrotoxic variety of this syndrome is much less clear. Perhaps within
the hemodynamic models there is an increased production of the vasodilating
PGE2 and PGI2, while in toxic models the production of vasoconstrictor
(TXA2) is augmented [20].

Endothelin
Endothelin (ET) is formed by a family of peptides (ET-1, ET-2, ET-3) that
function via two different types of receptors, ET-A and ET-B, that have
vasoconstrictor/proliferative and vasodilator effects, respectively [21]. The
administration of small quantities of ET-1 induced a very important reduction
in the GFR and RBF. The mechanism by which endothelin decreases the
glomerular filtration rate seems to be, in part, the increase in the renal
vascular resistance and thus the sensitization of the renal vascular bed to the
endothelium. The role of endothelin in the evolution of ARF is based upon
the fact that treatment with antiendothelin antibodies improves the outcome
of renal failure [22]. Antagonists of the receptors ET-A also improve the
renal function in rats that have been injected with glycerine or have renal
ischemia [23].

Adenosine
Adenosine (ADO) is produced by the cells of an organism when the hydrolysis
of ATP is greater than the synthesis of ATP. This situation occurs during
ischemia or nephrotoxic ARF. ADO is a vasodilator in the majority of the
vascular beds of an organism; in the kidney, however, it acts as a vasocon-
strictor and thereby produces a marked decrease in RBF and GFR [24]. There
is evidence that ADO A-1-receptor antagonists improve renal function in
diverse experimental models of ARF [25].

Nitric Oxide
Nitric oxide (NO) is an endogenous vasodilator with a very important role
in the physiology and pathophysiology of diverse renal illnesses. Today, we
know that the modulation of the vascular tone, in part mediated by NO,
represents a local system that effectively controls blood flow to many vital
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organs, thereby playing a fundamental role in intraglomerular hemodynamics.
It has also been suggested that the observed vasoconstriction in post-ischemic
ARF is associated with a reduction in the capacity of the endothelium to
produce NO. Various studies suggest that NO is involved in the maintenance
of RBF and GFR in rats with ARF [26].

Acute Renal Failure in the Elderly: Its Particular
Characteristics

Many aspects of ARF are basically the same between young and old patients,
while many others are rather different, and such knowledge gives the clues for
mastering this syndrome in the aged group. These geriatric clues are described
in this section.

High Susceptibility to Renal Failure

True incidence of acute renal failure in seniors is hard to define, but it is
estimated to be around 950 cases per million population in those aged 80–89
[28–30]. The increased incidence of ARF in this age group is favored by
certain factors. First, there are histological and functional changes of the
aged kidney that make this organ susceptible to developing acute tubular
necrosis (ATN): disturbance in the autoregulatory vascular defense [31],
reduction in the number of glomeruli and glomerular capillaries [31, 32],
renal tubular frailty [33], and salt and water wasting secondary to a reduced
tubular reabsorption capability of these substances [34,35]. Second, there are
extrarenal factors that make old people prone to ARF: reduced capability to
metabolize drugs, exposure to polypharmacy and surgical procedures, errors
in following medical prescriptions due to reduced cognitive capability and
hearing or visual acuity, susceptibility to infection secondary to diminution
of immunity against bacterial agents [2], predisposition to dehydration due to
environmental factors (e.g., hot weather) and individual ones (e.g., primary
hypodypsia, immobility syndrome, etc.), high prevalence of systemic diseases
that can induce renal damage or dysfunction (e.g., diabetes mellitus, hyper-
tension, heart failure, etc,) [28, 30].

Particular and Prevalent Causes of ARF in the Elderly

Hydroelectrolytic imbalance is the most common etiology of ARF in the
elderly population [36], affecting approximately 1% of all community hospital
admissions in elderly individuals and up to 25% of non-ambulatory geriatric
patients [28]. The main causes of dehydration in the elderly are primary
hypodypsia, gastrointestinal losses (vomiting, diarrhea), heat stroke, fever,
and renal losses due to glucosuria or diuretics [28].

Other prevalent causes of pre-renal failure in the elderly are bleeding,
cardiac insufficiency, sepsis, renovascular compromise, hemodynamically
mediated pharmacological damage, and cirrhosis [2, 37].

Autoregulatory mechanisms of renal blood flow and glomerular filtration
rate are usually altered in the elderly; then some drugs commonly prescribed
to the elderly, which can impair renal autoregulation or interfere with
vasodilatory capacity, may lead this population to ARF. Among these
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drugs are prostaglandin-synthesis inhibitors [nonsteroidal anti-inflammatory
drugs (NSAIDs)], angiotensin-converting enzyme (ACE) inhibitors, and
angiotensin-receptor antagonists. If it is essential to treat with these drugs,
the patient’s renal function should be monitored closely and frequently
[28, 30].

Pre-renal acute renal failure can easily lead to acute tubular necrosis in
this population. Tubular frailty is a senile kidney condition that predisposes
aged people to develop ATN easily, even after a mild renal insult. Aging
tubular cells may be more vulnerable to ischemia because cellular antioxidant
defenses decline with age, and oxidant injury may be a critical determinant
of ischemic acute renal failure. Besides, the increased propensity to vasocon-
striction may enhance the aged kidney’s susceptibility to toxic substances
[38]. Moreover, the tubular recovery from the established tubular necrosis is
very slow. It may take more than the usual two weeks compared to younger
patients, even though these aged patients may necessitate dialysis well before
their tubular recovery [28, 32].

The most frequent causes of parenchymal ARF are post-ischemic and
postnephrotoxic ATN [39, 40]. Nephrotoxic insults that characteristically
cause ATN in the old include aminoglycosides and radiocontrast [41, 42].
Furthermore, the interaction between renal hypoperfusion and nephrotoxins
is at least additive and probably synergistic [43].

Other frequent causes of renal ARF in the old population are acute
glomerulonephritis (e.g., rapidly progressive: idiopathic crescentic glomeru-
lonephritis, anti-GBM-associated glomerulonephritis, etc.), acute interstitial
nephritis (e.g., NSAIDs, allopurinol, etc.), and intratubular deposition (e.g.,
rhabdomyolysis) [2, 28, 44–46].

Among the vascular causes that lead to intrinsic renal failure in the elderly
are vasculitis (e.g., microvascular polyarteritis nodosa, Wegener), atheroem-
bolic disease, and acute renal artery thrombosis [28, 46, 47].

Another important cause of ARF in the elderly is extrarenal urinary
obstruction [48]. ARF develops only with bilateral obstruction or obstruction
in a solitary functioning kidney. Among the causes of lower urinary tract
obstruction, the most common is prostatic enlargement due to benign prostatic
hyperplasia or to prostatic adenocarcinoma.

Prostatic carcinoma usually invades the ureterovesical junctions and causes
bilateral hydronephrosis with progressive renal insufficiency. The second
most common cause of urethral obstruction in males is urethral stricture
disease [49]. In females the most common cause of postrenal failure is ureteral
obstruction due to pelvic malignancy—invasive carcinoma of the cervix.
Such an obstruction is especially common after radiation therapy. One form
of retroperitoneal fibrosis that may occur mainly in older patients may be
due to leakage from atheromatous lesions in the aorta. The inflammation
that attends such slow retroperitoneal leakage from aortic aneurysms may
obstruct the ureters [50,51]. An uncommon but classic manifestation of urinary
tract obstruction is alternating anuria and polyuria; usually, this is caused by
fluctuating accumulation and release of urine behind a stone that changes its
position. In rare cases, unilateral obstruction can lead to anuria and ARF;
loss of function in the non-obstructed kidney may be due to vascular or
ureteral spasm, mediated by autonomic activation [52] (Tables 21.1, 21.2,
and 21.3).
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Table 21.1 Total Number of Patients with ARF in the Renal
Unit of the University Hospital of Salamanca. 2000–2005.

Total number of patients 386

Male: 245�63�5%�
<65: 62�25�3%�
65–79: 107�43�7%�
>80: 76�31�0%�

Female : 141�36�5%�
<65: 25�17�7%�
65–80: 57�40�4%�
>80: 59�41�8%�

Stratification by age:
Youngest: 21 years
Oldest: 97 years
<65 years: 82�21�2%�
65–79 years: 163�42�2%�
>80 years 141�36�5%�

Source: Courtesy of Dr. J.A. Menache.

“Atypical” Presentation of the Condition

In the elderly, diseases usually have patterns of presentation different from
those observed in the young population. Signs and symptoms are frequently
less defined in the aged group. Diseases usually present with few symptoms
(paucisymptomatic) or just as general weakness or loss of appetite. Moreover,
any disease could present merely as one of the entities known as the geriatric
giants: confusional syndrome, falls, immobility syndrome, and acute urinary
or fecal incontinence. These presentation patterns are called “atypical,” but
they could actually be regarded as “typical” in this population [53, 54].

Unreliable Physical Examination

Some physical signs found in the physical examination in an old patient may
make physicians arrive at misinterpretations. For instance, dry mouth and skin,
orthostatic hypotension, and persistence of skin folding are all signs frequently
present in the healthy elderly, not necessarily implying a clinically significant
state of dehydration. Moreover, the finding of edema in immobilized patients

Table 21.2 Total Number of Etiological
Factors.

Etiology:
One etiological factor: 313�81�1%�
<65: 21 (4%)
65–79: 141�45�0%�
80–96: 105�33�5%�

Multiple: 73.(18.9%)
<65: 9�12�3%�
65–79: 30�41�1%�
80–96: 34�46�6%�

Etiological agents: 487
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Table 21.3 Factors in Pre-renal ARF or Acute Reversible Renal Hypoperfusion: 267 (54.8 %).

Hypovolemia: 202(75.65%)

Fluid restriction (low intake): 114(56.43%)

Age (years) <65: 65–79: >80:
Cases 29 (14.4%) 77 (38.1%) 96 (47.5%)

Fluid loss: 202(75.7%)
Diarrhea: 48 (23.8%)

Age (years) <65: 65–79: >80:
Cases 15 (31.3%) 13 (27.1%) 20 (41.7%)

Vomiting: 20 (9.9%)

Age (years) <65: 65–79: >80:
Cases 3 (15%) 13 (65%) 4 (20%)

Sepsis: 30 (11.2%)

Age (years) <65: 65–79: >80:
Cases 7 (23.3%) 14 (46.7%) 9 (30%)

Hypotension: 18 (6.7%)

Age (years) <65: 65–79: >80:
Cases 3 (16.7%) 10 (55.6%) 5 (27.8%)

Cardiac failure: 9 (3.4%)

Age (years) <65: 65–79: >80:
Cases 0 6 (66.7%) 3 (33.3%)

Febrile syndrome: 4 (1.5%)

Age (years) <65: 65–79: >80:
Cases 4 (100%) 0 0

Renal artery thrombosis: 65–79: 1 (0.4%)

Stent re-stenosis: 65–79: 1 (0.4%)

Aorta clamping: <65: 1 (0.4%)

Renal or intrinsic ARF: 144 (29.6%)

Drugs: 113 (78.5%)

ACEi, AII-receptor blockers: 44 (38.9%)

Age (years) <65: 65–79: >80:
Cases 5 (11.4%) 18 (40.9%) 21 (47.7%)
NSAID: 25 (22.1%)
Age (years) <65: 65–79: >80:
Cases 9 (36%) 6 (24%) 10 (40%)
Contrast media: 19 (16.8%)
Age (years) <65: 65–79: >80:
Cases 5 (26.3%) 14 (73.7%) 0
Aminoglycosides: 4 (3.5%)
Age (years) <65: 65–79: >80:
Cases 1 (25%) 3 (75%) 0

Cis-platin: 65–79: 1 (0.9%)
Opioids: <65: 1 (0.9%)
Lithium: <65: 1 (0.9%)
Influenza vaccination: 65–79 1 (0.9%)
Unknown: <65: 3 (100%)

Rhabdomyolysis: 9 (6.3%)

Age (years) <65: 65–79: >80:
Cases 4 (44.4%) 1 (11.1%) 4 (44.4%)

(Continued)
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Table 21.3 (Continued)

Malignant hypertension: 2 (1.4%)

Age (years) <65: 65–79: >80:
Cases 1 (50%) 1 (50%) 0

Acute hepatitis: <65: 1 (0.7%)
Multiple myeloma: >80: 1 (0.7%)
Hypercalcemia: <65: 1 (0.7%)
Severe hyperglycemia: >80: 1 (0.7%)
Acute tubular necrosis (unknown etiology): 65–79: 1 (0.7%)
Interstitial nephropathy: 65–79: 1 (0.7%)
Glomerulopathies: 9 (6.3%)
Hemolytic uremic syndrome: 4 (44.4%)
Age (years) <65: 65–79: >80:
Cases 3 (75%) 1 (25%) 0
Schölein–Henoch purpura: 65–79: 1(11.11%)
Polyarteritis nodosa: <65: 1 (11.11%)

SLE: <65: 1 (11.11%)
Wegener granulomatosis: <65: 1(11.11%)
Chronic lymphatic leukemia GN: 65–79: 1(11.11%)
Obstructive renal failure: 76 (15.6 %)
Age (years) <65: 65–79: >80:
Cases 18 (23.7%) 28 (36.8%) 30 (39.5%)
Worsening of pre-existing CRF: 4 (0.8%)
Age (years) <65: 65–79: >80:
Cases 2 (50%) 1 (25%) 1 (25%)

Causes of ARF stratified by age. Young = <65 years, old = 65–79 years, and Old-Old = 80–97 years.

does not mean volume overload, just as the lack of thirst does not signify an
absence of dehydration [55]. Among the most reliable signs of dehydration
in the elderly is axillary dryness [2].

Unreliable Urinary Indexes

The urinary indexes—urinary osmolality, urinary sodium, urea-to-creatinine
ratio, fractional excretion of sodium, and fractional excretion of urea—are
useful markers for distinguishing between pre-renal and renal ARF in young
people (Table 21.4). These indexes reflect the presence of sodium and urea
and the water reabsorption state that characterizes pre-renal ARF (or its lack
in the parenchymal state) [2].

In the elderly, many urinary indexes such as urinary sodium, FENa,
fractional excretion of urea (FEU), and urinary osmolality should be inter-
preted carefully, as renal physiological changes secondary to the aging process
make the expected values of these urinary indexes completely different from
those in the young population. Taking a closer look, the characteristic reduced
sodium and urea reabsorption and the reduced urinary concentration capability
of this population make the FENa and FEU higher and the urinary osmolality
lower in respect to the values achieved by young people in renal hypoperfusion
states. These altered index patterns can lead to an incorrect interpretation,
making an acute pre-renal failure resemble a parenchymal one [55]. However,
during situations of extreme renal hypoperfusion (e.g., severe hypernatremic
states), some aged patients reach low fractional excretion of urea values, as
young patients normally do [56, 57].
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The Intermediate Syndrome

Due to the combined influence of the senile tubular frailty and tubular
dysfunction, the so-called intermediate syndrome is frequently observed in
the elderly. This means a patient suffering from a pre-renal acute renal failure
resembles a parenchymal failure, since this aged patient usually has not only
high plasma urea and creatinine but also urinary indexes compatible with
acute tubular necrosis. However, the renal failure can resolve with volume
expansion, as is the case with pre-renal insufficiency. Contrary to the classical
pre-renal failure recovery time of 24–48 hours after rehydration, the interme-
diate syndrome resolves in about a week [33, 58].

Uremic Syndrome with Mild Uremia

Uremic symptoms can appear in the aged population despite the presence
of a not-so-elevated plasma urea level, since this value overestimates the
patient’s glomerular filtration rate. This phenomenon can be justified by two
particular characteristics of the urea handling in the elderly group: a reduced
urea production secondary to a low protein intake and an increased urea
renal excretion probably secondary to a reduced tubular reabsorption. Due to
the aforementioned reasons, it should not rule out the presence of a uremic
syndrome only because of the absence of very elevated urea plasma levels.

Furthermore, the uremic syndrome may present not by showing its classic
symptoms such as nausea, vomiting, etc., but as one of the geriatric giants:
confusion, gait disorders, immobility syndrome, and /or incontinence [59–61].

Prophylaxis of ARF

Avoiding situations that could damage the kidney is the best strategy against
the consequences of ARF in the elderly. The following principles summarize
these concepts [32]: Avoid dehydration before imaging studies based on
contrast media and surgical procedures, avoid nephrotoxic substances, avoid
polypharmacy, prescribe low doses of drugs (the lowest desired dose of drugs),
use drugs for the shortest time, adjust drug doses to the expected functional
reduction of the senile kidney, and assess renal function before and after the
introduction of some drugs that could be potentially nephrotoxic [62–64]. The
concept of these maneuvers is to prevent situations that can lead the aged
kidney to ischemic and/or toxic tubular damage.

Table 21.4 Classical Urinary Indexes (in Young People).

Pre-Renal ARF Renal ARF

Nau (mmol/L) < 20 > 40
FENa (%) < 0.5 > 1
FEU (%) < 35 > 50
UO (mOsm/L) > 550 < 350

ARF = acute renal failure.
NaU = urinary sodium.
FENa=fractionalexcretion of sodium.
FEU = fractional excretion of urea.
UO = urinary osmolality.
Source: Miller et al. Ann. Intern. Med. 1878; 89:47.
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Diagnosis of ARF: Particular Aspects

Principles and means for etiological diagnosis and ARF treatment are the
same in both the young and the aged population. Renal biopsy does not carry
a greater risk in the older patient compared to the younger, and adequate renal
tissue can be obtained in 80–95% of cases, with a complication rate of 2.2–
9%. However, because of complex changes in the aged kidney or concomitant
diseases such as arteriosclerosis or global sclerosis, the interpretation of the
histological finding may be more difficult.

Retrograde pyelography, nuclear medicine imaging techniques, and
computed tomography also can help in patients who have an unidentified
cause of obstruction in whom ultrasound has been unsatisfactory [65–67].

Treatment of ARF: Particular Aspects

As in practically any case of acute renal failure (irrespective of age), rehydration
is crucial as the first therapeutic maneuver. This fact becomes more important
in aged people, since they are more prone to volume contraction. It is
crucial to highlight the importance of rehydration as the first therapeutic
approach, since it is not always easy to distinguish, based on laboratory

Table 21.5 Patients with ARF of Either Etiology with the
Need for Hemodialysis.

Total: 63
Men: 40 (63.5%)
Women: 23 (36.5%)
<65: 18 (28.6%)
65–79: 28 (44.4%)
>80: 15 (23.8%)

Causes:

Identified etiologic factors: 76
Pre-renal: 33 (43.4%)

Dehydration: 22 (66.6%)
Hypotension: 4 (12.1%)

Sepsis: 3 (9.1%)
Cardiac failure: 2 (6.1%)
Thrombosis of renal artery: 1(3.1%)
Malignant hypertension: 1(3.1%)

Renal: 33(43.4%)

Nephrotoxicity: 21(63.6%)
ACEi + AII RA: 8 (38.1%)
NSAIDs: 5(23.8%)
Contrast media: 5(23.8%)
Aminoglycosides: 2(9.5%)
Unknown: 1(4.8%)
Rhabdomyolysis: 4(12.1%)
Glomerulonephritis: 3 (9.1%)
Hemolytic uremic syndrome: 2(6.1%)
Toxic hepatitis: 1(3.0%)
Vaccination: 1(3.0%)
Interstitial nephropathy: 1(3.0%)

Obstructive: 9(11.8%)
Unidentified etiological agent: 1(1.3%)
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tests, between pre-renal and parenchymal ARF. However, since old people
usually have rigid cardiac walls (presbycardia) and a reduced glomerular
filtration rate, they should be rehydrated cautiously, because they are prone
to develop pulmonary edema during aggressive volume infusion [68].

In parenchymal ARF, if there’s no contraindication to their use, loop
diuretics can be safely used, since they can convert an oliguric situation to
a non-oliguric one and facilitate therapeutic interventions and caloric/water
ingestion [69, 70]. Low-dose dopamine, on the other hand, is of no proven
benefit [68,71]. Prompt recognition of acute interstitial nephritis secondary to
drugs may lead to stopping its inducing drug, early intervention with steroids,
and more rapid recovery of renal function [45].

Because of the potential for reversing ARF in some forms of glomeru-
lonephritis and vasculitis, one should not hesitate to perform a renal
biopsy [72]. In rapidly progressive glomerulonephritis, the same principles
are usually applied to treat adults and old patients, but one should take into
account that the relative risk of death is 5.3 times higher in older (>60 years)
patients compared to younger ones [73] following aggressive immunosup-
pression.

In post-renal ARF, the ideal treatment for its resolution is by urological
desobstruction.

The indications for dialysis in the elderly are the same as in the
younger adult. One does not select a mode of dialysis (i.e., hemodialysis,
hemofiltration, or peritoneal dialysis) on the basis of the patient’s age;
rather the mode is chosen on the basis of a number of patient- and/or
disease-specific factors, including the presence of hemodynamic instability,
severe hypervolemia, hypercatabolism, compromised pulmonary function,
bleeding potential, vascular access difficulties, and others [28]. Most elderly
patients respond well to either peritoneal dialysis or hemodialysis [74–76]
(Table 21.5).

Table 21.6 Rates for Patients with ARF.

Total: 62 (16%)
Male: 38(61.3%)
Female: 24(38.7%)

<65: 9(14.5%)
65–79: 18(29.0%)
>80: 35(56.5%)

Etiology:
Total number: 62
Pre-renal: 47 (75.8%)

Dehydration: 20(42.5%)
Septic shock: 17(36.2%)
Cardiac failure: 5(10.6%)
Hypotension: 3(6.3%)

Rhabdomyolysis: 2 (4.3%)
Renal: 6 (9.7%)

NSAIDs: 3(50%)
IECA, ARA-II: 1(16.6%)
Contrast media 1(16.6%)
Unidentified etiological agent: 1(16.6%)

Obstructive: 9(14.5%)
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Survival rates differ from center to center and between studies, due mainly
to different study methods and patient selection; the survival rate is estimated
to be around 40% [77, 78] (Table 21.6).

Preliminary data suggest that most of these patients died from a cause
related to the disease responsible for the ARF. Recent studies have concluded
that, in the elderly, the outcome has improved over the years. From current
evidence it seems that old age is not by itself an independent indicator of
poor prognosis in ARF [28, 79, 80].
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Introduction

An evolving ability to support vital organ system function during a period of
otherwise lethal physiological insufficiency changed the process of hospital
care over the last half of the 20th century. Over a relatively short period, the
development of techniques such as positive pressure ventilation, hemodialysis,
invasive monitoring, and cardiovascular support transformed life-threatening
illness from a rapidly lethal event to a chronic state that was, potentially,
survivable. Furthermore, since a substantial proportion of patients admitted
into the ICU are over 65 years old, a peculiar discipline arose within critical
care medicine: critical care of the elderly patient. Moreover, this new disci-
pline has created an entirely unprecedented spectrum of clinical problems,
arising in the wake of the profound physiological derangements of critical
illness and the relatively heroic interventions applied to reverse them. For
example, the intensive care unit (ICU) made possible a spectrum of disorders
that are characterized by their strong association with inflammation and
described by their effects on the function of individual organ systems: acute
respiratory distress syndrome, acute renal failure, disseminated intravascular
coagulation, septic shock, and stress gastrointestinal bleeding, to name a few.
Yet it is not simply that any one of these organ system derangements is the
cause of all the others. Rather, all share common features that justify their
consideration as manifestations of a common process—initially described
as multiple organ failure (MOF) [1, 2], and more recently termed multiple
organ dysfunction syndrome (MODS) [3]. Indeed, it is not yet at all clear
whether MODS is a single pathological process with a highly variable clinical
expression or simply the limited phenotypic expression of a large number of
pathologically divergent processes.

Finally, the use of such advanced treatments in elderly patients raises
many general issues, particularly in the field of ethics. Surprisingly, perhaps,
we shall see that chronological age turns out not to be the most important
determinant of outcome in patients with MODS, which undermines attempts
to treat them in a manner significantly different to younger patients in the
same situation.
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The Epidemiology of Critical Illness in the Elderly

Elderly patients are frequently admitted in intensive care units, and an
increasing proportion of patients in ICUs are over the age of 65. Of the 17,440
patients in medical and surgical ICUs from 40 institutions in the United States
in the 1980s, the proportion of patients who were over age 65 was 48%
[4]. Twenty-five percent were age 65 to 74, 17.2% were age 75 to 84, and
5.3% were 85 or older. The incidence of acute respiratory failure, a diagnosis
that almost uniformly requires ICU admission, increases almost exponentially
with age (Figure 22.1). According to a cohort drawn from 904 hospitals in the
United States, the incidence of acute respiratory failure in the 65- to 84-year
age group is almost twice that of the 55- to 64-year age group and is more
than three times that of younger age groups [5].

In a prospective cohort of 15,757 consecutive adult patients admitted to 361
ICUs in 20 countries in 1998, the median age of patients receiving mechanical
ventilation was 63 years (interquartile range: 48 to 73) [6]. Furthermore, the
proportion of elderly patients admitted to ICUs may be increasing. In Sweden,
the proportion of patients who were over age 70 admitted to a medical-surgical
adult ICU increased from 19% in 1980 to 28% in 1995 (p < 0.001) [7]. During
the same period, the proportion of patients admitted to the ICU under age 60
decreased from 58% to 41% (p < 0.001). The number of elderly patients who
will require intensive care services is going to increase substantially in the
near future as the world’s population ages.
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Fig. 22.1 Cases and incidence of acute respiratory failure in the United States, 1994,
by age. Bars denote the numbers of acute respiratory failure cases; diamonds indicate
incidence per 100,000 U.S. residents [5].
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Hospital survival for all elderly patients admitted to ICUs ranged from
60% to 85% during the 1980s, depending on the type of ICU and enrollment
criteria [8–10], while survival of patients with acute respiratory failure ranged
from 33% to 60% [11–14]. Most studies indicated that survival for patients
older than age 65 was significantly lower than for younger patients, and
some suggested that age is a risk factor for death due to critical illness.
However, more recent studies have taken the important step of using illness-
severity models to adjust for other important risk factors including severity
of acute illness, underlying co-morbidities, and pre-admission functional
status. Adjusting for these variables, age accounts for only 3–5% of the
explanatory power for interpatient differences in risk of death. Using data
from a cohort of patients enrolled in an intervention study related to liber-
ation from mechanical ventilation, Ely et al. [15] compared the in-hospital
mortality rate between patients age 75 or older and patients under age 75.
Mortality rates were 38.1% for patients 75 years or older and 38.8% for
patients younger than 75 years (p > 0.2). Among covariates including gender,
ethnicity, APACHE II score, and group assignment for the intervention, only
APACHE II score was independently associated with risk for in-hospital
death. Similar results were obtained by using age cut-offs of 65 years and 80
years and by performing analyses with APACHE II scores calculated without
points for age. Duration of mechanical ventilation was similar between groups
(median 4.2 days for older patients versus 6.4 days for younger patients;
p = 0.14).

Focusing on specific causes of respiratory failure provides some insight
into the question of age and the outcome of respiratory failure. Seneff et al.
[16] examined hospital and 1-year survival for patients in the APACHE III
database who were admitted with an acute exacerbation of chronic obstructive
pulmonary disease. Hospital mortality for patients younger than age 65 years
was 10.2%, compared with 32.9% for those aged 65 years or older (p < 0.001).
However, age accounted for less than 4% of explanatory power for hospital
mortality, while nonrespiratory organ dysfunction accounted for 53%. Age
was a somewhat more significant factor in 1-year mortality, but again, its
explanatory power was minor compared with respiratory and nonrespiratory
physiology. Acute lung injury and ARDS are more severe forms of respiratory
failure that carry a higher overall burden of illness for patients. Two recent
studies suggest that age is an important factor in survival with these conditions
[17, 18]. In a series of 107 patients admitted to a medical ICU with acute
lung injury, being over 65, co-morbid conditions, and sepsis were found to
be significant risk factors for mortality after controlling for illness severity by
APACHE II scores and presence of acute organ failures [17]. Ely et al. [18]
assessed the effect of age on survival from acute lung injury by examining
data on 902 patients enrolled in the ARDS Network. Most of the patients were
randomized to management with tidal volumes of either 6 mL/kg of ideal
body weight or 12 mL/kg ideal body weight, and other ventilator management
was by protocol. Patients were excluded if they had co-morbid conditions
with an estimated 6-month mortality rate greater than 50%. Mutivariable
Cox regression analysis adjusted for covariates, including APACHE III score,
indicated that an age greater than 70 years was a strong predictor of in-hospital
death, with a hazard ratio for death of 2.5 (CI: 2.0 to 3.2) relative to patients
younger than 70. Older patients also had a longer duration of mechanical
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ventilation and were more likely to require reintubation. Using age cut-offs
of 65 or 80 years did not change these results. In a prospective cohort of 256
patients with ARDS studied from 1987 to 1990, investigators observed that
mortality was significantly higher for patients over 55 compared with those
55 years or younger (64% versus 45%; p = 0.002) [19]. In a multivariate
analysis including age, sepsis, APACHE II score, acute organ failure, and
variables for gas exchange, age was the only independent variable predicting
mortality.

Patients over 55 were more likely to have support withdrawn, even in the
absence of a chronic health impairment. In their discussion, the authors raised
the issue of age bias in decisions to withdraw support. In a larger study to
determine whether provision of less aggressive care is a factor in the higher
short-term mortality for seriously ill elderly patients, the SUPPORT investi-
gators examined survival over 180 days for 9105 patients who were enrolled
in the SUPPORT study [20]. Patients in the five participating institutions were
enrolled based upon having one of nine serious diagnoses and an expected
6-month mortality of 50% or less. Adjusting for gender, ethnicity, income,
baseline functional status, severity of illness, and aggressiveness of care, each
additional year of age increased the hazard of death by 1.0% for patients 18
to 70 years of age and by 2.0% for patients older than 70 years of age. For
SUPPORT patients with average severity of illness and treatment intensity,
estimates of age-specific 6-month mortality rates were 44% for 55-year-old
patients, 48% for 65-year-old patients, 53% for 75-year-old patients, and 60%
for 85-year-old patients. It should be noted again, however, that severity of
acute physiological abnormalities and diagnosis were much stronger contrib-
utors to prognosis than age. Aggressiveness of care was assessed by measuring
scores on the Therapeutic Intervention Scoring System (TISS), the presence of
a do-not-resuscitate order on day 1, and decisions to withhold major surgery,
dialysis, tube feeding, transfer to the intensive care unit, blood transfusion,
and vasopressors. Based upon these measures, elderly patients received less
aggressive care than younger patients, but this had no bearing on the age
effect for mortality. The authors speculate that this outcome may be related to
younger patients receiving additional invasive treatments that did not signifi-
cantly improve their outcome.

Age is a well-known risk factor in trauma patients, too. Pre-existing medical
conditions in older age and impaired age-dependent physiological reserve
contributing to a worse outcome in multiple injured elderly patients are
hypothesized as reasons for increased mortality. A recent retrospective clinical
study of a statewide trauma data set from 1993 through 2000 [21] included
5375 patients with an Injury Severity Score (ISS) over 16 who were strat-
ified by age. Mortality in this series increased beginning at age 56 years, and
that increase was independent of the ISS. The mortality rate increased from
7.3% (patients 46–55 years of age) to 13.0% (patients 56–65 years of age) in
patients with ISS 16–24; from 23.8% to 32.1% in those with ISS 25–50; and
from 62.2% to 82.1% in those with ISS 51–75 (p < 0.05). Severe traumatic
brain injury was the most frequent cause of death, with a significant peak in
patients older than 75 years. The incidence of lethal multiple organ failure
increased significantly beginning at age 56 years (p < 0.05), but it showed no
further increase in patients aged 76 years or older. In contrast, the incidence
of lethal shock showed a significant increase from age 76 years (p < 0.05),
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but not at age 56 years. However, beginning at age 56, mortality increased
significantly in patients who sustained multiple trauma—an increase that was
independent of trauma severity.

Physiopathology of Multiple Organ Dysfunction Syndrome (MODS)

The first descriptions of MODS emphasized its common association with
occult or poorly controlled infection [22], frequently either peritonitis or
pneumonia [23]. However, more recent reports indicate that infection,
although common in patients with MODS, is not necessarily present [24] and
frequently follows, rather than precedes, the development of the syndrome
[25]. Indeed, nosocomial infection may be better considered a manifestation
of MODS than a cause of it.

Although infection commonly triggers MODS, the evidence that infection
plays an important role in the evolution of the syndrome is not compelling.
Meta-analyses of the effects of infection prophylaxis using the techniques
of selective digestive tract decontamination show a striking reduction in
rates of such infections as pneumonia, wound infection, and bacteremia but
a much more modest (albeit statistically significant) reduction in mortality
[26,27]. Moreover, peritonitis and pneumonia are frequent causes of MODS,
but the evidence that successful treatment of either alters outcome is far
from compelling [28–31]. Although it is difficult to differentiate the clinical
manifestations of inflammation from the infections that are commonly their
cause, it can be shown that the severity of the clinical inflammatory response,
rather than the presence or absence of infection, is the more important deter-
minant of ICU survival [32]. Other mechanisms, such as tissue hypoxia
and microvascular coagulopathy, have been suggested as pathophysiological
factors leading to MODS and as potential targets of new therapeutic options:
early goal-directed therapy (EGDT) [33] and activated protein C (APC)
[34, 35]. Nonetheless, MODS is a prototypical example of the application
of complex theories to an understanding of the pathophysiology of critical
illness [36,37]. It arises through the interactions of a network of physiological
insults including infection, the host inflammatory response, tissue ischemia,
injury, and the interventions used to sustain organ function during a time
of otherwise lethal insufficiency. Its mediators are many and interdependent,
with the activity of one inducing the expression of others that amplify, inhibit,
or otherwise modify the expression of the process. The clinical syndrome that
emerges reflects the state of dynamic balance that exists between each of the
component mediators and can be considered an emergent system. Strategies
directed against events early in the process may be effective as prophylaxis but
are unlikely to have a significant effect on a process whose expression, at least
from the perspective of the element targeted, has become autonomous. For
example, although the prevention of infection in critical illness may reduce
morbidity and mortality [38], once such downstream events as proinflam-
matory mediator release have been activated, their persistence is not neces-
sarily dependent on continuing infection. Similar considerations may help
to explain the relatively modest impact of neutralization of early proinflam-
matory mediator release in patients with sepsis [39]. In contrast, activation
of coagulation is a relatively late consequence of the inflammatory response
and, therefore, conceptually a more attractive therapeutic target. In reality,
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the disparate biological processes that comprise inflammation are intimately
interrelated, and strategies directed at one manifestation may have significant
and unexpected consequences for others. Unfortunately, these processes are
not demonstrated particularly well in small-animal models, and the eluci-
dation of the richness of these interactions emerges only slowly, as data from
trials of a variety of interventional strategies accumulate.

According to a recent proposed hypothesis [40], this perceived “failure”
of organs might instead be interpreted as a potentially protective mechanism,
because reduced cellular metabolism could increase the chances of survival of
cells, and thus organs, in the face of an overwhelming insult. Multiple organ
failure induced by critical illness might be primarily a functional, rather than
a structural, abnormality. Indeed, it may not be failure as such, but a poten-
tially protective, reactive mechanism. The decline in organ function would
be triggered by a decrease in mitochondrial activity and oxidative phospho-
rylation, leading to reduced cellular metabolism. This effect on mitochondria
might be the consequence of acute-phase changes in hormones and inflam-
matory mediators.

Conclusion

MODS is a complex syndrome whose pathophysiological mechanisms are
poorly understood, and multiple pathways lead to organ failure. Differences
among different ages have not been deeply evaluated yet. What seems to
arise from retrospective studies is that if age is an established mortality risk
factor for MODS patients, its proportional impact is probably blunted when
adjusted with other co-factors (mainly severity scores), especially for older
(>75) patients. Age per se is not a reliable prognostic factor in elderly critically
ill patients.

Acute Renal Failure in the Setting of MODS

Introduction

Acute renal failure (ARF) affects 5–7% of all hospitalized patients [41–43]
and continues to be associated with poor outcomes [44–50]. This syndrome
is common in the intensive care unit, with a reported incidence of 1–25%
[51, 52] depending on the population being studied and the criteria used to
define its presence. ARF, a manifestation of single organ (kidney) failure—
for example, isolated acute renal tubular necrosis, drug toxicity, urinary tract
obstruction, etc. (see Chapter 21)—can usually be managed outside the ICU
setting and carries a good prognosis even in the elderly, with mortality rates
less than 5–10% [53]. In contrast, ARF complicating nonrenal organ system
failure in the ICU setting is associated with mortality rates of 50–70%, which
have remained relatively constant over the last several decades [54–59]. It
is generally accepted that ARF in the ICU setting is associated with a high
mortality rate [60,61] and that ICU patients who develop ARF have a higher
mortality than those who do not [62–64]. Furthermore, evidence exists that
ARF is a specific independent risk factor for poor prognosis in the critically
ill patient [61].
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It is interesting that, despite the many improvements in dialytic technology,
including the development and refinement of continuous renal replacement
therapies for the most critically ill patients, we have seen no effective change
in the high mortality rates associated with complex ARF in a setting of multi-
organ failure. A possible explanation of this finding may include a change
in the population of patients, the differences between the causes of ARF in
the past and nowadays, and more complexity in the pathophysiology of ARF.
Another possibility is that patients who would previously have died before
they could long enough to develop ARF, and the older patients who are more
susceptible to ARF make up an increasing percentage of the ICU population.

A final explanation might be that the same pathophysiological factors
involved in the development of ARF are also incriminated in the failure
of other organs, so that ARF is generally part of MODS [59]. It is
evident that patients with ARF as part of MODS have the highest mortality
rate. Additionally, critically ill patients and especially elderly critically ill
patients are affected by variously combined causes and risk factors for
ARF, including all conditions reducing an effective circulating volume and
leading to a further decrease in mean arterial pressure and thus also renal
perfusion pressure, such as hypovolemia, hypotension, hypoxia, sepsis [65],
rhabdomyolysis [66], pre-existing renal, hepatic, or cardiac dysfunction,
diabetes mellitus, positive pressure ventilation, and exposure to nephro-
toxins. In the perioperative setting, ARF risk factors include prolonged
aortic clamping [67], emergency rather than elective surgery, use of higher
volumes (>100 mL) of intravenous contrast media, and raised intraabdominal
pressure.

Over the last three decades, several experimental models have identified
pathophysiological mechanisms associated with ARF and have enhanced our
understanding of the disease [68–70]. These mechanisms are the same in the
young and in the elderly. It is evident that ARF can result from alterations in
renal perfusion, changes in glomerular filtration, and tubular dysfunction and
that correction of these factors can ameliorate the effects of ARF [71, 72].
It is well known that, in the elderly patient, renal perfusion and glomerular
filtration and tubular function are impaired and that ischemic injury can occur
more easily. The elderly usually have reduced renal blood flow, and GFR
autoregulation may be lost; thus, hypoxia in the cortex and medulla can occur
in the early onset of MODS (see Chapter 5).

On the basis of the identification of the underlying mechanisms, several
new potential interventions have been developed that have been shown to alter
the course of incipient and established ARF in experimental models [73–75].
Nonetheless, no effective therapy in the early management of ARF has been
found yet. Interventions that have been deemed ineffective (or potentially
harmful) include the following: loop and osmotic diuretic agents [76, 77],
“renal dose” dopamine [78,79], atrial natriuretic peptide [80,81], insulin-like
growth factor-1 [82], and endothelin-receptor antagonists [83]. It is therefore
very important for physicians to have an appreciation of what is known and
not known about the pathophysiology of ARF in order to implement rational
therapies.



410 Monica Bonello et al.

Pathogenesis of Septic Acute Renal Failure

Sepsis and septic shock are very often associated with MODS, remain the most
important cause of acute renal failure in critically ill patients, and account for
more than 50% of cases of ARF in the ICU. Despite our increasing ability
to support vital organs and resuscitate patients, the incidence and mortality
of septic ARF remain high [84, 85]. A possible explanation of why, despite
treatment, ARF is so common in severe sepsis and septic shock and why
mortality has remained high might relate to our minimal understanding of
septic ARF and its pathogenesis. It is therefore very important for critical care
physicians to have an appreciation of what is known and not known about
this condition in order to implement rational therapies.

A dominant and worldwide paradigm derived from observations in animals
and humans with hypodynamic or hypovolemic shock (hemorrhagic, cardio-
genic, or even septic shock) is based on a belief that ARF is due to renal
ischemia/underperfusion [85]. This construct implies that restoration of an
adequate renal blood flow should be the primary means of renal protection
in critically ill patients. Led by a paradigm of what the “organ resuscitation”
should be and how flow should be increased, the school of “fill and spill”
(“fill” the circulation and urine will “spill” into the bucket) developed, with a
common therapeutic response to oliguria in a septic patient being to “fill the
circulation” [86]. Surprisingly, no randomized controlled trials (RCTs) exist
to either support or negate this paradigm in septic patients.

The second approach of “squeeze and diurese” for septic ARF treatment
is still based on the concept that ischemia/underperfusion is the major patho-
physiological mechanism. The protagonists of this approach hold that once
adequate filling has been achieved (typically RAP > 10 mmHg in a patient
without cardiac disease) and the cardiac output has been confirmed to be
preserved or increased, more is to be gained by increasing the mean arterial
pressure, the driving force to renal blood flow, with vasopressors (“squeeze”)
[87, 88]. This is often accompanied by the administration of loop diuretics,
in order to “paralyze the medulla, avoid ischemia and induce polyuria”
(“diurese”): This way, fluid management should be simplified, as the antibi-
otics take effect and the septic state abates. Interestingly, this approach is
considered dangerous in North America but is reasonably popular in Australia.
As with the “fill-and-spill” paradigm, no RCTs exist to either support or
negate the “squeeze and diurese” paradigm in septic patients.

In the presence of sepsis, the belief that renal blood flow (RBF) decreases
significantly remains controversial. Some studies have concluded that RBF
in sepsis might, in fact, increase [89, 90], and so the effect on RBF in each
case of hyperdynamic human sepsis is largely unknown. It is possible that,
even though there is preserved or increased global renal blood flow in hyper-
dynamic sepsis, intrarenal redistribution of blood flow favoring the cortex
may occur. Unfortunately, no studies with technology that allows continuous
measurements of both medullary and cortical blood flow in humans with
hyperdynamic sepsis have been performed. In a recent investigation using
laser Doppler flowmetry to continuously monitor medullary and cortical
blood flow in hyperdynamic septic sheep [91], we found that both medullary
and cortical blood flows remain unchanged and that the administration of
norepinephrine induced a significant increase in flows to both regions. These
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observations challenge the view that the medulla is ischemic during hyper-
dynamic sepsis, although it highlights that hemodynamic factors are indeed
at work, which can be modified by interventions that affect systemic blood
pressure and cardiac output. Nevertheless, even though hemodynamic changes
are important, they are likely to represent only part of the mechanisms respon-
sible for loss of renal function.

In conclusion, renal hypoperfusion might be important in hypodynamic
states, but persistent renal underperfusion is unlikely to play a key role in the
continued development of ARF during hyperdynamic resuscitated sepsis (i.e.,
the state seen in the majority of critically ill, septic patients with severe ARF).

From the above discussion, we know that neither global nor intrarenal
hemodynamic changes can consistently be shown to be the sole contributor
to sepsis-induced ARF. There must, therefore, be other mechanisms at work
that are not hemodynamic in nature but may be immunological or toxic in
nature. Sepsis is characterized by the release of a vast array of inflammatory
cytokines, arachidonate metabolites, vasoactive substances, thrombogenic
agents, and other biologically active mediators. A large body of experimental
data suggests that these mediators and neuroendocrine mechanisms might be
involved in the pathogenesis of organ dysfunction in sepsis [92]. How they
injure the kidney remains unknown, although one such mechanism might be
apoptosis.

Apoptosis is a form of cell death that is mediated by a genetically
determined biochemical pathway and characterized morphologically by cell
shrinkage, plasma membrane blebbing, chromatin condensation, and nuclear
fragmentation [93, 94]. Cells can die by one of two pathways: necrosis or
apoptosis. Necrosis results from severe ATP depletion and leads to rapid
uncoordinated collapse of cellular homeostasis. Apoptosis is an energy-
requiring and genetically directed process.

There is now evidence to show that renal tubular cells die by apoptosis
as well as necrosis in experimental models of acute ischemic and toxic
renal injury [93]. Jo and colleagues [94] have recently shown that apoptosis
of tubular cells by lipopolysaccharide and inflammatory cytokines is a
possible mechanism of renal dysfunction in endotoxemia. Unfortunately, TNF
blockade with monoclonal antibodies fails to protect the animal or kidney
from apoptosis during endotoxemia [95]. Preliminary experimental observa-
tions in septic sheep also show that, after only 3 hours of sepsis, induced by
an intravenous injection of E. coli, there is strong expression of early-phase
pro-apoptotic proteins such as Bax (the pro-apoptotic protein responsible for
mitochondrial injury) [94]. Clearly, it would be attractive to have therapies
that can favorably modulate the development of apoptosis. A new paradigm
might need to be considered and tested.

Attenuating or blocking apoptosis in sepsis and ARF might sound far-
fetched, but it is not as far away from the bedside as clinicians might think.
Bernard and colleagues [96] showed a significant decrease in the 28-day
mortality rate (30.8% in the placebo group and 24.7% in the treatment group)
in 1690 sepsis patients treated with recombinant human activated protein C
(rhAPC). The efficacy of rhAPC in septic patients may be due to its anticoag-
ulation effect. However, a recent study by Joyce et al. [97] showed that rhAPC
directly modulated patterns of endothelial cell gene expression clustering into
anti-inflammatory and cell survival pathways and modulated several genes
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in the endothelial apoptosis pathway, including the Bcl-2 homologue protein
(an inhibitor of apoptosis). More recently, Cheng and co-workers [98] have
shown that APC blocks p53-mediated apoptosis of human brain endothelium
in vitro as it normalized the Bax/Bcl-2 ratio and reduced caspase-3 signaling.
This study creates a new link among coagulation, inflammation, apoptosis,
and cell death and provides some insight into the molecular basis for the
efficacy of rhAPC in systemic inflammation and sepsis.

Caspases are enzymes that play a key role in apoptosis, and caspase
inhibitors have been developed as anti-apoptotic agents. Fauvel et al. [99]
developed an animal model that showed myocardial dysfunction after
endotoxin administration. These investigators successfully used a broad-
spectrum caspase inhibitor (z-VAD.fmk) and a specific caspase-3-inhibitor
(z-DEVD.fmk) and demonstrated decreased myocardial dysfunction, reduced
caspase activation, and reduced nuclear apoptosis 2 hours after experi-
mental endotoxaemia. Neviere et al. [100] also used z-VAD.fmk from 4
to 14 hours after endotoxin administration in rats and showed that not
only was there a reduced caspase activity and nuclear apoptosis, but also
endotoxin-induced myocardial dysfunction could be completely prevented.
As myocardial dysfunction can be prevented by anti-apoptotic treatment, it
is possible that future studies will show that the kidney is another organ that
may benefit from caspase inhibitors. However, the complexity of the balance
of factors involved in apoptosis and the response to sepsis are highlighted by
the possibility that caspase inhibition may actually cause harm [101].

The use of aggressive insulin therapy aimed at achieving euglycemia in
critically ill patients has been shown to reduce mortality significantly in
a single-center study of critically ill patients [102]. Among the important
findings of this trial was a dramatic reduction in the development of severe
ARF. A possible explanation for this finding may relate to the immunomod-
ulating effects of insulin [103], including a powerful anti-apoptotic effect
[104], and conversely to the fact that a high glucose concentration induces
oxidative stress-mediated apoptosis in tubular epithelial cells [105].

Ventilation of patients with the acute respiratory distress syndrome
by means of a low-tidal volume strategy has been shown to reduce
mortality [106]. The mechanisms for such reduced mortality, however, remain
unknown. In a fascinating series of studies, Imai et al. [107] recently demon-
strated that low-tidal volume ventilation might protect from ventilation-
induced renal epithelial cell apoptosis by reducing Fas ligand-dependent
pro-apoptotic activity in plasma.

N-acetylcysteine has been shown to attenuate contrast-induced renal injury
in many randomized controlled studies [108].However, its mechanism of
action remains unknown. Its effect on oxygen radical-induced inflammation
and apoptosis may offer the correct explanation [109] and suggest yet another
pathway to the attenuation of sepsis-/inflammation-associated apoptosis.

Conclusions

Although hemodynamic factors are likely to play an important role in the
pathogenesis of sepsis-induced ARF, other mechanisms are also at work,
which include immunological, toxic, and inflammatory elements. Among
these mechanisms, apoptosis may be important. Indeed, organ-protective
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strategies recently reported in animal and human studies could work by
inhibiting the development of the apoptotic cascade. Although the impor-
tance of prompt and adequate resuscitation with rapid and carefully monitored
restoration of intravascular filling, cardiac output, and blood pressure must
not be neglected, it is possible that, as evidence accumulates for apoptosis as
a major mechanism of organ injury, the paradigms currently used to explain
ARF in sepsis will shift from acute tubular necrosis to acute tubular apoptosis
(ATA) and our therapeutic approach will change accordingly.

Renal Replacement Therapy in MODS

Introduction

Renal replacement therapy (RRT) has evolved from the concept of “we need
to treat the dysfunction of a single organ” (the kidney). As intensive care units
have become more and more complex, it has become clear that the majority
of patients with acute renal failure often have dysfunction of several other
organs. In order to facilitate single organ support in this setting, continuous
renal replacement therapy (CRRT) techniques have been developed. It is now
time to move from the simple goal of achieving adequate renal support. The
proper goal of extracorporeal blood purification in ICU should be multi-organ
support therapy (MOST). MOST represents the best logical future conceptual
and practical evolution of CRRT: Its biological rationale is provided by animal
and clinical evidence that confirms the need to move rapidly in this direction
theoretically, practically, and technologically.

The picture of MODS is a devastating clinical entity leading to death in
the majority of cases. The superimposed condition of sepsis further increases
illness severity and worsens the prognosis. In these circumstances, treatment
of ARF becomes complicated and the concept of adequate treatment requires
deeper understanding. The probability of death is directly correlated to the
number of failing organs, other than the kidney and the severity of physio-
logical disorders. A clinically sensitive approach should try to broaden the
spectrum of physiological endpoints targeted by extracorporeal therapy and
attempt to reduce the number of dysfunctioning organs, degree of severity,
loss of homeostasis, and ultimate effect on outcome. Since the severity of
physiological disorder (score) in the first 24 hours after admission to the ICU
“drives” prognosis at hospital discharge, early and adequate correction of
disorders is critical for outcome. The adequacy of any artificial organ support
is, therefore, measured by how closely it mimics the flexibility, versatility,
and efficacy of the organ system(s) it seeks to substitute or support.

The Multiple Potentials of MOST

Kidneys
Extracorporeal therapies have traditionally been employed to replace lost renal
function in ARF. This is definitely the most common utilization of CRRT
in the ICU. In the last 20 years, evidence has accumulated to support the
concept that CRRT is efficient, safe, and well tolerated [110]. Evolution from
the arteriovenous circulation to venovenous pumped systems has improved
efficiency and increased clearance to 2 or even 3 L/hr. This results in values
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of daily Kt/V ranging from 1 to 1.5. Disregarding for a moment the concept
that dose and outcome are correlated, the end result of an efficient therapy
such as CRRT is blood purification similar to that obtained by the native
kidney.

Temperature
With the extracorporeal fluxes used for CVVH and CVVHD, negative thermal
balance of up to –100 kJ/hr can be obtained depending on the length of
the blood lines, the room temperature, and the dialysate/replacement fluid
temperature. This might contribute to modulating the inflammatory response
as well as oxygen demand in several organs with the possibility of using such
a mechanism for specific clinical targets.

Acid Base and Electrolytes
Most imbalances of sodium and other electrolyte imbalances can be corrected
by increasing or restricting free water intake. Other electrolyte imbalances
can be medically corrected. When disorders are life-threatening or refractory
to medical corrections, extracorporeal therapy is the treatment of choice. The
use of convection applied to the extracorporeal circulation is the same used
by the human glomerulus. The ultrafiltrate contains crystalloids in the same
concentration as in plasma water, but not cells or colloids. This mechanism
is guaranteed by the use of a highly permeable membrane mounted on the
hemofilter with permeability characteristics similar to those of the human
glomerulus. The function of the renal tubules and the interstitium is accom-
plished, during hemofiltration, by the reinfusion of a tailored replacement
solution. With this mechanism, a final solute and electrolyte balance can be
achieved according to the desired goals. The advantage of such a system in
comparison to the use of diuretics is the possibility of dissociating the removal
of water from that of sodium or other electrolytes. Because of the slow
and gentle rate of fluid exchange, the treated blood operates in continuous
equilibrium with peripheral tissues and organs, and the entire organism may
benefit from a rapid and effective restoration of water, sodium, and electrolyte
homeostasis. This restoration of homeostasis is particularly true for acid-base
control (as administration of bicarbonate can be easily titrated to the necessary
acid-base goals), intra- and extracellular potassium and phosphate equilibrium,
and water fluxes between the interstitium and the intracellular space.

Heart
Cardiac support can be achieved by the optimization of fluid balance, the
reduction of organ edema, and the restoration of desirable levels of preload
and afterload. Furthermore, the continuity of the extracorporeal therapy allows
remarkable cardiovascular stability with maintenance of hemodynamic param-
eters including mean arterial pressure, heart rate, and systemic vascular resis-
tance. Such stability, which is achieved through slow continuous ultrafiltration
and continuous refilling of the intravascular volume from the interstitium,
allows stability of circulating blood volume and the preservation of organ
perfusion.

Brain
Cerebral edema is a consequence of rapid solute movement during inter-
mittent hemodialysis [111]. The arrival of CRRT has eliminated this risk.
The accumulation of uremic toxins from inadequate blood purification is a
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known cause of encephalopathy. This is not the case during the use of CRRT
in the ICU. The development of hypotension can induce brain injury. As
we showed, the use of CRRT with its associated hemodynamic stability has
decreased this risk. The accumulation of amino acid derivatives might be
responsible for the encephalopathy of sepsis. By removing such excessive
soluble derivatives and decreasing imbalances between amino acids, CRRT
may also have an effect on the encephalopathy of sepsis. Acidemia induces
changes in the function of cerebral enzymes involved in glucose utilization
and may be responsible for changes in consciousness [112]. The correction
of acidemia by CRRT might also be another way of protecting the brain from
injury. Thus, a significant degree of brain protection is provided.

Liver
The ideal blood purification system for liver support should have a blood
flow of at least 600–800 mL/min; it should be capable of removing lipid-
soluble toxins, water-soluble toxins, and protein-bound toxins; and it should
achieve clearances of the above toxins of at least 600–700 mL/min. A
complete liver support system should include a detoxification component and
a secretory component, possibly capable of metabolic activity. While the first
component can be accomplished by an inert mechanical system, the second
one can only be performed by a hybrid artificial organ containing a mixture
of synthetic materials and living hepatocytes. Nevertheless, the first detoxi-
fying component can be sufficient to perform liver support and to bridge the
patients toward recovery of the native organ or transplantation. To perform
such a task, a combination of membrane separation processes and adsorption
mechanisms must be utilized. Different systems are available today for liver
support [113]. Some of them utilize the direct contact of blood with absorbent
materials. This approach can be utilized in series with standard hemofiltration
procedures, but it has limitations imposed by the partial absorptive capacity
of the sorbents. In fact, in order to place the sorbent in contact with blood, the
material must be coated to improve biocompatibility; this process of coating
often reduces the efficiency of the absorptive process. On the other hand,
more effective sorbent materials can be utilized and placed in contact with
plasma, if the blood cells are previously separated through a plasma filter. The
final expected physiological effects can be an improved neurological state,
clearance of unconjugated bilirubin at 20–40 mL/min or more, clearance of
some aromatic amino acids, decrease in serum ammonia, and removal of
some cytokines.

Sepsis and Septic Shock
The issue of whether hemofiltration can remove inflammatory mediators has
been controversial for some time. Numerous ex vivo as well as animal and
human studies have shown that synthetic filters can extract nearly every
substance involved in sepsis to a certain degree [114]. Prominent examples are
complement factors, TNF, IL-1, IL-6, IL-8, and PAF [115–118]. Regarding
plasma cytokine levels, their decrease appears minor in host defenses against
infection, while high levels need to be modulated by anti-inflammatory
feedback. As sepsis does not fit a one-hit-model but shows the complex
behavior of mediator levels that change over time, neither single-mediator-
directed nor one-time interventions seem appropriate. Some studies showed
no influence on cytokine plasma levels by CRRT [119]. On the other hand,
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significant clinical benefits in terms of hemodynamic improvement have been
achieved even without measurable decreases in cytokine plasma levels (“the
peak concentration hypothesis”). The removal of substances other than the
measured cytokines might have been responsible for the achieved effect.
However, several mediators may act together to alter the functional responses
of the circulating leukocytes. When the response to sepsis is viewed in a
network perspective, absolute values seem to be less relevant than relative
ones. Within an array of interdependent mediators, even small decreases could
induce major balance changes.

In spite of some encouraging results as already mentioned, the extent
of achievable clinical benefit with conventional CRRT (using conven-
tional filters and flow rates) in sepsis has generally been disappointing
[120]. Consequently, attempts have been made to improve the efficiency
of soluble mediator removal in sepsis by increasing the amount of plasma
water exchange, i.e., increasing ultrafiltration rates. Animal studies provide
great support to this concept. These studies established that a convection-
based treatment can remove substances with hemodynamic effects resem-
bling septic shock, when sufficiently high ultrafiltration rates are applied.
More relevant to human sepsis was the finding that ultrafiltration dosage
is correlated to outcome in critically ill patients with ARF. In a large
randomized, controlled study including 425 patients, an ultrafiltration dosage
of 35 mL/kg/hr increased survival rate from 41% to 57% compared to a
dosage of 20 mL/kg/hr [121]. Eleven to 14% (per randomization group) of
the patients had sepsis. In these subgroups, there was a trend to have a direct
correlation between treatment dosage and survival even above 35 mL/kg/hr
in contrast to the whole group where a survival plateau was reached.

Of note, there was no increase in adverse effects even with the highest
ultrafiltration dosage. Impressive clinical results were obtained in an evalu-
ation of short-term HVHF in 20 patients in catecholamine-refractory septic
shock [122] comprising a patient cohort with very poor expected survival. A
control group was not defined. Only one 4-hour session of HVHF removing
35 L of ultrafiltrate replaced by bicarbonate-containing fluid was applied
as soon as mean blood pressure could not be stabilized above 70 mmHg
with dopamine, norepinephrine, and epinephrine after appropriate volume
resuscitation. HVHF was followed by conventional CVVH. Endpoints were
the increase in cardiac index, mixed venous oxygen saturation and arterial
pH, and decrease in norepinephrine requirements. Eleven patients reached all
predefined endpoints and showed impressively good survival (9 out of 11) at
28 days. Nine patients did not reach all endpoints and had a 100% mortality
rate. Apart from responding to HVHF, only time from ICU admission to start
of HVHF and body weight were survival-associated factors in the analysis.
Patients with higher body weight did worse possibly because they received a
smaller ultrafiltration dosage per body weight, as the authors speculated [122].
These trials still need cautious interpretation with respect to their limited
design, but they certainly deliver evidence of feasibility and efficacy to set
the stage for a large-scale trial on HVHF in sepsis.

A further step to increase mediator removal has been achieved with plasma
filtration coupled with absorption and followed by dialysis or filtration
(CPFA) [123]. The use of a plasma filtration membrane coupled with an
absorption device (as in CPFA) could enhance unselective removal and
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improve hemodynamic stability compared to CRRT: In a recent cross-over
trial, CPFA was indeed associated with the restoration of a stable hemody-
namic state, particularly related to an increase in MAP [124]. This change in
blood pressure led to a significant reduction in norepinephrine requirement.
CPFA also restored in vitro leukocyte responsiveness to LPS. The magnitude
of this effect was significantly greater with CPFA than with CVVHDF
alone [124].

Conclusions

Multi-organ dysfunction remains the paramount challenge in the care of criti-
cally ill patients with ARF. We need to change our conceptual framework
of reference from renal replacement therapy to general extracorporeal blood
purification and then to multi-organ support therapy. The evolution from RRT
to MOST is going to be technically and scientifically complex and will need
strong scientific evidence to be confirmed and routinely utilized in the future.

MODS in the Elderly: Bioethical Problems

Caring for elderly patients with MODS can pose important bioethical
questions, which must be carefully addressed and appropriately managed.

The most important features of the situation can be summarized as follows:

1. The pathological insult is very severe by definition, and the prognosis
is usually worsened by different coexisting chronic pathologies (diabetes,
hypertension, COPD, etc.) and multi-organ subclinical derangements.

2. When the importance of the acute illness and the need for intensive care
become apparent, such patients are seldom sufficiently competent to be
effectively involved in planning the course of care. Furthermore, they can
be affected by pre-existing depression, which can condition their decision
about care: A survey comparing depressed and nondepressed older veterans
suggests that depression is associated with treatment refusal in situations
with a good medical prognosis [125].

3. Again, very elderly patients can be already beyond the physiological limits
of life expectancy and thus near the natural end of their life.

4. Finally, the overall standard of care they need can be extremely
burdensome, long, painful, and, in addition, very expensive.

The consequent core question is, how intensive and prolonged should the care
for elderly patients with MODS be? Do existing published data help make a
correct decision?

As for the results of intensive care, data from the SUPPORT study show a
modest independent association between patient age and survival of serious
illness. Each additional year of age increased the hazard of death by 1.0%
for patients 18–70 years old and by 2.0% for patients >70 years of age. Such
an effect was not explained by the less aggressive care provided to elderly
patients [20]. In a recent prospective, observational cohort study, Chelluri and
co-workers [126] demonstrated that in critical patients receiving prolonged
mechanical ventilation, long-term mortality rate is associated with older age
and poor pre-hospitalization functional status. Many survivors needed assis-
tance after discharge from the hospital, and more than half still required
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caregiver assistance at 1 year. More data are needed on the longer-term post-
hospital courses of elderly patients who survive MODS, as many of them had,
and still have, underlying major health problems that may have contributed
to the episode that precipitated their stay in the ICU.

Other data, again from the SUPPORT study, demonstrate that seriously
ill older patients were on average treated less aggressively than younger
patients. Yet, such diminished aggressiveness of treatment does not seem
responsible for the modest survival disadvantage associated with older age;
on the contrary, it could be the consequence of an excessive provision of
ineffective treatment to younger patients [127].

Another prospective observational study of patients receiving prolonged
mechanical ventilation showed that daily and total hospital costs were lower
in older patients in nearly all cost departments examined, probably because of
preferences for less aggressive care by older patients and their families or by
healthcare providers [126]. A further, retrospective analysis on patients with
acute respiratory failure demonstrated that for patients with relatively good
short-term prognoses, ventilator support and aggressive care were economi-
cally worthwhile, even for patients 75 years of age and older. Not surprisingly,
for patients with poor short-term prognoses, ventilator support and aggressive
care were much less cost-effective for adults of all ages [128]. Equally,
in a prospective cohort study, Montuclard and co-workers [129] showed a
reasonable hospital survival in elderly patients (≥70 years old) after prolonged
(>30 days) mechanical ventilatory support. The authors believe that, in spite
of a moderate disability (perceived quality-of-life scores remained nonetheless
acceptable), their data justify prolonged ICU stays for elderly patients [129].

Again regarding quality of life of survivals, data from Udekwu and
co-workers [130] demonstrated that in elderly patients surviving surgical
intensive care, rates of full dependency rose only slightly and perceived
quality of life was high. According to the authors, the undoubtedly high
hospital and post-discharge mortality should not motivate restriction of care
for elderly patients requiring surgical intensive care, given their high post-
illness subjective quality-of-life measures.

As for patients’ preferences regarding intensive care, data from the
SUPPORT study show that patient age may influence decisions to withhold
life-sustaining treatments. For ventilator support, surgery, and dialysis, the rate
of decisions to withhold therapy increased 15%, 19%, and 12%, respectively,
with each decade of age [20]. In a previous study, most very old hospi-
talized patients who could be interviewed were unwilling to trade much time
for excellent health, but preferences varied greatly. These authors underlined
that—whenever possible—health values of the very old should be elicited
directly from the patient [131]. Also, a recent prospective cohort study demon-
strated a wide variation in preference for aggressive care. Predicted quality of
life appears to be as important as estimates of intensive care unit survival in
decision making. When confronted with extended mechanical ventilation and
associated care, a significant proportion of patients would accept this care
only for an improved prognosis [132].

As for the usefulness of knowing patients’ preferences, data from a
prospective cohort study on patients over 80 demonstrate that the use of
life-sustaining treatments was prevalent in those patients who died, despite
the fact that the majority had a preference for comfort care. Most patients
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who died had refused aggressive care; 70% wanted their care focused on
comfort care, and 80% had a do-not-resuscitate order. However, 63% received
life-sustaining treatments before death [133].

So it is not surprising that the published data are too heterogeneous to
draw easy conclusions in this area, particularly because of the great variability
among patients. In real life, biology and biography very seldom coincide:
“75 years of age” can have totally different meanings in two patients who
may have quite different biological status, from virtually normal for age
in all respects, to the presence of multiple incapacitating coexisting morbid
conditions.

In addition, the biographical data can change, and so preferences about
quality of life, acceptability of prognosis, and consequently intensity of care
can change, even in the same patient at different times. Yet, the patient
remains of central and fundamental importance in the decision. A good policy
would be to plan a timely course of treatment for every patient, involving
him and his relatives as soon as possible in the decision-making process.
Ideally, every patient should be admitted to the ICU with a clear plan of
action, in which the patient’s wishes, attitudes, and moral/religious beliefs
are clarified and the intended therapeutic goal is specified. In this way, it
is possible give the right sense to every intended intervention and to make
sound decisions even in case of unexpected/unplanned situations. Of course,
as the clinical conditions change, the therapeutic goal can be updated; yet, the
goal should always be clear, well known, and shared by everybody involved
in the patient’s care. Unfortunately, all of this happens very rarely in the real
world. Yet, decisions have to be made every day.

For an appropriate decision to be made, at least three key factors are
relevant:

1. The clinical data: The diagnosis and the prognosis should be ascertained
as reasonably as possible. A decision based on wrong or incomplete data
is both clinically and morally questionable.

2. The patient: The person’s wishes about intensity of care should be clarified,
hopefully before starting intensive care. If competence is questionable,
advance directives—when available—can help. In case of refusal of
possibly meaningful nonfutile care, the patient’s position should be
carefully evaluated and weighed against the patient’s view of life and moral
and religious beliefs (as witnessed by the patient’s relatives and friends),
in order to assess its acceptability and to do what the patient really wants
to be done.

3. The environment: The presence and the position of a careful and loving
family are usually a key factor in order to make a correct decision. Indeed,
the patient’s relatives can play a fundamental role in the decision process,
supporting the conscious patient and helping the clinicians assess the wishes
of the unconscious one. After at least the partial failure of large and
expensive trials such as the SUPPORT study, the “La Crosse” experience
deserves great attention [134]. Two of the most important features of this
pre-hospital, community-based study were that the focus of end-of-life
decision making was facilitating discussion about values and preferences,
not completing documents, and that such a discussion was refocused away
from autonomy toward family relationships [135].
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In practice, the best decision is the one that best promotes the patient’s
dignity, keeping in mind that excellence in ICU care is measured by the
quality of ICU survivals and of ICU deaths as well. Obviously, the patient’s
position, as to the definition of an acceptable level of care and of (residual)
life, is mandatory [136]. Regardless of the final decision, every patient has the
right to be protected against pain and any form of physical and psychological
suffering.
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Demographics

In 2003, out of a total of approximately 450,000 end-stage renal disease
(ESRD) patients in the United States, there were close to 90,000 patients
aged 65–74 and just under 70,000 older than 75 years of age. The growth in
the elderly ESRD population has been rising faster than the rate of increase
of ESRD for the population as a whole. The prevalence rate (in patients per
million population) of the ESRD population 65–74 years of age has grown
66% between 1993 and 2003 and has nearly doubled for patients older than
75. This is in contrast to an increase in all patients of 47% during the same
time period [1].

According to National Health and Nutrition Examination Surveys
(NHANES), approximately 4% of the U.S. population in 2000, or 7.7 million
people, had chronic renal insufficiency (CRI) as defined by a glomerular
filtration rate (GFR) less than 60 mL/min. Among those older than 65 years,
close to 20% of the population were estimated to have CRI [2].

Etiologies

Epidemiological Data

What are the causes of ESRD and CRI in the elderly? In the USRDS database,
for 2003, diabetes and hypertension were the most common causes of ESRD
for all patients, at 44% and 28% of the incident ESRD patients, respectively,
followed by glomerulonephritis at 8%. When the data for patients 65 years
of age and older are analyzed, hypertension, although still less frequent than
diabetes, becomes an even more common diagnosis, making up 35% of elderly
patients with ESRD. Diabetes decreases to 42%, and glomerulonephritis falls
to only 5% [1].

The NHANE surveys did not identify the specific etiology of renal
disease but evaluated the presence of associated diseases. Among the elderly
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population with a history of hypertension, the proportion of patients with CRI
was more than 20%. If the population had diabetes, the proportion was close
to 30% [2]. Considering this association among diabetes, hypertension, and
CRI in the elderly and the dominance of these as causes of ESRD, it would
be reasonable to attribute a major proportion of CRI in the elderly to diabetes
and hypertension.

The prevalence of type 2 diabetes increases with age [3], as do concomitant
hypertension and vascular disease (see Chapter 18) [4]. The prevalence of
hypertension also increases with age (see Chapter 11) [5]. Older patients
are much more likely to have isolated systolic hypertension than younger
patients. Elderly hypertensives may also have lower plasma renin activity,
more ventricular hypertrophy, and lower cardiac output than younger patients
(see Chapter 1) [6]. Secondary forms of hypertension, especially renovascular
hypertension, are more common in elderly patients, and secondary hyper-
tension should be suspected with new-onset hypertension in someone older
than 60 or in those in whom the blood pressure becomes more difficult to
control.

Renal Biopsy Databases

Evaluating the reports of renal biopsy diagnoses in elderly patients with CRI
is useful to help characterize the causes of CRI in the elderly. The use of
renal biopsy to diagnose the etiology of renal disease in the elderly has
become common (see Chapter 17). In the UK MRC Registry, the proportion
of biopsies undertaken in elderly patients increased from 6% to 21% from
1978 to 1990 [7]. It has become clear that glomerular diseases (aside from
diabetic glomerulopathy) are at least as common, if not more so, in the elderly
as in younger patients. In studies where glomerular disease incidence was
compared head to head with younger patients, some patterns emerge [7–12]:
IgA nephropathy and lupus nephritis are much more frequent in younger
patients, while crescentic glomerulonephritis and amyloid are more common
in the elderly. However, most of the patients in biopsy series were biopsied
for diagnoses other than CRI, and data on renal biopsy findings in elderly
patients with CRI as the predominant abnormality are limited. In fact, the
only diagnosis that approximates chronic renal insufficiency in the published
literature is “chronic renal failure” (CRF). The term “CRF” is not precisely
defined in most of these studies but generally implies renal insufficiency that
has lasted for a prolonged period—usually for weeks to months.

The three largest biopsy reports were published in the early 1990s (one
in the United States and the other in France, and the third more recently
in Italy) (see Chapter 17). Preston and colleagues [12] found that CRF was
the diagnosis in 57 patients 65 years or older, or 17% of the elderly biopsy
population. As many as 25 of the 57 had a primary glomerular disease most
commonly of a “proliferative sclerosing” or “crescentic” type. Twelve of
the 57 had a secondary glomerular disease (diabetes in 7 of these), and
7 had chronic interstitial nephritis. The most common individual diagnosis
was nephrosclerosis, which was found in 10 of 57 cases. Modesto-Segonds
and co-workers [9] found that CRF made up 46 of 211 (22%) in a French
biopsy series. The most common diagnosis was again primary glomerular
disease (30/46), although they did not find any crescentic GN in this group.
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Nephrosclerosis was again common and seen in 5 of the 46 cases. The most
recent report [8] contained only 26 elderly patients with CRF. It found that
nephrosclerosis was the diagnosis in the overwhelming majority of these
patients (21/26). Table 23.1 summarizes the biopsy studies in elderly patients
with CRF.

It seems reasonable to conclude that, based on epidemiological data,
diabetes and hypertension are likely the most important causes of CRI in
the elderly. When biopsy data are considered, chronic primary glomerular
diseases may be important as well. It must be remembered, however, that
besides being limited in numbers, biopsy data are likely skewed to patients
with atypical presentations. This most likely exaggerates the prevalence of
glomerular diseases, other than those that are diabetes-related. It is telling
that in this elderly biopsy population, nephrosclerosis is still a predominant
finding. Nephrosclerosis implies extensive sclerosis or scarring of glomeruli
and interstitium on biopsy. While nephrosclerosis could result from advanced
chronic glomerular disease, it may more likely reflect the burden of hyper-
tensive or vascular disease.

Ischemic Nephropathy

Ischemic nephropathy, or renal dysfunction due to renovascular disease, is
likely a significant cause of CRI in the elderly. Indeed, in a subgroup analysis
of the USRDS data for 2003, renal arterial disease is implicated as the cause
of ESRD in the greatest number of elderly patients after diabetes, primary
hypertension, and “renal failure of unknown etiology” [1]. Renal vascular
lesions are present in up to 25% of patients with CRI above the age of 70
[13]. Ischemic nephropathy may coexist with other forms of nephropathy,
such as nephrosclerosis or diabetic nephropathy [14]. Renovascular disease
should be suspected in elderly patients with new-onset or worsening hyper-
tension, especially if there is evidence of atherosclerotic disease elsewhere.

Table 23.1 Biopsy Findings Reported in Elderly Patients with CRF.

Nephroscl Primary GL Secondary GL DM CIN
Other
Nair (2004) 80 4 4 8 — 4
(n = 26)
Modesto-Segonds(1993) 11 65 22 4 — —
(n = 46)
Preston (1990) 18 44 9 12 12 —
(n = 57)
Kingswood (1984) 15 35 10 — — 40
(n = 20)
Moorthy(1980) 50 — — — 17 —
(n = 12)

Values expressed as percentages of patients in study.
Nephroscl = nephrosclerosis.
Primary GL = primary glomerulopathy.
Secondary GL = secondary glomerulopathy other than diabetes.
DM = diabetic nephropathy.
CIN = chronic interstitial nephropathy.
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Asymmetric kidney size on sonogram may be a clue. A number of nonin-
vasive tests can be used to identify renovascular disease if suspected. Duplex
ultrasound of the renal arteries or gadolinium-enhanced magnetic resonance
arteriography (MRA) are generally recommended as screening tests if there
is a suspicion of renovascular disease [15]. MRA might be preferable at a
center that does not have significant experience with duplex imaging, as the
latter technique is quite operator-dependent [15].

Other Causes of CRI

Other important causes of chronic kidney disease (CKD) in the elderly include
obstructive nephropathy, which is more common in males. The principal cause
is prostatic hypertrophy and chronic bladder outlet obstruction, but could
also be due, in men or women, to genitourinary malignancies or functional
bladder disease (see Chapter 14). The prevalence of chronic renal disease due
to nonsteroidal anti-inflammatory drugs and analgesics is somewhat contro-
versial [16–20] but likely also plays a role, especially in the elderly, who
are more prone to medication toxicity. Classic analgesic nephropathy may be
identified by the finding of small, irregularly shaped kidneys with papillary
calcifications on computed tomography (CT) scan or sonogram and is usually
associated with a history of chronic daily ingestion of analgesic mixtures [20].

A history of colonoscopy with a phosphorus-containing oral purgative
preparation has recently been implicated as a cause of renal damage. This
was identified in a series of 21 patients who developed renal failure following
a colonoscopy and were found to have nephrocalcinosis on renal biopsy
[21]. All patients had ingested a phosphorus oral purgative, which can cause
hyperphosphatemia and resultant precipitation of calcium-phosphate in the
kidney. This purgative has recently become very popular for use prior to
colonoscopies, and it is possible that renal failure related to colonoscopies
will be seen with increasing frequency.

Light-chain-related diseases, especially multiple myeloma and amyloidosis,
should also be considered in elderly patients. Monoclonal gammopathy occurs
in up to 5% of those older than 75 [22], and the risk of transformation to a
malignant disorder is about 1% per year [23]. Myeloma kidney or amyloidosis
should be considered in a patient with renal failure, anemia, and a monoclonal
protein in the blood or urine, especially if large kidneys are identified on
sonogram or CT scan. Chronic glomerulosclerosis due to aging is likely also
an important contributing cause and is discussed in earlier chapters of this
book. Table 23.2 lists the common causes of CRI in the elderly.

Table 23.2 Frequent Causes of CRI in the Elderly.

Diabetes mellitus
Hypertension
Ischemic/vascular
Obstructive
Medication-related (NSAIDs, analgesics)
Chronic glomerular disease
Bone marrow dyscrasia-related (Multiple myeloma, amyloidosis)
Age-related sclerosis
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Diagnosis: An Algorithm

In practice, an algorithm for evaluating elderly patients with CRI seems
appropriate. In addition to taking a general history of medical illnesses that
could contribute to CRI, taking a careful history of medication use, with
special attention to nephrotoxic agents, such as antibiotic use, nonsteroidal
anti-inflammatory agents, and analgesics, is necessary. One should also
inquire about a history of colonoscopy done after a phosphorous-containing
bowel preparation was used. Estimation of the patient’s volume status to
rule out a chronically volume-depleted or overloaded state is essential. Also,
looking for evidence of malignancy, including inquiring about a history of
weight loss, is useful. A patient with a history of diabetes should have an
ophthalmologic examination to rule out diabetic retinopathy, which frequently
coexists with nephropathy. The absence of retinopathy does not rule out
diabetic nephropathy, however, as up to 45% of type 2 diabetic patients with
nephropathy may not have retinopathy [24]. The presence of retinopathy,
however, is an important predictor of progression of renal disease [24].

Other objective data such as a sonographic study of the kidneys and bladder
are important. Sonography can diagnose obstructive disease and cystic disease
as well as evaluate for the presence of renal asymmetry, which can indicate
renovascular disease. A sonogram might also reveal large kidneys in the
setting of renal failure, which can be seen in amyloidosis or myeloma kidney.
A blood test should include a complete blood count (CBC), and a serum
chemistry should incorporate a serum calcium level, which, if elevated, could
be a sign of the presence of a malignant disorder involving the bone. A low
serum potassium and metabolic alkalosis might indicate renin and aldosterone
activation, which could be seen in renovascular disease. A urine specimen
should be obtained for assessment of proteinuria and sediment findings that
could indicate the presence of a glomerular disease. A serum and urine
electrophoresis to rule out a monoclonal gammopathy is important. Table 23.3
lists the recommended studies in an elderly patient with CKD. If the etiology
of renal dysfunction is unclear, or if the progression of the renal disease seems
especially rapid, or if there is evidence of an active glomerular disease, a renal
biopsy should be considered. Before performing a renal biopsy, one should
make certain there are adequately preserved renal size and cortical thickness
on the sonogram. Table 23.4 summarizes the indications for renal biopsy.

In summary, CRI is widespread in the elderly. There is a definite associ-
ation with diabetes and hypertension, which themselves are increased in the
elderly population. Renovascular disease and medication toxicities are likely
more important in elderly patients than younger patients. Nephrosclerosis is

Table 23.3 Recommended Studies in Evaluation of Elderly CRI Patient.

Serum chemistry including serum calcium and potasium
Complete blood count
Urinalysis with microscopy
Urine protein-to-creatinine ratio (or 24-hour urine protein)
Serum and urine electropheresis
Renal sonogram/post-void bladder sonogram
Ophthalmologic exam for retinopathy (especially in a diabetic patient)
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Table 23.4 Indications for Renal Biopsy*.

Unexplained decreased renal function
Unexplained acceleration of chronic renal dysfunction
Unexplained proteinuria
Active urinary sediment

∗ Patient should have adequate renal cortex on imaging study.

frequently seen on renal biopsies, which likely reflects the burden of hyper-
tension or vascular disease. Glomerular diseases are seen with a frequency
similar to younger patients, but elderly patients are more likely to have
amyloid or crescentic glomerulonephritis, while younger patients are more
likely to have IgA nephropathy or lupus nephritis. An elderly patient with CRI
should be evaluated thoroughly for specific, and perhaps treatable, causes of
renal disease.

Estimating the GFR

An important issue, and one much discussed in the contemporary renal liter-
ature, is the problem of assessing renal function clinically (see Chapter 5)
[25–27]. Alternative measures such as serum cystatin C levels have been
suggested [28, 29]. Recently, cystatin C levels have been shown to predict
cardiovascular outcomes in elderly patients better than creatinine-based
equations [30–32], but it remains to be seen whether this measurement will
gain widespread acceptance and use (see Chapter 5).

Management

Identifying the etiology for the renal disease in the elderly is important for
more than academic interest. If renal disease due to nephrotoxic medications
is identified, the patient can be advised to avoid those medications. Elderly
patients with a number of glomerular diseases may be candidates for treatment
with immunosuppressive or other therapy. Patients with renal disease related
to a blood dyscrasia should be referred to a hematologist and may benefit
from treatment for bone marrow disease. The presence of renovascular disease
would necessitate caution in the use of angiotensin inhibitors; in some cases,
the patient may benefit from revascularization.

In all elderly patients with CRI, one must pay special attention to dosing
of medications in the presence of reduced GFR and be vigilant in avoiding
nephrotoxic insults. A number of other areas require attention in all patients
with CRI. Theses include optimal blood pressure control, glycemic control,
lipid management, and consideration of the use of inhibitors of the renin-
angiotensin system. Also important is attention to anemia, hyperphosphatemia,
hyperuricemia, obesity, and smoking cessation. These areas are all crucial
not only because the CRI population is at increased risk for cardiovascular
complications but also because there is growing evidence that almost all of
these areas are important in influencing the progression of renal disease.
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Blood Pressure

Uncontrolled hypertension (see Chapter 11) is well established to increase the
progression of chronic kidney disease to ESRD [33]. But what is the optimal
blood pressure in CKD? Epidemiological and observational data have shown
the patients who can attain a systolic blood pressure under 130 mmHg have
less progression of renal disease [33, 34], which seems most important in
patients with proteinuria [33]. However, the few trials that have randomized
patients with CRI to more versus less intensive blood pressure control are
less clear. The MDRD study initially showed better outcomes only in the
subgroup of patients with more than 1 g of proteinuria per day who were
randomized to a blood pressure of less than 125/75 mmHg versus under
140/90 mmHg. Subsequently, longer-term follow-up showed a difference in
all patients randomized to a lower blood pressure, regardless of proteinuria
[35]. The AASK study, however, did not show a benefit of a blood pressure
of less than 125/75 mmHg as opposed to less than 140/90 mmHg [36]. The
fact that the AASK study enrolled patients with less proteinuria (median 0.08
g/day versus 0.35 g/day in the MDRD study) could explain the difference.

One must keep in mind that observational data have recently found that in
patients with coronary artery disease (CAD), lower blood pressure, especially
a diastolic blood pressure under 70 mmHg, appears to be a marker for
mortality [37]. A recent report found that in a cohort of Dutch patients older
than 85 years of age, a diastolic blood pressure of less than 70 was actually
associated with more rapid progression of CKD [38]. Also, analysis of a large
study of diabetics with CKD (the IDNT trial) found increased mortality for
those with a systolic blood pressure less than 120 mmHg [34].

The latest Joint National Committee (JNC) guidelines recommend a blood
pressure of less than 130/80 in all patients with renal disease [39]. This is
probably most important in patients with proteinuria, as discussed above.
However, one might advise caution in elderly patients, especially those with
known or suspected CAD. As we mentioned, elderly patients are more likely
to have isolated systolic hypertension with a normal or low diastolic pressure,
so one should be cognizant of the diastolic pressure when titrating antihyper-
tensive therapy in such patients.

Use of Renin-Angiotensin Inhibition

The relative importance of specifically using an inhibitor of the renin-
angiotensin system (see Chapters 11 and 12) as opposed to other agents for
blood pressure control was recently questioned in a meta-analysis in Lancet
[40]. The study showed that the incidence of ESRD was not decreased by the
use of an angiotensin-converting enzyme inhibitor (ACEi) or an angiotensin-
receptor blocker (ARB), especially when differences in blood pressure were
taken into account. However, this study was heavily weighted by the ALLHAT
study, which did not enroll patients with kidney disease and did not check
for proteinuria [41]. Multiple studies geared to patients with proteinuric
renal diseases showed specific benefit of ACEi or ARB. Patients should be
evaluated for proteinuria and given an ACEi or ARB if possible, especially if
the patient has more than 1 g/day of proteinuria. This seems to be beneficial
even in advanced CKD. Indeed, a recent study in the New England Journal
of Medicine [42] found that patients with advanced CRI (serum creatinine
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between 3.1 and 5.0) who were randomized to benazepril had a significant
decrease (43%) in progression to doubling of serum creatinine, ESRD, or
death. This was a population of mostly patients with chronic glomerular
diseases who had a mean proteinuria of 1.5 g/day, who would be more likely to
benefit from ACEi or ARB treatment than those with less proteinuria. It must
be emphasized that it is critical to monitor creatinine and potassium in patients
with CRI who are started on an angiotensin-inhibiting agent, especially if
there is any possibility of renovascular disease. The aforementioned study
only randomized patients who did not have a rise in serum creatininine greater
than 30% and whose potassium did not rise above 5.6 mmol/L on initiation
of the medication; it would be prudent to stop the medication or adjust the
dosage in patients who do develop significant acute rises in creatinine or
hyperkalemia.

Cholesterol

Hyperlipidemia is well established as a CVD risk factor and should be kept
at an optimal level in patients with CKD because of their CVD risk. Studies
in animal models have suggested that hyperlipidemia is also associated with
progression of renal disease. Hyperlipidemia has also been associated with
worsening nephropathy in observational studies in various renal diseases in
humans. Two recent meta-analyses of randomized trials found that the use of
statins was able to decrease proteinuria [43] and also slow the progression
of renal insufficiency [44]. It remains to be seen whether this is a specific
effect of statins, which have other physiological effects in addition to simply
lowering lipids. It also is unknown what the optimal lipid levels should be
in those with renal disease, but considering the CVD risk in such patients,
it would be reasonable to aggressively treat hyperlipidemia as one would for
all patients with high CVD risk, who are now targeted to a goal low-density
lipoprotein (LDL) less than 100 mg/dL or even lower.

Uric Acid

Hyperuricemia is very common in CRI patients. It is associated with hyper-
tension and also with progressive renal disease. Experimental data have
suggested that lowering uric acid levels may decrease renal damage in
moderate hyperuricemia. A recent study was the first to randomize patients
with CRI and hyperuricemia to allopurinol versus placebo [45]. The allop-
urinol dose was adjusted with a goal to attain a normal uric acid level. The
study found a significant decrease in the proportion of patients who had
deterioration of renal function over a year in the patients given allopurinol,
whose uric acid levels decreased from a mean of 9.75 mg/dL to 5.88 mg/dL.
This was a small study (54 patients) and should be considered preliminary,
but it is clear that a uric acid level should be checked in patients with CKD
and uric acid lowering therapy considered in patients with an elevated level.

Glucose

Epidemiological studies have shown that uncontrolled diabetes is associated
with an increased occurrence of nephropathy. The landmark DCCT trial
established the importance of intensive glucose control in preventing the
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development of nephropathy in type 1 diabetes [46]. The UKPDS study [47]
randomized over 3800 type 2 diabetic patients to more or less intensive
therapy and achieved median HgbA1c levels of 7.0% versus 7.9%. Aside from
significant decreases in progression of retinopathy, the study found reductions
in microalbuminuria, proteinuria, and doubling of serum creatinine in patients
with better control, though the reductions were only clearly apparent after 9
years. The most likely reason that it took so long to show benefit is that both
groups had reasonable control. A follow-up analysis of the UKPDS population
[48] found that for each reduction of HgbA1c by 1%, there was a 37% decrease
in microvascular complications, which included retinopathy and nephropathy.
The American Diabetic Association (ADA) currently recommends a target
HgbA1c level of <7.0% in all diabetics. Unfortunately, over 50% of diabetics
in the United States did not meet this goal according to the most recent
NHANES data [49].

Anemia

Anemia is very common in CKD patients due to deficiency of endogenous
erythopoietin (EPO). Correction of anemia with exogenous EPO is associated
with improved quality of life and better exercise tolerance and may reduce
cardiac hypertrophy. Three relatively small studies (73–88 patients) [50–52]
suggested that treatment of anemia with EPO can decrease the progression of
CRI. The goal hemoglobin in CRI remains uncertain. A recent meta-analysis
found that increasing the hemoglobin to greater than 13 g/dL might increase
the risk of death in patients with CVD and CRI when compared with a
hemoglobin level lower than 12 g/dL. However, most patients included in the
analysis were on dialysis, so it remains unclear if non-ESRD CRI patients
behave differently. The largest trial undertaken to answer this question was
terminated early due to concern about red cell aplasia from the particular
formulation of EPO used in the trial (Eprex) [53]. Two hundred forty-one
patients with CRI were randomized to high-hemoglobin (13–15 g/dL) or
low-hemoglobin (11–12 g/dL) groups. No significant differences in outcomes
were seen in either renal disease progression or cardiovascular events. At
present, EPO should be initiated when the hemoglobin falls below 11 g/dL,
and the target level should be a hemoglobin between 11 and 12 g/dL. Careful
attention to blood pressure is important when initiating EPO, as the blood
pressure may rise as the hemoglobin is corrected.

Smoking/Obesity

Both obesity and smoking are well established to be detrimental to good
health. It is not well recognized, however, that they may also contribute to the
progression of renal disease. Orth [54] clearly established that smoking is a
risk for progression to ESRD in patients with IgA nephropathy and polycycstic
kidney disease [54]. Previously, a number of studies had shown that smoking
was associated with the onset and progression of diabetic nephropathy [54].
It seems that elderly men may be most susceptible to the detrimental effects
of smoking on the kidney, according to a study in patients with various
glomerular diseases [55].

Obesity has also been shown to be associated with risk of CKD [56]
and ESRD [57]. Mechanistically, both obesity and smoking may have
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similar effects on the kidney. Both are associated with hyperfiltration of the
glomerulus, systemic hypertension, and activation of the sympathetic and
renin-angiotensin-aldosterone systems [54, 58]. Patients who have CKD can
be given an additional motivation to stop smoking and lose weight: It may
help defer or avoid the onset of ESRD.

Phosphate/Calcium/Parathyroid

As CRI progresses, alterations in calcium, phosphorus, and bone metabolism
occur due to phosphate retention, decreases in 1,25-dihydroxycholecalciferol,
and secondary hyperparathyroidism. These abnormalities are associated with
bone disease as well as vascular and soft tissue calcifications. Even mild
hyperphosphatemia has been associated with increased mortality in ESRD
patients. One should monitor phosphate levels in CRI patients and treat the
patients with dietary phosphate restriction and oral phosphate binders as soon
as one detects even mild hyperphosphatemia. Current guidelines recommend
a phosphorus level under 4.7 mg/dL for all patients with predialysis CKD.
Once phosphorus levels are controlled, one can start therapy with an activated
vitamin D preparation if the patient has hypocalcemia or hyperparathyroidism.
New agents such as calcimimetic medications, which directly suppress the
parathyroid gland by binding to calcium-sensing receptors, have recently
come into use and will likely play a larger role.

Current State

According to a recent study [59], physicians may be remiss in properly
recognizing, assessing, and treating patients with CKD. A group of patients
with CRI at an academic primary care center were identified. The mean age
of the patients was 71 years. Only 19% had a quantification of proteinuria.
Incredibly, only 54% had a urinalysis. Close to half of the patients had mean
systolic blood pressures greater than 140 mmHg. Hopefully, due to recent
efforts by various organizations to energize physicians regarding awareness
and diagnosis of CKD, early referral to nephrologists will become the norm,
and the care of such patients should improve. Specific attention to the various
available therapies described above should help limit or slow the progression
of CKD.

References

1. U.S. Renal Data System, USRDS 2005 Annual Data Report: Atlas of End-Stage
Renal Disease in the United States, National Institutes of Health, National Institute
of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2004.

2. Coresh, J., Byrd-Holt, D., Astor, B.C., et al. Chronic kidney disease awareness,
prevalence, and trends among U.S. adults, 1999 to 2000. J. Am. Soc. Nephrol.
2005; 16:180–188.

3. Harris, M.I., Flegal, K.M., Cowie, C.C., et al. Prevalence of diabetes, impaired
fasting glucose, and impaired glucose tolerance in U.S. adults. Diabetes Care
1998; 21:518–524.

4. Wilson, P.W.F., Anderson, K.M., Kanel, W.B. Epidemiology of diabetes mellitus
in the elderly: The Framingham Study. Am. J. Med. 1986; 80:S5A, 3–9.



Chapter 23 Etiology, Diagnosis, and Management of Chronic Renal Insufficiency in the Aged 439

5. Fields, L.E., Burt, V.L., Cutler, J.A., et al. The burden of adult hypertension in
the United States 1999 to 2000: A rising tide. Hypertension 2004; 44:398–404.

6. Schmeider, R.E., Frohlich, E.D., Messerli, F.H. Pathophysiology of hypertension
in the elderly. Cardiol. Clin. 1986; 4:235–243.

7. Davison, A., Johnston, P.A. Idiopathic glomerulonephritis in the elderly. In Contri-
butions in Nephrology. Basel: Karger. 1993; pp. 38–48.

8. Nair, R., Bell, J.M., Walker, P.D. Renal biopsy in patients aged 80 years and
older. Am. J. Kidney Dis. 2004; 44:618–626.

9. Modesto-Segonds, A., Ah-Soune, M.F., Durand, D., et al. Renal biopsy in the
elderly. Am. J. Nephrol. 1993; 13:27–34.

10. Moorthy, A.V., Zimmerman, S.W. Renal disease in the elderly: Clinopathologic
analysis of renal disease in 115 elderly patients. Clin. Nephrol. 1980; 14:223–229.

11. Colombo, V., Confalonieri, R., Minola, E., et al. Renal biopsies in the elderly. In
Contributions in Nephrology. Basel: Karger. 1993; pp. 102–105.

12. Preston, R.A., Stemmer, C.L., Materson, B.J., et al. Renal biopsy in patients 65
years of age or older: An analysis of the results of 334 biopsies. J. Am. Geriatr.
Soc. 1990; 38:669–674.

13. Coen, G., Manni, M., Giannoni, M.F., et al. Ischemic nephropathy in an elderly
nephrologic and hypertensive population. Am. J. Nephrol. 1998; 18:221–227.

14. Textor, S.T. Ischemic nephropathy: Where are we now? J. Am. Soc. Nephrol.
2004; 15:1974–1982.

15. Safian, R., Textor, S.C. Renal-artery stenosis. N. Engl. J. Med. 2001; 344:431–442.
16. Perneger, T.V., Whelton, P.K., Klag, M.J. Risk of kidney failure associated

with the use of acetaminophen, aspirin and nonsteroidal anti-inflammatory drugs.
N. Engl. J. Med. 1994; 331:1675–1679.

17. Fored, C.M., Ejerblad, E., Lindblad, P., et al. Acetaminophen, aspirin, and chronic
renal failure. N. Engl. J. Med. 2001; 345:1801–1808.

18. McLaughlin, J.K., Lipworth, L., Chow, W.H., et al. Analgesic use and chronic
renal failure: A critical review of the epidemiological literature. Kidney Int. 1998;
54:679–686.

19. Ibanez, L., Morlans, M., Vidal, X., et al. Case-control study of regular analgesic
and nonsteroidal anti-inflammatory use and end stage renal disease. Kidney Int.
2005; 67:2393–2398.

20. De Broe, M.E., Elseviers, M.M. Analgesic nephropathy. N. Engl. J. Med. 1998;
338:446–452.

21. Markowitz, G.S., Stokes, M.B., Radhakrishnan, J., et al. Acute phosphate
nephropathy following an oral sodium phosphate bowel purgative: An under-
recognized cause of chronic renal failure. J. Am. Soc. Nephrol. 2005; 16:
3389–3396.

22. Kyle, R.A., Therneau, T.M., Rajkumar, S.V., et al. Prevalence of monoclonal
gammopathy of undetermined significance. N. Engl. J. Med. 2006; 354:
1362–1369.

23. Kyle, R.A., Therneau, T.M., Rajkumar, S.V., et al. A long term study of prognosis
in monoclonal gammopathy of undetermined significance. N. Engl. J. Med. 2002;
346:564–569.

24. Trevisan, R., Vedovato, Mazzon, C., et al. Concomitance of diabetic retinopathy
and proteinuria accelerates the rate of decline of kidney function in type 2 diabetic
patients. Diabetes Care 2002; 25:2026–2031.

25. Levey, A.S., Bosch, J.P., Lewis, J.B., et al. A more accurate method to estimate
glomerular filtration rate from serum creatinine: A new prediction equation. Ann.
Intern. Med. 1999; 130:461–470.

26. Levey, A.S., Coresh, J., Balk, E., et al. National Kidney Foundation practice
guidelines for chronic kidney disease: Evaluation, classification and stratification.
Ann. Intern. Med. 2003; 139:137–147.



440 Jordan L. Rosenstock and Michael F. Michelis

27. Lamb, E.J., Webb, M.C., Simpson, D.E., et al. Estimation of glomerular filtration
rate in older patients with chronic renal insufficiency: Is the modification of diet in
renal disease formula an improvement? J. Am. Geriatr. Soc. 2003; 51:1012–1017.

28. Dharnidharka, V.R., Kwon, C., Stevens, G. Serum cystatin C is superior to serum
creatinine as a marker of kidney function: A meta-analysis. Am. J. Kidney Dis.
2004; 43:861–867.

29. Shlipak, M.G., Sarnak, M.J., Katz, R., et al. Cystatin C and the risk of death
and cardiovascular events among elderly persons. N. Engl. J. Med. 2005; 352:
2049–2060.

30. Sarnak, M.J., Katz, R., Stehman-Breen, C., et al. Cystatin C concentration as a
risk factor for heart failure in older adults. Ann. Intern. Med. 2005; 142:497–505.

31. Shlipak, M.G., Katz, R., Sarnak, M.J., et al. Cystatin C and prognosis for cardio-
vascular and kidney outcomes in elderly persons without chronic kidney disease.
Ann. Intern. Med. 2006; 145:237–246.

32. Fliser, D., Ritz, E. Serum cystatin C concentration as a marker of renal dysfunction
in the elderly. Am. J. Kidney Dis. 2001; 37:79–83.

33. Jafar, T.H., Stark, P.C., Schmid, C.H., et al. Progression of chronic kidney disease:
The role of blood pressure control, proteinuria, and angiotensin-converting enzyme
inhibition: A patient level meta-analysis. Ann. Intern. Med. 2003; 19:244–252.

34. Pohl, M.A., Blumenthal, S., Cordonnier, D.J., et al. Independent and additive
impact of blood pressure control and angiotensin II receptor blockade on renal
outcomes in the irbesartan diabetic nephropathy trial: Clinical implications and
limitations. J. Am. Soc. Nephrol. 2005; 16:3027–3037.

35. Sarnak, M.J., Greene, T., Wang, X., et al. The effect of lower target blood pressure
on the progression of kidney disease: Long term follow-up of the Modification of
Diet in Renal Disease Study. Ann. Intern. Med. 2005; 142:342–351.

36. Wright, J.T., Bakris, G., Greene, T., et al. Effect of blood pressure lowering and
antihypertensive drug class on progression of hypertensive kidney disease: Results
from the AASK trial. JAMA 2002; 20:2421–2431.

37. Messerli, F.H., Mancia, G., Conti, R., et al. Dogma disputed: Can aggressively
lowering blood pressure in hypertensive patients with coronary artery disease be
dangerous? Ann. Intern. Med. 2006; 144:884–893.

38. van Bemmel, T., Woittiez, K., Blauw, G.J., et al. Prospective study of the effect
of blood pressure on renal function in old age: The Leiden 85-Plus Study. J. Am.
Soc. Nephrol. 2006; 17:2561–2566.

39. Chobanian, A., Bakris, G.L., Black, H., et al. The seventh report of the Joint
National Committee on prevention, detection, evaluation, and treatment of high
blood pressure: The JNC 7 report. JAMA 2003; 289:2560–2571.

40. Casas, J.P., Chua, W., Loukogeorgakis, S., et al. Effect of inhibitors of the renin-
angiotensin system and other antihypertensive drugs on renal outcomes: Systematic
review and meta-analysis. Lancet 2005; 366:2026–2033.

41. ALLHAT Collaborative Research Group. Major outcomes in high-risk hyper-
tensive patients randomized to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs. diuretic. The Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT). JAMA 2002; 288:2981–2997.

42. Hou, F.F., Zhang, X., Zhang, G.H., et al. Efficacy and safety of benazepril for
advanced chronic renal insufficiency. N. Engl. J. Med. 2006; 354:131–140.

43. Douglas, K., O’Malley, P.G., Jackson, J.L. Meta-analysis: The effect of statins on
albuminuria. Ann. Intern. Med. 2006; 145:117–124.

44. Sandhu, S., Wiebe, N., Fried, L.F. Statins for improving renal outcomes: A meta-
analysis. J. Am. Soc. Nephrol. 2006; 17:2006–2016.

45. Siu, Y.P., Leung, K.L., Tong, M.K.H., et al. Use of allopurinol in slowing the
progression of renal disease through its ability to lower the uric acid level.
Am. J. Kidney Dis. 2006; 47:51–59.



Chapter 23 Etiology, Diagnosis, and Management of Chronic Renal Insufficiency in the Aged 441

46. DCCT Research Group. The effect of intensive diabetes treatment on the devel-
opment and progression of long-term complications in insulin-dependent diabetes
mellitus the Diabetes Control and Complications Trial. N. Engl. J. Med. 1993;
329:978–986.

47. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control
with sulphonylureas or insulin compared with conventional treatment and risk
of complications in patients with type 2 diabetes (UKPDS 33). Lancet 1998;
352:837–853.

48. Stratton, I.M., Adler, A.I., Neil, A.W., et al. Association of glycaemia with
macrovascular and microvascular complications of type 2 diabetes (UKPDS 35):
Prospective observational study. Br. Med. J. 2000; 12:405–412.

49. Resnick, H.E., Foster, G.L., Bardsley, J., et al. Achievement of American Diabetes
Association clinical practice recommendations among U.S. adults with diabetes,
1999–2002, the National Health and Nutrition Examination Survey. Diabetes Care
2006; 29:531–537.

50. Roth, D., Smith, R.D., Schulman, G., et al. Effects of recombinant human erythro-
poietin on renal function in chronic renal failure predialysis patients. Am. J. Kidney
Dis. 1994; 24:777–784.

51. Kuriyama, S., Tomonari, H., Yoshida, H., et al. Reversal of anemia by erythro-
poietin therapy retards the progression of chronic renal failure, especially in
nondiabetic patients. Nephron 1997; 77:176–185.

52. Gouva, C., Nikolopoulos, P., Ioannidis, P., et al. Treating anemia early in renal
failure patients slows the decline in renal function: A randomized controlled trial.
Kidney Int. 2004; 66:753–760.

53. Rossert, J., Levin, A., Roger, S.D., et al. Effect of early correction of anemia on
the progression of CKD. Am. J. Kidney Dis. 2006; 47:738–750.

54. Orth, S.R. Effects of smoking on systemic and intrarenal hemodynamics: Influence
on renal function. J. Am. Soc. Nephrol. 2004; 15:S58–63.

55. Stengel, B., Couchoud, C., Cenee, S., et al. Age, blood pressure and smoking
effects on chronic renal failure in primary glomerular nephropathies. Kidney Int.
2000; 57:2519–2526.

56. Fox, C.S., Larson, M.G., Leip, E.P., et al. Predictors of new-onset kidney disease
in a community-based population. JAMA 2004; 291:844–850.

57. Hsu, C.Y., McCulloch, C.E., Iribarren, et al. Body mass index and risk for end-
stage renal disease. Ann. Intern. Med. 2006; 144:21–28.

58. Bosma, R.J., Krikken, J.A., van der Heide, H., et al. Obesity and renal hemody-
namics. Contrib. Nephrol. 2006; 151:184–202.

59. Israni, A., Korzelius, C., Townsend, R., et al. Management of chronic kidney
disease in an academic primary care clinic. Am. J. Nephrol. 2003; 23:47–54.

60. Kingswood, J.C., Banks, R.A., Tribe, C.R., et al. Renal biopsy in the elderly:
Clinicopathologic correlations in 143 patients. Clin. Nephrol. 1984; 22:183–187.



24
Substitutive Treatments of End-Stage

Renal Diseases in the Elderly: Dialysis
Nada Dimkovic and Dimitrios G. Oreopoulos

Introduction

The number of elderly patients who need renal replacement therapy (RRT)
for end-stage renal disease (ESRD) grows steadily coincident with the overall
aging of the Western population and with the increasing frequency with which
elderly patients are accepted for such treatment. According to the U.S. Renal
Data System (USRDS) 2000 Annual Data Report, the mean age at initiation
of dialysis was 61 years; other Western countries have reported a similar
trend. Individual countries show a marked variation in their trends in the use
of renal replacement therapies, possibly reflecting the variable accessibility
to health care worldwide. Since 1978, the median age of the incident ESRD
population in the United States has increased from 54 to 65 years. In the
United States, rates of new ESRD cases have consistently been the highest
in the over-75 age group; prevalent rates have increased 86% for the entire
population, 110% for the 65- to 74-year age group, and 153% for those 75
and over [1]. Similar trends are also observed in Canada: While in 1994 the
elderly represented 14% of all patients receiving treatment for kidney failure,
on December 31, 2003, 27% of dialysis patients were 75 years or older [2].
In the UK, the median age of patients starting RRT has risen from 64.4 years
in 2000 to 65.5 years in 2002 [3]. Similarly striking increments of the older
patients with ESRD were observed in Japan as well [4]. In New Zealand,
the “epidemic” of elderly patients with dialysis requiring end-stage renal
disease has been described, raising important issues pertaining to planning
and provision of RRT [5]. All the data mentioned above suggest that ESRD
has become a geriatric illness and that, in the 21st century, nephrologists will
be forced to practice mainly geriatric medicine.

Elderly patients with ESRD are specific in many ways. They are less likely
than younger patients to have ESRD secondary to glomerulonephritis but more
likely to have renal failure due to type 2 diabetes and/or hypertension and to
renal vascular disease [6, 7]. Such patients have many co-morbid conditions
that make therapy considerably more difficult and require multidisciplinary
work and a special knowledge of geriatric medicine. Canadian data show that
65.4% of patients age 65 years or over who are on RRT have two or more
co-morbid conditions (excluding diabetes), and 80% of them have at least one
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chronic illness; at the time of initiation of RRT, 30% of them have three or
more chronic illnesses [8]. This may be the reason for late referral/nonreferral
of the elderly to a nephrologist. Indeed, older age seems to be an important
factor for nonreferral. In Saõ Paolo, Brazil, 26% of patients who reached
ESRD in 1991 died without receiving dialysis, and the likelihood of accep-
tance for dialysis was 12-fold lower among patients over 60 years of age than
among patients in their third decade [9]. In Scotland, among 304 patients
with chronic renal failure identified during a 12-month period, 64% were not
referred for dialysis; their average age was 76 years, compared with 62 years
among those who were referred [10]. From a mailed survey regarding referral
for dialysis sent to randomly selected family physicians/general practitioners
and internists in Ontario, Canada, it appears that physicians are less likely
to refer patients to a nephrologist as age and co-morbidity increase [11]. On
the other hand, among a large cohort of American dialysis patients, elderly
persons and those with co-morbid conditions were actually more likely to
begin dialysis at higher levels of kidney function [12].

The treatment of choice for the elderly ESRD population is a very important
issue, and one may ask whether the elderly population is being denied a
treatment choice from which they may benefit. To answer this question, it
is necessary to review what is known about how elderly patients cope with
dialysis and why they may benefit from peritoneal dialysis or hemodialysis.
Experience with elderly patients with renal diseases and uremia is still
limited. For ethical reasons, there are only very few comparative studies
and no randomized, prospective studies have been conducted. Also, existing
studies are based on populations that differ considerably in both medical
and social characteristics. Concerning the elderly who need dialysis, we face
such challenges as accurate diagnosis, requirements for special care, mode of
therapy, quality of life, and social and ethical issues.

Diagnostic Challenges in the Predialysis Period

In elderly patients, chronic renal failure is characterized by an absence of
classic symptoms, the nonspecific nature of the presenting symptoms, the
presence of co-morbid conditions, and interference of the aging process with
the interpretation of findings.

These patients require regular screening for co-morbid conditions;
screening for cancer (PSA, Pap smear, mammography, renal ultrasound or
CT, chest x-ray, bone density); review of medications, with emphasis on over-
the-counter medications, the possibility of drug interactions, dosing; adequate
vaccinations; examination of feet; and, if necessary, psychiatric and social
intervention. Only a team that includes a variety of specialists can succeed in
this approach.

The elderly show a poor correlation between serum Cr and GFR probably
due to differences in muscle mass associated with age, gender, race, nutrition,
and activity. Therefore, it is preferable to monitor creatinine clearance
measured or calculated for serum creatinine using the Cockroft–Gault method.
This method gives agreement with GFR in mild degree of renal failure but
overestimates it by up to 100% when GFR is 10 mL/min or less. This is
presumably due to malnutrition and inactivity, which are particularly relevant
in elderly patients [13]. Therefore, some authors suggest the MDRD-derived
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equation for determination of GFR in advanced renal failure [13]. In addition,
one should emphasize symptom control and regular monitoring of fluid
overload and/or dehydration. Salt intake should be limited to 4–5 g/L. Severe
constipation, which is frequent in the elderly, may exacerbate hyperkalemia.
In the predialysis phase, the use of erythropoietin (rh-EPO) may improve
the quality of life (QL.) and prevent left ventricular hypertrophy. Strict
dietary protein restriction often is unnecessary (acceptable ingestion: 60–70
g protein/day). Also, to avoid acidosis, special attention should be paid to
serum bicarbonate levels.

Initiation of Dialysis

The timing of initiation of dialysis is controversial, and there is no definitive
evidence on this issue. The issue over whether dialysis should be initiated
at “full dose” or in an incremental manner with dose adaptation according
to progressive decrease of residual renal function remains open. Numerous
studies have suggested that survival is reduced in patients starting dialysis
after a GFR of 6 mL/min has been reached compared to starting dialysis
earlier [14–16]. It has been recognized widely that early mortality (first 90
days) is high among the elderly ESRD population (even 27% for age over
85) and that co-morbid factors and late referral to nephrology units are signif-
icantly related to early death [17]. Late referral is associated with a longer
initial hospitalization and greater frequency and longer duration of subse-
quent hospital admissions [18, 19]. On some occasions, it is not that the
elderly are not referred early, but that the nephrologist may have delayed
initiation of dialysis due to misleading serum creatinine levels. Therefore,
NKF-DOQI guidelines suggest that we should perform regular calculations of
creatinine clearance to avoid late initiation of dialysis [20]. An early referral
may avoid subclinical uremic manifestations and malnutrition and enable the
team to provide better salt and water balance, to better control anemia, and to
minimize overall morbidity and mortality [21]. A low serum albumin level,
a dietary protein intake less than 0.7 g/kg/day, weight loss, and a decrease in
muscle mass indicate the need for dialysis [22].

Hemodialysis

In most countries, hospital hemodialysis (HD) is the principal form of RRT in
the elderly [23, 24]. According to recent data, the elderly are more frequently
treated by HD than by peritoneal dialysis (81% vs. 19%) when compared
to their younger counterparts (65 vs. 35%) [25]. Hemodialysis offers many
advantages for the elderly such as dialysis performance by nurses, shorter
treatment time, socialization with staff and other patients, and continuous
follow-up by medical team. Although it is used rarely, home HD is a highly
successful therapeutic option [26], and individuals on home HD have few
dialysis-related complications [27].

For a variety of reasons, many of the usual hemodialysis compli-
cations occur with increased frequency in elderly subjects. These
complications include vascular access-related complications, intradia-
lytic/postdialysis hypotension, malnutrition, infection, and gastrointestinal
bleeding. Withdrawal from dialysis is also more frequent among the elderly
compared with younger patients.
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Vascular Access-Related Complications
Crucial to successful hemodialysis is the presence of functional vascular
access. In comparison to a younger cohort, elderly patients are more likely
to have poor-quality (or absent) forearm or leg veins because of prior
medical interventions and are more likely to have atheroma or medial
calcifications affecting their radial or brachial arteries [28]. Diabetes and
hypertension, the most frequent causes of ESRD in the elderly [6, 7],
are associated with atherosclerotic blood vessels. Proper planning for such
access requires comprehensive evaluation with respect to earlier placement
of vascular catheters, presence of cardiac pacemaker or a prosthetic cardiac
valve, presence of enlarged axillary lymph nodes, and past radiation therapy.
National Kidney Foundation (NKF) DOQI vascular access practice guide-
lines recommend that at least 40% of patients should use an arteriovenous
(AV) fistula. In 1999, only 23% of prevalent patients older than 64 years of
age used a native AV fistula, compared to nearly one-third of patients aged
45–54 years. Regarding the success rate of AV fistulae, reports vary from
a very high success rate [29] to less satisfactory results [30]. Both radial-
cephalic and brachial-cephalic fistulae provide excellent patency rates, lower
complication rates, and improved performance compared to other types of
vascular access. The wrist AV fistula preserves more proximal vessels for
future access placements; potential disadvantages in elderly patients include
slow maturation and inadequate blood flow rates due to atherosclerosis of
the radial artery. In such instances, the elbow fistula may be preferred, or
the transposed brachial-basilic fistula may have a higher incidence of arm
swelling and steal syndrome [31].

The tendency has been to place an artificial graft (Gore-Tex, Impra), even
though failure rates of grafts are higher than those of fistulae [32] and lead to
more frequent hospitalization and higher mortality [33]. An AV graft provides
a large surface area for easy canulation and a much shorter time to mature
compared to an AV fistula. The specific location will be primarily deter-
mined by each patient’s anatomic restriction, but antecubital loop graft or
the upper arm curved graft is preferable. Potential sites for venous outflow
include the median antecubital vein, proximal and distal cephalic vein, basilica
vein at the elbow or the upper arm, axillary artery, and femoral vein [31].
By reviewing the results of 494 new vascular accesses in 348 HD patients
older than 65 years over 29 years, Berardinelli and Vegeto [34] have shown
better results with 221 elbow fistulae compared with 32 forearm fistulae
(78% vs. 57.2% at 3 years; p < 0.05). Among various vascular substitutes,
the same authors confirmed that homologous saphenous vein grafts, alone
or mixed, have the best patency in comparison with other organic, semior-
ganic, or synthetic grafts [34]. In elderly patients, Didlake et al. [35] found
no difference in the frequency of thrombosis, infection, flow problems, or
pseudoaneurysm formation between elderly and young patients; but Dobkin
et al. [36] confirmed a fourfold increase in deaths due to vascular access-
related infections. Vascular-access thrombosis associated with recombinant
human erythropoietin (rh-EPO) therapy was more common in elderly patients,
for both native AV fistulae and grafts [37].

In cases of late referral, “trial dialysis,” and a failed AV fistula [31], both
cuffed and noncuffed catheters may provide suitable vascular access. The
preferred location for a dialysis catheter is the right internal jugular vein.
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Catheters of both types have higher rates of infection and malfunction than
fistulae or grafts [31].

Intradialytic/Postdialysis Hypotension
Hypotension occurs in 20–30% of dialysis treatments. Some investigators
reported more frequent episodes of hypotension during dialysis in elderly
patients, while others have found no difference [38]. In elderly patients,
hypotension may be the consequence of autonomic dysfunction, low cardiac
reserve, and rapid ultrafiltration. When compared to younger patients, the
elderly have an increased impairment of cardiopulmonary-/pressor-receptor
reflex function [39], especially in the presence of coexisting diabetes, left
ventricular hypertrophy, severe congestive heart failure, or the ingestion of
certain drugs (clonidine, propranolol, diltiazem). This autonomic defect can
impair the patient’s ability to maintain an adequate systemic blood pressure
following a large degree of fluid removal via ultrafiltration. Additional factors
include intake of antihypertensive medications before HD, lower sodium
concentration in the dialysate, intake of food during HD, severe hypocal-
cemia, and release of adenosine during organ ischemia. Also, the incidence
of arrhythmias increases progressively with age and in such patients could be
a risk factor for a cardiac death [40].

Among older HD patients there is a high incidence of symptoms that could
be due to hypotension between HD sessions. Most importantly, the presence
of orthostatic hypotension is a major risk factor for syncope and falls [41].
Not only orthostatic hypotension but also a fall in systolic blood pressure
on standing between 10–20 mmHg may still have clinical relevance in the
elderly. There are other, more subtle problems related to frequent falls; thus,
after a fall, patients lose confidence and as a consequence may experience a
reduced quality of life [42].

It is important to identify those older HD patients whose treatment strategies
should be modified. A number of possible interventions may reduce the
frequency of intradialytic hypotension: frequent assessment of dry weight,
avoidance of net ultrafiltration rates above 1 L/hr, and correction of anemia.
In some patients, tight blood pressure control is of less concern than reducing
the risk of falls and addressing quality-of-life issues. The use of drugs such as
midodrine together with nonpharmacological measures including compression
hosiery may improve the symptoms of orthostatic hypotension [43].

Malnutrition
Approximately 10% of patients undergoing hemodialysis have moderate to
severe malnutrition. The incidence is even higher in the elderly, possibly
occurring in up to 20% of individuals, and is associated with decreased
survival [44]. A variety of causes have been implicated in the development
of malnutrition in elderly dialysis patients, including low income, social
isolation, malabsorption and gastrointestinal motility disorders, ill-fitting
dentures, depression, drug effect, impaired taste and anorexia, chronic consti-
pation, frequent and prolonged hospitalizations, and underdialysis. Although
protein requirements may be slightly reduced in elderly dialysis patients,
dialytic losses of amino acids as well as the catabolic effects of the dialysis
itself may result in protein malnutrition. Therefore, it is important to prescribe
a diet adequate in protein and energy and to use oral supplements to normalize
the serum bicarbonate level. The NKF-DOQI Adult Nutrition Work Group
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recommendations for dietary protein intake in the elderly do not differ from
those for younger patients: 1.2 g protein/kg body weight/day for HD patients
and 1.2 or 1.3 g protein/kg body weight/day for PD patients [45]. They
also recommend a slight reduction in energy intake from 35 to 30 kcal/kg
body weight/day because of their slightly lower energy needs [45]. Multi-
vitamin preparations are also recommended. No formal studies have been
carried out to determine whether micronutrient needs are different for elderly
dialysis patients, but it seems prudent to describe water-soluble vitamins as
well as micronutrients in at least the same amounts as those prescribed for
younger dialysis patients [46]. Special attention should also be paid to calcium
intake, as the risk of bone loss is high in the older population [46]. Since
dietary calcium intake is generally associated with phosphorus intake, calcium
supplements should be prescribed.

Infections
The elderly are at increased risk for infections due in part to aging of the
immune system and the effect of poor nutrition on immune function. Death
from infection is the second leading cause of death among hemodialysis
patients over the age of 64 [47]. The most frequent life-threatening infections
among elderly HD patients arise from infected vascular access and from the
gastrointestinal and genitourinary tracts. In the hospital setting, significantly
higher annual incidences of seroconversion rates in those aged 55 to 74 during
a shorter dialysis period suggest the greater susceptibility of the middle-aged
and elderly patients to acquisition of hepatitis C (HCV) infection than the
younger (15- to 24-year) group [48].

Gastrointestinal Bleeding
The elderly are at higher risk of gastrointestinal disorders including gastritis,
ulcer disease, diverticulosis, angiodisplasia, and carcinoma. Therefore, they
are at particular risk of bleeding while on hemodialysis. Hemorrhagic gastritis
in elderly HD patients is the consequence of uremia and therapy with NSAIDs.
Angiodysplasia is a frequent finding and can occur anywhere along the
gastrointestinal tract. The lesions are usually multiple. Perforation of colonic
diverticulosis may arise in part because of the constipating effects of calcium-
or aluminum-based phosphate binders [49].

Effective dialysis, better platelet function, H2 blockers, photocoagu-
lation/electrocautery, tight heparinization or citrate anticoagulation, and,
finally, peritoneal dialysis are usual measures in those with bleeding disorders
on HD.

Peritoneal Dialysis

Increasingly authors are citing chronic peritoneal dialysis (CPD) as the
treatment of choice in elderly patients with ESRD. Such dialysis offers
many advantages including good control of hypertension, independence from
hospitals, simplicity of access, better cardiovascular stability (less hypotension
and fewer arrhythmias), and slow solute removal (Table 24-1). A family
member may perform such dialysis, and the patient does not need trans-
portation to the hospital [50]. On the other hand, the elderly are at risk of some
complications that are more frequent in them than in younger PD patients.
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Table 24.1 Advantages and Disadvantages of Hemodialysis and Peritoneal
Dialysis in the Elderly.

Hemodialysis
Advantages: Technique independence

Less time on treatment
Socialization
Continuous follow-up

Disadvantages: Vascular access problems
Infection related to permanent catheter/graft
Dependence of transport

Peritoneal dialysis
Advantages: Simplicity of access

Better cardiovascular stability (less of hypotension
risk and arrhythmia)

Good control of hypertension
Well tolerated due to slow solute removal
Ease of travel
Independence of the hospital
Can be performed by a family member
No need for transportation

Disadvantages: Not suitable for all patients∗
Difficulty in learning∗
Social isolation
Family burn-out

∗Problem could be overcomes with family/social support.

Modality-Related Complications
Peritonitis and exit-site infection are the most common complications of
peritoneal dialysis but also are the leading causes of morbidity and technique
failure. The elderly are at increased risk of infection for a variety of reasons
such as immunodeficiency due both to aging of the immune system and to
malnutrition. However, we do not fully understand the role of immunode-
ficiency in the development of peritonitis in these patients. Peritonitis rates
in the elderly are variable and depend on the reporting center, the year of
publication, the system used, and the patient’s ability to perform exchanges
[51]. A broad spectrum of results exists, ranging from those who did not
find any significant difference in peritonitis rate between age groups (elderly
vs. younger) [52, 53] to those who found peritonitis to be more frequent in
the elderly [54, 55] or less frequent in the elderly [56]. No differences in
peritonitis rates were found between those doing PD with assistance and those
who did “self”-PD [57]. However, bedridden patients tended to have a higher
peritonitis rate, but it is not clear whether these episodes were related to
contamination or to some bowel dysfunction [52]. Causative micro organisms
are similar to those in younger patients [54], but some differences were
confirmed; for example, some authors found a lower incidence of culture-
negative peritonitis in the elderly [58]; others described a higher incidence of
peritonitis due to Staphylococcus epidermidis [59, 60]. These discrepancies
could be explained by the diminished manual dexterity of the elderly and a
higher degree of contamination during bag exchanges. The higher incidence
of Gram-negative peritonitis described by some authors has been explained by
the higher incidence of gastrointestinal pathology in the elderly—constipation,
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diverticulosis, and bowel perforation [61]. The incidence of yeast peritonitis
ranged from 2% to 33% [62, 63]. Peritonitis, when present, caused a higher
fatality among patients over 65 (2.3%) and 75 (3.2%) than among those
younger than 65 (1.4%) [64].

Although some authors have reported a higher incidence of catheter-related
complications among the elderly [59], others did not confirm this finding [58].

Most authors agree that exit-site and tunnel infections were less frequent in
the elderly than in younger patients on PD, perhaps because older patients are
less active than the younger [60, 62]. The incidence of hernias in the elderly
is similar to that in younger patients [65] but sometimes is more frequent due
to the well-known weakness of the abdominal musculature [66].

Malnutrition
There is evidence that malnutrition is more frequent in the elderly than in
younger patients on CPD [57, 67], and this complication is highly correlated
with mortality [67]. Also, low initial albumin levels correlate with mortality
among the elderly on Continuous Ambulatory Peritoneal Dialysis (CAPD)
[17], and cachexia is a frequent cause of death [58]. There is no significant
difference in the incidence of malnutrition between elderly patients on CPD
and those on HD [68].

Elderly patients on CPD rarely suffer from malnutrition alone: They often
have a primary disorder or illness that is the cause of this malnutrition and
that plays a major part in the outcome. Furthermore, malnutrition in the
elderly may reflect such factors as low income, social isolation, depression,
dental problems, malabsorption, or drug effects. The mode of dialysis per se
often makes its own contribution because these patients may lose 20–50 g of
protein and up to 15 g of free amino acids weekly, even in the absence of
peritonitis. Also, abdominal fullness, glucose absorption, diminished appetite,
and inadequate dialysis, once the residual renal function has declined, may
contribute to anorexia and malnutrition.

Because of the many factors that can produce malnutrition in the elderly on
CPD, these patients should be examined carefully to identify any underlying
cause since many of these factors are reversible. Thus, routine measurement
and follow-up of all nutritional parameters are of pivotal importance in the
elderly on CPD. The renal dietician should have a central role in the diagnosis
and treatment of malnutrition in these patients [69].

Hospitalization
Hospitalization rates are higher among elderly than among younger patients,
especially among blacks and diabetics [70, 71]; the duration of stay varies
between 5.5 [72] and 23.1 in-hospital days [73]. The most common cause
of hospitalization is peritonitis [11, 36, 39]. No differences were reported in
hospitalization rates between elderly patients on PD and HD [74].

Survival

Different results have been described on the survival of the elderly on RRT,
an important parameter of the success of treatment. Those differences may
be explained by differences in criteria for acceptance. Data presented by
Lawping et al. [75] have shown that the 1-year survival rates for patients
aged 70 years or over compare very favorably with survival rates reported in
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a UK study of patients of all ages who were 15 years younger (71% for all
elderly who started dialysis and 81% for those who survived 90 days vs. 63%
and 85% for younger patients, respectively) [76]. Cox regression analysis
confirmed that mortality was significantly associated with age 80 years and
older and peripheral vascular disease but not with diabetes, ischemic heart
disease, cerebrovascular disease, chronic obstructive airway disease, gender,
or treatment method. These authors pointed out that these unexpected findings
about the lack of association between mortality and co-morbidity need to be
interpreted with caution since the level of severity of these co-morbidities
was unknown. Another report has shown that more than 50% of patients older
than 75 years died within 2 years after starting dialysis; their mean survival
was 31 months and, according to a multivariate logistic regression model,
risk factors for increased mortality were the number of hospitalization days
during the past 3 months and lower weight [77]. In the same study, mortality
rates in HD and PD patients were similar.

Advanced age is associated with shorter survival on PD [78, 60, 79]. The
elderly have many co-morbid conditions, and most elderly patients die of
diseases that were present at the start of dialysis [80]. Also associated with
these high-risk co-morbid conditions was early mortality—within 90 days—
which is included in some papers and not in others. Compared to those
younger than 65 years, the elderly had a significantly greater chance of dying
within 90 days after treatment withdrawal [81].

Comparison of survival rates on PD vs. HD have shown varied results.
Some studies have shown better survival on PD than on HD [82], except for
female diabetics [83] or those on hemofiltration [23]. Others show a survival
equal to that on HD [84, 71, 85, 86] or, in one report, worse than HD [87].
Recently, Collins et al. [88] reported that PD patients in the United States
were slightly younger, with slightly fewer females, a greater percentages of
whites, and a comparable percentage of patients with diabetes and lower
Charleston co-morbidity index (3.1 vs. 3.6) than HD patients. Even so, they
had a lower survival than their counterparts on HD even after adjusting for
basic demographics, co-morbidity, and residual renal function. Winkelmayer
et al. [89] studied the 1-year survival of all patients >65 years who began
RRT between January 1991 and June 1996 (2503 incident patients); 21.5%
of them were on PD and 78.5% were on HD. Patients who initially were
assigned to PD had a higher overall mortality rate than those initially assigned
to HD (1.24; 95% CI, 1.09–1.41). The survival pattern between treatment
modalities changed over time: Patients starting PD were 16% more likely to
die during the first 3 months; between 3 to 6 months after beginning PD,
the mortality rate among them was similar to that on HD; between 6 to
12 months, patients who started PD had a 45% (6 to 9 months) and 57%
(9 to 12 months) higher mortality rate than HD patients. Previously, the
excess death rate observed between 6 to 12 months was attributed to the
presence of patients with diabetes. However, these authors did not consider
clinical and biological parameters, patient compliance with treatment, dose
of dialysis, quality of life, access and availability, and associated cost of
treatment. Also, during the 5 years of the above-noted retrospective analysis,
the techniques of both HD and PD were being improved. Data from the
Netherlands Cooperative Study on the Adequacy of Dialysis 2 have shown
that after 2 years on dialysis, there was an increase in mortality for PD
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patients; this tendency was observed especially among patients above 60
years of age and was not influenced by censoring strategy [90]. More recent
data [91] regarding the gender effect on mortality rate for HD and PD
patients starting dialysis between 1990 and 1998 in Canada found that for HD
patients there was no difference in adjusted mortality rate ratio (RR) between
genders irrespective of diabetic status, while females ≥65 years on PD had
significantly higher adjusted mortality rates than males. Moreover, diabetic
females on PD had significantly higher mortality rates than males in both age
groups.

Risk factors for mortality on PD include peripheral vascular disease
[92], chronic obstructive pulmonary disease [23], cardiomyopathy, systemic
disease [87], depression [93], diabetes, and low initial serum albumin level
[94]. Also, those “forced” to begin CAPD had a 25% survival at 2 years
compared to those who chose CAPD, who had a 25% survival at 5 years
[71]. The greatest cause of mortality among the elderly, as among younger
dialysis patients, is cardiac disease. In various series, withdrawal from dialysis
was the cause of death in up to 40% of patients [95, 96]. More recent
studies have shown a significant improvement in the survival of the elderly
on PD [97].

To evaluate the effectiveness of automated PD in the elderly, Kadambi
et al. [98] compared the outcomes of three groups of patients of different
ages (<50 years, 50–64 years, and >65 years). This large retrospective study,
which included 192 patients over 65 years old, found a higher mortality rate
in the elderly than in younger patients. However, technique failure rates were
not different than for younger patients [98].

Quality of Life

Quality of life (Q.L.) is an important issue for the elderly, as for all dialysis
patients. Conclusions about Q.L. are influenced by the way in which Q.L. is
defined and measured. Sickness Impact Profile (SIP) [99] and the Medical
Outcome Study (MOS) Short Form-36 (SF-36) [100] are used frequently
to define patient-assessed functioning and well-being. The most meaningful
group for Q.L. comparison with the elderly on dialysis may be elderly persons
without renal failure. Differences between the former and the latter were less
marked than comparable differences between young patients on dialysis and
not on dialysis on virtually every SF-36 scale [101]. However, compared
to their peers of similar age and not on dialysis, elderly dialysis patients
were more likely to have compromised physical function [102]. Data from
the North Thames Dialysis Study confirmed lower scores on the physical
component score of the SF-36 in older than in younger patients [75]. However,
mental quality of life in elderly dialysis patients was similar to that of elderly
people in the general population. Adjusted analysis also showed no significant
differences in quality of life between PD and HD patients. In a multicenter
survey of almost 2500 patients, Gutman et al. [103] reported that Karnofsky
scores indicated that only 40% of patients older than 60 years were able to
do more than self-care. More optimistic data from National Kidney Dialysis
and Kidney Transplantation Study (NKDKTS) showed almost one-half of
patients older than 65 years had a reasonable degree of ability to perform
normal activities [104].
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Comparisons of psychosocial issues in older and younger patients suggest
more frequent suicidal tendencies in elderly dialysis patients [105], more
evident depressive symptoms [106, 107], and more loneliness [108]. Recently,
it has been reported that the elderly on dialysis have higher scores on the
psychosocial and physical dimensions in the Sickness Impact Profile (SIP)
[109]. Both univariate and multivariate analyses indicated that advancing
age was associated with lower SF-36 physical functioning scores in a multi-
center cohort of Dutch patients studied 3 months after beginning dialysis
[110]. Another study from the United States reported that older patients had
lower levels of physical functioning but higher SF-36 mental health scores
than younger patients [111]. In addition, older patients were less likely than
younger patients to be disturbed by the effects of kidney disease on their daily
lives [111].

Westlie et al. [112] and Rotellar et al. [113] have found a positive associ-
ation between advancing age and life satisfaction among dialysis patients.
Patients older than 70 years were active socially, enjoyed life [112], and
perceived life to be less stressful than did younger patients [114, 115]. Data
from NKDKTS have shown that patients >65 reported greater functional
impairment than younger patients. At the same time, however, patients >65
years had a higher well-being index, more positive feelings, and greater
satisfaction with their marriages, family life, savings, standard of living,
investments, and life in general [105].

It is important to recognize that, in elderly dialysis patients, enhanced
functional independence may significantly improve their Q.L. Asai et al.
[116] and Ota et al. [117] have concluded that low-intensity physical exercise
may significantly improve a patient’s functional status scores and deficits in
balance, range of motion, and flexibility. An inner-city HD clinic [117, 118]
offered elderly patients a physical therapy program and an individual approach
after initial assessment. When elderly patients are rehabilitated in specialized
geriatric units, they have less need for subsequent nursing home placement
[119]. An integrated program at a chronic care and rehabilitation services
center has been shown to improve Q.L. and lower the cost of care [120].

With respect to Q.L. and the modality of treatment of elderly uremics,
it has been shown that transplanted elderly patients had a better Q.L. than
did similar HD patients, as measured by SF-36 scores [121]. The benefits
of chronic PD as compared to HD for the elderly including a greater sense
of well-being, lower illness- and modality-related stress, fewer mood distur-
bances, and fewer dialysis-related symptoms [122]. According to a recent
meta-analysis that compared emotional distress and psychological well-being
across renal replacement therapies, elderly patients on CAPD had a greater
sense of well- being than did those on in-center HD [123].

The Q.L. of elderly patients may be improved significantly by attending to
all the reversible influences such as anemia, inadequate dialysis, malnutrition,
and co-morbid conditions (including anemia).

Social Issues

PD is not used extensively among the elderly, because they are unable to
perform dialysis by themselves: About 61.2% of very old patients (above 80)
need help with dialysis exchanges, exit-site care, and medication [70]. Many
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patients older than 65 suffer from such co-morbid conditions as depression,
dementia, impaired vision, and decreased physical and mental activity, all
of which significantly impair their health, and these factors are problematic
for any dialysis modality. However, given a network of medical and social
support, the elderly can perform dialysis (especially automated PD) success-
fully.

Home Care Nursing
Experience with such care was based mainly on the experience of the
French investigators who started CAPD, where the home care was performed
by trained home care nurses. Such nurses may provide the elderly with
comfortable and safe home dialysis without reliance on family members.
Also, the low rate of infection and hospitalization and the avoidance of trans-
portation in this high-risk population achieve significant savings that affect the
nurses’ salaries. The rates of peritonitis and exit-site infection were not signif-
icantly different between those who had “assisted dialysis” by a home care
nurse and those on “self-dialysis” [70]. The home care nurse may assist in the
treatment of peritonitis episodes and other complications, thereby contributing
to a total hospitalization rate lower than that usually reported [94].

Rehabilitation and Chronic Care Dialysis Units (RCDU)
Such units may provide dialysis, physiotherapy, a rehabilitation program, and
occupational therapy for those patients who cannot return home or who cannot
be placed in a nursing home. Such units achieve significant reduction in costs
compared to hospital treatment, and this cost reduction is not accompanied
by any deterioration in the elderly person’s quality of life [124].

Dialysis in the Nursing Home
More and more elderly will live in a nursing home in the future. The 1997
National Nursing Home Survey found that there were nearly 1.5 million
residents >65 years old living in nursing homes in the United States [125].
Of these nursing home patients, 0.3% were on dialysis; approximately 90%
of these were on hemodialysis and 10% were on peritoneal dialysis [126].
A substantial number of nursing homes refused to introduce dialysis into
everyday care, because (1) of a perception that the ESRD elderly population
is difficult to care for, (2) the homes lack knowledge about dialysis and renal
diet, (3) they lack adequate storage space for machine and supplies, and (4)
there is poor communication with the renal team [127].

Although HD is the mode most often used in nursing homes, the published
data are limited. As in the overall dialysis population in the United States
[128], HD patients in the nursing homes have better survival than those on
PD [127]. However, there is very little additional data and, until now, there
have been no control trials. Nursing home residents on HD spend about 15
hours in the dialysis unit per week, which takes away from rehabilitation and
social activities. In addition, their need for transportation may be overcome
by building the dialysis center within or adjacent to a skilled nursing facility.

Peritoneal dialysis in nursing homes offers many advantages and allows
flexibility of exchange schedules for patients and for staff. In this regard,
automated PD (APD) or nightly PD keeps the patient’s daytime free for
nursing home activities, increases socialization, and enables better rehabili-
tation, which improves a patient’s quality of life. Patients on PD in nursing
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homes and day care centers have lower survival than the general CAPD
population; this is probably a reflection of patient selection because those in
nursing homes are significantly older and have many co-morbid conditions.
Anderson et al. [129, 130] did a retrospective analysis initially of 44, and later
of 109, nursing home patients on CAPD over a 10-year period. Survival rates
at 6 and 12 months were 51.7% and 37.2%, respectively. Risk factors for death
included age greater than 75 years, activities of daily living score less than 8,
coronary artery disease, decubitus ulcer(s), and malnutrition (serum creatinine
less than 680 �mol/L). Carey et al. [131], who studied the outcomes of 93
CAPD patients in 10 community extended-care facilities over a 5-year period,
observed 6- and 12-month survival rates of 50% and 40%, respectively. The
same authors concluded that, when compared to age-matched patients in the
community who experienced 1 peritonitis episode per 13.5 patient-months,
nursing home patients have a higher risk of peritonitis, 1 episode per 9.6
patient-months [129, 130, 131]. Whether the high rate of peritonitis reflects
patient-specific susceptibility factors or just poor technique remains to be
elucidated. On the contrary, elderly patients in nursing homes have been
treated successfully for months without an excessive rate of peritonitis. Thus,
Lima Memorial Hospital reported a peritonitis rate of 1 episode per 14.6
patient-months, and the University of Wisconsin had a peritonitis rate of 1
episode per 17 patient-months. These rates do not differ significantly from
those in the overall non-institutionalized elderly [132].

Withdrawal from dialysis was more frequent among nursing home dialysis
patients; according to some authors [133], “living in a nursing home” was the
main risk factor for termination of dialysis. However, this high discontinuation
rate among the elderly is not due to dialysis per se but rather to associated
social and medical circumstances [134].

We can improve dialysis services in nursing homes through workshops
about kidney diseases, hemodialysis, peritoneal dialysis, and renal diet; by
better communication between nursing staff and the renal team; and with
“nursing home dialysis” manuals. These measures will improve staff confi-
dence and will contribute to better morale and better performance.

Ethical Issues

Dialysis as a life-extending treatment may offer life to the elderly; for many
of these elderly patients, these are lives of quality. However, some older
individuals elect to cease dialysis because of Q.L. issues [135, 136]. For this
reason, we should be completely honest when educating patients and their
families regarding the burdens associated with living on dialysis. Healthcare
professionals cannot make this decision for others but should share their
knowledge and experience and advise patients without projecting their own
prejudices. With respect to the decision-making process, the first published
guidelines that appeared in 1993 [137] were personal and did not reflect the
majority opinion. A set of consensus guidelines, published by the National
Kidney Foundation in 1996 [138], allowed all patients to explore their own
opinions. Finally, the American Society of Nephrology and the Renal Physi-
cians Association published evidence-based guidelines in 2000 [139]. All
of these publications emphasize that they are just guidelines and not rules;
they emphasize the difficulties of the decision-making process that arise from



456 Nada Dimkovic and Dimitrios G. Oreopoulos

the heterogeneous nature of both providers and patients. None of the guide-
lines recommends mandatory standards for the determination of the patient’s
candidacy for dialysis. Sometimes neither the medical team nor the patient
or family members find it easy to reach a decision. In such cases, the patient
should be offered a 30- to 90-day trial period of dialysis. All guidelines
recommend against offering dialysis to patients with a known terminal illness
or to patients who have serious mental impairment as a result of stroke,
Alzheimer’s disease, or neurological dysfunction. Also, patients on dialysis
who develop a terminal illness or become demented should be offered the
choice to discontinue dialysis. The same recommendation is made for those
patients who have serious mental impairment as a result of stroke, Alzheimer’s
disease, or neurological dysfunction.
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Substitutive Treatments of End-Stage
Renal Diseases in the Elderly: Renal

Transplantation
Ali Alobaidli and Sarbjit V. Jassal

Introduction

Renal transplantation is the only current therapy for patients with end-stage
renal disease (ESRD) that offers freedom from daily or alternate-day dialysis
therapy. In younger patients, studies have repeatedly shown that transplan-
tation offers a better quality of life, at less cost, in comparison to dialysis
therapy. Although emerging evidence from nocturnal dialysis suggests an
equivalent outcome, transplantation is still considered the treatment of choice
for those with end-stage renal disease.

Two limitations to transplantation exist, however: One is the discrepancy
between the number of organs available and the number required across the
world; and the other is the allocation of these relatively scarce organs in an
equitable manner. Until relatively recently, transplantation was only offered
to healthy young patients; however, transplantation is now increasingly being
offered, with good success, to older individuals. The objective of this chapter
is to review some of the literature about the demographics and outcome with
transplantation in those aged over 65 years and to discuss some practical
problems that can arise.

In the early 1980s, nephrologists and demographers saw a rise in the
number of patients starting renal replacement therapy (RRT). This growth
was initially attributed to the increased availability of dialysis, the use of
dialysis in those with other severe co-morbid conditions, and the lifting of
age-related restrictions across the developed world. Over the next 10 or 20
years, the numbers of patients starting dialysis continued to rise at fairly high
rates. Despite the expectation that a plateau will be reached, current trends
continue to show an increase in numbers.

Strikingly, the growth rate differs widely across different age bands. While
the rate per million population (pmp) of younger patients starting dialysis
appears to be stabilizing, the growth rate in the older population starting
dialysis (i.e., either those in the age band of 65–74 years old or those ≥75
years) has continued to rise. Worldwide trends appear to be similar, with only
small differences. Canadian and American data, for example, show the most
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Fig. 25.1 The trend of the number of patients undergoing kidney transplantation in
the United States over the 10-year period 1991–2001. The different age bands are also
shown. Although the absolute number of transplants has increased over time, the rate
of transplantation (i.e., the number of transplants per 100 dialysis patients per year)
has decreased dramatically.

dramatic increases for those >75 years, while data from Europe, Australia,
and Japan show the most growth in those >60 years of age [1–6].

The statistics for kidney transplantation differ from those of dialysis.
Overall, the rate of kidney transplantation, regardless of age, has declined
(Figure 25.1: shown as thick line), though the absolute number of transplants
has grown, albeit slowly (bars). The largest increase in the absolute numbers
of transplants is seen in the group of older patients, suggesting a worldwide
acceptance of the benefits of transplantation in seniors (Figure 25.1). Limited
organ availability has led to political and medical debates to rage over
the appropriateness of transplantation in this age group, and this is briefly
discussed in a subsequent section.

Demographic Changes in Transplantation Rates

Both dialysis and transplant demographics are dependent on a variety of
factors. Among them are the baseline rate of renal disease, the availability
of dialysis, and the rate of organ procurement. As a result, there is a wide
variation across the world in both the numbers and the reporting methods used
(Table 25.2). As a result, it is important to distinguish between the number of
transplants and the rate of transplantation. In the United States, for example
(where there is a high prevalence of diabetes), there is a high incidence
of patients starting renal replacement therapy. Most patients are maintained
on hemodialysis (in 2001, 485,950 patients were on either peritoneal or
hemodialysis in the United States), and only a relatively small proportion
are transplanted (in 2001, 2.9% of prevalent dialysis patients got a kidney
transplant). However, when reported as the overall rate of kidney transplan-
tation per million population, the rate of transplantation was 50 pmp. In
contrast, the total number of patients on dialysis in Saudi Arabia is small
(7687 in the year 2002; personal communication), with a higher percentage
(4%) undergoing transplantation in any one year. However, when transplan-
tation statistics are reported as per million population, the rates appear lower
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Table 25.1 Summary Table Showing Observed Patient and Graft Survival Rates in Older
Patients Undergoing Kidney Transplantation from Selected Publications.

Source of Data Year N Age Survival rates CyA use
Patient Graft

1 yr 5 yr 1 yr 5 yr

Ost et al. [52] 1980 34 60+ 60 49 45 n
Sommer et al. [53] 1981 62 50+ 55 40 57 n
Lundgren et al. [54] 1982 94 55+ 66 52 n
Jordan et al. [55] 1985 54 50+ 89 72 67 55 n
Jordan et al. [55] 1985 13 50+ 84 80 82 70 n
Sommer et al. [56] 1986 52 50+ 88* 82* y
Sommer et al. [56] 1986 198 55-60 89 55 y

60-64 79 67 y
65+ 100 76 y

Pirsch et al. [57] 1989 30 60-73 91 91† 74 74† y
Morris et al. [58] 1991 45 60+ 75 58 72 52 y
USRDS [15] CD 2003 50-64 91.4 74.5 86.3 63.6 y

65-69 87.5 61.7 82.9 54.4 y
USRDS [15] LD 2003 50-64 96.2 83.3 93.9 75.6 y

65-69 93.7 78.1 91.3 72 y
Andreu et al. [16] 1992 70 55+ 97 82-94 94 72–88 y
Deluca et al. [17] 1992 119 55+ 87 78 75 y
Tesi et al. [59] 1994 133 60+ 68.1 62 y
Alberchtson [60] 1995 106 70+ 80 54 78 52 y
Alberchtson [60] 1995 20 70+ 80 74 80 74 y
A.I. Sanchez [18] 1998 511 55+ 91.5 76 83.4 70.1 ?
Basar [19] 1999 230 60+ 90 76 84 64 Y
Doyle [66] 2000 206 60+ 90 68 86 60 y
Saudan [61] 2001 49 60+ 98 78 93 65 y
Fabrizii [21] 2004 335 50-59 83.6 93≈ y

141 60-64 75.9 91≈ y
151 65+ 75.5 89≈ y

UNOS [62] 2004 6603 65+ 73.5 68.5 y
Oniscu [65] 2005 75 65+ 91 66 88 63 y

(93�) (81�)

Patient and graft survival rates for living donor transplantation are shown in italics.
* Reported survival at 18 month.
† Survival reported at 3 years.
≈ Censored graft survival estimated from graph.
� Censored graft survival.

than in the United States (13 transplants pmp). Unlike U.S. data (most trans-
plants in the United States, Canada, and Australia are with cadaveric organs
[1,7–9]), most transplants in Saudi Arabia are from living related or unrelated
donors. To further contrast how demographics vary across the world because
of healthcare policies, the recent introduction of government-funded and—
controlled living unrelated donor programs in Iran have resulted in very high
rates of successful transplantation, with 95% of all transplants being done
using organs from living donors (related and unrelated), and 79% from living
unrelated donors. At the present time, there is no waiting list in Iran. As
a result of the new policy, however, Ghods et al. [10] report that at least
84% of donors and >50% of recipients come from a low socioeconomic
class.
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Patient Survival

Patient survival rates with transplantation remain impressive across all age
groups (Table 25.1). In patients aged 65+ years, recent USRDS data show 1-,
3-, 5-, and 10-year patient survival rates of 87.9%, 76.1%, 61.7%, and 24.5%,
respectively. The data show a gradual improvement in both patient and graft
survival over time, particularly since the advent of cyclosporine and newer
immunosuppressive therapies.

The observational data reported in Table 25.1 are useful but do not answer
the question, “how much better than dialysis is transplantation for older
individuals?” Direct comparisons are difficult—for example, the comparison
of the survival of a 65+-year-old person to the survival of younger patients is
fraught with difficulties—younger patients, regardless of co-morbidity, can be
expected to have a longer life expectancy by virtue of their age. Comparisons
to older patients who remain on dialysis are equally unsatisfactory, as clini-
cians screen out patients and usually only offer transplantation to those with
no or few co-morbidities. As a result, researchers have struggled to compare
dialysis and transplantation outcomes using innovative mathematical models.
Two such methods are described here.

Probably the best-known method is that published first by Port et al. [12],
and subsequently by Wolfe et al. [14], Rabbatt et al. [13]. and Oniscu et al.
[66]. By selecting only patients who were currently being treated with dialysis
but who had been screened and placed on a waiting list for a cadaveric
transplant, they assumed that any selection bias that may have occurred
was minimized and the dialysis and transplant cohorts were comparable at
baseline. This selected dialysis population was then compared to those who
actually received a transplant. The data were reported both as estimated life
expectancy and as the relative risk of death for patients on the waiting list for
transplantation compared to those receiving a transplant. The disadvantage of
this method is that patients who actually get a transplant have survived their
time on the waiting list on dialysis (patients who would have died would
not have been transplanted!), and the methodology therefore results in a
“survivorship bias.” The results showed that dialysis patients had a stable risk
of death equal to 6.3 per 100 ptyrs. [ptyrs (ptyrs) are best interpreted using
an example, e.g., a total of 100 ptyrs can be collected either by following 2
patients for 50 years each, by following 10 patients for 10 years each, or,
as is more commonly done, by following 100 patients for an average of 1
year each]. Transplant patients had a higher immediate post-operative risk of
death (17.9 per 100 ptyrs), falling with time to a baseline mortality rate of 3.8
per 100 ptyrs. The higher perioperative mortality risk fell rapidly such that
by 159 days the risk of death was equal in dialysis and transplant patients.
In diabetic patients, this time to equal risk was lower (89 days) because of a
higher baseline risk of death with diabetes. Specific death rates for patients
aged ≥60 years (per 100 ptyrs) were estimated at 23.2 for those on dialysis,
10.0 for those on the waiting list, and 7.4 for those with a transplant. Life
expectancy estimates differed greatly between the two modeled treatment
strategies; however, the calculated life expectancies are higher than those
currently observed (Table 25.3).

An alternative method that has been used also showed transplantation to
be superior to dialysis. Using decisional analysis, a mathematic model of
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Table 25.3 Summary of Results from Papers That Compare Survival of Patients
Remaining on Dialysis with Survival After Kidney Transplantation.

Age Group
(Years)

Relative risk of
death 18
months’

post-transplant

Time at which
likelihood of

survival equals
reference

group(days
post-transplant)

Projected
years of life

without
transplant

Projected years
of life with
transplant

Ref

60–74
(overall)

0.39 369 6 10 Wolfe [14]

60–74
(nondiabetic)

0.37 442 7 12 "

60–74
(diabetic)

0.46 247 5 8 "

All ages
(nondiabetic)

0.25 n/a n/a n/a Rabbatt [13]

All ages (all
causes)

0.36 325 n/a n/a Port [12]

65 years old
(no wait time)

n/a n/a 6.6 8.2 Jassal [63]

75 years old
(no wait time)

n/a n/a 4.3 5.9 Unpublished
Jassal et al.

probability, patients on the waiting list for transplantation were compared
with those who would receive a transplant. Survivorship bias was removed by
making the assumption that the time of transplantation could be controlled,
and the models built to reflect scenarios where patients underwent trans-
plantation immediately (as with living donor transplants) or after a waiting
period of 2 or 4 years. The models were validated against registry data,
to ensure that predicted life expectancies matched those actually observed
(Figures 25.2 a and b), and the population characteristics varied to reflect
patients of different ages and co-morbidity profiles. The results showed that
transplantation offered significant life-expectancy benefits in patients of all
ages, but that the overall advantages decreased with increased age and longer
waiting times (Table 25.3).

Subsequent publications continue to show benefits for those seniors under-
going transplantation (summarized in Table 25.1) [15–23]. Recently, Fabrizii
et al. [21] described a single-center retrospective cohort of 627 patients
>50 years who underwent kidney transplantation between 1993 and 2000.
Although a younger cohort (patients recruited included mostly those <65
years), the study results are notable for four points:

1. In comparison to younger individuals, seniors (defined as those over 65
years of age) have lower rates of hypertension and an increased prevalence
of coronary artery disease.

2. In this center, older organs were preferentially allocated to older patients.
This is a common practice but may adversely affect overall patient and
graft survival rates (see the section on practical issues).

3. Patients in the 60–64 age group and those aged ≥65 years have similar
patient and graft outcomes.

4. Perioperative mortality and hospital stay lengths were similar across
all ages. Of note, the study includes much detailed information on
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Fig. 25.2 Graphs showing validation data supporting the results published by Jassal
et al., JASN 2003. These show that both predicted patient and predicted graft survival
were similar to observed data. In both graphs the fine black line with surrounding
shaded area represents the USRDS mean survival +/- the standard error. Predicted
survival rates are shown in the heavy black lines.

patient demographics, co-morbidities, the standardized and explicit work-
up process required in recipient evaluation, and complete data on immuno-
logical and donor characteristics. In contrast, however, only 151 patients
over 65 years were included, making it possible that they had insufficient
power to detect small but clinically significant differences in survival and
hospitalization outcomes across the age groups.

Graft Survival

Graft survival rates are shown in Table 25.1. Graft survival rates are tradi-
tionally defined as the number of patients with a functioning graft at a
particular time (e.g., 1 year after transplantation) divided by the number of
patients who underwent kidney transplantation. Consequently, populations
with a high mortality rate who die with a functioning renal allograft appear to
have unexpectedly low graft survival rates. Data from the early 1970s tended
to demonstrate disappointing graft survival rates in older individuals, with
average 1-year graft survival rates of 50–60% for those aged ≥50 years while
those <50 years had rates of 70% or more (Table 25.1). Although newer
immunosuppressive regimes have had a great impact on graft survival rates,
the data still remain disappointing if one considers absolute graft survival
rates alone.
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More recently, an increasing number of centers are reporting censored graft
survival rates where patients who died with a functioning renal allograft are
censored at the time of death. Using this methodology, graft survival rates
appear to be equal to, or possibly better in, older individuals than in younger
persons [21, 24–26, 64].

Problems Seen Commonly Post-transplantation
in the Elderly

Increased Infections

Previous studies in healthy individuals have shown a decrease in immunocom-
petence with age. In the dialysis and transplant population, patients are at risk
of further immunocompromise because of uremia and, in transplant patients,
antirejection protocols. In an elegant study, using data from USRDS trans-
plant and waitlisted patients, Meier-Kreische et al. [27] showed an exponential
increase in the risk of infectious death in those over 55 years of age, with a
corresponding decrease in the risk of acute rejection with age (28% in patients
18–29 years, 19.7% in patients older than 65 years). As survival studies show
a benefit from transplantation despite the higher rate of infectious death,
further research in the field of immunomodulation may be most beneficial for
seniors with a transplant.

Immunotherapy Protocols for the Elderly

Specifically tailored immunotherapy may help modify the risk of infectious
complications in seniors. Furthermore, it seems reasonable to assume the
elderly would be at higher risk of falls, fractures, and proximal myopathy
than younger individuals. Thus, it seems wise, though unproven, to reduce
the exposure to prednisone. In the pre-cyclosporine era, most physicians
prescribed a combination of azathioprine and low-dose prednisone. The subse-
quent introduction of cyclosporine led to decreases in the doses of prednisone
used, with a corresponding improvement in patient and graft survival rates and
the number of sepsis-related complications. Studies advocating cyclosporine
monotherapy have been successful in highly selected patient populations, but
little data are available specifically for seniors [28–30]. Xenos et al. [31]
showed, in an observational study of 21 patients over 60 years, that the use
of tacrolimus, steroid, and either mycophenolate mofetil or azathioprine was
associated with reduced rates of acute rejection and superb patient and graft
survival at 1 year. No specific recommendations can be made, as there are
insufficient data from randomized controlled trials in older patients.

Drug pharmacology and metabolism are altered with age. One commonly
seen example is the gradual age-related decline in cytochrome P450 activity.
Cytochrome P450 is responsible for the removal of both steroid and
cyclosporine and a decreased volume of distribution for lipid-soluble drugs
[32]. Consequently, older patients are more prone to the side effects of
calcineurin inhibitors, and dose modification may be required. Mycophenolate
mofetil (MMF) is a powerful immunosuppressive drug that inhibits the prolif-
eration of T and B cells by blocking the enzyme inosine monophosphate
dehydrogenase. Retrospective, observational studies suggest older patients
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may be at increased risk of hospitalization secondary to infections, especially
those caused by cytomegalovirus and fungus, with MMF therapy [33, 34].
Although the results of these studies are of concern, the observed higher
infection rates need to be balanced against the proven benefits of less
rejection and better graft survival. Data in regard to the use of IL-2 or
antilymphocyte induction therapy are conflicting, and further work is required
[35–37]. Suggested new immune suppression protocols specifically tailored
to the older individual include either the use of anti-IL2R Mo antibody,
steroid, sirolimus, and MMF or anti-IL2R Mo antibody, steroid, sirolimus,
and low-dose calcineurin inhibitor. Neither of these regimes, however, has
been evaluated in randomized controlled trials [61].

Functional Independence

Seniors are at higher risk of increased dependency for simple activities
associated with healthy living. For example, a substantial proportion of older
individuals requires help with housework or shopping or may have difficulties
with managing their own financial affairs. In the geriatric literature, functional
independence measured using performance indicators predicts the need for
institutional care and survival. In the transplant literature, Nyberg et al. [38]
studied a small subset of patients of all ages before and after kidney transplan-
tation. Patients were tested for handgrip strength, the ability to step up onto a
chair, and quadriceps strength. Younger patients showed an improvement in
handgrip and quadriceps strength. In contrast, older individuals had a decrease
in all functional measures, even 1 year after transplantation.

Effects of Waiting Times

Within Canada, and particularly within our own transplant service, the number
of donor kidneys (both cadaveric and living) has remained stable over the
past 10 years [1]. In contrast, the number of individuals waitlisted for trans-
plant continues to increase. The result—as in many transplant centers across
the world—is an increase in the time from initial waitlisting to organ trans-
plantation. More recent studies have shown that the outcome of kidney
transplantation is poorer in those with a longer period pre-transplantation on
dialysis [39]. Recent studies have suggested the cost-effectiveness for older
individuals and the overall quality of life benefits from transplantation are
highest if older patients can be encouraged to find a willing live organ donor
(Figure 25.3) [63].

Quality of Life Post-renal Transplantation

There is little doubt that successful renal transplantation improves overall
quality of life (QoL) of patients with ESRD. Older individuals report improved
QoL scores post-transplantation with higher functional autonomy, less co-
morbidity, and improved rehabilitation as compared to patients on continued
hemodialysis [40–42]. In a recent meta-analysis, Cameron et al. [43] compiled
the results of 49 studies that looked at differences in QoL across different
renal replacement therapy modalities. Using rigorous meta-analytical tools,
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they found that successful renal transplantation was associated with lower
distress and greater well-being than in center hemodialysis or continuous
ambulatory peritoneal dialysis patients. Sadly, study validity was compro-
mised by significant case-mix variation across the three treatment groups, a
factor commonly seen in cross-sectional studies comparing transplantation to
dialysis.

Practical Issues

Patient Selection and Pre-transplant Assessment

In general, older patients have more co-morbid conditions than younger
patients. The Dialysis Outcomes and Practice Patterns Study (DOPPS) showed
that patients aged 18–44 years old had on average 2.2 co-morbid condi-
tions, while those aged >70 years had 4.1 co-morbid conditions [44]. Based
on these observations we believe the utility of a thorough pre-transplant
work-up is even higher in seniors. In our own unit, older patients undergo
thorough routine pre-transplant assessment adapted from numerous guide-
lines and reports [45–47]. We place special emphasis on the cardiovascular
assessment, as well as including a thorough screening process for malignancy
and infections. Here we have summarized some pre-transplant screening tests
that may be particularly relevant to older patients.

Cardiac Evaluation
A full history and physical examination is imperative. Baseline electro-
cardiogram, echocardiogram, and cardiac stress testing (for example, using
thallium or dipyridamole-thallium scans) are necessary. Although no strong
clinical evidence is available to support the following practice, cardiac
catheterization is usually recommended only if one or more of these nonin-
vasive tests are abnormal or if the patient is symptomatic. It is recommended
that asymptomatic patients with diabetes also undergo cardiac catheterization
given the high prevalence of silent cardiac disease.
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Peripheral Vascular Disease
Doppler studies and arteriography to detect peripheral ischemia are usually
advised. As older patients may not have the same exercise demands as younger
individuals, a simple reliance on history is not felt to be adequate.

Gastrointestinal Evaluation and Screening for Malignancy
Gastrointestinal work-up is controversial. In our own center, colonoscopy is
recommended to exclude active diverticulitis or occult colonic malignancy
for those >50 years old. Under the Canadian periodic health examination,
patients should be screened annually for occult rectal bleeding, and if over 50
years with sigmoidoscopy. In males, routine digital rectal examination and a
prostatic-specific antigen are recommended. Women should undergo routine
mammography as part of their work-up for transplantation.

It is our practice to request routine abdominal ultrasound evaluation for
the exclusion of gallstones (although there are no data to support treatment
of the asymptomatic patient with cholelithiasis, there is increased concern
that infection related to gallstones may be significant—this remains highly
debated) [47]. Screening for gastric ulceration or H. pylori is likewise
controversial, particularly in an asymptomatic patient [47]. In support of the
argument are data published by Fabrizii et al. [21] showing that the presence
of gastrointestinal co-morbidity was highly associated with both patient death
and graft loss.

Screening for Infection
This remains one of the most unstudied areas in the area of transplan-
tation in seniors. Many seniors have had potential exposure to tuberculosis,
and therefore screening seems appropriate. However, the ideal method of
screening in patients on dialysis remains unknown. Within our own center,
we continue to screen using Purified Protein Derivative (PPD) and/or chest
x-ray evaluation, although we recognize that this may be limited by a high
incidence of anergy.

Frequency of Screening Reevaluation
Although no clear recommendations can be made, older patients on the waiting
list for transplantation should probably be reevaluated more frequently. An
abbreviated screening system at more frequent intervals than typical for
younger patients may be considered, though the cost-utility of this policy
remains unknown.

Factors Limiting Kidney Transplantation for Seniors:
Issues and Possible Solutions

Organ shortage is the most limiting factor in the number of transplants done
worldwide. Ethical debates rage about the ethical implications of allocating a
scarce resource, such as a cadaveric or living donor kidney, to an individual
with a limited life span. Both sides have valid arguments—those in favor cite
the fact that many of these individuals are survivors, who have contributed
to society over the years, and now are deserving of societal resources, while
those against cite the limited life span of the individual and naturally of the
transplanted organ. It is neither the premise nor the objective of this review to
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enter into this debate. Suffice to say, all measures should be taken to increase
the number of cadaveric organs available and to improve living donation
rates, particularly in Europe and North America.

In the ideal setting, all older recipients should identify a living donor. This
would not only reduce the burden on an already-restricted organ pool but
would also offer a clear survival benefit [63]. However, failing that, the use of
other methods to maximize organ retrieval is imperative. Recent interest has
focused on the use of less-than-perfect organs [48–50], so-called extended-
criteria donor (ECD) or marginal donor kidneys. [Marginal donor kidneys
are defined as those taken from a donor over 55 years; from a donor with
a 10-year history of diabetes or hypertension; from a donor who died from
a cerebral vascular accident (stroke); or organs procured from a non-heart-
beating donor.] More recently, the use of double cadaveric kidney transplants
was described to limit the discard rate of ECD kidneys coming from marginal
donors. “Double” or “two-kidney transplants” describe transplant surgeries
where two kidneys, both with higher levels of scarring, are transplanted into
one individual. These are increasingly being commonly used, in an attempt
to close the gap between the supply and demand for organs. Optimal kidneys
undoubtedly show superior graft and patient survival than ECD kidneys.
However, when compared to remaining on dialysis, the use of marginal
kidneys was still preferential (in terms of survival benefit) for older patients
(Table 25.4) [51].

Adjusted mortality estimates, the days to equal risk, and the time to equal
survival were reported for recipients aged 18–29 years, 30–44 years, 44–55
years, 55–64 years, and >65 years (Table 25.4). Although the projected extra
lifetime decreased with increasing recipient age, marginal organs still offered
a survival benefit above that from dialysis alone. Consequently, in our own
center, we encourage those without a living donor to accept marginal donor
organs.

Table 25.4 Reported Mortality Risks in Marginal Donor Kidney Recipients Relative to
Waitlisted Dialysis Patients.

Annual Death
Rate for

Waitlisted
Patients(%)

Time Until
Risk of Death
Equal in Both

dx and tx
Patients (Days)

Time Until
Survival

Probability
Equal in

Both dx and tx
Patients (Days)

Relative Risk Projected
Extra Lifetime
if Transplanted

(year)

All ages (years) 63 185 531 0.75 5.1
18–29 2�2 163 547 NS 6.4
30–44 5�4 134 309 NS 4.9
44–54 6�5 196 521 0.70 6.3
55–64 6�5 193 580 0.66 7.3
>65 10�0 171 475 0.71 3.8

Dx = dialysis.
Tx = transplantation.
Source: Ojo, A.O., Hanson, J.A., Meier-Kriesche, H., Okechukwu, C.N., Wolfe, R.A., Leichtman, A.B„ Agodoa, LY.,
Kaplan, B., Port, F.K. Survival in recipients of marginal cadaveric donor kidneys compared with other recipients and
wait-listed transplant candidates. J. Am. Soc. Nephrol. 2001; 12(3):589–597.
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Summary

This review summarizes the data available, to date, on the role of transplan-
tation in seniors. Increasing amounts of data continue to emerge supporting
the role of transplantation across all age groups. Acknowledging the impor-
tance of the ongoing debate about organ allocation strategies, and assuming
societal acceptance, we recommend that seniors be encouraged to consider
kidney transplantation if surgically suitable. In our opinion, living donor
transplantation is significantly preferable to cadaveric organ transplantation
or dialysis.
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Introduction

Because of the aging process, as well as other superimposed factors (i.e., co-
morbidity, polypharmacy, frailty, noncompliance, etc.), the elderly differ from
other adults in their response to drugs. Aging is accompanied by nonpatho-
logical alterations in the structure and function of many organs, which may
affect physiological processes and therefore drug disposition. The physio-
logical changes inherent to aging occur at different rates among individuals
and even among various organs in the same individual. This accounts for
increasing interindividual variability—a feature of advancing age—and hence
individuals of the same chronological age may show significant differences
in the kinetic profile of drugs. Accordingly, we could optimize therapy if
we had a categorization of the elderly on the basis of biological age and the
consequent probability of functional decline.

Absorption

With respect to the oral administration of drugs, the absorption process is
of special relevance because this route is most widely used. Bioavailability
(F) governed by the fraction of the dose absorbed (Fabs) and the fraction that
escapes from intestinal (FGI) or hepatic (FH) metabolism, known as intestinal
and hepatic first-pass effect, respectively [1].

To measure the oral absorption of drugs, we must know whether the
absorption process is limited by the blood flow or by membrane perme-
ability. These factors in turn are affected by the physicochemical properties
of the drug, the formulation used for its administration, and the physiological
aspects of the gastrointestinal tract (GIT), such as stomach pH, motility,
permeability, drug transporters (P-glycoprotein, organic peptide transporters,
etc.), and gastrointestinal blood flow [1].

Generally, the elderly population has hypochloridria secondary to atrophic
gastritis, although some studies report that acid gastric secretion is maintained
during the normal process of aging. This contradiction may be explained by
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the widespread use of proton-pump inhibitors and H2-receptor antagonists in
the elderly, which would probably be responsible for the greater reduction in
the levels of hydrochloric acid observed in such individuals [2].

In the elderly, these changes in gastric pH levels affect absorption in various
ways, depending on whether the drug requires an acid pH to become ionized
and solubilized, as is the case with ketoconazole, ampicillin esters, or iron
compounds; drugs that are labile in acid media, such as erythromycin; or
prodrugs, which require such a medium to become hydrolyzed or biotrans-
formed into the active form.

In general, the elderly display a slowing down of gastric emptying [3],
although one study has reported a similar rate of emptying for elderly
and young individuals [4]. The probable effect of this—a delay in gastric
emptying—will depend on the physicochemical characteristics of the specific
drug. In this sense, one can increase the bioavailability of sparingly soluble
drugs because a longer dwell time in the gastrointestinal tract may allow
a better solubilization if dissolution is the limiting step to absorption. In
contrast, for drugs that are highly soluble and labile in acid medium, a delay
in gastric emptying may produce a lower Fabs.

Although still controversial, it seems likely that the elderly undergo changes
in intestinal motility. Firth and Prather [5] have reported modifications in
gastrointestinal transit patterns, including decreased postprandial contractions
and reductions in the frequency of peristaltic waves. Nevertheless, with some
exceptions, these modifications should not affect the absorption profile of
drugs to any significant extent. Some extended-release formulations may be
sensitive to the prolongation of the transit time through the gastrointestinal
tract (GIT), although the clinical significance of this remains unknown.

It is accepted that, for most drugs, intestinal permeability due to passive
diffusion mechanisms remains unaltered with age [6, 7]. Drugs that are
absorbed through an active transport mechanism are likely to be absorbed
more slowly and in smaller quantities in elderly patients; this has been
confirmed for certain nutrients such as glucose, calcium, iron, vitamin B12,
and leucine [8]. One type of drug transporter currently attracting much interest
is P-glycoprotein, although we have no evidence concerning the effect of
advanced age on it [9].

In geriatric patients, the decrease in hepatic clearance, especially for drugs
that undergo metabolic phase I reactions (see metabolism section of this
chapter) and/or flow-limited biotransformation, may have an important effect
on F. Thus, this parameter increases for drugs with an extensive first-pass
effect such as calcium antagonists, �-blockers, and statins. However, when
prodrugs are used, such as enalapril and perindopril, their activation via the
first-pass effect may be reduced.

In elderly individuals, conclusions concerning the bioavailability of drugs
administered orally vary, depending on the drug. Thus, the absolute bioavail-
ability of chlormethiazole, lidocaine, labetalol, verapamil, levodopa, and
propranolol increases significantly with aging [10]. On the other hand,
no differences from younger persons have been found for drugs such as
imipramine, amitryptiline, metoprolol, morphine, meperidine, antiepileptics,
salicylates, diazepam, lorazepam, penicillin, phenylbutazone, metronidazole,
and bumetanide [7], whereas a reduction in intestinal absorption, measured
as absolute bioavailability, has been found for indomethacine, prazosin, and
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in the absorption rate of digoxin [6]. Despite this, it is clinically difficult to
differentiate the effects attributable to an alteration in absorption itself from
those due to a modification of the first-pass effect. Only when we have reliable
data on the metabolites of a drug that undergoes an intestinal and hepatic
first-pass effect can the influence of aging on absorption and metabolism be
determined separately [1]. Unfortunately, such information is not available in
most studies carried out on geriatric populations.

In summary, changes that occur during aging may increase or decrease
the bioavailability of orally administered drugs. Although current pharma-
cokinetic data are still limited, such changes (generally an increase in F)
may only be clinically significant in some cases [9]. Modifications in the
absorption process may be more relevant with the concomitant administration
of anticholinergic drugs or modifiers of stomach acidity, or when the patient
has lesions of the GIT such as resections, ulcers, or stenosis.

When the drug is delivered through other routes that include absorption
processes, such as subcutaneous, percutaneous, or intramuscular adminis-
tration, a decline in tissue blood perfusion and associated age-dependent
morphological and biochemical changes should allow us to predict a decrease
in the absorption rate. Currently, however, only a few studies have been
carried out and only some of them have reported a slower skin penetration of
drugs in the elderly [7, 11].

Distribution

The distribution process is governed by the drug’s physicochemical character-
istics (mainly its lipophilic character), body composition, membrane perme-
ability, tissue blood flow, and degree of binding to plasma proteins. As a
result, a change in any of these age-associated physiological parameters may
alter the process of distribution.

In geriatric patients, body fat increases between 20–40% and body water
is reduced by 10–15% [12], which, with a reduction in lean body mass
(LBM) and a greater frequency of dehydration, will give rise to a decrease
in the apparent distribution volume (Vd) of water-soluble drugs, such as the
aminoglycosides, or those that are distributed in muscle, such as digoxin.
This situation may be exacerbated by the presence of cardiovascular disease,
which is common in the elderly and compromises the flow of blood to
organs and tissues. In contrast, the Vd is increased in lipophilic drugs [13].
Consistent with this, a linear relationship has been established between the
log of the octanol–water partition coefficient (usual surrogate variable of
drug permeability) and the quotient between the Vd in elderly and young
individuals for different drugs, suggesting that the more lipophilic a drug
is, the greater the probability of its Vd being higher in elderly subjects [9].
Modifications in body composition differ, depending on the patient’s gender,
and the increase in the Vd of liposoluble drugs tends to be greater in women,
while the decrease in the Vd of water-soluble drugs tends to be greater in men.
These changes suggest that we need to increase loading doses (by 10–15%)
for highly lipophilic drugs and, by contrast, reduce by the same magnitude the
loading dose for water-soluble drugs. However, when clearance is constant,
changes in Vd lead to a proportional increase in the elimination half-life of the
drug (t1/2), we should counsel a decrease in the frequency of administration.
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With age, changes also occur in cardiac output and in turn, these changes
also affect the distribution process, although not all tissues are affected to the
same extent. To this we should add changes in biomembrane permeability
that, due to their degeneration, may facilitate the access of drugs to the
different body structures. These two effects would work in opposite ways on
the Vd, and this might justify why the literature has no data that relate such
changes to significant modifications in the Vd of drugs. Nevertheless, a lower
tissue perfusion may increase the time required for drugs to access tissues
and hence increase the duration of the distribution phase. It has been reported
in the elderly that blood flow to the brain does not decrease and that the
relative fraction of the drug that reaches the brain may even be greater. This
would account in part for the greater sensitivity of elderly patients to drugs
that act on the central nervous system and even the need to use lower doses
of induction anesthetics.

Although the total plasma protein concentration is not modified with age,
their relative fractions do change. Thus, elderly individuals show a decrease
in albumin concentrations of about 10% [14]. Turnheim [7] has related the
decrease in the levels of serum albumin to an increase in the unbound fraction
(fu) of many drugs, although only in some of them does the change in fu

surpass 50% [15]. However, generally, the effect of age on f u, reflected in an
increase in Vd [7], is of little clinical significance [16,17]. This is because an
increase in fu also elicits an increase in total plasma clearance (CL) (only the
fu is available for clearance from the organism) [13]. Therefore, fu remains
without significant change despite a decrease in total concentrations. Thus,
in most cases, it is not necessary to correct the dosage regimen. One would
only expect an increase in fu to raise the drug effect in those drugs that have
a small Vd, such as oral anticoagulants and oral antidiabetics [7], in which
case a dosage adjustment could be necessary. In any event, the decrease in
serum albumin associated with aging is of much less importance than those
associated with pathological processes such as heart failure, renal disease,
rheumatoid arthritis, hepatic cirrhoses, and certain malignancies. Therefore,
low levels of serum albumin in the elderly often are related more to the
presence of such disease than to aging itself [7].

The decrease in serum albumin is accompanied by an increase in �1-
acid glycoprotein, probably secondary to inflammatory processes associated
with aging [16]. Accordingly, for drugs highly bound to this protein, fu

may decrease by almost one-third. In the case of lidocaine, fu is reduced by
approximately 40% in the elderly [16], which may give rise to a decrease in
the CL of the drug [7]. Even in this situation, the area under the curve of the
unbound fraction (fu.AUC), the most relevant pharmacokinetic parameter from
the clinical point of view, is not affected when these drugs are administered
orally [17]. The changes in protein binding may alter the fu.AUC in drugs
that have a high hepatic extraction coefficient, have extensive binding to
plasma proteins, and are administered intravenously, including some that are
frequently used in geriatric therapy such as doxorubicin, fentanyl, haloperidol,
midazolam, propofol, propanolol, and verapamil [17].

In summary, the changes associated with aging that have the greatest effect
on the distribution process are modifications in body composition and plasma
proteins (for drugs strongly bound to them), although all these modifications
do not seem to have much clinical significance. Of greater relevance is
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the increase in Vd that occurs with liposoluble drugs, such as thiopentone,
lignocaine, chlormethiazole, and diazepam, because this increase prolongs the
t1/2, as far as the CL does not change, and leads to a greater accumulation
of the drug, necessitating a reduction of the dose. However, a decrease in Vd,
observed in most water-soluble drugs, tends to be balanced by a reduction in
renal clearance and hence has a minimum net effect on t1/2 [18].

Metabolism

The metabolism of drugs occurs mainly in the liver, whose capacity for
biotransformation depends on the activity of the enzyme systems involved and
on the blood flow it receives. Our knowledge of this kinetic process is broader
and more specific than before, so that, for most drugs, we know not only the
fraction eliminated by metabolism, the main metabolites, and the reactions
involved, but also the enzyme or enzymes involved and their quantitative
contribution. Figure 26.1 offers a scheme of the processes of hepatic biotrans-
formation in humans, and Table 26.1 shows some examples of the metabolic
process of representative drugs. Most of them are carried out by only 8 to
10 isoenzymes from the hepatic microsomial system known as cytochrome
P-450 (CYP), which belongs to the CYP1, CYP2, and CYP3 families.

Aging leads to marked changes in the physiology of many organs, but in
the absence of associated disease, an aged liver does not differ significantly
from that of a younger adult. Nevertheless, a decrease occurs in biliary
function, including the flow and secretion of bile acids. Although one might
expect a decrease in the hepatic clearance of drugs excreted in the bile, to
date we have no clinical evidence to confirm this point [19]. The two most
outstanding features of liver function in the elderly are the changes that affect
the metabolism of drugs and the increase in interindividual variability, which
makes it difficult to detect the deterioration that accompanies aging. Therefore,

PHASE II REACTIONS Conjugation

PHASE I REACTIONS

METABOLITES
- Reduced activity
- More hydrophylia

OxidationHydrolysis Reduction

DRUG

Cytochrome P-450 
(CYP)

UGTs

Fig. 26.1 Schematic representation of hepatic biotransformation processes in humans.
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Table 26.1 Representative Drugs in Relation to Biotransformation Process.

Flow-Limited Limited Capacity Phase I Reactions Phase II Reactions

Morphine Antipirine Antipirine Isoniazide
Propanolol Theophylline Diltiazem Oxazepam
Amitryptiline Diazepam Propanolol Temazepam
Verapamil Phenytoin Lidocaine Paracetamol
Lidocaine Warfarin Theophylline Mizolastine
Nifedipine Valproic acid Ibuprofen

Rabeprazol
Citalopram
Zolpidem

in the liver, the greatest clinical implication of aging is pharmacological and
is related to the organ’s biotransformation capacity, although considerable
controversy continues concerning the effect of aging on drug metabolism.

Consistent with the notion that aging affects the intrinsic functions of the
liver only slightly and then chiefly its response to extrahepatic factors, it has
been reported that, at least with respect to metabolism, the pharmacokinetic
alterations due to age per se are 20–40% vs. 50–300% for other character-
istics, such as genetic factors, co-morbidity, frailty, or drug interactions [18].
Likewise, a recent analysis of the simultaneous influence of age and gender
on the in vivo activity of CYP enzymes concluded that such factors have only
slight relevance and clinical significance on interindividual variability [20].
Aging does not seem to affect the differences in the kinetic profile deter-
mined genetically for drugs metabolized by the enzyme CYP-2D6. In the case
of omeprazol, a representative drug metabolized by the enzyme CYP-2C19,
the evident differences between genotypes are clearly attenuated by age, and
efficient metabolizers show clearance values similar to those considered to
be deficient metabolizers [21].

Whenantipyrine isusedasamarkerofoxidativehepaticmetabolismmediated
by the CYP, the influence of aging is clear; other drugs have also shown a
decrease in the hepatic clearance of elderly subjects as compared to younger
adults [7]. On the other hand, phase II reactions, such as conjugation with
glucuronides, glycine, or sulphates, do not change appreciably with aging. On
the whole, the influence of age on the kinetic profile, studied in more than 46
drugs in 4500 individuals, has confirmed a decrease in clearance for people
over 60; this reaches a value of 50% in individuals aged 80–85. With regards
to the mechanism involved, Phase I metabolism, mediated by CYP, decreases
with age, whereas conjugation processes do not seem to be affected [22].

With age, the clearance of drugs with a high hepatic extraction coefficient
(flow-limited) is modified in proportion to the flow value, while in drugs of
low extraction (capacity-limited), their intrinsic clearance, which depends on
the content and activity of the enzymes involved, is the main determinant of
drug clearance.

Various techniques have shown that aging causes a decrease in
hepatic blood flow of approximately 40% and a similar or slightly smaller
(25–35%) reduction in liver mass [23, 24]. In contrast, studies on the effect
of age on the content and activity of hepatic enzymes have shown conflicting
results, even for CYP. In general, most enzymes are not modified, but some
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authors have described a decrease in their content or activity in elderly
persons. Two reviews of studies carried out in humans concluded that the
activity of most CYP enzymes, with the noteworthy exception of CYP-2D6,
decreases with aging. Thus, we expect a decrease in the hepatic clearance
of drugs that are eliminated mainly through biotransformation, both those of
high hepatic extraction (flow-dependent) and those of low hepatic extraction
(capacity-limited). Despite this, whereas the former aspect has been consis-
tently confirmed and the observed decrease in clearance corresponds to
that estimated flow, in capacity-limited drugs no obvious relationship has
been shown between clearance and advanced age. Even though elderly
subjects sometimes show a decreased clearance for capacity-limited drugs, the
observed decrease does not correspond to that expected according to the size
of the liver. A study of 226 liver biopsies in individuals in whom antipyrine
clearance was quantified in vivo revealed a maximum decrease of 50% in the
overall content of CYP and yet only a 30% reduction in its CL in persons over
70 years [25]. Dopa decarboxylase content seems to decline appreciably in the
elderly, which accounts for the up to threefold increase in the bioavailability
of levodopa in such individuals.

Thus, it seems that the different enzyme systems involved in the biotrans-
formation of drugs show a different sensitivity to the aging process; in other
words, the capacity of the liver to biotransform drugs does not decrease in
the same way or to the same magnitude from drug to drug or from individual
to individual. In addition, it seems that Phase II metabolic reactions are
not age-dependent, whereas Phase I oxidative reactions are affected by the
aging process. This apparent paradox can be accounted for by postulating
that oxidative reactions are directly dependent on oxygen supply and that
the structural changes that occur in the sinusoidal endothelium with aging
(thickening and defenestration) decrease the oxygen availability [9, 19].

Analysis of the effect of aging on the induction of metabolism also provides
conflicting results, and yet it appears that the inhibition of metabolism does
not change appreciably with aging. Thus, for example, the inhibitory effects
of fluoxetin on the activity of CYP-2C19 are evident regardless of age.
Table 26.2 summarizes the evidence and the most important gaps in our
information about the effect of aging on hepatic metabolism.

In conclusion, the elimination capacity due to biotransformation processes
may be reduced in geriatric patients, although one cannot generalize or
establish fixed criteria for dosing as a function of this change. Nevertheless,
it has been suggested that the doses of highly extracted drugs can be reduced
by 40%, while those subject to Phase I reactions could be reduced by 30%. It
would not appear necessary to adjust the dosage of drugs whose metabolism
involves conjugation processes. In geriatric patients, one should consider
that other factors, such as drug interactions, cancer, hepatic impairment,
etc., are common and that their effects on the biotransformation capacity
may even surpass those of age. Thus, in frail, protein-malnourished elderly,
their metabolism, including Phase II reactions, may be decreased compared
to healthy, well-nourished elderly [7]. The decrease in hepatic blood flow
secondary to heart failure or a �-adrenergic blockade may be superimposed
on the effects of age and may strongly affect the hepatic clearance of
high-extraction drugs. Also, renal impairment may lead to a general decline
in CYP activity.
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Table 26.2 Main Evidence and the Limitations of Literature About the Effect
of Aging on Hepatic Metabolism.

Accepted Principles Important Limitations

Reduction of clearance for
high-extraction drugs

Controversy for capacity-limited drugs

Reduction of metabolism in Phase I,
above all of oxidative type

Scant information about the relationship
between genetic polymorphisms and
age

Phase II reactions not affected Discrepancies about the effect of age on
inhibition/induction processes

Reduction of the hepatic first-pass effect Scant application of the available
information in the design of dosage
regimens

Increased interindividual variability
Noteworthy effect of additional factors:
pathologies, frailty, interactions, etc.

Renal Elimination

The kidney contributes the most to the elimination of drugs and their metabo-
lites. Total renal excretion is the result of three main processes: glomerular
filtration, active tubular secretion, and tubular reabsorption. Although less
relevant, two other mechanisms are involved in the renal elimination of drugs:
those mediated by the CYP system and those mediated by specific proteins
that function as efflux pumps (P-glycoprotein). Table 26.3 shows the renal
mechanisms and the processes involved in drug elimination.

In view of the elevated number of drugs using the renal system as their
major route of elimination, the physiological changes that lead to a decline in
renal clearance with age make it necessary to consider the changes in renal
function in geriatric patients in order to establish efficient and safe doses in
this population group.

The modifications in the renal system as a result of aging differ from those
triggered by chronic or acute renal failure. In both cases, the final functional
consequence is a decrease in the glomerular filtration rate (GFR) and/or a
decrease in active transport processes in the tubules. Pharmacokinetically, both
situations produce a reduction in renal clearance and a greater accumulation
of drugs in the organism. Nevertheless, we should take care in choosing the
methods used for the assessment of renal function and their application for

Table 26.3 Renal Processes and Corresponding Mechanisms Involved in Drug Elimination.

Glomerular
Filtration

Tubular
Secretion

Tubular
Reabsorption

Metabolism Protein-Mediated
Transport

Dependent
upon renal flow
and the free
drug fraction

Active transport
mediated by
anion/cation
transporters

Active transport
mediated by
anion/cation
transporters or
passive diffusion
influenced by pH
and urinary flow

Mediated by
the CYP 450
system

Active process
mediated by
P-glycoprotein
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dosage adjustment, bearing in mind the particularities of this situation. Thus,
to assess renal function, it is crucial to apply methods that will allow a correct
estimation of that function.

The National Kidney Foundation Guidelines [26] recommend the use of
equations that incorporate serum creatinine concentration (Scr) and anthropo-
metric variables (age, gender, ethnicity, body mass) to assess renal function.
Chapter 5, which deals with this topic, offers a revision of available formulas,
makes recommendations, and cites limitations for their application in clinical
practice.

These equations, like other models based on the use of Scr, do not apply
in some circumstances, and we have serious doubts about the use of Scr to
estimate the glomerular filtration rate in geriatric patients. One study in which
GFR was estimated from the clearance of iothalamate in patients aged between
65 and 85 indicated that no method based on the use of Scr provides totally
reliable results in this population group [27]. The Cockcroft–Gault (CG)
formula [28] was derived from a retrospective study of men with a variety of
disease states; in particular, some individuals between 60 and 79 years had
significant renal pathology. This fact could account for the underestimation
of the GFR when that formula is applied to geriatric patients without renal
co-morbidity.

Currently, we recommend prospective studies that exclude individuals with
co-morbidities when attempting to assess the changes in renal function due
to age, because in more recent generations aging has become “healthier”;
therefore, the decline in renal function may be less than that generally
accepted, and some healthy elderly persons may have no relevant changes in
renal function. Accordingly, the CG formula would reflect more the incidence
of renal failure in patients of advanced age rather than changes due to aging
itself, and hence its generalized use in elderly patients would not be appro-
priate. Cystatin C may be another potential biomarker of renal function [29].
However, in the elderly, levels of cystatin C are significantly lower than in
younger subjects (0.84 mg/L vs. 0.69 mg/L) [30], and therefore its use cannot
be recommended in this population.

Increasing evidence suggests that, in certain clinical situations, creatinine
clearance (Ccr) estimated by the above methods (see Chapter 5) may correlate
poorly with renal drug clearance, suggesting that the different mechanisms of
renal excretion do not decline in parallel. Indeed, the renal removal of drugs is
modified in a variety of ways, depending on the disease process that triggers
the renal deterioration. Thus, as Tett proposed [31], we should reappraise
the methods used to determine renal function and use new strategies that
will allow us to assess the changes in each of the processes that individually
contributes to renal excretion. Some drugs widely used in geriatric medicine
depend on routes other than glomerular filtration for their renal elimination;
in particular, active excretion [32] or metabolism [33]. In these cases, the
methods of dose adjustment based only on the GFR are not appropriate.

In addition, in patients with decreased renal function, such as the elderly,
we should not overlook changes in the renal excretion of metabolites that
have pharmacological or toxicological activity. Representative examples are
the active metabolites of meperidine and midazolam; in elderly patients,
the former—normeperidine—can decrease the seizure threshold, while the
accumulation of the latter—alpha-hydroxymidazolam—produces excessive
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sedation. Even more alarming is the accumulation of the active metabolite
of morphine (morphine-6-glucuronide); this moiety is more potent than the
parent drug, and in renal-impaired patients its half-life may be increased up
to 50 hours, as compared to 3–5 hours without such impairment. Severe
toxicological effects have observed [34,35] in patients over 65 who received
50 mg of morphine and who had co-morbidities (diabetes, angina, etc.) that
produced a greater degree of renal dysfunction. These adverse effects were
due to elevated levels of morphine-6-glucuronide. The anticancer agents that
undergo a strong renal elimination are of special interest in the individualized
selection of dosage regimens in elderly patients. In a retrospective study,
Gelman and Taylor [36] emphasized the importance of considering a decrease
in the GFR of elderly individuals treated with anticancer agents; they reported
that, in women older than 65, the toxicity of cyclophosphamide, methotrexate,
and fluoroacyl is reduced with no loss of efficacy when the dose is adjusted
according to this renal excretion.

Dosage Regimens and Dose Adjustment

Many texts, manuals, and generalized empirical guides offer advice
concerning drug dosage in moderate or severe renal impairment in elderly
patients [37]. For example, McCormack et al. [38] make the following recom-
mendations: Adjust the dosage as long as more than 75% of the drug and/or
its active (or toxic) metabolites are eliminated in the urine and Ccr < 60
mL/min/72 kg; when the fraction excreted in urine (f e) is in the 50–74%
range, adjustment would only be necessary when the patient has a Ccr ≤ 45
mL/min/72 kg.

Such recommendations are useful when one does not need a precise
adjustment of the dose. However, empirical modifications of this type may
not be appropriate if the drug has a narrow therapeutic range and the clinical
situation demands maximum optimization of the response. In these cases, one
must rely on dosage individualization based on the particular characteristics
of the patient.

In geriatric patients who do not have associated co-morbidities, the loading
dose does not require significant change from that used in other populations.
Digoxin, however, is a particular case and, as noted above, reduction of the
initial dose is recommended. There are two alternatives for the adjustment of
the maintenance doses: [1] extending the dosing interval and/or [2] decreasing
the maintenance dose. The first strategy is preferable if one wants to maintain
the Cmax/Cmin ratio of an adult patient. If the aim is to maintain the mean
concentrations in a balanced way, the second choice should be employed.

For drugs whose fe ≥ 0.9, the dosage can be adjusted as follows [33]:

1. Extending the dosage interval: dosage interval in the elderly = (standard
Ccr/patient Ccr) × standard interval. With this strategy, one gets significant
fluctuations in serum levels; this circumstance sometimes is associated with
a decrease in toxic effects but also with a reduction in efficacy because of
the possibility of subtherapeutic levels for a fraction of dosage interval.

2. Reducing the dose: dose in the elderly = (patient Ccr/standard Ccr) ×
standard dose. This method leads to fewer fluctuations in blood drug levels.
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The decision to apply one strategy or the other depends on the clinical
implications associated with each; sometimes it becomes necessary to combine
both to minimize toxicity and maximize efficacy.

If fe ≤ 0.9, the following is proposed [37]: dose in the elderly = [(1 - fe)] +
[fe × (patient Ccr/standard Ccr)] × standard dose.

A high proportion of hospitalized geriatric patients receive doses higher
than those recommended for drugs excreted mainly through the kidney; for
example, allopurinol and metformin because of their propensity to cause
adverse effects. With the former, one of the active metabolites, oxypurinol,
produces adverse effects and, in renal impairment, accumulates due to an
increase in its half-life from 24 to 125 hours. One should avoid drugs with
an elevated fe and a narrow therapeutic margin in this type of patient. If there
is no other therapeutic alternative, one should monitor serum drug levels to
achieve dosage individualization.

The above strategies for dosage adjustment assume that the reduction in
the renal clearance of the drug is proportional to the reduction in GFR or Ccr

in the patient; in turn, this assumes (1) that there are no changes in other renal
processes of elimination and (2) the maintenance of the remaining pharma-
cokinetic parameters (F, Vd, nonrenal clearance). Although these conditions
may not be obtained in many clinical situations, they are likely in geriatric
patients who do not have associated morbidities because age itself involves a
progressive decrease in renal function, while the remaining kinetic processes
are less affected. For drugs subject to active transport processes in the
kidney, such proposed dosage strategies would be acceptable as long as this
mechanism makes only a minor contribution to elimination.
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27
Quality of Life in Elderly Patients

with Renal Failure
Francisco Ortega and Pablo Rebollo

The Concept of Health-Related Quality of Life

The evaluation of quality of life has aroused great interest among doctors
working in various clinical fields in the last 20 years. According to Testa
[1], the number of scientific articles appearing on Medline in response to
the keywords “quality of life” has shown a significant increase, starting with
5 articles in 1973 and reaching 1,252 articles in 1993. Far from being a
passing fashion, however, evaluation of health-related quality of life (HRQoL)
has continued to interest doctors, especially those dealing directly with the
chronically ill, within the framework of a movement in medicine that attempts
to return the prominence of the patient in the course of his illness. Thus, in
the PUB MED database, on April 1, 2006, the same keywords “quality of
life” gave 78,125 articles, 8,077 of which had been published in the previous
year.

What Is “Quality of Life”?

But what exactly do we mean by “quality of life” (QoL)? The World Health
Organization (WHO) defines quality of life as “the personal perception of
an individual of his situation in life, within the cultural context and values
in which he lives, and in relation to his objectives, expectations, values and
interests” [2]. Physical health, psychological state, degree of independence,
social relationships, relationship with the environment, and religious beliefs
are dimensions included in this broad concept of quality of life. The WHO
also affirms that quality of life is not the same as “state of health,” “lifestyle,”
“satisfaction with life,” “mental state,” or “well-being,” but is rather a multi-
dimensional concept that incorporates the individual’s perception of these
and other aspects of life. When this multidimensionality is considered from
the health point of view, two factors can be identified: one related directly
to health, which constitutes what is referred to as the health-related quality
of life (HRQoL), and the other not directly related to this, which is the
nonmedical factor, comprising family, friends, religious beliefs, work, income,
and other circumstances of life. These factors, medical and nonmedical, are
related among themselves, as the illness, in addition to affecting the physical
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domain, also has repercussions on the psychological state of the individual,
her degree of independence, and her social relationships [3]. Nonmedical
factors may also affect health, but these are outside the objectives of health
care or medicine [4].

Why Should We Measure HRQoL?

The reasons why it is considered necessary to evaluate the HRQoL may be
summarized as [1] the determination of the efficacy of a medical intervention,
[2] improvement in clinical decision making, [3] evaluation of the quality of
care, [4] estimation of the patient’s needs, and [5] understanding of the causes
and consequences of differences in health [5].

The main purpose of clinicians is to restore the health of their patients.
Unfortunately, however, many conditions are incurable and chronic, and in
them the conservation or restoration of quality of life represents an important
therapeutic objective. Bearing in mind the progressive increase in the number
of chronic illnesses in the developed world, the need to measure health status
in those illnesses that affect the quality of life of the patients will be readily
appreciated [6], especially when the illness or its therapy has dramatic effects
on the patient’s HRQoL [7].

The use of HRQoL measurements and the resulting data offer a means
of monitoring the illness and the benefits of treatment in terms that are
important for the patient, that is, in terms of quality of life [8]. Clinicians
need information about the effects of an illness on their patients, as well
as on the effects of a treatment, in order to be able to recommend it and
evaluate their patient’s progress [6]. Great interest exists at present in the
use of HRQoL evaluation tools in clinical trials of new drugs in order to
demonstrate improvement in terms of health as perceived by the patient. This
interest in evaluating health in clinical trials has become compulsory in the
United States and is required by the U.S. Food and Drug Administration
(FDA). The European Organisation for Research and Treatment of Cancer
(EORTC) also requires all proposals for new studies to include evaluation of
the quality of life and of the cost-effectiveness.

A further point of the great interest in HRQoL measurement is its appli-
cation in health economics, particularly in evaluating the results of healthcare
interventions, establishing priorities, and examining and auditing health
services and research programs [9–11]. The aim of this chapter is to provide
more precise evaluations of the health of individuals or populations and of the
benefits and harm that may result from provision of various health treatments.

HRQoL Evaluation Tools

Many clinicians, especially those caring for chronic patients, are interested
in carrying out an evaluation of the HRQoL of the patients under their care.
The first challenge they face, after an initial approach to the concept and
the particular methodology these evaluations require, is the choice of an
HRQoL evaluation tool that is appropriate for their purpose. Review of the
bibliography concerning HRQoL evaluation in the specific field of medicine
to be addressed will show that there are numerous general and/or specific
questionnaires in use. Some of these questionnaires may be translated into
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the language in question, and others not. It may be that none of them fits
in with the aims of the evaluation proposed. Therefore, the clinician is faced
with three possibilities for continuing his work: [1] to create a new HRQoL
evaluation tool that will serve his specific goals; [2] to translate and adapt a
tool that already exists in another language; or [3] to choose one of the various
HRQoL evaluation tools already translated and adapted for his country by
other authors.

If a tool that suits the investigator’s purposes exists but is in another
language, she should make a “transcultural adaptation.” The simplest and
most frequent case, however, is that there already exists a tool, adapted and
validated, in that language that meets her requirements. From among these
one should reject those that have poor psychometric properties and select from
the remainder the one that best fits in with our objective. The psychometric
properties to be evaluated in the HRQoL evaluation questionnaire are the same
general properties that any measurement tool should possess: appropriateness,
validity, reliability, and sensitivity to changes (Table 27.1). The “appropri-
ateness” deals with ascertaining the degree to which the content of a specific
measurement corresponds to the requirements of the investigator wishing to
use it. It is also known as “content validity” and is evaluated by panels of
experts and non-experts (patients). “Validity” is defined as the degree to
which a measurement tool provides information about the phenomenon it is
intended to measure and not of other phenomena. It is not easy to evaluate
the validity of health measurements, as the phenomenon is a complex one and
therefore permits different approaches. Criterion validity is the relationship
it maintains with another measurement considered as a model or criterion,
and it may be carried out using the two tools at the same time (convergent
validity) or subsequent to the use of the tool that it is intended to examine
(predictive validity). The “concept validity” represents the degree to which
a particular measurement is related to others in a manner consistent with
the theoretical hypotheses that define the phenomenon, concept, or construct
that it is desired to measure. Often the analysis of the “concept validity” is
the strategy used to evaluate the validity of HRQoL measurement question-
naires. It is established through correlation analysis. The study of “reliability”
is intended to quantify the random error intrinsic to the measurement. It is
the degree to which the measurement tool is free of random error. With
regard to this psychometric property, a variety of approaches are possible.
Cronbach’s Alpha coefficient provides an estimate of reliability based on all
the possible correlations between two series of items within a test. This coeffi-
cient evaluates the “internal consistency.” Another approach is the study of
the reproducibility of the questionnaire, through test-retest or inter-observers’
correlation coefficients. Finally, “sensitivity to change” is simply defined

Table 27.1 Psychometric Properties of HRQoL Measurement Tools.

Property Evaluation

Appropriateness Panels of experts and non-experts
Validity of Criterion Sensitivity, specificity, and predictive
Validity of Concept power: correlation analysis
Reliabilty Cronbach’s alpha/test-retest reproducibility
Sensitivity to change Comparison of scores before and after an intervention
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as the capacity of a tool to detect changes. It is established by comparing
the scores on the questionnaire before and after an intervention, measuring
also the comparison of the changes in the scores on these scales with the
changes in other, related measurements that are assumed to move in the same
direction, and by the so-called effect of size, an estimate of the magnitude
of change in the state of health. It is also often described as the minimum
change considered significant by people with that health condition, people
close to them, or that is important for them or their careers.

There are two types of quality-of-life measurements, generic and specific,
and they have different advantages and disadvantages. The generic tools
may be used in a large variety of populations; they evaluate dimensions
relevant to a wide range of subjects and permit comparisons between different
populations but are not sensitive to changes in health. The specific tools,
on the other hand, are designed for a particular population and, therefore,
incorporate dimensions more relevant to this population and are more sensitive
to changes in state of health. However, they do not allow comparisons to be
established between different populations.

Most of the generic tools were designed to evaluate the principal areas of
quality of life. Tools of this type are highly valued in recent years because they
do not suffer from clinical “contamination” and allow comparative analyses
with other healthy populations (communities) and/or diverse pathologies
with chronic evolution, for example, among populations of patients on renal
function substitution therapy, whether dialysed or transplanted. Those most
widely used are the following:

1. “Sickness Impact Profile” (SIP), developed by Bergner et al. [12, 13]
2. “Nottingham Health Profile,” developed by Hunt et al. [14]
3. “EuroQoL” [15]
4. “Dartmouth COOP Functional Health Assessment Charts/Wonca” [16]
5. “SF-36 Health Survey,” developed by Ware and Sherbourne [17].

Moreover, several specific HRQoL measurement questionnaires have been
developed specifically for dialysis and renal transplant patients. Although
one of the objectives for which specific tools in general are designed is
to enable investigators to carry out individualized follow-up, the specific
dialysis or renal transplant questionnaires do not allow such a follow-up
when patients, as often happens in practice, change renal replacement therapy.
Thus, if a transplant patient loses renal function and returns to dialysis, he
cannot continue to be evaluated using the same questionnaire. However, in
the case of transplanted patients, these questionnaires provide very detailed
information regarding the side effects of immunosuppressive medication on
their HRQoL and are, therefore, very useful, especially in the field of clinical
trials. The three questionnaires of this kind developed to date and that meet
minimum standards of quality are the “Kidney Transplant Questionnaire” of
Laupacis et al. [18], the “End-Stage Renal Disease Symptom Checklist—
Transplantation Module” of Franke et al. [19], and the “Life Satisfaction
Index” of Hricik et al. [20]. In the case of dialysis patients, the recommended
questionnaires are the Kidney Disease Questionnaire (KDQ) of Laupacis et al.
[21] and the Kidney Disease Quality of Life Instrument (KDQoL) of Hays
et al. [22].
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HRQoL in Elderly Patients with End-Stage Renal Disease

HRQoL and Adaptation to Illness in the Elderly

When reviewing the scientific literature, one will find two groups of authors
coming to different conclusions: One group finds that age worsens HRQoL,
while the other finds the opposite. Several years ago, explanations for such
a difference were ascribed to inappropriately low hemoglobin levels before
the generalized use of erythropoietin, or to dialysis with acetate bath, or to
inappropriate and nonstandardized methodology to evaluate HRQoL. But in
recent times, explanations are not as evident as in the past. In a paper published
in the BMJ, Carr et al. [23] related three problems with measuring HRQoL:
(1) People have different expectations about their health, their illnesses, etc.;
(2) people may be at different points of their illness trajectory when their
HRQoL is measured; and (3) the reference value of their expectation may
change over time.

To understand the problem, we should go back to the basics. Thus, it is
a well-known fact that aging worsens HRQoL in the general population, but
while decline in physical functioning is evident, mental health scores show
little change. This pattern suggests that a process of psychological adjustment
occurs with advancing age. An example of this can be seen in Table 27.2,
where the normal scores of SF-36 Physical Functioning and Mental Health
domains are derived from random samples of a general population in the
United States [17], but also from samples of general populations of other
countries such as Spain [24]. As this table shows, the scores in the domain of
Physical Functioning decrease with age, but the scores in the Mental Health
domain remain stable.

We know that there is a process of psychological adaptation in aging
patients with chronic conditions, such as hip replacement, multiple sclerosis,
urinary incontinence, COPD, AIDS, fibromyalgia, arthritis, diabetes mellitus,
cancer, diseases of the skin, as well as end-stage renal disease on renal
replacement therapy (RRT) [25]. The adaptation to and acceptance of the
illness are factors that have a fundamental influence on the HRQoL of the
chronically ill.

In order to eliminate the influence of age on HRQoL studies, the test scores
are standardized, which means that they are compared with the results obtained
in the general population for the same age and gender. One of the tests with
which comparisons are possible is Ware’s “SF-36 health survey,” which has

Table 27.2 Scores in the Physical Function and Mental Health Dimensions
of the SF-36 Health Questionnaire in the General Population.

Age

Domain 35–44 45–54 55–64 65–74 75+

PF (Physical Function)
U.S. population 89�7 84�6 76�2 69�4 53�2
Spanish population 94�5 90�3 81�7 68�9 60�0
MH (Mental Health)
U.S. population 75�1 75�3 75�0 76�9 74�0
Spanish population 77�7 77�9 75�4 75�3 70�3
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been translated into many languages and adapted to multiple cultures and
with which normal values have been established in many countries.

To conclude, with aging there is a decline in physical functions but not in
mental ones, despite the presence of serious chronic illnesses. Compared to
younger individuals, elderly patients appear to adapt better psychologically at
least to RRT, as we will describe later.

HRQoL in Elderly Patients on Dialysis

The incidence of chronic renal failure rises dramatically with age [26], but
paradoxically, while older age is no longer considered a contraindication to
dialysis, there has been no corresponding increase in the number of renal
transplants performed in patients over the age of 65 [27], with the exception
of Norway [28]. The majority of elderly patients initiating RRT remain,
therefore, on chronic dialysis treatment until death. Few studies exist that
analyze their HRQoL. Our challenge is to provide this life-prolonging therapy
to all patients who need it in such a way that improves their quality of life at
a cost that society can afford.

Some time ago, Fletcher et al. [29] pointed out the existence of two popula-
tions of elderly patients on dialysis. One population encompasses those who
are well-adapted and satisfied with their way of life, with an unexpectedly
high degree of satisfaction in some cases. This is the product of greater social
relationships and better treatment and care as a result of their inclusion in
a dialysis program. The other population comprises those who, in contrast,
undergo a rapid physical and emotional deterioration, often asking for dialysis
withdrawal, who may have to abandon dialysis to hasten an early death.

For instance, Antoine et al. [30] studied a population of 35 hemodialysed
patients aged 75 years and older, who answered a comprehensive question-
naire including a set of items defining the determinants of their quality of life,
the prevalence of complaints among 35 predetermined symptoms, Folstein
Mini Mental State Examination performance, scores on Katz Activities of
Daily Living and Lawton (Instrumental Activities of Daily Living) indepen-
dence scales, SF-36 health survey, and a score regarding their quality of
life subjectively rated by the patients. The main results were that asthenia,
a major complaint, reflected well the reduced physical capabilities of the
patients (mean SF-36 physical score, measured with standard deviations with
respect to the mean of the general population: –1.1 SD), but despite the
high prevalence of incapacitating painful symptoms (42%) and psychological
symptoms (23%), autonomy remained satisfactory. The levels of perceptual
health and of quality of life remained satisfactory for the majority of patients
(mean mental SF-36 score: –0.06 SD, and 84% of the patients scored their
quality of life >5 out of 10). The authors concluded that these patients could
mobilize considerable resources; they added, “The psychological reserve or
resignation helps elderly people to tolerate dialysis and its constraints” [31].
However, they argued that maintaining functional autonomy while remaining
independent with regards to decision making (particularly in controlling ways
of receiving assistance) and preserving close relationships emerge as major
determinant factors of the quality of life of very elderly dialysed patients.

Ethical questions arise about the benefits of dialysis when a patient appears
unwilling or unable to comply with this treatment (see Chapter 28). Such
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attitudes and behavior may be due to psychological factors, but these are
not routinely assessed. Thus, in one study of older dialysis patients (>70
years) [32], 60% of the patients were depressed, according to psychological
assessment and the score of a depression scale (MADRS), and between
30–47% had significant cognitive impairment. Almost half of the depressed
patients were also cognitively impaired. The scores for HRQoL varied widely
within the sample. These authors concluded that cognitive impairment and
depressive mood are often overlooked and underestimated in this population.
Regular assessments of depressive mood, cognitive ability, and quality of life
are recommended, given the prevalence of problems in these domains for
older dialysis patients.

Another study [33] of 169 older patients with ESRD starting on dialysis
(mean age = 76.2) concluded that if the initiation of dialysis is planned in
advance in older ESRD patients, then dialysis has no greater effect on HRQoL
than other diseases. However, if dialysis is unplanned, it severely impairs
HRQoL. These results represent an argument for improving the predialysis
care of older renal failure patients by ensuring early referral and planning
dialysis [33]. In this respect, we found that lack of an arteriovenous fistula at
the start of chronic hemodialysis caused significant morbidity and mortality,
with a substantial increase in costs, especially among elderly patients [34].

In order to characterize the HRQoL of Scottish dialysis patients at least
80 years of age and to compare it with that of patients with other serious
illnesses (lung cancer and myocardial infarction), a retrospective study was
performed of all older patients starting dialysis in Dumfries and Galloway
between January 1, 1994, and December 31, 2003, and of all older patients
with chronic renal failure starting dialysis in Scotland between January 1994
and December 2001. Quality-of-life assessment indicated a similar social
functioning and mental health, but poorer physical health than their younger
dialysis counterparts. Dialysis can be an effective treatment modality for a
considerable proportion of octogenarians with end-stage renal failure [35],
and age alone should not be used as a barrier to referral considering the
benefits of dialysis in elderly people. Indicators of the ability to benefit from
treatment, rather than chronological age, should be used to develop policies
that ensure equal access to care for all [36].

Using the SF-36 Health Survey, scored and standardized for age and gender,
we studied patients 65 years and older and compared them with the scores of
those younger than 65; we found that the loss of HRQoL of patients on RRT
(dialysis and renal transplant) aged 65 and over was lower than in younger
patients [37].

HRQoL in Elderly Patients with a Renal Transplant

Survival of patients who receive a kidney transplant is higher compared to
those on a waiting list (for a kidney transplant) [38]. Interest is now centered
on long-term results and on HRQoL. Recently, the most important complica-
tions and side effects of drugs in renal transplant recipients have changed, as
can be seen in Table 27.3. Thus, appearance of acute rejection has fallen from
over 40% to 10–20% and has been accompanied by better long-term patient
and graft survival [39]. However, the 10% rate of adverse gastrointestinal
complications in 1996 has now risen to 40% or higher, and such complications
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Table 27.3 Changes in the Immunosuppressive therapy, in the Frequencies
of Acute Rejection, and Their Side Effects for Renal Transplant Patients in
the Last Decade.

Year 1996 2004

Frequency of acute rejection ≥40% 10–20%
Frequency of gastrointestinal disorders 10% �1� 40%�2�

(1) Our own cross sectional study sample of 210 kidney transplanted patients, 21 of them with
gastrointestinal disorders.
(2) European Cooperative Study sample (40): 40% with adverse gastrointestinal effects: 67% of
these slight, 22% moderate, and 11% serious.

are more serious [40]. Nowadays the problem with renal transplants is not so
much acute rejection but the long-term outcome; i.e., patient’s survival, graft
survival, and HRQoL. Prolongation of patients’ survival can be achieved by
the reduction of cardiovascular risk factors as well as by the reduction of the
incidence of infections; prolongation of graft survival can be achieved by the
reduction of chronic graft rejection; and HRQoL can be improved through,
among other actions, a reduction in the adverse effects of the many drugs
administered and to patients’ improved information prior to transplantation
regarding possible complications, thus avoiding exaggerated, or unrealistic,
expectations, which assists the patients when faced with such complications.

Many studies now have demonstrated the improvement in HRQoL after
transplantation [41–43], even among elderly patients [44, 45]. Today it is
generally accepted that the HRQoL of successfully transplanted patients is
superior to that of patients on hemodialysis or peritoneal dialysis. In 1997,
Dew et al. [43] analyzed 66 studies on the HRQoL of 6726 patients with renal
transplants. Most of the studies reported a statistically significant improvement
after transplantation with respect to the pretransplant physical, mental, and
social aspects of HRQoL. In over 70% of the studies, patients perceived the
mental aspects of their HRQoL as equal or superior to those of the healthy
population, and almost 100% of their overall HRQoL was considered equal
or superior.

Problems with the Available Data and their Interpretation

The majority of the studies and their findings should be approached with
caution, because only a small proportion of them corrected their findings for
various variables such as age, gender, co-morbidity, and negative selection
that usually characterize patients on dialysis and lead to poorer HRQoL among
them, compared to transplanted patients.

For this reason, as mentioned previously, HRQoL results should be
standardized (corrected) for age and gender, within the constraints that this
is only possible when the HRQoL questionnaire used has normal population
score (i.e., scores from the general population). With the application of this
standardization, however, it has been observed that transplanted patients still
had a better HRQoL than those on dialysis [44]. For instance, in 2002, after
comparing transplanted patients according to age, the “European best practice
guidelines for renal transplantation” [46] affirmed that since renal transplan-
tation may extend the duration and improve the quality of life in elderly
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patients with end-stage kidney disease, transplantation should be considered
for all patients, particularly if pretransplantation education programs are
implemented among those considered for transplantation.

However, there are authors who, not using standardized SF-36 Health
Survey scores, find that in renal transplant recipients, greater age is associated
with a greater deterioration in the physical component of the score [47].
Similarly, Baiardi et al. [48] concluded that age and diabetes were inversely
associated with the physical domains of HRQoL. Furthermore, a recent study
found that age before transplant had no effect on HRQoL, but after trans-
plantation patients 30 to 49 years old reported a better HRQoL than others
[49]. Another study that compared patients over 65 years of age with younger
ones found that the general benefit of transplantation is similar in both age
groups, but the benefit in mental health is greater in the older group [50].
They analyzed, with the SF-36 questionnaire, both medical and psychosocial
variables in a group of kidney transplant patients older than 65 years old
and compared them with a younger group. They found that total benefit was
similar in both groups, with general physical health being slightly greater than
that in the normal population for both groups and that the benefits in mental
health were more pronounced in the elderly group.

Other factors may also be involved. Thus, Siegel and his colleagues [51],
using the Life Satisfaction Index, a tool specifically developed for the “Trans-
plant Learning Center” program (the objective of which is to improve the
education of and support for solid organ repcipients who have received one
form or another of cyclosporin), found that among 3676 patients the mean
satisfaction scores of patients aged more than 64 years—along with those of
female, or those married, or with higher levels of education and income—
were better than those of patients under 64 years, males, or those unmarried,
or with lower levels of education and income. On the other hand, satisfaction
was lower among those who had greater medical co-morbidity, those who
reported more adverse effects due to the immunosuppressive medication, and
those who did not take the medication correctly. It was interesting to observe
how the patients’ perception of health problems differed from that of their
physician: The presence of hypertension and hypercholesterolemia did not
affect the patients much, in contrast to articular and ocular problems, diabetes,
and, especially, emotional and psychological problems, which occurred in
only 14% of the sample.

Possible Effects of Age per se

We have reported earlier, with another questionnaire (the SF-36 Health
Survey), similar findings of a lower loss of HRQoL in elderly transplanted
patients compared to younger ones. We carried out a cross-sectional study
[52], evaluating the HRQoL of 210 kidney transplant recipients u] sing two
generic tools: the Spanish version of the Sickness Impact Profile and the
SF-36 Health Survey. Factors independently associated with HRQoL were
gender, education level, time on dialysis, time with the transplant, hospital
admissions during the past year, co-morbidity, and functional state measured
on the Karnofsky scale. We also made other interesting observations: When
scores were standardized with respect to that of the general population, they
showed that loss of HRQoL was minimal (some scores were even superior)
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in transplanted patients over the age of 65 in comparison with those of the
same age in the general population. The loss of HRQoL experienced by
younger transplant patients was greater when compared with the HRQoL
of healthy younger people in the general population. This finding, which,
in essence, demonstrates an improved adaptation of the elderly patients to
transplantation, when compared with the younger ones, was confirmed in
another cross-sectional study designed specifically for this purpose [37]. In
effect, we found that when standardized scores were used (that is, comparing
patient scores with those of the age- and gender-matched persons), elderly
kidney transplant patients had a better HRQoL than younger ones, and even a
better HRQoL than that of the general age- and gender-matched population.
Recently, we have conducted a prospective study of patients followed up for
three years, with the aim of studying the variation in HRQoL according to
age, and we confirmed the previous finding, that is, elderly transplant patients
(compared to the general population of the same age and gender) had a better
HRQoL than that of younger ones [53].

Recently Rosenberger et al. [54] found that age is the greatest predictor
of the physical component (PCS) of SF-36, contributing 23.3% of this
physical component, but only 4.4% of the mental component (MCS). Between
age groups, differences were found in the HRQoL predictors, with serum
creatinine being the most important for patients under 45 years of age and the
number of hospital admissions being the most important for patients 45 years
and older. These authors concluded that it is important to evaluate HRQoL
by groups of age, since HRQoL predictors vary with age [54]. In the same
line of research, and evaluating the variables associated with different aspects
of HRQoL in patients receiving transplants from live as well as deceased
donors, another study found that concern for the viability and functioning
of the transplant predicted 15.1% of the variance in the Mental Component
Summary score (MCS) of the SF-36, while age, income, co-morbidities, and
time on dialysis explain 37.8% of the variance in the Physical Component
Summary score (PCS) of the SF-36 in patients receiving transplants from live
as well as cadaver donors. This study concluded that patients who receive
transplants from live or cadaver donors might present differences in emotional
response but not in HRQoL [55].

From all these studies, one can conclude that the physical component of the
SF-36 score diminishes with age, but that just as this occurs in the population
of renal patients, so it occurs in the general population, which means that a
score comparison that does not take this into account cannot conclude that
the benefit of transplant to HRQoL is lower in the elderly group compared
to young patients. Furthermore, study of the mental component of the SF-
36 shows an improved adaptation to the illness with age, which is perhaps
logical, given the fact that, in younger patients, illness has a greater impact
on HRQoL, in view of their higher expectations for their lives.

It has also been observed that certain renal transplant patients have
developed emotional problems, associated with poor compliance with
medication and negative impact on HRQoL. Using multivariate analysis,
Baines et al. [56] demonstrated that age, gender, employment status, length
on dialysis, etiology of the renal disease, and psychotherapy received before
transplantation did not affect the results [56]. Similarly, Griva et al. [57] did
not find an association between depression and age. Examining the prevalence
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of sleep disorders among kidney transplant patients and HRQoL, Eryilmaz
et al. [58] found that patients with most problems were the younger ones,
those with a lower educational level, and those who were more depressed.

Effects of Immunosuppressive Drugs

In the majority of patients, the adverse effects of immunosuppression appear
to have a negative impact on morbidity, mortality, and HRQoL. Changes
in physical appearance, mood, and vitality have a direct negative effect
on patients’ well-being. Rosenberg et al. [59] explored the side effects of
immunosuppressive drugs and sought to identify the patients most affected
and the factors involved. They found that age, social support, mode of dialysis
before transplant, time elapsed from transplant, and type of immunosup-
pression received did not affect the total score for stress induced by adverse
effects.

Regarding immunosuppression and HRQoL according to age, an epidemio-
logical study carried out in France attempted to estimate the HRQoL of renal
transplant patients of over 74 years [60]. Using Karnofsky’s scale, the study
showed that this was between 80 and 100 in 78.4% of the patients. Mean
age was 76 years with a mean post-transplantation time of 9.9 years. Renal
function was good and HRQoL appeared excellent. However, Moloney et al.
[61], evaluating the impact of skin disorders due to immunosuppression on
HRQoL, found that this was most diminished among younger patients.

Cost-Benefit Analysis

Few data in this area have a bearing on transplantation in older subjects. In a
decision analysis model to evaluate the costs and benefits of a kidney trans-
plant versus continued dialysis for elderly patients with ESRD, Jassal et al.
[62] used as reference a theoretical cohort of patients 65 years old, without
co-morbidities or transplant contraindications, and who had been waiting
for 2 years. Assuming 2 years on the waiting list, transplantation remained
economically attractive for patients of 70 years but was less economically
attractive for those aged 75 years. These authors concluded that transplan-
tation, if available within a reasonable period of time, offers considerable
clinical benefits for elderly patients at a reasonable economic cost. Prolonging
the time these patients spend on the waiting list drastically reduces the attrac-
tiveness of the clinical and economic benefits of the transplant, suggesting
that live, related transplantation may be a solution for this population.

In conclusion, in the majority of elderly patients on whom a kidney trans-
plant can be performed, there is an improvement in the HRQoL.

Conclusions

Many conditions, especially in old people, are incurable and chronic and
in which the conservation or restoration of quality of life represents an
important therapeutic objective. The evaluation of health-related quality of life
(HRQoL) has continued to interest doctors, especially those dealing directly
with the chronically ill, within the framework of a movement in medicine
that attempts to return the prominence of the patient in the course of his
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illness. Aging worsens HRQoL in the general population, but while decline
in physical functioning is evident, mental health scores show little change.
This pattern suggests that a process of psychological adjustment occurs with
advancing age.

Dialysis Patients

Two populations of elderly patients on dialysis exist: those who are well-
adapted and satisfied with their way of life, with an unexpectedly high degree
of satisfaction in some cases, and, in contrast, those who undergo a rapid
physical and emotional deterioration, often asking for dialysis withdrawal,
and who may have to abandon dialysis to hasten an early death.

Cognitive impairment and depressive mood are often overlooked and
underestimated in this population. Regular assessments of depressive mood,
cognitive ability, and quality of life are recommended. Unplanned dialysis
severely impairs HRQoL, especially in old people.

Transplanted Patients

The incidence of chronic renal failure rises dramatically with age, but paradox-
ically, while older age is no longer considered a contraindication to dialysis,
there has been no corresponding increase in the number of renal transplants
performed in patients over the age of 65.

It is generally accepted that the HRQoL of successfully transplanted patients
is superior to that of patients on either hemodialysis or peritoneal dialysis.
The loss of HRQoL of patients on RRT (dialysis and renal transplant) aged
65 and over seems to be lower than in younger patients.

The physical component of HRQoL diminishes with age, but just as
this occurs in the population of renal patients, so it occurs in the general
population, which means that a score comparison that does not take this into
account cannot conclude that the benefit of transplant to HRQoL is lower in
the elderly group compared to younger patients. Furthermore, study of the
mental component of HRQoL shows an improved adaptation to the illness
with age.
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Ethical Dilemmas in Geriatric

Uremia Therapy
Eli A. Friedman and Amy L. Friedman

Introduction

The objectives of this chapter are to introduce and explore representative
ethical problems generated by modern renal replacement therapy:

1. Review the historical origin of medical ethics with specific reference to
nephrology.

2. Recognize the complex stresses surrounding assignment of a deceased
donor renal transplant to a geriatric patient while young patients continue
to wait for a donor kidney.

3. Appreciate the concept of futility and support for a geriatric patient’s opting
for death rather than further uremia therapy as the best in choice in coping
with renal failure.

Birth of Nephrology and Recognition of Need
for an Ethics Base in Medicine

At an organizational meeting of what was to become the International
Congress (Society) of Nephrology in 1960, held at Eaux d’Evian, a resort
on Lake Geneva, the Congress convened 20 invited clinicians and scientists
who presented papers on renal tubular micropuncture, urine acidification,
natuiretic factors, the mesangial cell discovered with the electron microscope,
an inventory of glomerular lesions, Balkan nephritis, and initial outcome
reports of chronic dialysis and kidney transplantation. Attendees concluded
that there was need for a new specialty to be called nephrology. At that time,
however, no recognition of the impact of ethics on the choices confronting
kidney doctors was evident in any aspect of the program.

The United States lagged behind Europe in agreeing to establish the disci-
pline of nephrology. Thus, 1966’s Third International Congress of Nephrology
meeting in Washington, DC, had to be sponsored by the Renal Section of
the American Heart Association. Not until 1967 did the American Society of
Nephrology conduct its initial meeting in Los Angeles. But, those involved in
the practice of nephrology found themselves increasingly involved in devising
means of treating a growing population of uremic patients seeking treatment. Of
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the body’s vital organ systems, only renal function can be replaced over the long
term by either a bionic device or a solid organ transplant. Morning report on our
newly established academic nephrology service in 1963 became a debate over
the ethical correlates of making life-and-death decisions as to which patients
would receive kidney transplantation, maintenance hemodialysis, or peritoneal
dialysis. Although an ethical code binding physician conduct did not begin with
Kolff’s invention of a practical artificial kidney, the burden of fair allocation
of life-saving treatment with this new device forced adoption of a transparent
standard for nephrologists’ life-or-death decisions [1]. This chapter reviews the
genesis of nephrology’s core beliefs and lists many recurrent problems that try
the souls of both neophyte and experienced kidney doctors. Special emphasis
on ethical questions generated by geriatric patients with kidney disease is the
consequence of two realities: (1) While there were 33 million Americans aged
65 years or older in 2003, by the year 2030 this number is expected to increase
to 70 million [2]. (2) More than 1 million Americans over the age of 65 years
currently have advanced kidney disease, and provision for their expensive care
has been incomplete and without an overall plan. Elderly patients often suffer
extrarenal co-morbidity, forcing the question of whether or not to commence
costly regimens such as maintenance dialysis or renal transplantation [3].

Medical Ethics Originates in China

Initial historical reference to any need for medical ethics probably occurred in
China during the Zhou Dynasty when fees paid to physicians were contingent
upon the degree of patient benefit attained [4]. Concepts that how doctors
should treat patients was modulated by patient attitudes were proposed in
seven Chinese schools of medicine between 770 and 221 B.C.E. Bian Que
[5], a popular doctor of the era, proposed that medicine should withheld from
individuals who

1. Expressed unreasonable arrogance and indulgence
2. Appreciated wealth more than life
3. Were unable to keep body and soul together
4. Suffered from an interlocking Yin and Yang
5. Were too weak to take prescribed medicines
6. Favored sorcery over medicine.

Early Indian culture also contributed extensively to the development of
medical ethics. Among ancient surviving documents are the Caraka Samhita
(approximately 500 B.C.E.) and Susruta Samhita (approximately 300 A.D.).
Both allude to earlier works dating to 2000 B.C.E. and the foundation of a
system of natural healing. Ayurveda Caraka Samhita expounded:

He who practices medicine out of compassion for all creatures rather than for gain
or for gratification of the senses surpasses all. No benefactor, moral or material,
compares to the physician who by severing the noose of death in the form of fierce
diseases, brings back to life those being dragged towards death’s abode, because there
is no other gift greater than the gift of life. He who practices medicine while holding
compassion for all creatures as the highest religion is a man who has fulfilled his
mission. He obtains supreme happiness. [6]

Constraints on physician behavior probably were initially recorded by
Hippocrates, a Greek physician of about 400 B.C.E. [7]. His credo for
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neophyte physicians, repeated to this day as many medical students graduate,
as “The Hippocratic Oath,” proclaims: “I will follow that system of regimes
which, according to my ability and judgment, consider for the benefit of
my patients, and abstain from whatever is deleterious and mischievous.”
Conflicting interpretations of this oath are evident as physicians defend their
decisions on treatment, exclaiming: “I have an ethical obligation never to
cause the death of a patient,” antiposed by the rejoinder that: “My ethical
obligation is to relieve pain even if the patient dies.”

Appreciating that physicians’ behavior under the stresses and temptations
of practice was imprecisely defined by the Oath Hippocrates [8], its structured
“rules” required physicians to

1. Honor their medical instructors and their offspring.
2. Teach medicine only to those bound by the Oath.
3. Practice medicine for the benefit of patients. Do no harm.
4. Prescribe neither deadly medicine nor substance to produce abortion.
5. Abstain from mischief and corruption.
6. Maintain doctor-patient confidentiality.

In China, starting with the Han Dynasty (206 B.C.E.–24 A.D.), Confucianism
emphasized patient care and benevolence (loving people), believing that the
purpose of medicine was to save lives, an ultimate expression of love [9].
Zhong Zhang Jin (author of Shang Han Lun, the earliest systematic herbal
text) stipulated that Confucians could love people provided that they grasped
medical theories attentively [10]. Diagnoses must be rigorous and painstaking
to avoid doing harm. Benevolence demanded a duty to respect patients as
an ultimate expression of humanity. Demanding money or sex for care was
proscribed. Furthermore, no patient’s treatment was to be influenced on
the basis of status, wealth, appearance, age, race, or mental ability. Ampli-
fying Confucianism, Tianchen Li, a Ming Dynasty (1368 A.D.–1644 A.D.)
physician, suggested. “We should treat patients as our mothers” [11].

Confucius believed everyone had a conscience, an inborn sense of right
and wrong, that in physicians leads to the doctor’s four senses:

1. Pity: Compassion and love for the patient.
2. Shame: The doctor would feel shame if he ever

a. put his interests ahead of his patient
b. diagnosed without all four physical examination methods
c. abused medicines or
d. deceived a patient.

3. Respect.
4. Right and wrong: Do not damage the patient’s interests. Confucian physi-

cians practiced self-cultivation through self-examination, self-criticism, and
self-restriction. Confucius proposed that instead of trying to set up a
universal code of behavioral guidelines, each person should subject himself
to self-examination [12].

The Concept of Benevolence

From Hippocrates on, all guides to the ethical practice of medicine included
a veneration of human life, today termed “benevolence.” Mencius observed,
“In medicine, benevolence means causing no harm to patients” [13]. We
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can trace modern concerns about the ethical treatment of “patients” to
the Nuremberg Military Tribunal, which followed the sadistic unscientific
“research” performed under Nazi Germany during World War II. The tribunal
findings were codified as the Nuremberg Code in 1947 [14]. Subsequent inter-
national efforts to define ethical conduct in medical investigation and practice
at a conference in Geneva (1948) [15], followed by the initial Declaration of
Helsinki (1964) of the World Medical Association, were subsequently revised
and updated several times [16].

Medical Ethics in Research: The Belmont Report

Perhaps the single most important resource governing both the practice
of medicine and the conduct of research involving human subjects is The
Belmont Report (1979) [17, 18], which established

1. Boundaries between practice and research
2. Basic ethical principles

a. Respect for persons
b. Beneficence
c. Justice

3. Applications
a. Informed consent
b. Assessment of risk and benefits
c. Selection of subjects

Scribner’s Seattle Success Introduces Rationing
and Ethical Change

Medical discovery and research may instantaneously change “proper” medical
practice. To illustrate, consider the impact of Scribner’s 1960 report that
convincingly documented the reality that irreversible renal failure, a prevalent
cause of death, was a treatable disorder. Life magazine and other national news
sources enthusiastically reported the success of “chronic dialysis.” Lacking
equipment, trained staff, and any funding, the renal community suddenly
confronted a population seeking treatment for family members in the throes
of uremia. A year of twice-weekly maintenance hemodialysis, as originally
designed by Scribner’s Seattle team, required more than $10,000 not including
doctors’ fees (about $250,000 in 2006 dollars). Obviously, demand dwarfed
the capacity of Scribner’s small hospital acute dialysis unit.

Forced by inadequate resources to turn away a growing number of patients,
the Seattle team established an anonymous panel of volunteer community
members acting as a “Who Shall Live Committee.” Struggling with the
enervating chore of screening applicants to select those most “deserving” of
life-sustaining treatment, the Committee set criteria including an age range
of 18 to 45 years [19]. When a 16-year-old high school student whose renal
failure was caused by lupus nephritis rejected her exclusion (meaning certain
death), a small and portable dialysis system termed the “minimonster” was
designed by Dr. Albert “Les” Babb, the Seattle team’s chief engineer within 4
months, permitting the first “home dialysis” in July 1964. His accomplishment
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was listed as one of the “Ten Wonders of Biomedical Engineering” by the
Biomedical Engineering Society in 1990. Dr. Babb subsequently was elected
to the National Academy of Engineering, the National Academy of Sciences,
and the Institute of Medicine. A decision in medical ethics became a defining
moment in nephrology.

Questions generated by the need for fair allotment of insufficient life-saving
resources forced nephrologists, hospital administrators, academic deans, and
legislators to deal with a new kind of triage. Coping with dialysis rationing
(and other high-cost regimens) ultimately sparked a change in thinking about
accessibility of health care in the United States [20] that demarked the
beginning of modern bioethics [21]. As aptly stated by Alber Jonsen, professor
of biomedical history and ethics at the University of Washington, it was the
“Committee” that forced open “a new era for the ethics of medicine,” as the
healthcare profession faced “an issue that the traditional ethics of medicine
had not previously faced and for which it had no ready response” [22].

In a remarkable saga that included live performance of hemodialysis as a
demonstration for the House of Representatives Ways and Means Committee,
dialysis treatment for renal failure became a national legislative priority [23].
To its great credit, the U.S. Congress, in 1972, amended the Social Security
Act disability requirement to permit reimbursement for long-term dialysis
[24]. A further amendment in 1978 and related state legislation increased
Medicare deductibles as well as co-payments to allow for home hemodialysis
supplies. By these actions, Americans affirmed the principle that healthcare
services should not be an exclusive right of the rich and privileged, of the
white-collar worker, the breadwinner, or any other selected “profile” [25].
Reflecting on the national impact of his introduction of dialysis, Scribner
remarked: “When the U.S. Congress enacted legislation in 1972 which made
all patients with end-stage kidney disease eligible for Medicare, they set
a precedent that led to Medicare funding of many of the very expensive
technology-based treatments such as coronary bypass open heart surgery,
and bone marrow transplantation.” The ethical basis for universal dialysis in
kidney failure became the foundation for “fair” organ allocation in kidney
transplantation [26] and other forms of modern high-technology medicine.
But does access to the donor kidney pool apply if the patient is very old, a
non-citizen, or HIV-positive?

Ethical Concerns over Patient Adherence

A vexing recurrent problem in provision of ESRD services focuses on the
extent of obligation to continue care (dialysis) to a nonadherent, hostile, and
even combative patient [27]. Rarely, but importantly, a confrontational patient
may threaten the viability of an ESRD program, demanding resolution by
resort to the courts. A landmark case unfolded in Jackson, Mississippi, when,
on December 21, 1987, in Civil Action No. 086–079 (B), in U.S. District
Court, Southern District of Mississippi, Judge William H. Barbour ruled that
Dr. John Bower, Director of Nephrology at the University Medical Center,
had to continue dialysis of Michael Brown, who had a 10-year record of
misconduct and staff abuse. Brown overtly injected narcotic drugs, missed
dialysis treatments, and proffered verbal abuse to Dialysis Unit staff. A short
time later, Brown died in a motor vehicle accident after a police chase at
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100 miles per hour. Further details as to why Bower was unable to transfer
Brown and the subsequent stress involved in retaining the patient are depicted
in Bower’s “Rest of the Story” [28] recounting of a senior nephrologist’s
unsuccessful dealing with a Court unable to help a renal program’s plea for
relief from a vindictive and hurtful patient.

There is no clear evidence that geriatric ESRD patients are more likely
to be nonadherent to their regimen than are adults of younger age. The
opposite may be true though no report lists rates of nonadherence by age
cohorts. Although elderly ESRD patients gain added lifetime on dialysis that
is satisfying and, as a group, show better psychosocial adjustment to dialysis
than do younger patients, limitations in physical functioning characteristic of
chronic dialysis patients such as arthritis and peripheral motor neuropathy
increase with patient age [29].

Factors purportedly associated with poor adherence by geriatric ESRD
patients include confusing “too” frequent drug dosing, inadequate patient’s
perception of treatment benefits, poor patient-physician communication, lack
of motivation, poor socioeconomic background, and lack of family and social
support [30]. Strategies advocated to improve regimen compliance lack scien-
tific validation in dialysis and transplant patients, including simplifying the
treatment regimen, establishing a partnership with the patient, and increasing
awareness through education and feedback.

Recurrent Ethical Issues in Provision of Uremia Therapy

Table 28.1 lists recurrent ethical issues arising in the daily practice of
proffering care for geriatric uremic patients. While each has been the subject
of protracted discourse explored in depth in a Case Manual [31], two issues,
the marketing of live donor kidneys and following a patient’s wish to terminate
dialysis, will be explored in depth as illustrative examples of the complexity
of conjoined legal-ethical stresses to demonstrate the extent of controversy
and the absence of a single truth. As will be evident upon conclusion of
the essay, application of medical ethics is far removed from evidence-based
science. Reaching and acting upon an “answer” may engender annoyance at
best and outrage at worst. Nevertheless, there may be no escape from the
reality that an ethical dilemma is presented by an active patient management
problem demanding resolution beyond its passive recognition.

Illustrative Case 1: A Kidney Transplant for a Recipient of Advanced
Age?

An 83-year-old married accountant, sustained by maintenance hemodialysis
for 6 years, is a six-antigen “perfect match” for a deceased donor kidney
shipped from Memphis, Tennessee, to Brooklyn at 2:00 on a Sunday morning.
Still active as a fiscal consultant, and with no known extrarenal complications
of his polycystic kidney disease, the accountant has been fully adherent
to instructions and medications and is an independent, functional person,
actively volunteering in the patient support group. A secondary potential
recipient is a 23-year-old medical student who has been on dialysis for 3
months and is an incomplete three-antigen match for the available donor. The
transplant coordinator insists that it is unethical to “waste” the kidney on an
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Table 28.1 Ethical Stresses in Nephrology.

Patient selection for/exclusion from long-term renal replacement therapy
a. How old is too old for renal replacement therapy?
b. Should young people be selected before old people for kidney therapy?
c. Should “important” people (Politicians [President], Clergy [Pope], Affluent [Billionaire

contributor to hospital]) be placed ahead of ordinary people in allotting renal replacement
therapy?

d. Are multiple deceased organ transplants ethical while a waitlist existsi

e. Must non-citizens be treated when therapy is scarce or expensive?
f. Are women to be assigned treatment on an equal basis as are men?
g. Is it reasonable to take race and religion into account when determining who shall be

treated?
h. Is HIV infection a reasonable exclusion criterion?
i. Does absent insurance coverage and being poor mean denial of therapy?
j. Should prisoners be excluded from renal replacement therapy?

Who decides not to start life-sustaining dialysis in ESRD?
a. Patient
b. Family
c. Futility
d. Financial

How should the medical staff cope with patient noncompliance,ii hostility, or criminality?
a. Withdraw renal replacement therapy with death an obvious consequence
b. Consultation (psychiatry, social service, administration family, clergy, friends)
c. Role of Ethics Committee

Is it okay to instill co-modification (buying and selling) of kidney transplantsiii?
a. Payment to deceased donor families
b. Concealed payment to donor
c. Open marketing of kidneys legally
d. Open marketing of kidneys concealed

i Piccoli, G.B., Soragna, G., Putaggio, S., Burdese, M., Longo, P., Rinaldi, D., Bergamo, D., Mezza, E., Consiglio, V.,
Novaresio, C., Gai, M., Motta, D., Malfi, B., Giacchino, F., Jeantet, A., Segoloni, G.P. How many organs should
one patient receive? The ethics of transplantation in the medical school. Transplant. Proc. 2004; 36:444–445.
ii Williams, M.E., Kitsen, J. The involuntarily discharged dialysis patient: Conflict (of interest) with providers. Adv.
Chron. Kidney Dis. 2005; 12:107–112.
iii Piccoli, G.B., Putaggio, S., Soragna, G., Mezza, E., Burdese, M., Bergamo, D., Longo, P., Rinaldi, D., Bermond, F.,
Gai, M., Motta, D., Novaresio, C., Jeantet, A., Segoloni, G.P. Kidney vending: Opinions of the medical school
students on this controversial issue. Transplant. Proc. 2004; 36:446–447.

old person when society would benefit from facilitating the medical career
of the student. The student’s wife previously advised his nephrologist that
she is concerned over a growing sense of depression and futility threatening
continued attendance at medical school.

Because the mean wait for a deceased donor kidney in New York City
exceeds 9 years, individuals seeking a kidney transplant face greater mortality
on dialysis compared with that of a transplant recipient. It follows that denying
a dialysis patient a donor kidney, in fact, is a form of a death sentence (for
the duration of shortened survival on dialysis). Defense of the “too old” for
a deceased donor kidney position requires that an upper age limit that is
not “too old” be established [32]. If not 84 years, then 74 years? Or 64?
What if a choice has to be made between a “young” 74-year-old and an
“old” 64-year-old? Question upon question is provoked by almost any method
of organ allocation. One recurrent issue raised by geriatric patients, who
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appreciate their ephemeral existence, and are able to afford the cost, is whether
a purchased kidney might be transplanted to truncate their death-defying delay
while “suspended” on dialysis.

Selling Kidneys: Legal and Ethical Conundrum

It is broadly understood that continued growth of the ESRD population,
with only a marginal increase in the number of deceased donor kidneys, has
progressive lengthened the waiting time for a deceased donor transplant. As
estimated by the U.S. Department of Health & Human Services: In early
February 2006, as this was written, 65,000 candidates were listed in the United
States by the Organ Procurement and Transplant Network as waiting for a
deceased donor kidney (http://www.optn.org/latestData/rptData.asp) [33]: “17
people die each day waiting for transplants that can’t take place because of
the shortage of donated organs.” One estimate calculates that an undefined
but definite cohort of at least 3000 of those on the waitlist who will die each
year might have survived had a suitable donor kidney been available [34].
Geriatric ESRD patients are especially vulnerable for protracted waits because
of what many legislators and transplant teams view as the rational priority
of giving a scarce commodity (solid organ transplants) to those who may
attain the longest benefit (younger patients). Strategies to expand the donor
pool—public relations campaigns and drivers’ license designation—have not
altered a relatively static rate of deceased organ donor consents.

Despite intensive public relations efforts including celebrity endorse-
ments, National Kidney Foundation efforts, and state drivers’ license advance
permission, the number of deceased donor kidney transplants performed in
the United States has been relatively static over the past decade. Thus, as
listed by the United Network for Organ Sharing [35], while kidney transplants
performed between 1988 (8,873) and 2004 (16,004) increased by 80.3%,
deceased organ transplants in the same interval increased only 32.5% (from
7,061 to 9,357). To address this shortage of donor kidneys, acceptance of what
previously have been termed “marginal” kidneys termed “expanded criteria
donors” from geriatric [36], hypertensive, and even proteinuric donors has
increased progressively [37].

Additionally, the potential questionable resource of purchasing kidneys
from compensated donors, a highly controversial and evocative issue, has
gradually evolved from an unmentionable practice performed secretly in
developing (poor) countries to an openly debated topic in national societies
such as the American Society of Nephrology and the American Transplan-
tation Society. Clearly illegal in most nations, and viewed as unethical by
professional medical organizations, the voluntary sale of purchased donor
kidneys now accounts for thousands of black market transplants, accounting
for an estimated one-quarter of all kidney transplants performed globally.
Legalizing kidney purchase hinges on the key premise that individuals are
entitled to control of their body parts even to the point of inducing risk
of life.

Selling a human organ in the United States has been proscribed for over
20 years. As starkly stated in the National Organ Transplant Act (NOTA): “It
shall be unlawful for any person to knowingly acquire, receive, or otherwise
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transfer any human organ for valuable consideration for use in human trans-
plantation if the transfer affects interstate commerce” [38]. Punishment for
violation would be effected by fines up to $50,000 and/or 5 years in prison,
but has never, to these authors’ knowledge, been meted out. A year after the
enactment of NOTA, the Ethics Committee of the Transplantation Society
issued a supporting Policy Statement: “No transplant surgeon/team shall be
involved directly or indirectly in the buying or selling of organs/tissues or
in any transplant activity aimed at commercial gain to himself/herself or
an associated hospital or institute” [39]. Within the next 5 years, several
countries and the World Health Organization issued similar bans of organ
marketing [40].

Broadly condemned by medical associations around the globe, the sale
of human organs constitutes transactions deemed “morally and ethically
irresponsible” or “inhumane and unacceptable.” A key spokesperson,
Berkeley anthropology professor Nancy Scheper-Hughes, who has studied
actual conditions and consequences of kidney sales in Brazil and other
countries, states that permitting legal solid organ sales would permit “one
relatively privileged population [to] claim property rights over the bodies of
the disadvantaged” [41].

International spokespersons for human ethics, at the highest level, have
strongly condemned the practice of selling organs as unethical. The late
Pope John Paul II wrote that buying and selling organs violates “the dignity
of the human person” [42]. Similarly, American transplantation associations
repeatedly endorsed the stance that paying donors for their organs was not
only illegal but unethical. Furthermore, the American Society of Transplant
Surgeons (ASTS) expounded the position that solicitation for organ donation
is inappropriate, even absent the exchange of “valuable consideration”: The
ASTS is strongly opposed to the solicitation of organs (deceased) or organ
donors (live) by recipients or their agents, whether this is through personal or
commercial Websites, billboards, media outlets, or other forms of advertising
when the intent of such solicitation is to redirect the donation to a specific
individual rather than according to the fair policies of allocation (UNOS policy
on organ allocation) by which all members on the waiting list abide [43].

Are there measures short of kidney selling that might alleviate the shortage
of kidney donors? At one extreme, Congress has been urged to conduct a
trial to assess the value of compensating deceased donor’s families as well
as to test some form of payment to live kidney donors. Testifying against
this proposal at a Congressional hearing for consideration of permitting organ
sales, Francis L. Delmonico, director of renal transplantation at Massachusetts
General Hospital, speaking on behalf of the National Kidney Foundation,
remarked:

Congressional endorsement of a payment for organs … could propel other countries
to sanction an unethical and unjust standard of immense proportions, one in which the
wealthy readily obtain organs from the poor, justified by the citation of congressional
sanction. In that reality, the poor person will remain poor but lose health and maybe
more than one organ in the process of a government authorized abuse of the poor for
the rich.” [44]

At the other extreme of an increasingly polarized debate, some transplant
surgeons now advocate the regulated sale of kidneys as a means of preventing
the death of as many as 100,000 people annually. For example, at the most
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recent American Transplantation Congress, Arthur Matas, of the University
of Minnesota transplant team, remarked that nationwide waiting time for a
deceased donor kidney transplant has risen to over 5 years, inducing death on
the waiting list of 7%, underscoring the need for establishment of a regulated
system of living kidney sales [45]. Containing regulatory and insurance incen-
tives to safeguard the potential exploitation and ethical concerns raised by
Dr. Scheper-Hughes, Matas proposed careful donor medical and psychosocial
evaluations with a fixed tax-free payment to the donor plus an option of
short- or long-term health and life insurance. Comparing the sale of a kidney
to the now-legal uterine rental by surrogate mothers to advance medical
technologies, Matas pointed out that there currently are individuals who
benefit others without losing their dignity or becoming victims. Paid organ
donors need not be victims who have not lost their right to determine what
happens to their body.

In 2007, it is pertinent to review what was learned from the wild
and extensive racketeering spawned by America’s 1920s’ “Prohibition” of
alcoholic beverages. A key point is that legislation, per se, may not force
human behavior compliance [46]. Thus, while the sale of human organs
is against existing law in nearly every country, illegal kidney transplants
are widely available through devious and often unsavory vendors in India,
Turkey, China, Russia, and South Africa, as described in The New York
Times [47]. Organs Watch, a nongovernment transplant monitoring organi-
zation, estimates that “… thousands of illegal transplants occur every year
bought by patients from the Persian Gulf states, Japan, Italy, Israel, the U.S.
and Canada supplied by ‘donor’ nations, including India, Pakistan, Turkey,
Peru, Mexico, Romania and South Africa” [48]. Sustaining this allegation,
the late Michael Friedlander, formerly a transplant nephrologist at Hadassah
University Hospital in Israel, remarked: “What’s happening now is absurd.
Airplanes are leaving every week. I’ve seen 300 of my patients go abroad
and come back with new kidneys … it’s a free-for-all” [49]. Friedlander
characterized today’s kidney market as forcing potential kidney purchasers to
be “exposed to unscrupulous treatment by uncontrolled free enterprise.”

Responding to the unregulated and often tumultuous reality of under-the-
counter marketed kidneys, voices favoring kidney sales are becoming more
evident. For example, at sharp variance with the Catholic position stated
above by the Pope, a surprisingly positive endorsement for the legalization of
human organ sales was provided by Robert Berman of the Orthodox Jewish
Halachic (interpreted by orthodox rabbis) Organ Donor Society, writing in
the Jerusalem Post of August 9, 2005: “The choice before us in not between
buying or not buying organs. This is happening regardless of the law. The
choice is whether transplant operations and the sale of organs will be regulated
or not” [50].

Distinguished scholars with active university appointments have spoken in
favor of marketing kidneys. For example, Nobel Laureate (Economics) Gary
S. Becker and his colleague Julio J. Elias constructed a fascinating analysis of
the variables to be considered in establishing a “market price” for a live donor
kidney if viewed as a commodity [51]. A sample calculation would assume
that an American earning a mean of $40,000 annually has a life valued at $3
million, faces a risk of death from nephrectomy of 1% and a decrease of 5%
in quality of life, and will lose $7,000 of income due to convalescence from
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surgery; these investigators calculated a fair kidney purchase price of $45,000.
Using a more probable death risk of 1 in 300 nephrectomies (the true reported
risk is 3 in 10,000 [52]) reduces the kidney price to $20,000. Our present
“non-system” promotes kidney purchase on a black market available only to
wealthier individuals bearing the total expense for what may be inadequately
screened, suboptimally matched organs inserted by unregulated (inferior?)
surgeons. Regulating donor kidney purchase, according to Becker and Elias,
would end the black market while eliminating advantages of wealth in organ
acquisition since poorer individuals unable to afford the black market would
bypass the wait by obtaining their kidneys via Medicaid or Medicare.

Both rich and poor are allowed to make lifestyle decisions and engage in
risky behaviors (e.g., sky diving, volunteering for military service, working
on oil rigs, and smoking cigarettes) (Table 28.2). Lacking wealth does not
preempt making a rational decision. Prohibiting the poor from donating organs
leaves them still poor; consequently, according to Matas, withholding the
ability to be paid for donation eliminates one path to improve a person’s
financial situation. Why is it so ethically wrong? And how is it different, or
any worse than selling one’s sperm or egg cells, actions now legal and widely
advertised in newspapers and magazines? In one context, commercialization
of semen and ova is more morally questionable than organ sale because those
cells, like stem cells, have the potential to create entirely new human beings,
while an organ does not.

In his “Advice to the Ethics Committee of the Transplantation Society,”
A.S. Daar, director of the Program in Applied Ethics and Biotechnology at
the University of Toronto, writes:

Table 28.2 Everyday Examples of Individual Jurisdiction and Authority over
One’s Body.

1. Consenting for federal (National Institutes of Health) studies that impart personal risk:
a. biopsies of liver, kidney, muscle
b. invasive procedures, bronchoscopy, cystoscopy
c. participation in new drug trials

2. Engaging in behavior risking serious injury:
a. working on oil rigs
b. sky diving
c. bungee jumping
d. mountain climbing
e. swimming with sharks
f. Pamplona “Running of the Bulls”
g. professional boxing and football
h. ingesting high-calorie diet when obese
i. cigarette smoking
j. motorcycle riding without a helmet

3. Renting or selling body parts:
a. selling semen
b. selling ova
c. surrogate uterus rental
d. whole body rental (prostitution)

4. Enrolling in voluntary military service

5. Donating organs and portions of organs (pancreas, liver, lung) to relatives

6. Donating organs and portions of organs (pancreas, liver, lung) to friends
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Table 28.3 Potential Positive Aspects of Legalizing Live Donor Kidney Sale.

1. Decreased deaths of ESRD patients on dialysis waiting listiv

2. Increased number of rehabilitated patients with irreversible kidney failure
3. Salvage of patients treated by dialysis who would otherwise die
4. Reduced acceptance of marginal donors in absence of medically suitable donor
5. Improved economic status of donor
6. Enhanced feeling of altruism and goodness in donor
7. Decreased cost of ESRD therapy for transplant modality

iv Gill, J.S., Tonelli, M., Johnson, N., Kiberd, B., Landsberg, D., Pereira, B.J. The impact of
waiting time and comorbid conditions on the survival benefit of kidney transplantation. Kidney
Int. 2005; 68:2345–2351.

The position of the Transplantation Society is that the buying and selling of organs
is wrong, that we must base transplantation on altruism, that we must encourage
legislation to ban commerce, and that any member of the Transplantation Society who
participates in the buying and selling of organs will be expelled from the society.
Adopting this position on its own has been totally useless in stopping the increase of
the buying and selling of organs. [53]

The positive consequence of organ donation (Table 28.3) as well as the
main objections to legalizing the marketing of donor kidneys (Table 28.4)
have been thoroughly analyzed. It is time for innovative thinking and fresh
approaches. Trong recently thoughtfully reviewed the ethics of accepting
living donor organs [54].

Why Legalize the Marketing of Kidneys?

Introducing appropriate legalization to regulate and manage kidney sales
through a national regulatory body would be a “natural” extension of the
present end-stage renal disease (ESRD) network collaborating with UNOS
and the OPTN. Eliminating black market brokers would divert funds to kidney
sellers. Also, money saved from decreasing the number of prevalent dialysis
patients might conceivably generate the total funding for additional kidney
transplants. Recognition of the extent of limitations in current laws coupled
with acknowledgment of the global sale of human kidneys would begin the

Table 28.4 Objections to Legalizing Live Donor Kidney Sale.

1. Permits inherently unethical medical practice
2. Exploitation of poor by relatively wealthy
3. Small but definite risk of death or complications in otherwise healthy individualsv

4. Against religious teaching (Catholic, Muslim)
5. May shorten life expectancy while inducing hypertension
6. Demeaning self-worth
7. Kidneydonors in India gained neither economic nor social benefit long-termvi

v Friedman, A.L., Peters, T.G., Jones, K.W., Boulware, L.E., Ratner, L.E. Fatal and nonfatal
hemorrhagic complications of living kidney donation. Ann. Surg. 2006 Jan; 243:126–130.

vi Goyal, M., Mehta, R.L., Schneiderman, L.J., Sehgal, A.R. Economic and health consequences
of selling a kidney in India. JAMA 2002 Oct 2; 288(13):1589–1593.
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lifting of predictable mortality for thousands of dialysis patients haplessly
entrapped on a waitlist extending to 10 years in some regions.

A fascinating though only partially described donor kidney allocation plan,
adopted by Iran in 1998, permits a compensated and regulated living-unrelated
donor renal transplant program [55]. According to the authors, by providing
financial incentives to volunteer living donors, Iran is now the only developed
nation that has eliminated a renal transplant waiting list. Regulations prevent
“transplant tourism,” meaning that foreigners are not allowed to undergo renal
transplantation from Iranian living unrelated donors nor are they permitted to
volunteer as kidney donors for Iranian patients. Of 17,718 renal transplants
performed through the end of 2004, 3,196 were from living related donors,
13,920 were from living unrelated donors, and 602 were from deceased
donors. By means of the Iran Plan, more than 50% of persons with ESRD
now have a functioning kidney transplant. Much more will have to be detailed
about the actual operation of the Iran Plan before advocating its extension to
other nations, though the purported positive aspects are impressive.

Reservations that adoption of a federal organ marketing scheme necessi-
tates further “socialization” of our healthcare system are reasonable. Insertion
of yet another federal agency to “supervise” presently overregulated nephrol-
ogists and transplant surgeons is a less-than-attractive proposition. But the
mandate underlying this essay is consideration of endorsement of a strategy
for resolution of a problem that has grown into a serious conundrum. At
the least, debating the controlled initiation and study of potential regimens
that may increase donor kidney supply in the future in a scientifically and
ethically responsible manner is better than doing nothing more productive
than complaining about the current system’s failure.

Illustrative Case 2: Withdrawal from Dialytic Therapy

A 91-year-old blind, diabetic, widowed housekeeper, unable to walk or care
for herself because of a series of increasingly severe strokes, has been
sustained by maintenance hemodialysis for 9 years. Progressive deafness—
now profound—prevents the patient’s use of talking books, a telephone, or a
volume-enhanced radio. Distressed over worsening urinary and bowel incon-
tinence that force the wearing of diapers, the patient requests that dialysis
treatments be discontinued. Still lucid and oriented to time and place, the
patient states that her decision is the result of months of thought and a
discussion with her minister. The patient’s son, a practicing attorney and
only living relative, rejects the concept of withdrawing dialytic therapy until
“the final spark of life is gone.” He threatens court action against the renal
team and the hospital should any action toward stopping dialysis be taken.
Following an urgent meeting of the Hospital Ethics Committee, the hospital
director orders the attending nephrologist to continue dialysis indefinitely.

Generalization about refusal of long-term dialysis therapy for ESRD is
limited by differences in cultural attitudes. In Japan, for instance, “Refusal of
dialysis is not uncommon in elderly patients with chronic renal failure” [56].
ESRD treatment rates that are half that of the United States in Europe, the
United Kingdom, and Canada most probably result from medical and ethical
standards pertaining to futility and life extension that sharply diverge from
those obtained in the United States. Discussions with nephrology trainees
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permitted formulation of a list of key issues that were generated by study of
this case, including

1. Who determines the application of a life-sustaining therapy (patient, family,
physician)?

2. Does a patient have the right to refuse a life-sustaining therapy?
3. Can a family override a patient’s wish regarding life-sustaining therapy?
4. When family conflict is brought to a hospital administrator’s attention,

does the resolution shift from patient and physician to the administrator?

Legal Analysis

Based on consultation with medically oriented attorneys, and review of the
concept of “Advanced Directives,” it is reasonable to assert that a competent
patient’s decision to discontinue life-saving medical treatment (including
dialysis) must be honored, despite objections from a responsible relative.
The reverse would be true when all of the following apply: (1) A patient
is not competent to make the decision to discontinue life-saving medical
treatment; (2) there is insufficient evidence that she made such a decision
when competent; (3) her son is her surrogate or legal representative; and (4)
the son’s decision to continue medical treatment is determined to be the substi-
tuted judgment of, or in the best interests of, the patient. These conditions are
not met by the circumstances of this case.

Assuming the patient was competent when deciding to discontinue dialysis
treatments, the hospital director risks liability by ordering continuation of
dialysis. In a case that reached the U.S. Supreme Court, a competent, nonter-
minally ill person was found under the Due Process Clause of the 14th
Amendment to have the right to refuse unwanted medical treatment—even
if death will result [57]. Justice O’Connor wrote that there is a protected
liberty interest in refusing unwanted medical treatment, including artificially
delivered food and water. A federal appeals court stated that “a liberty interest
in refusing medical treatment extends to all types of medical treatment, from
dialysis or artificial respiration to the provision of food and water by tube or
other artificial means” [58]. Subsequently, supreme courts in several states
concluded that their state constitutional right of privacy encompasses the right
to refuse life-saving medical treatment.

Other states have statutes providing that physicians need not accede to a
patient’s request to withdraw or withhold treatment if it would be against their
beliefs to do so, but must try to or successfully transfer the patient to another
healthcare provider willing to comply with the request. Whether a competent
patient’s decision to discontinue dialysis treatments must be honored was
addressed by a New York State Court [59] decision that a dialysis patient who
verbally and in a signed statement wished to discontinue dialysis treatments
had made an informed, rational, knowing decision to forego the treatments..
After the patient lapsed into uremic coma, the court denied the hospital’s
petition to continue dialysis treatments.

Juggling and balancing state and individual interests in a dialysis context,
Iowa determined that the state’s interest in preserving life corresponds directly
to the degree to which the patient’s quality of life has diminished due to
physical deterioration [60]. Noting that continued dialysis would permit the
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patient to have “an otherwise normal and healthy life for perhaps twenty
years,” the court concluded that the state’s interest in preserving life “weighs
heavily in the balance.” Because the patient had minor children, the court
found that the state’s interest in protecting innocent third parties from the
impact of the patient’s death was invoked, outweighing the patient’s interest
in discontinuing dialysis treatments.

Applying this balancing test to the hypothetical situation in Case 2, the
hospital director would have a legal obligation to honor the patient’s decision
to discontinue dialysis treatments unless the state’s interests outweighed that
decision. It does not appear likely that the patient is terminally ill triggering the
state interest in preserving life. Further, lacking the need to protect “innocent
third parties” such as dependent children, the patient’s competent decision
to discontinue dialysis treatments would likely override any state interest in
continuing the treatments.

Determining whether a patient is competent can be difficult. Patients who
are senile, unconscious, traumatized, disoriented, excessively emotional, or
minors may all be held incompetent. The general test for competency is
the factual question of whether, “at the time and under the circumstances
when his consent is required, the patient has the mental ability to make
a rational, deliberate decision regarding the proposed treatment.” Should a
hospital director have uncertainty about a patient’s competence, he must
protect the hospital and himself legally by continuing dialysis treatments until
a court can address the issue. Incompetent patients retain their right to make
decisions about their care, but that right generally must be exercised on their
behalf by their surrogate, usually a member of the patient’s family. Even if
the son is the patient’s surrogate decision maker, that does not necessarily
mean that the hospital director is legally required (or permitted) to follow his
instruction to continue dialysis treatments. From the legal perspective, given
that the patient was competent when she made the decision to discontinue
dialysis treatments, the hospital director was legally obligated to honor that
decision despite the son’s objection and threat of a lawsuit.

Ethical Analysis

The hospital director has an ethical obligation to honor the patient’s decision
to stop dialysis treatments and thereby end her life. However, he also has
an ethical obligation to make sure that discontinuation is the patient’s own,
sincere, fully informed, conclusive decision and that the son fully understands
that decision.

Patients with decisional capacity have the moral right to either consent to
or refuse any treatment intervention offered to them, even if as a consequence
of such refusal their death may result. Such decision-making empowerment
is based on the philosophic principle of autonomy and the legal principle of
individual self-determination. What is critical in this case is the recognition
that despite her increasingly debilitated condition, the patient continues to
possess decision-making capacity to exercise such right of refusal, and her
decision to discontinue treatment appears to be a well-considered, authentic
reflection of her wishes. Since the patient still has decisional capacity, the
son has neither the legal authority to insist on treatment continuance nor any
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standing on which to sue the hospital and attending physician. Dialysis should
be discontinued in accord with the choice of this capable patient.

Before authorizing discontinuation of the patient’s dialysis treatments, the
director should talk to the patient. He should find out if there are any additional
reasons why she has decided to discontinue treatments. He should be certain
that she understands the ramifications of her decision and has all the infor-
mation necessary to make it. He should also make sure that she has reached
her decision of her own accord, rather than being coerced by anyone else.
For instance, the patient says she reached her decision after “months of
thought and discussion with her minister.” The director should confirm that
the patient has adopted any advice she received as her own decision, not out
of a sense of obligation to do whatever her minister says. He should also
confirm that the patient’s decision is sincere and carefully thought out—not
something she blurted out in a moment of high emotion, but didn’t really
mean.

The director also should consider how the patient’s decision is affecting
her son. He should try to identify and clear up any misunderstandings or lack
of information that may be causing the son to reject his mother’s decision to
discontinue treatments. He should probe the reason underlying the son’s wish
to have his mother’s treatments continued. Perhaps the son simply does not
want his mother to die. Or, maybe he fears guilt should he not do everything
possible to keep his mother alive. Or, maybe the son mistrusts the director
and nephrologist and thinks they are trying to get rid of his mother because
of reimbursement problems. To facilitate better understanding between the
patient and the son, the director should encourage discussion between them.
All of these communications should take place as soon as possible. Every
day that the patient’s wish is not honored is another day she must suffer a
potentially humiliating, undignified, low-quality, depressing, undesired life
against her will.

Mildred (Barry) Friedman, a patient advocate reviewing this case, submitted
the following:

When the threat of legal action is more important than granting the wish of a patient,
there is something wrong with our priorities. Unfortunately, the desire to allow life
to end, is thought to be a result of mental incompetence. A decision to continue life,
no matter how painful, embarrassing, or without pleasure that life is, is accepted as
coming from a healthy mind. If the decision is to allow natural events to end life,
mental ability and stability are questioned. Ceasing dialysis is not pure suicide. It is,
rather, recognition of the inevitable end to life. Dialysis is not without pain, discomfort,
and the expenditure of much energy. Consider only the effort of an outpatient to arrive
at a dialysis unit.

This woman is being pushed by her circumstances into what many people dread,
an aware mind trapped in an incompetent body. She seems to regard her “quality of
life” as negative. Her life belongs to her and just as we accepted her right to make
many decisions (marriage, bearing children), so must we accept her right to make this
decision.

Wishes of a son or any other relative must be listened to but not allowed to override.
If the mother was not competent, then the son’s decisions would take control. We each
are in charge of one life, our own. Recognition of this is inherent in the endorsement
of Living Wills. The hospital director is wrong. Hospitals and physicians have been
sued before. Hospitals must be patient friendly places not overly concerned with their
perceived own well being.
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Summary and Key Take-Home Points

Nephrology has increasingly morphed into a geriatric specialty. As reported
by the U.S. Renal Data System (USRDS), the mean age of newly treated
ESRD patients in the United States is 62.7 years [61]. Approximately 35.2%
of prevalent ESRD patients on December 31, 2003, were 65 years or
older. Yet both kidney transplantation (usually) and all forms of dialysis
(frequently) are withheld from older patients, on the grounds that they are
unsuitable candidates due to medical or psychological complications. Ethical
concerns in excluding or including older patients can lead to vexing analyses
especially when conflict between family and medical team wishes exists.
When celebrities opt not to agree to dialysis, headlines usually follow, as was
true for James A. Michener, the universally celebrated Pulitzer Prize–winning
author, who, at the age of 90, stopped hemodialysis treatments in Austin,
Texas [62]. Similarly, Australia’s richest man, billionaire media “mogul”
Kerry Packer, at age 68, decided not to extend his life by dialysis after a
failed kidney transplant [63]. Packer’s cardiologist said that Packer “knew
he was on borrowed time. He could have opted for more dialysis, but he
chose to go quickly and with dignity.” By contrast, death in renal failure
untreated by dialysis or a kidney transplant is the typical ESRD outcome for
geriatric patients older than 65 outside the United States. Yet, substantive life
prolongation in ESRD patients of advanced age is attainable with transplant
recipients evincing best outcome. Of the USRDS cohort of incident ESRD
patients from 1994 to 2000, aged 75 or older, 1-year survival on dialysis
was 62.6% compared with 81.7% after a deceased donor transplant. After 5
years, 40.3% of deceased donor kidney grafts and 12.4% on dialysis were
alive, connoting the substantive advantage of selecting the transplant option
for uremia therapy. For the subset aged 70 to 70 years when given a deceased
donor kidney, 34% were alive with a functional kidney graft 10 years later.

Nevertheless, bias against providing uremia therapy for the aged persists
in nephrology practice in the United States. Illustrating this assertion, for
ESRD patients age 80 or older, as reported by the USRDS, although survival
permitted by a deceased donor allograft is astoundingly good, of 71,000
incident patients of age 80+ between 1994 and 2000, only 66 (1 in 1000) were
waitlisted for a kidney transplant [60]. Overcoming negativism toward the
elderly ESRD patient’s prospects whether treated by dialysis or a transplant is
a challenge, especially in developing nations with limited budgets for health
care. There are no simple answers to devising a fair method of treatment
allocation when the reality is that resources are insufficient to treat all who
might benefit.

Lastly, the profound issue of whether marketing body parts including solid
organs is an ethical option for physician, patient, and government is unlikely
to yield to a simple answer. Recalling failed efforts to control other aspects
of human behavior by legislation such as prostitution and consumption of
alcohol, a mixture of wisdom and broad education will be needed to construct
an equitable system to regulate who, under which circumstances, is able to
donate a kidney to whom. Some grasp of the pressure driving the marketing
of kidneys can be obtained by asking any group of medical personnel familiar
with present uremia therapy whether the purchase of a kidney for a close
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relative would be pursued in the absence of a familial donor. In the authors’
experience, the response is uniformly positive.
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discontinuation of, 524–525

case study on, 523–524
ethical analysis of, 525–526
legal analysis of, 524–525

epidemiology of, 443–444
ethical issues in, 455–456
hemodialysis, 445–448 (See also

Hemodialysis (HD))



538 Index
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liver and bile function, 83–84
mouth, pharynx, and esophagus, 82
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Digoxin, dosage adjustment for, 490
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with multiorgan dysfunction syndrome,

417–420
patient adherence in, 515–516
recurrent, 516, 517t
in research (Belmont Report), 514
Scribner’s Seattle success with, 514–515
selling kidneys in, 518–522, 521t, 522t

Evaluation, geriatric, 2–13
clinical presentation of, 2–3, 2t
comprehensive approach to, 5–10, 5f

clinical assessment in, 6–8
overview of, 5, 5f

"giants of geriatrics" in, 3, 3f, 3t
key concepts in, 10–13

atypical presentation of disease in,
12, 12t

function and frailty in, 10–12, 11f
multiple pathology and polypharmacy

in, 12–13
physiology of aging on, 3–5

Exercise
for hypertension, 202–203
for isolated systolic hypertension, 243

Exit-site infection, from peritoneal
dialysis, 450

Exogenous theory of aging. See
Environmental theory of aging

Extended-criteria donor (ECD), 476, 476t
Extracellular fluid (ECF) tonicity, 173
Eye, 4, 85

F
Fat, body, 483
Female reproductive axis, 70
Fibrin formation, 84
Fibrous/fibrocellular crescent, glomerular,

43, 43f
Filtration fraction, 93
Finasteride, for benign prostatic

hyperplasia, 263
Fluid restriction, for hyponatremic

encephalopathy, 191f, 192
Fluoroquinolones, for urinary tract infections,

282, 283t, 284
Focal segmental glomerulosclerosis

pathogenesis of, 44
risks and benefits of drug therapy for, 318

Folate, 84–85
Food intake, in age-dependent glomerular

sclerosis, 118–119
Fractional excretion of potassium (FEK),

146, 146f
Fractional excretion of uric acid (FEUAxc),

155–156, 156t

Frailty, 10–12, 11f
characteristics of, 11, 11f
definition of, 10
with poor health, 11–12
prevention and rehabilitation for, 11
of senile homeostasis, 141

Free radicals, in aging, 61–64. See also
Reactive oxygen species (ROS)

evidence for, 64
mitochondrial production of, 62

caloric restriction on, 62–63
defense mechanisms and, 57f, 64
oxidation process in, 63–64
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Plasma osmolality, 173–174, 174f
Plasma renin activity (PRA), 120, 221
Plasmatic insudation, 49, 50f
Platelet-activating factor (PAF), in acute renal

failure, 388–389
Platelet count, 84
Polyangiitis, microscopic. See Vasculitis,

renal
Polycystic kidney disease, 29. See also

Autosomal-dominant polycystic kidney
disease (ADPKD)

Polycystic kidney disease 1 (PKD1) gene
mutation, chronic renal disease with, 234

Polycystic liver disease (PLD), 357–358
Polydipsia, primary

case study of, 179
vs. diabetes insipidus, 179–180

Polypharmacy, 13
Polyuric patient examination, 178–183

in central diabetes insipidus, 181–182
in nephrogenic diabetes insipidus, 180–181
overview of, 178
in primary polydipsia, 179
in primary polydipsia vs. diabetes

insipidus, 179–180
in solute diuresis from excess urea load,

182–183
Pontine micturition center (PMC), 294–295
Postdialysis hypotension, 447
Potassium

in collecting duct, 107–108
handling of, 145–146, 146f

Pre-dialysis
care during, 341–342
diagnostic challenges in, 444–445

Presbi-esophagus, 82



548 Index

Presbyopia, 85
Pressure wave velocity (PWV), with

hypertension, 201
Programmed aging, 60
Prolactin, 70
Prostacyclin (PGI), 128
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for chronic renal insufficiency, 437
with diabetic nephropathy, 332
for isolated systolic hypertension, 243

Social assessment, 9–10
Sodium (Na+�

renal handling of, 142–143, 143f
serum, 173

Sodium (Na+� disorders. See Dysnatremias;
Hypernatremia; Hyponatremia

Sodium (Na+� equilibrium, 142, 143f
problems with, 173–196 (See also

Dysnatremias)
Sodium (Na+� output, urinary, 143–145

general considerations in, 143–144
sodium loss in distal tubule in, 145
sodium loss in loop of Henle in, 144, 145f
sodium loss in proximal tubule in,

144, 144f
Sodium (Na+� reabsorption, 79, 102
Solidified global glomerulosclerosis, 41, 41f
Solifenacin, for detrusor overactivity, 300
Solitary cyst, 29. See also Cysts
Solute diuresis, from excess urea load,

182–183
Somatic mutations, in aging, 64–65
Sonography, 312
Spanish Registry, 322–324
Spermatogenesis, renin-angiotensin system

on, 215–217
Staphylococcus epidermidis urinary tract

infection, 277, 277t
Stomach, 82
Storage symptoms, 258t
Streptozocin (STZ), diabetes mellitus

from, 220
Stress incontinence, 296, 301–303
Swallowing, 82
Syndrome of inappropriate ADH (SIADH),

hyponatremia with, 194–195
Systemic hypertension, in age-dependent

glomerular sclerosis, 116
Systemic lupus erythematosus (SLE), renal

vasculitis in, 373. See also Vasculitis,
renal

Systole, 74

T
T3 (triiodothyronine), 70–71
T4 (thyroxine), 70–71



Index 551

Taste, 82, 86
Teeth, 4, 82
Telomere shortening, 61
Telomere-telomerase, in endothelial

dysfunction, 136
Tension-free vaginal tape (TVT), 302
Terminal differentiation, 61
Testosterone, 69–70

in age-dependent glomerular sclerosis,
117–118

on muscle, 81
Tetrahydrobiopterin, 133
Tetraiodothyronine (thyroxine, T4�, 70–71
Theory of antagonistic pleiotropy, 58
Thermoregulation, 80
Thiazide diuretics, hyponatremia from,

195–196
Thick ascending limb of loop of Henle,

101–102
in healthy aged, 102
sodium loss in, 144, 145f

Thin ascending limb of loop of Henle, 101
Thin descending limb of loop of Henle,

100f, 101
Thirst, 147
Thromboxane A2 (TXA2), 128
Thyroid hormones, 70, 81
Thyroid-stimulating hormone (TSH), 71
Thyrotropin-releasing hormone (TRH), 71
Thyroxine (T4�, 70–71
"Timed get up and go" test, 7
Timed voiding, 300, 302
Tissue perfusion, 484
Tobramycin, for urinary tract infections,

282, 283t
Total body water, 173–174
Total lung capacity (TLC), 77
Total plasma protein, 484
Trandolopril, for microalbuminuria

prevention, 244f–246f, 245–246
Transplantation, renal. See Renal

transplantation
Transtubular potassium concentration

gradient (TTKG), 146, 146f
Transurethral needle ablation (TUNA),

266–267
Trans-urethral resection of the prostate

(TURP), 264t, 265–266
Triiodothyronine (T3�, 70–71
Trimethoprim/sulfamethoxazole

(TMP/SMX), for urinary tract infections,
282–284, 283t

Trospium chloride, for detrusor
overactivity, 300

Tuberculosis, renal, 30–31
Tubular atrophy, 45–47, 45f–47f
Tubular dysfunction, 142
Tubular frailty, 142
Tubular function, 99–110

collecting duct, 102–110

aldosterone in, 102–103
aldosterone in healthy aged in, 103
chloride in, 108
chloride in, in healthy aged, 110
Na+ reabsorption in, 102
potassium in, 107–108
potassium in healthy aged in, 108
urea in, 100f, 103–104
urea in healthy aged in, 104
urinary concentration and dilution in,

100f, 104–106, 104t
urinary concentration and dilution in

healthy aging kidney in, 106
urinary dilution in aged in, 106–107
water in, 103

distal convoluted tubule, 102
proximal tubule, 99–102

convoluted proximal segment in,
100–101, 100f

in healthy aged, 101
thick ascending limb of loop of Henle in,

101–102
thick ascending limb of loop of Henle in

healthy aged in, 102
thin ascending limb of loop of Henle

in, 101
thin descending limb of loop of Henle

in, 100f, 101
Tumor growth factor-�1 (TGF-�1), in

age-dependent glomerular sclerosis,
119–120

Tumors. See Cancer (carcinoma)

U
Unbound fraction (fu�, 484
Uncoupling protein-2 (UCP-2), 219–220
Unilateral multicystic kidneys, 360–361
University of Pennsylvania Smell

Identification Test (UPSIT), 86
Urea

in collecting duct, 100f, 103–104
excess load of, solute diuresis from,

182–183
Urea transporters (UTs), 100f, 104
Uremia therapy. See Dialysis; Renal

replacement therapy (RRT)
Uremic syndrome, with mild uremia, in acute

renal failure, 395
Ureteral obstruction, in autosomal-dominant

polycystic kidney disease, 355
Urge incontinence, 258t, 296
Urgency, 258t
Uric acid, 155–156

in aged, 156, 156t
management of, in chronic renal

insufficiency, 436
plasma and urinary levels

of, 155, 156t
renal handling of, 155–156



552 Index

Urinary abnormalities, diagnosis of, 315–316.
See also Clinical assessment

Urinary concentration, 100f, 104–106, 104t
in healthy aging kidney, 106
hypernatremia from defect in, 178

Urinary dilution, 100f, 104–106, 104t
in aged, 106–107
in healthy aging kidney, 106

Urinary frequency, 258t
Urinary incontinence. See Incontinence,

urinary
Urinary indexes. See also specific indexes

in acute renal failure, 394
classical, 394, 395t

Urinary pH, 165–166
Urinary potassium output, 146
Urinary sodium output, 143–145

general considerations in, 143–144
sodium loss in distal tubule in, 145
sodium loss in loop of Henle in, 144, 145f
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