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Preface

The master tool of logic is the syllogism. If A > B and B > C, then it must
follow as the night the day that A > C. If the major and minor premises are
true or scientifically correct by current knowledge, the conclusion is true or
at least scientifically correct by current knowledge.

The demographer of today beams a clear message, which if not true is at
least scientifically correct by current knowledge. In the first 80 years of the
Twentieth Century, the ‘over-65’ population of Americans increased eight-
fold. By century’s end it will have increased 12-fold and shortly thereafter
will include one in five Americans. While initially a fact of the developed
world, the pace of similar graying is accelerating even more rapidly in the
Second and Third Worlds. This gray delta constitutes about 35 million living
Americans, who may use one-half or more of the health care resources. A
would have to be a lot more foolish than B if they failed to recognize that
in the coming decade the causation, case-mix, and area of the gray delta
demands a change from early, mid-or even later-century medicine.

If Homer Smith was right in saying, “We are what we are because we
have the kind of kidneys we have” and “The kidneys make the stuff of
philosophy”, then the who, what, where, when, and why the gray delta will
be cared for must focus on the stuff of geriatric nephrology.

This book is timely. This book is a boundary setter. And Drs Oreopoulos,
Michelis and Herschorn are true boundary-riders. This book is also a vista
with a prospect of the fields where geriatric nephrology might be seen in the
future. How will we manage the aged man or woman?

The very concept of an aging kidney, i.e., a ‘change with time’, is a
semantic and conceptual trap for the nephrologist, focused as he is on the
biology of one of our most adaptive and regenerative organs. The Aristotel-
ian concept of vital force has merged with the notion of adaptation and the
exhibition of growth and differentiation. In transplantation the cadaver kid-
ney adapts to the abrupt cessation of blood and adapts to its new organism
belying Pope’s identification of life with blood, “‘the warm life came issuing
through the wound”. After live donation, each kidney subsumes almost the
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total function of the previous pair. The sum of the two in separate bodies is
greater than in the original donor. They have adapted. They have grown.

The rate of the slope of declining renal function with age (approximately
1 ml/min C cr/year) probably pertains only to the segment of the population
studied with its potential later-life diseases and environmental hazards. Some
cultures have a life expectancy less than one-half that of the US. It is unlikely
that the slope of decline of GFR would be identical. It seems more likely
that kidneys adapt to life and injury just as they do to death and trans-
plantation. ‘Aging’, then, can be seen as a vector of the sum of the injuries
for a person or a definable population.

This book explores the specifics of this process, especially in the section
on aging, the pathophysiology of risk factors and progressive decline in
renal function, the progression of parenchymal disease and whether it needs
progress. In specifically designated chapters, it examines the special problems
of the elderly in the ministration of transplantation, hemo and peritoneal
dialysis and the immunologic changes induced by the new lipid chemotactic
factor, the infections, the incontinence, the sexual dysfunction, the effect of
other systematic disease such as diabetes, and the impact on ethics and other
aspects of health-care delivery.

Nephrology as a spin-off of internal medicine has a well-defined, sister
science — urology — a spin-off of general surgery. As in many specialties,
there are actively defining ‘gray’ areas in their ‘territoriality’, affected by
personality traits and the influence of training programs. On a practical
plane, these are best navigated by teamwork. In the gray delta of the popula-
tion, these ‘gray’ areas have widened and deepened. Standard surgical proce-
dures such as lithotomy and prostatectomy, which occupied major urologic
energy are declining. After all the stones have been ‘tripsed’ or prevented,
and prostate shrunk by hormones, or microwave — who will care for the
aftermath of obstruction.

Nephrology is clearly a post-World War II specialty. Initially and transi-
tionally, geriatric nephrologists are being drawn largely from the ranks of
aging adult and even pediatric nephrologists. As a solution, this cannot
endure. The ranks of graying and broadly experienced nephrologists are fast
declining as the elderly population is soaring.

If we are to cope with the special renal needs of the gray delta — the huge
and risking wave of living and functioning elderly - this challenge requires
nothing less than a serious realignment of our nephrology fellowship pro-
grams. A (the demand) > C (the supply) of geriatric nephrologists. It is time
to begin, time to build. This book offers just that — a template, a beginning.

“Grow old along with me — the best is yet to be!”

GEORGE E. SCHREINER, AB, MC, FACP, FRCP (Glas)
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Introduction

The present volume provides essential information presented at the Third
International Conference on Geriatric Nephrology and Urology held in To-
ronto, Canada from April 3 to April 5, 1992. The editor and the contributors
believe that geriatric nephrology and urology represent unique areas of
medicine and surgery and that these specialties will not be practiced success-
fully without cooperation and mutual support. This international meeting
embraced the related disciplines of transplantation medicine, nutrition, geri-
atric nursing, related areas of hypertension and fluid and electrolyte dis-
orders, with input from individuals specializing in medical philosophy and
medical ethics.

The Third International Conference on Geriatric Nephrology and Urology
presented contributions from these related areas of geriatric care in a way
that allowed those who attended to benefit from this rich variety. The present
volume provides overviews of aging and changes in renal function over time,
it devotes chapters to renal parenchymal disease and urinary tract infections
and the sections on geriatric urology cover urinary incontinence and urinary-
tract neoplasm, including prostatic cancer. It summarizes current information
on renal replacement therapy in the elderly and reviews such important
topics as hemodialysis, peritoneal dialysis, fluid and acid-base abnormalities
as they are seen in older patients, and transplantation in the elderly.

Concerning medical care of older nephrology patients, the contributors
have reviewed the management of hypertension in the elderly, current under-
standing of glomerular disease in older patients, current approaches to the
elderly diabetic with renal disease, and use of antineoplastic and antimicro-
bial therapy in these special patients. They discuss the prevention of renal
failure in older patients, both in diagnostic and therapeutic aspects, and
examine sexual dysfunction and indications for surgery in the older patient
with obstruction. Finally, the text examines such ethical issues as the use of
advanced directives and the allocation of scarce resources.

For colleagues who could not attend the conference, the current volume
provides an overview of the important topics discussed at the Third Interna-
tional Conference on Geriatric Nephrology and Urology. For those who

XXV



XXvi

attended the conference, this collection will permit them to review the ma-
terial and so enhance a valuable educational experience. The success of this
meeting underscored the importance of the discipline of geriatric nephrology
and emphasizes the value of an interdisciplinary approach to these patients.
The editors of this volume hope that the reader will find the contents memo-
rable and enlightening.

The editors wish to express their gratitude to the staff of Congress Canada,
who organized the conference and to all participants, both lecturers and
registrants. The enthusiasm and commitment of all concerned made this
conference an outstanding success and promises to make these Proceedings
a valuable resource.

The editors also wish to thank Dr. John O. Godden for his editorial
supervision, Margarida Silva and Cristy Espino for their secretarial assistance
and Mr. B. Commandeur of Kluwer Academic Publishers for undertaking
the publication of this volume.

Toronto, July 1992 DIMITRIOS G. OREOPOULOS
MICHAEL F. MICHELIS
SENDER HERSCHORN



PART ONE

The aging process



CHAPTER 1
The aging process and geriatric principles

STEVEN R. GAMBERT

Aging is a life-long process. Unfortunately, many persons do not think of
their aging until they have diseases that otherwise may never have developed
or have advanced their ‘years’ beyond what their genetics had predestined.
Although we cannot change our gene pool, the most important factor in how
well we will age, we can control other environmental factors capable of
accelerating our aging process and even causing disease.

The aging process can be divided into three phases: a period of growth
and development, maturation, and senescence. However, there is no clear
demarcation showing where one of these periods ends and the other begins.
More importantly, we age in two ways: chronologically and physiologically.
While we can prove that we are of a certain age based on documents of our
date of birth (chronological age), it is more difficult to quantitate physiologi-
cal age — the way our bodies function.

With normal aging, physiological changes affect every cell, organ, and
tissue in the body. Those processes that affect a single physiological function,
such as the way a single nerve conducts an impulse, change little, if any,
with increasing age and appear not to influence one’s day-to-day functioning.
If a disease, for example diabetes mellitus, interferes with a process, such as
nerve conduction velocity, the ‘curve’ of normal aging will become accentu-
ated and one’s functional status will be affected earlier than if age alone
were the only influencing factor. As processes become more complex and
integrated, such as kidney function, change becomes more dramatic and can
affect daily functioning. Renal function, for example, mandates that tubules,
nephrons, and glomeruli work together. Obviously the body has a harder
time keeping up with this integration because as a product of ‘normal aging’,
renal function declines approximately 0.6% per year after maturity. This is
not readily apparent because serum creatinine remains constant throughout
life; it does not change because, at the same time that creatinine clearance
declines, so does muscle mass. The processes most dramatically affected by
increasing age are those functions that require a full integration of systems,
for example, our ability to maintain our normal body temperature in a cold
environment or to run in a marathon. Persons, even in their 80s and 90s,

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 3-9.
© 1993 Kluwer Academic Publishers.
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can run a marathon; the record is 3 hours and 45 minutes for an 80-year-
old. However, with an equal amount of training, this same person will never
be able to reproduce the time he/she had earlier in life or achieve world-
class status. Because of normal aging, a man cannot increase his heart rate
to the same degree as he ages, therefore he achieves less cardiac output.
Also integration of the neuromuscular and cardiovascular systems becomes
more difficult. There is an age-related reduction in vital capacity and an
increase in residual volume and the lung’s dead-space. The healthy aging
process coupled with diseases that occur at increasing frequency with age
produces an even more dramatic change. In brief, as we age, we face a
decrease in physiological reserve. In fact, the aging process might be defined
as a series of losses: physiological reserve; economic stability; support serv-
ices; family and friends; self-esteem; etc.

A human has the maximal number of brain cells in the first trimester in
utero and loses some of these cells every day of one’s life thereafter, and
suffers similar loss of cells in the heart, kidneys, and other vital organs; thus
it becomes increasingly apparent that, as we age, we are becoming more
frail and vulnerable. Even medical treatment may present an increasing risk,
for example, hypotension and hypoglycemia, both potential side-effects of
medications used to treat age-prevalent hypertension and diabetes mellitus,
respectively, now may result in greater morbidity. Among other devastating
problems, dementia, stroke, myocardial infarction, occur with greater fre-
quency and are less reversible. Functional decline may make necessary assis-
tance in simple activities of daily living such as transferring, toileting, mo-
bility, and even feeding. For many institutionalization becomes a real threat;
it is estimated that by the year 2000 as many as 5 million people will be
institutionalized in the U.S. alone.

Today more people are living to an advanced age than ever before.
Women still outlive men, although the increase in life-span is leveling off and,
in certain parts of the world, a decline has been noted. While socioeconomic
advances are responsible for the increased average life expectancy, there has
been little change in the maximum life-span. As has been noted, some cave
men lived to over 100 years, although the average life-expectancy was less
than 35. This type of theoretical aging curve is referred to as a ‘first-order
chemical reaction’ curve; a classic example is a bomb that explodes in a
movie theater. The explosion has the same likelihood of killing someone
whether they are 10 or 100 years of age. Another theoretical way that
populations age is the ‘rectangular’ curve; under this curve, in ideal circum-
stances, persons in a given society live until such time that age alone deter-
mines that the systems can function no longer and death ensues. This aging
curve resembles a rectangle. Clearly, no one ages in a pure form and multiple
factors enter into one’s longevity. While the theoretical ‘rectangle’ appears
to be unattainable, we have as a society, become more rectangular. Changes
in the ozone layer threaten the very existence of our aging society. Not only
is UV light a potent accelerator of the aging process, it is also a potential



cause of increases in such diseases as skin cancer. Also UV light has been
shown to affect the immune system. Pollution, carcinogens, malnutrition,
etc. are other real threats to our aging and must be reckoned with if mankind
is to attain the age that we were once destined to achieve.

Proper preventive health care can accomplish much. First, we need to be
able to recognize normal age-related change (Table I) and to distinguish it
from the various sequelae of disease. Secondly, recognizing that certain
diseases occur more frequently with age (Table II), we must be able to
recognize early warning signs and third, we must remember that, in the
elderly, many diseases present in a non-specific and otherwise atypical
manner (Table III). These guiding principles can help us provide the best
care for our aging patients. We must become more proactive in regard to
environmental issues if we are to help more persons to live to their full
potential in a healthy and functional state. Today, approximately one-third
of our remaining years after the age of 70 are spent in a dependent state in
at least some area of daily care. This can be reduced if we start paying
attention to our aging early enough. Life-long attention to the prevention of
osteoporosis, for example, can keep bone mass sufficiently strong so that old
age is not so frequently accompanied by fractures, a leading cause of mor-
bidity and even mortality for persons over 80.

Table I. Age-related physiologic changes

System Effect of age Consequences

Central - Decline in the number of neurons - May result in problems with
nervous and the weight of the brain independent living

system - Reduced short-term memory

— Takes longer to learn new
information
- Increased speed of reaction time

Spinal - Decline in nerve conduction velocity — Slowness of ‘righting’ reflexes
cord/ - Diminished sensation - Muscle wasting

Peripheral - Decline in the number of fibers in the - Dimished sensory awareness
nerves nerve trunks — Reduced vibratory sensation
Cardio- - Reduced cardiac output (normal?) - Reduced exercise tolerance
vacular - Valvular sclerosis of the aortic valves

system (common)

- Reduced ability to increase the heart
rate in response to exercise

Respiratory - Decline in vital capacity - Diminished oxygen uptake
system - Reduced lung compliance during exercise
- Reduced ciliary action - Reduced pulmonary ventilation
— Increased residual volume on exercise
- Increased AP chest diameter - Increased risk of pulmonary
infection

- Reduced exercise tolerance
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Table 1. Continued

System Effect of age Consequences
Gastro- - Decrease in number of taste buds - Reduced taste sensation
intestinal - Loss of dentition - Possible difficulty in
tract - Reduced gastric acid secretion mastication
- Reduced motility of large intestine - Potential cause of iron
deficiency anemia
- Constipation
Kidneys - Loss of nephrons - Decreased creatinine clearance
- Reduced glomular filtration rate and - Reduced renal reserve may
tubular reabsorption lead to reduced glycosuria in
Change in renal threshold the presence of diabetes
mellitus
Musculo- Osteoarthritis - Poor mobility; pain
skelletal Loss of bone density (normal?) - Decreased vertical height
system Diminished lean muscle mass - May predispose to fractures
- Change in posture
- Reduced caloric requirements
- Reduced strength
Endocrine/ Reduced basal metabolic rate (related - Reduced caloric requirements
Metabolism to reduced muscle mass) - Must distinguish from true
Reduced glucose tolerance diabetes mellitis
Reproductive Delayed penile erection Diminished sexual response
men Infrequent orgasm Decreased reproductive
Increased refractory period capacity
Decreased sperm motility and altered
morphology
Reproductive Decreased vasocongestion
women Delayed vaginal lubrication
Diminished orgasm
Ovarian atrophy
Skin Loss of elastic tissue Increased wrinkling
Hair loss Senile purpura
Atrophy of sweat glands Difficulty in assessing
dehydration
Reduced sweating
Sensory
(a) Eye Arcus senilis - Increased risk of falls and
Lentricular opacity fracture
Decreased pupillary size - Poor vision
Contraction of visual fields - Presbyopia
(e) Ears Atrophy of external auditory meatus  Presbycusis (loss of hearing of
Atrophy of cochlear hair cells high frequencies)
Atrophy of ossicles Gradual loss of hearing
(c) Taste Reduced number of taste buds Loss of interest in food
Poor taste sensation Malnutrition and weight loss
(d) Smell Decline in the sensation of smell Increased risk of gass poisoning;

decreased apetite




Table 1I. Age-prevalent disease

System Disease

Central nervous system Dementia
Depression
Parkinsonism

Eyes

Ears

Cardiovascular system

Respiratory system

Endocrine/Metabolic

Gastrointestinal trace

Genitourinary system

Musculoskeletal system

Blood

Subdural hematoma
Transcient ischemic attack
Trigeminal neuralgia

Poor vision
(cataract, macular degeneration)

Poor hearing

Hypertension

Ischemic heart disease
Arrhythmia

Cardiac failure

Peripheral vascular disease
Varicose veins

Chronic obstructive pulmonary disease
Pneumonia
Pulmonary tuberculosis

Diabetes Mellitus
Hypothyroidism
Hypokalemia/hyponatremia
Gout

Hiatus hernia

Dysphagia

Constipation

Fecal incontinence
Diarrhea

Malabsorption syndrome
Ischemic colitis

Irritable bowel syndrome
Rectal prolapse
Carcinoma of colon

Urinary tract infection
Urinary incontinence
Prostatism

Renal insufficiency
Prostatic carcinoma

Osteoporosis
Osteoarthrosis
Osteomalacia
Polymyalgia rheumatica
Paget’s disease of bone

Anemia
Multiple myeloma
Myelofibrosis
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Table II. Continued

System Disease

Autonomic nervous system Hypothermia
Postural hypotension

Oral pharanx Edentulous; Periodontal disease

Miscellaneous Dehydration
Foot problems
Fractures
Immobility
Iatrogenic illness
Malnutrition
Cancer
Pressure sores

Table I11. Examples of atypical presentation of illness in old age

Disease Examples of atypical presentation

Pneumonia Anorexia
Acute confusional state
Normal pulse rate
No elevation of body temperature
No rise in white cell count
Falls common

Pulmonary ‘Silent’ embolism
embolism nonspecific symptoms
Myocardial Anorexia
infarction Absence of chest pain
General deterioration
Falls
Weakness

Shortness of breath common

Congestive Non-specific symptoms

cardiac

failure

Acute abdomen Absence of rigidity and tenderness

Urinary tract Acute confusional state

Infection Absence of pyrexia
No rise in white cell count
Incontinence

Parkinsonism General slowness

Recurrent falls

Transient Acute confusional state
Ischemic Falls
Attacks



Table 11I. Continued

Disease Examples of atypical presentation
Polymyalgia Non-specific symptoms
Rheumatica Poor general health

Aches/pains

Lethargy
Hyperthyroidism Angina

Atrial fibrillation

Heart failure

Absence of eye signs

No increase in appetite

Appetite may be poor

Goiter commonly not palpated
Bowel movements rarely increased

Hypothyroidism Non-specific deterioration
Confusional state
Depression
Anemia
Vaginal bleed

Depression May mimic dementia

Malignancy Non-specific symptoms

The elderly persons of today are survivors. They have outlived their
cohorts by living beyond their life-expectancy. At the turn of the century,
the average life-span was 48 for men and 52 for women. Clearly the current
life-expectancy of 74.7 years is a major accomplishment, which becomes even
more impressive when one considers that today a 70-year-old woman has a
50% statistical chance of living an additional 17 years. The 70-year-old man
of today can expect 12.5 years, which places each in their 80’s at the time
of expected death. On average, the 80-year-old of today can expect to live
another 5 years; this population has the fastest growth of any age group. By
the year 2040, in the U.S. alone we will have almost as many persons over
the age of 80 than are over the age of 65 today. When one realizes that the
80-year-old has more normal age-related changes, has a higher incidence of
age-prevalent diseases, and that diseases become even more atypical in their
presentation as one ages, we must plan now through education and practice
for the ‘demographic imperative’ we face. Whether we will ever become a
purely ‘rectangularized’ society will rest in the hands of aging persons of
today. We cannot be complacent but must face the challenges ahead with a
clear understanding that any additional progress in prolonging functional life-
span will not be an easy one. It is, however, a flight that is well worth the
effort.



CHAPTER 2

Changes in renal function with age

ROBERT D. LINDEMAN

Introduction

This presentation provides an overview of the changes in renal function
and morphology during adult life, and a discussion of adaptive mechanisms
responsible for the regulation of volume and composition of the extracellular
fluid as they are affected by age. Kidney function can be easily, accurately,
precisely, and non-invasively quantified using clearance techniques that re-
quire only the collection of timed urine samples and blood samples obtained
at the midpoints of the urine collection periods. Such tests have made the
kidney a model system for studies of aging in man.

Changes in glomerular filtration rate with age

Cross-sectional studies have shown a consistent age-related decline in renal
function after age 30—40 years [1-3]. Wesson [2], in his review of 38 studies
that recorded individual inulin clearances and age found an accelerating
decrease in glomerular filtration rate with increasing age in both males and
females. The rate of decline was more rapid in males (Fig. 1). According to
Rowe et al. 3], the results from the Baltimore Longitudinal Study on Aging
showed a similar decline in mean creatinine clearances in normal subjects
followed over a 10-year period. A subsequent report from this study [4]
showed that the mean decrease in creatinine clearance in 446 normal volun-
teers followed over a 23-year period was 0.87 ml/min/year, close to that
observed in cross-sectional analyses. One third of these subjects, however,
had no decline in creatinine clearances (Fig. 2) as illustrated by six subjects
followed 15 to 21 years. These observations suggest that the decline in renal
function observed with age in the cross-sectional analyses is not due to
chronic involutional changes, which occur in all persons probably at different
rates, but more likely is due to intervening pathology, e.g. undetected glom-
erulonephritis or interstitial nephritis secondary to infections, immunologic

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 11-22.
© 1993 Kluwer Academic Publishers.
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Fig. 1. Glomerular filtration rates (inulin clearances) per 1.73 m? in normal male volunteers
plotted against age from 38 studies compiled by Wesson [2]. Solid and broken lines represent
mean * one standard deviation. Reprinted by permission.

insults, drugs, or other toxic exposures, vascular occlusions with resultant
ischemic injury, or urinary tract infections or obstruction. The terms ‘suc-
cessful’ vs. ‘usual’ aging have been used to distinguish between individuals
who age without loss of organ function and the usual cross-section changes
of any aging population, which are based on mean values [5]. The latter
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Fig. 2. Individual longitudinal displays of serial creatinine clearances plotted against age in
years for representative subjects from the Baltimore Longitudinal Study on Aging. Especially
note the six subjects in the bottom panel, representative of nearly one-third of the subjects
followed, who had no decrease in creatinine clearances over periods up to 21 years. Reprinted
by permission from Ref [4].

includes individuals with pathology, often asymptomatic, or at least unde-
tected or unreported.

In the Baltimore Longitudinal Study of Aging, although mean true creati-
nine clearances fell from 140 ml/min/1.73m* at age 25-34 years to
97 ml/min/1.73 m® at age 75-84 years, mean serum creatinine concentrations
rose insignificantly from 0.81 to 0.84 mg/dl [3]. This indicates that mean
creatinine production falls at nearly the same rate as the mean renal clearance
of creatinine, reflecting the decrease in body muscle mass that occurs with
age (Table I). In the older patient, the serum creatinine concentration must
be interpreted with this in mind when it is used to determine or modify
dosages of drugs cleared totally, e.g. the aminoglycoside antibiotics, or parti-
ally, e.g. digoxin, by the kidney.
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Table I. Cross-sectional age difference in creatinine clearances, serum creatinine concentrations
and 24-hour urine creatinine excretions (adapted from [3])

Age No. subjects Creatinine clearances  Serum creatinine Creatinine
ml/min/1.73 m? concentrations excretions
mg/100 ml mg/24 hr.
25-34 73 140.1 0.81 1862
35-44 122 132.6 0.81 1746
45-54 152 126.8 0.83 1689
55-64 94 119.9 0.84 1580
65-74 68 109.5 0.83 1409
75-84 29 96.9 0.84 1259

Changes in renal blood and plasma flow with age

The effective renal plasma flow (ERPF), generally estimated by measuring
paraminohippuric acid (PAH) clearance, decreases from a mean of 649 ml
per minute during the fourth decade to a mean of 289 ml per minute during
the ninth decade [1]. The ERPF decreases more rapidly than the GFR. Since
the extraction ratio (ERPF/RPF) at low arterial PAH concentrations is not
influenced by age (92% in both young and old subjects), one can use PAH
clearances to gain an accurate reflection of changes in renal blood flow with
age [6].

The decrease in renal blood flow with age (without a parallel decrease in
blood pressure) could be due to intraluminal vascular pathology (atheromata,
sclerosis), or an increased renal vascular resistance caused by arteriolar
vasoconstriction. McDonald et al. [7] reported that, compared to younger
subjects, administration of a pyrogen produced a greater percentage increase
in ERPF (91 vs. 71%) in older subjects, suggesting a greater resting vaso-
constriction in the latter.

Using xenon-washout techniques, Hollenberg et al. [8] found that perfusion
of the outer cortical nephrons declined more with age than did perfusion of
corticomedullary nephrons. They did further studies to determine if this
selective decrease in cortical-nephron perfusion was due to sclerotic changes
in the small arcuate arterioles, or to a selective vasoconstriction of these
vessels. The vasodilator, acetylcholine, increased renal blood flow in both
young and old subjects but the effect was much more striking in younger
subjects. In contrast, the vasoconstrictor response to angiotensin was similar
in both young and old. This study suggests that the renal vasculature in the
aged subjects is in a relatively greater state of baseline vasodilatation than
that of young subjects. Since only these two investigations have addressed
this question and since the results are contradictory, we need additional
studies to resolve this issue.

Because the cortical component of renal blood flow decreases more rapidly
than does mean renal flow rate, it appears that cortical nephrons are more
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severely affected by age than are juxtamedullary nephrons. Since the juxta-
medullary nephrons have a higher filtration fraction than do cortical neph-
rons, a selective loss of the latter might explain the increase in filtration
fraction (GFR/ERPF) observed with age [1, 2, 7, 9]. An alternative explana-
tion for the age-related increase in filtration fraction is that later in life
the efferent arteriole is disproportionately vasoconstricted compared to the
afferent arteriole, thereby increasing the filtration pressure in the glomerular
capillary bed.

Correlations with renal morphology

Both kidney mass and function decrease after the third or fourth decade of
life at a rate approximating nearly 1% per year. The principal loss of renal
mass is from the cortex, and is primarily vascular; the most significant changes
occur at the capillary level. Both the number of glomerular tufts per unit
area and the number of glomerular and tubular cells decrease, while the size
of the individual cell increases with age [10].

Normal aging is associated with sclerotic changes in the walls of the larger
renal arteries, but generally these lesions do not encroach on the lumen
sufficiently to produce functional changes [11]. In non-hypertensive elderly
subjects, smaller vessels are relatively spared and only a small percentage of
senescent kidneys show arteriolar changes. The incidence of sclerotic glo-
meruli increases with advancing age, from less than 5% of the total at age
40 to 10-30% of the total by the eighth decade [12]. Kasiske [13] found a
strong direct correlation between the number of sclerotic glomeruli and the
severity of atherosclerotic disease. He also found that, when the percentage
of sclerosed glomeruli was less than 5%, the distribution between cortex and
medulla was relatively uniform, but as it exceeded this level, the sclerosis
became predominantly cortical.

Several investigators [14, 15] have provided detailed descriptions of is-
chemic obsolescence in cortical vs. juxtamedullary glomeruli. Initially, there
is a progressive collapse of the glomerular tuft with wrinkling of the basement
membranes, followed by a simplification and reduction in the vascular chan-
nels. Hyaline is deposited within the residual glomerular tuft and in the space
of Bowman’s capsule. Identifiable structures rapidly disappear. The obsolete
glomerulus may be reabsorbed and disappear entirely. Reabsorption is sug-
gested by the scantiness of the cellular response and by the residual scar.
This process can leave a single vessel in place of the glomerular capillary
bed, thus producing a shunt between the afferent and efferent arterioles
(juxtamedullary glomeruli) or atrophy can produce an abrupt termination of
the arteriole (cortical glomeruli).
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Pathophysiology of the decrease in renal function with age

No one knows whether the decrease in renal function observed with age is
due to a progressive involutional process with loss of nephron units and a
decline in cellular function, or to various pathologic processes, often unde-
tected, which produce acute and chronic injuries. Examples of such injuries
include glomerulonephritis or interstitial nephritis due to infections, drugs,
toxins, and immunologic insults, vascular occlusions with resultant ischemic
injury, and urinary tract infection and/or obstruction. The Baltimore Longi-
tudinal Study on Aging [4] has shown that over one-third of the male volun-
teers followed, some up to over 20 years, showed no decrease in renal
function. These data suggest that there is no progressive involutional change,
at least not in all persons, and support the concept that the decrease in renal
function with age observed in cross-sectional studies is due to superimposed
pathology. Elsewhere [16,17] I have discussed a number of examples of
undetected pathology as potential causes of reduced renal function in the
elderly. An alternative explanation would be that, with any involutional
changes (sclerosis of glomeruli, tubulointerstitial scarring), there is a com-
pensatory increase in the function of remaining nephron units related to a
release of a variety of growth factors, e.g. epidermal growth factor (EGF)
or insulin-like growth factor I (IGF-I), as demonstrated in early insulin-
dependent diabetes mellitus.

Once individuals with kidney injury from any cause, reach a critical level
of renal functional deterioration, the disease progresses, even if the initiating
event or condition is resolved. This is due to a progressive glomerular
sclerosis. A vast literature has been generated on the role of hyperperfusion
and hyperfiltration in the progression of declining renal function. Brenner
and colleagues [18, 19] suggest that the protein-rich diet characteristic of
modern Western society induces chronic renal hyperperfusion and hyper-
filtration, thereby contributing to the structural and functional deterioration
of the aging kidney. Presumably, with age alone as with primary renal
disease, diabetes mellitus, hypertension and renal ablation, the high glomeru-
lar pressures and plasma flow rates created by the high-protein intake contrib-
ute to the development of glomerular sclerosis resulting in a progressive
decline in renal function. Not all evidence supports this theory because
long-term followup of patients undergoing nephrectomy for unilateral renal
disease or kidney transplant donation do not show deteriorating renal func-
tion or evidence of glomerular sclerosis. The evidence that a high protein
diet contributes to a deterioration in renal function in the elderly is reviewed
elsewhere [20], but it does not appear that this is a significant factor unless
there is also some pathology that diminishes renal function.

Unilateral nephrectomy causes compensatory hypertrophy in the normal
remaining kidney, however, compared to the young, the rates of enlargement
and increased function are much lower in the old. There is no increase after
birth in the number of nephrons. Cellular hyperplasia is the predominant
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response to nephrectomy in the young whereas cellular hypertrophy is the
chief response in the elderly [21]. Even though the kidneys of older animals
enlarge primarily by hypertrophy, the rate of hypertrophy is less than that
observed in younger animals. A recent symposium [22] describes the role of
the growth factors in cellular hyperplasia and hypertrophy and their impact
on recovery of the kidney from injury and on the development of glomeru-
losclerosis. It appears that the processes of glomerular hypertrophy and
glomerular sclerosis are closely linked.

The effect of age on other renal functions
Maximum tubular transport capacity

The tubular maximum for PAH secretory transport decreases with age at a
rate paralleling the decrease in inulin clearance [1, 23]. The tubular maximum
for glucose reabsorption also decreases at a rate closely paralleling the de-
crease in inulin clearance [24].

Although reductions with age in the secretory and reabsorptive tubular
maxima could be explained simply by a progressive loss of functioning ne-
phrons, animal studies suggest that the old, tubular cells have fewer energy-
producing mitochondria [25], lower enzyme concentrations [25-27], lower
concentrations of total or sodium-potassium activated adenosine triphospha-
tase (ATPase) [28], decreased sodium extrusion and oxygen consumption
[29], and decreased tubular transport capacity [25]. Because these studies
were performed on tissue slices, it is difficult to be sure that all these de-
creases are attributable to a true decrease in renal tubular-cell function and
are not due to a higher proportion of non-tubular mass in old versus young
kidneys.

Concentrating and diluting ability

A decrease in concentrating ability with age is well documented [9, 30-
33]. Twelve hours of water deprivation increased mean urine osmolality to
1109 mOsm/L in young subjects (mean age 33 years), 1051 mOsm/L in
middle-aged subjects (mean age 49 years), and 882 mOsm/L in old subjects
(mean age 68 years). The decrease in concentrating ability could not be
related strictly to an increase in solute load in surviving functional nephrons
[9,33]. Rowe er al. [33] suggested that the relative increase in medullary
blood flow per nephron with age, as shown by Hollenberg ez al. [8], would
result in enhanced removal of medullary solute (washout), and thus decrease
maximum urinary osmolality.

Similarly, maximum urine osmolality following infusions of large doses of
pitressin is decreased in older subjects undergoing a water diuresis [31]. The
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kidneys of elderly subjects, in contrast, respond normally to graded doses of
pitressin insufficient to maximally concentrate the urine [9]. This suggests
that the decrease in concentrating ability of older subjects is due to a decrease
in medullary hypertonicity rather than to any defect in the tubule’s ability
to respond to pitressin.

Maximum diluting ability, as measured by minimum urine osmolality
achieved with water loading, also decreases with age [9]. However, when
one compares maximum free-water clearance per unit of nephron mass
(GFR), there is little difference between young and old subjects, suggesting
that there is no basic defect in the ability of the individual tubule to produce
a dilute urine [9, 34, 35].

Excretion of hydrogen ions

To maintain systemic acid-base balance, the kidney must excrete a quantity
of hydrogen ion equal to that quantity of fixed acid generated by metabolism.
Under basal conditions, the blood pH, pCO,, and bicarbonate of older
persons without significant renal disease do not differ from the values ob-
served in young subjects [36, 37]. However, the decreases in blood pH and
bicarbonate concentrations following ingestion of an acid load persist longer
in elderly persons [37, 38]. The minimum urine pH achieved after an acid
load is similar in young and old subjects. In younger subjects a much larger
percentage of the ingested acid load, as measured by total acid excretion
(ammonium plus titratable acid minus bicarbonate), was excreted over an
eight hour period. However, if total acid excretion in 8 hours is factored by
GFR, similar rates of excretion are obtained. The young subjects excrete a
greater percentage of their total acid as ammonium, presumably because
older subjects have an increase in urinary buffers responsible for titratable
acid, e.g. phosphate, creatinine, per unit of GFR. Agarwal and Cabebe [38]
found that elderly subjects showed a small pH gradient defect and in them
ammonium excretion was reduced even after correction for GFR. Adler et
al. [37] reported that, in older subjects, the administration of glutamine, the
major substrate for renal ammoniagenesis, did not correct the defect in
ammonium excretion suggesting that the defect was not due to a lack of
substrate. In older persons, a limitation of the kidney’s ability to excrete acid
may predispose to the development of and delayed recovery from metabolic
acidosis.

Glomerular permeability

Functional studies of glomerular filtration show no changes in membrane
permeability. Glomerular permeability to free hemoglobin and a spectrum
of different-molecular-weight dextrans do not differ between young and old
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subjects [39, 40]. This is true even though, as one ages, the mesangium of
the individual glomerulus takes up a greater percentage of total glomerulus
volume and the glomerular basement membrane thickens [41].

Renal control of fluid and electrolyte homeostasis

Under normal circumstances, age has no effect on serum sodium and potas-
sium concentrations, or the body’s ability to maintain normal extracellular
volumes. However, the extrarenal mechanisms responsible for maintaining
volume and composition of the extracellular fluids, often become impaired
in the elderly, especially when stressed by acute and/or chronic illness.

Epstein and Hollenberg [42] found that older subjects did not conserve
sodium as efficiently as do younger subjects. The half-time for reduction of
urinary sodium excretion after rigid salt restriction was 17.6 hours in the
young compared to 30.9 hours in older subjects. Elderly subjects consistently
have lower plasma-renin activities and plasma or urinary aldosterone ex-
cretions, both on restricted and unrestricted salt diets, and in the supine
and upright positions [43, 44]. In the elderly, these decreased plasma-renin
activities and plasma concentrations or urinary excretions of aldosterone may
be related to an impaired responsiveness to B-adrenergic stimulation because
one of the effects of B-adrenergic stimulation is to increase levels of circulat-
ing renin and aldosterone. The decrease in aldosterone at least partially
explains the elderly’s decreased ability to conserve sodium, when challenged
with a low salt diet.

Two other factors may operate in the elderly to explain this relative
inability to conserve salt. First, circulating atrial natriuretic factor (ANF)
levels, while variable in the elderly, are substantially higher than those
observed in healthy young adults [45, 46]. These elevated levels may play a
role in the salt-losing tendency of the aging kidney, both directly by its
natriuretic effect, and indirectly by suppressing renin and aldosterone syn-
thesis and release. Secondly, as renal function decreases in the older person,
assuming food and salt intake are reasonably well maintained, the solute
load per residual functioning nephron increases thus producing an osmotic
diuresis and impairing ability to conserve sodium.

The low renin and aldosterone levels also would account for the greater
tendency of older individuals to develop hyperkalemia when receiving supple-
mental potassium [47]. The combination of a decreased glomerular filtration
rate and this impaired renin-aldosterone response leaves older individuals
‘at risk’ for the development of hyperkalemia. Because the distal nephron
has such a large capacity for secreting potassium even in patients with se-
verely reduced renal function, hyperkalemia generally develops only when
one or more additional factors, e.g. oliguria, or an excess endogenous or
exogenous potassium load, is introduced into the body. Drugs that interfere
with this aldosterone-dependent tubular secretion of potassium in the distal
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tubule include the potassium-sparing diuretics, e.g., spironolactone, triamter-
ene and amilorilde, the B-adrenergic blockers, the angiotensin-converting
enzyme (ACE) inhibitors, and the non-steroidal anti-inflammatory drugs.
Elderly persons with interstitial nephritis, especially diabetics, develop a
more pronounced hyporeninemic hypoaldosteronism referred to as a Type
IV renal-tubular acidosis.

The increased tendency of the older person to lose both salt and water
(concentrating defect) undoubtedly contributes to the more rapid develop-
ment of dehydration and hypernatremia in them. More important, however,
is the impairment in the thirst mechanism that develops with age. Phillips et
al. [48] who studied the thirst response, and pituitary and renal responses to
24 hours of water deprivation in young vs. old subjects, showed increased
serum osmolalities and plasma arginine vasopressin (AVP) levels and de-
creased urine osmolalities in the older group after water deprivation. The
younger subjects, however, reported much more thirst after water restriction,
and, at the end of the study, rapidly drank water to restore plasma osmolality
to normal, whereas the older individuals drank little water and still had not
corrected the hyperosmolality after 2 hours. If older persons had a normal
thirst response to water deprivation, they would compensate for the inability
to conserve salt and to concentrate their urine by increasing fluid intake.
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CHAPTER 3
Renal consultations in hospitalized very old people

ELI A. FRIEDMAN, ANNE-MARIE MILES, JEANNE P. MACRAE,
and LOUIS NEVILLES

Summary

Renal consultations between January 1, 1987 and March 31, 1991 were
reviewed to assess the etiology and outcome of renal disorders in patients
=85 years old. Of 2491 consultations, 41 (2%) were in these very old
patients. A sample of 23 charts (56%) at Kings County Hospital Center
(KCHC) were compared with 20 ‘control’ charts selected randomly as equiva-
lent in age and service, but not related to kidney disease. In addition, we
reviewed all KCHC admissions to the medical and surgical services during
the study period (n = 50,991) to ascertain admission diagnoses and death
rates sorted by age.

There were 15 deaths in the renal consultation group (65%) but only 2 in
20 control very old patients (10%) (p <0.0007). Patients = 85 years old,
who had a renal consultation, died at a significantly higher rate than those
in the same age range who did not have an identified renal problem. Kidney
patients had significantly higher blood urea nitrogen and serum creatinine
levels than did the controls. In these very old kidney patients, death was
attributed to common medical problems including hypertension, diabetes,
stroke, cardiac disease, and pneumonia. Only two patients died from acute
renal failure. The two deaths in control patients were due to extensive burns
and pneumonia-septicemia. An analysis of reasons for admission to KCHC,
when sorted by age, showed a progressive rise in kidney disorders, from
7.5% of admissions in those aged 18 to 44 years to 28.6% in the very old
group aged = 85 years old.

We have concluded that a request for a nephrologic consultation must be
taken seriously in very old patients. From the current data, we cannot
distinguish the exact contribution of intrinsic renal disease from prerenal
azotemia as an agonal event in extrarenal disease. With respect to the subset
of patients with azotemia due to renal disease, any reduction in the two-
thirds mortality in the very old patients seen in renal consultation may be
contingent — in part — on earlier introduction of dialytic therapy at lower
levels of azotemia.

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds.), Nephrology and Urology in the Aged
Patient, 23-33.
© 1993 Kluwer Academic Publishers.
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Fig. 1. Incidence of ESRD by age. Growth over the last decade in the number of new ESRD
patients who were = 85 years old is contrasted with the constant number of new ESRD patients
in the 15 to 19 year old age group. Data are from the United States Renal Data System 1991
report [2].

Introduction

Old age, like a hazy horizon, is located just beyond those attempting its
definition. For the nephrologist, the geriatric patient is someone older than
those usually accepted for long-term care. Wing illustrated this point when
he remarked that his two dialysis patients ‘over 70’ were sufficiently unusual
to warrant proud introduction to the Secretary of State [1]. In the six years
since his report, aggressive expansion of the United States renal failure
program has extended to those 85 years and older (Fig. 1 of the U.S. Renal
Data System) [2]. To identify the medical conditions present in these very
old kidney patients, we did a retrospective analysis of patients admitted by
our renal service or referred for evaluation by other services.

Our service assists in the management of hospitalized patients manifesting
renal insufficiency, acid-base imbalance, fluid and electrolyte disorders, hy-
pertension, and direct manifestations of intrinsic renal disease. Since January
1, 1987, we have entered every renal consultation into a computerized data
base that permits retrieval and sorting of data by demographic criteria. To
determine the type and severity of disorders prompting renal consultation in
the very old — defined as those aged 85 years or older — we recalled all
records of patients whose date of birth indicated an age of at least 85 on
admission. This paper provides a summary of these records, and a retrospec-
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Table 1. Diagnosis on consultation requests in very old patients

O

Unexplained azotemia
Hypertensive nephropathy
Congestive heart failure
Diabetic nephropathy
Hemodialysis complication
Acute renal failure
Pneumonia

GI hemorrhage

Urinary obstruction
Stroke

[l NS I S I N S BV, R ]

Total

=
=y

tive analysis of admissions to the medical and surgical services of a large
municipal hospital, arranged by age.

Methods

The Renal Division of the Department of Medicine provides consultations
to Kings County Hospital Center (KCHC), a large municipal hospital, and
University Hospital of Brooklyn (UHB), a state institution that includes the
care of private patients. Between January 1, 1987 and March 31, 1991, there
were 2491 renal consultations and direct renal admissions. Of these, 41
patients (2% of all consultations) were = 85 years old (Table I). After the
patients were discharged, one of us compared the initial renal diagnoses
assigned by the consulting renal fellow for computer entry at the time of
admission with diagnoses for the same illness in the same patient determined
by chart review. After discovering a strikingly high death rate in elderly renal
consultation patients evaluated at KCHC, we extended the study, from the
computer grouping of contemporaneous medical and surgical admissions, to
include a control population by randomly and sequentially selecting charts
of patients who were =85 years old when admitted to the medical and
surgical services during the same interval, but who had not had a renal
consultation.

Each of these charts was also reviewed. The purpose of this control group
was to assess the significance of mortality rates discovered in those who had
had renal consultations. To gain perspective of the number and significance
of very old kidney patients, we compiled all admissions to KCHC during the
time of our kidney study by age, gender, race, diagnosis, and death rate.
Statistical analysis of variance between groups and patient subsets was per-
formed using the EPISTAT program for ¢ tests, chi square tests, and the
Fisher Exact test.
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Fig. 2. Very old patients (85+ years) admitted 1/1/87-3/31/91. Contrasting age-group analyses
for admissions to the Medical and Surgical Services at Kings County Hospital Center (left) and
consultations by the Renal Division over the interval January 1, 1987 to March 31, 1991 (right).
Note that while patients 85 years or older constituted 1% of admissions, they required 2% of
all consultations.

Results

Renal consultations were twice as frequent in patients who were = 85 years
old (2%) than might have been predicted from the proportion of hospital
admissions for this very old age group (1%) at Kings County Hospital Center
(Fig. 2). Table I lists the diagnoses recorded by the renal fellow in response
to 41 consultations in patients aged 85 years or older — 27 derived from
KCHC and 14 from UHB. The most prevalent disorders were unexplained
azotemia (9 patients), hypertensive nephropathy (8), congestive heart failure
(5), diabetic nephropathy (5), acute renal failure (4), and complications of
hemodialysis (4). Of 27 consultations listed for KCHC, the hospital record
was available in 23 patients. The remaining 4 charts were lost or were in use
somewhere within the hospital. Table II shows the prevalence of major
medical illnesses recorded in the charts of the consultation and control pa-
tients. In those who had had a kidney consultation, the key finding was the
extremely high death rate (65%) during the admission in which consultation
was requested. No single factor explains these deaths, although severe pre-
renal azotemia was noted in 7 of the renal patients (30.4%) and none of the
controls. The disorders of old age — stroke, cardiac failure, and pneumonia
- were insufficient to separate the renal patients from the controls (Table
IIT). Only two of the renal patients had acute renal failure (one had acute
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Table II. Chart review of consultation and control patients

Condition =85 Year old = 85 Year old p Value
Consultations Control patients
(n=23) (n =20)

Hypertension 17 9 0.10
Stroke 7 4 0.67
Diabetes 7 2 0.2
Septicemia, pneumonia 6 6 -
Cardiac disease 6 3 -
Prerenal azotemia 7 0 _
Acute renal failure 2 2 -
Malignancy 1 2 -
Obstructive uropathy 1 0 -
Trauma (burn) 0 4 -
GI hemorrhage 1 1 -
Death 15 2 < 0.0007
Table 11I. Comparison of consultation and control groups

Consultations Controls p values

(n=23) (n =20)
Men: women 12:11 4:16 0.06
Mean age 88.7 = 3.6yrs 88.5 = 2.4yrs 0.83
Blood urea nitrogen 100.5 £ 56 mg/dl 21.3 £ 8.9 mg/dl < 0.0007
Serum creatinine 5.6 £2.9mg/dl 1.1 £0.3mg/dl < 0.0002
Deaths 15 (65%) 2 (20%) < 0.0007
Table IV. Cause of 15 deaths in 23 very old renal patients
Chart finding Number of patients
Cerebrovascular accident 1
Diabetic complications 4
Heart disease — myocardial infarction, failure 3
Hypertension complications 2
Pneumonia, septicemia 4
Acute renal failure — subdural hematoma, myocardial infarction 4
Total 15

myocardial infarction, the other subdural hematoma). Both died despite
repeated hemodialyses. It was difficult to ascribe a single or main cause of
death to the fifteen kidney patients who died; in nearly all instances, the
patient entered with a single illness, such as pneumonia or myocardial infarc-
tion, and then had a sequence of multisystem complicationss inducing mul-
tiorgan failure. Thus, although Table IV lists 18 causes of death for the 15
renal patients who died, the list could have been expanded to 30 causes. In
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Fig. 3. Admissions to the medical and surgical services at Kings County Hospital Center between
January 1, 1987 and March 31, 1991 grouped by age and diagnosis. Note that not all causes of
admission are shown. The percent of renal admissions reflects the ratio of kidney disorders to
all admissions in the denominator (not just those shown in the pie wedges). There is a progressive
rise in the proportion of kidney-related admissions with increasing age.

the two control patients, death was easier to categorize because each person
had been well until an acute illness (burn, pneumonia), the complications of
which led to death.

Figure 3 reviews the relative frequency of renal disorders among hospital
admissions — sorted by age. We divided adult admissions to the medical and
surgical services of KCHC between January 1, 1987 and March 31, 1991,
into four groups according to age. Those in the 18- to 44-year-old group had
a renal diagnosis in 2021 of 27,057 (7.5%) admissions. The proportion of
admissions with a renal diagnosis increased progressively to 12.0% in the 45
to 65-year-old group, 18.8% of the 65- to 84-year-old group, and finally to
28.6% of admissions in those =85 years old. It was also impressive that
diabetes persisted into very old age as a cause of hospitalization. In fact, of
681 hospitalized patients 85 years or older, 47.6% were listed as having
diabetes and/or a kidney disorder as their principal diagnosis.

Figure 4 analyzes the cause of death of hospitalized patients grouped by
the same age ranges used to study admission rates. Not surprisingly, the case
fatality rate increases sharply with increasing age. Of 27,057 admissions aged
18 to 44 years, 1514 (5.6% ) died during their hospitalization. The case fatality
rate rose to 8.2% for patients 45 to 64 years old, 13.2% for those 65 to 84
years old, and finally 31.8% for those = 85 years old. The 65% death rate
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Fig. 4. Medical + surgical admissions (KCHC) deaths by age: 1/1/87-3/31/91. Deaths during
admission to Kings County Hospital Center’s Medical and Surgical services in four age groups.
There is a progressive increase in the death rate with increasing age.

in the 23 renal consultations was significantly higher than that for all patients
= 85 years of age (p = 0.0001).

Discussion

The main finding of our study is the ominous consequences of renal malfunc-
tion considered serious enough to provoke a renal consultation in = 85-year-
old patients hospitalized in a municipal hospital. Nearly two-thirds of these
patients die during the hospitalization in which consultation is requested.
While death is a fellow traveller with advanced age in the seriously ill, some
question whether such a generalization is sound. For example, Rich et al.
asked whether age is an independent predictor of mortality after myocardial
infarction and concluded that: “Even after statistical adjustment for numer-
ous baseline and therapeutic differences between younger and older patients,
age remains a potent independent predictor of adverse outcome” [3]. Using
Rich et al. as a basis to ask: “Should age be used as a criterion for initiating
or withholding therapy after acute infarction?”’, Manolio and Furberg advise
that: “As physicians, we must discipline ourselves to look beyond a patient’s
age to consider his or her medical condition and potential for benefit, as well
as the desires of patients and their families” [4]. That most clinicians agree
that age per se ought not to be an exclusion criterion from most medical
treatments is substantiated by the growing number of patients accepted for
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Table V. Cause of 2 deaths in 20 very old control patients

Chart finding Number of patients
Pneumonia, septicemia 1
Third-degree burns, sepsis 1
Total 2

ESRD treatment throughout the world. As is true for a younger patient,
management of the very old with a ‘renal problem’ requires a renal diagnosis,
a listing of options in therapy, and, lastly, a prognosis.

Only sketchy information exists, however, concerning what is normal or
abnormal in terms of kidney function after the age of 85. Multiple cross-
sectional studies have compared kidney structure and function in the elderly
to that in young subjects. Typically, a small number of elderly subjects
(frequently defined as over 60 years of age) without obvious illness are
compared to a group of healthy young subjects.

Aging is accompanied by a reduction in renal blood flow [5], reduced
GFR [6], impairment of sodium conservation [7], impairment of urinary
concentration [8], and reduced excretion of an acid load [9]. In a rare
longitudinal study, Lindeman et al. [10] measured GFR over time and con-
cluded that it falls by 0.75 ml/min/year in healthy subjects. It should be
appreciated, however, that 35% of the subjects in the study of Lindeman et
al. showed no deterioration in GFR over the course of many years.

The structural changes that accompany the functional decrements of aging
include a reduction in total renal mass, loss of glomeruli, and an increase in
interstitial tissue [11,12]. Within glomeruli, there is increased mesangial
matrix, thickening of the basement membrane, and loss of lobulation in the
glomerular tuft [13], while tubules develop increasing numbers of diverticuli
that may represent the origins of retention cysts [14]. Concerning vascular
changes of aging, Takazakura ef al. [15] found two distinct changes: Obliter-
ation of cortical afferent arterioles with atrophy of glomeruli, and spiralling
of medullary afferent arterioles, that bypass the glomeruli and shunt blood
directly to efferent arterioles.

Information about renal disease in the elderly comes from three main
sources: Series of patients with acute renal failure, biopsy series, and statistics
on causes of ESRD in various age groups. The most common cause of acute
renal failure in elderly patients appears to be prerenal azotemia, followed
by acute tubular necrosis [16]. However, in our present report, only two of
15 deaths were attributed to acute tubular necrosis (Table IV). In one of the
rare studies that specifically identified a sub-group over 80 years of age,
Druml et al. [17] found no influence of age on mortality from acute renal
failure. We cannot determine the significance of age as a prognostic factor
in the mortality of acute renal failure until we compare the outcome of
subgroups of older and younger patients in a controlled prospective study.
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Although a number of studies show a higher mortality among elderly patients
[18-20], just as many show no difference in mortality between patients older
and younger than 65 [21-23].

Several workers have studied the etiology of biopsy proven renal disease
in the elderly in retrospective reviews of their pathology records. Moorthy
et al. [24] compared 455 patients younger than 60 to 115 patients between
60 and 84. Rapidly progressive glomerulonephritis (16%), membranous
nephropathy (13%), amyloidosis (4%), and diffuse proliferative glomeru-
lonephritis (4%) were more than twice as common among the elderly.
Nephrosclerosis was diagnosed not only in 13% of the elderly, but also in
10% of the younger group. Rakowski et al. [25] studied 83 individuals be-
tween 55 and 85, in whom the most common diagnoses were membranous
nephropathy (12%), nephrosclerosis (13%), and diabetes (16%). In 143
patients between 60 and 80 years of age, Kingswood et al. [26] reported that
the leading diagnoses were membranous nephropathy (17%), focal prolifer-
ative glomerulonephritis (13%), and amyloid (13%).

Studies of the distribution of causes of ESRD in old and young popula-
tions, suggest that, in the elderly, hypertension and urinary tract obstruction
become more important causes of renal failure, while diabetes becomes less
common [27]. Among the very old in the present report, however, diabetes
and hypertension persisted into the ninth decade of life as management
problems. In data from the Medicare ESRD program, hypertension was the
leading cause of renal failure (37%), followed by glomerulonephritis (13%),
diabetes (10% ), obstruction (6% ), and cystic disease (2% ) in those 75 years
of age or older. The cause of renal failure was ‘unknown’ in 15% [28].

It might be argued that our sample size (n = 23) is too small to permit
generalizations about all very old people. Although our sample size is small
and the population represents a select, often very ill subgroup of very ill
people, the grave prognosis associated with azotemia in those = 85-year-old
hospitalized patients was not present in an age-matched group of contempor-
aneous patients with nonrenal illnesses. The high mortality noted in very old
azotemic patients may reflect multiorgan failure, as well as an under-
appreciation of the severity of renal failure because of lower levels of serum
creatinine, based on a decreased muscle mass, than would be found in
younger patients with the same degree of renal insufficency.

An evaluation that starts a renal consultation paints a picture of an un-
stable subset of our population awaiting disaster — which is exactly what
awaits them when hospitalized. This view of the very old may be too harsh.
Indeed, a recent editorial in the Lancet, that asked ‘What is it like to be
very old?’, depicted the prospect of those over 90 years old as follows:
“Nearly half of them have not been to hospital for the past 5 years and most
of the remainder have only attended once over that period. Just a third have
regular contact with their family doctor. Over 90% of those living at home
are fully continent; two-thirds never have trouble sleeping; only two-fifths
take analgesics. Over 70% report that they are in good spirits, never feel
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lonely, and are free from worries. Most lead lives of dignity and con-
tentment” [29]. These inferences are drawn from what appears to be a middle
class population, rather than the population of inner-city poor served by
KCHC.

From our preliminary exploration of the very old kidney patient, we are
dismayed over their high death rate and stimulated to pursue a much more
intensive and aggressive course in management, which will include early
resort to dialytic therapy. We will emphasize that a request for renal consul-
tation in very old patients should alert the consultant to our finding that, in
two-thirds of those =85 years or older, renal consultation is followed by
death in days.
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PART TWO

Progression of renal diseases



CHAPTER 4

Progression of glomerular diseases: risk factors and
clinical overview

GEORGE E. SCHREINER

The great renal physiologist, Homer Smith, once wrote, “We are what we
are because we have the kind of kidneys we have”. Thus, the important
questions in nephrology are those which deal with a chemical milieu consis-
tent with a high quality of life. When that milieu is optimal or tolerable, the
nuances of social decisions become highly relevant. However, when that
chemical milieu is suboptimal or intolerable due to declining kidney function,
the actions of society become almost irrelevant to the patient except those
actions directed toward making metabolic improvement possible.

In this context our most important questions become: Do kidneys of
necessity age? When does aging begin? Is there an inevitable rate? Is aging
a condition or disease or sum of multiple injuries? Is the rate variable? Is it
genetically determined, and if so, is this mutable or immutable? Can we
prevent progressive loss of kidney function? As time goes by, can we lower
the rate of loss and thus prolong the quality of life? Can we reverse the
decline and can we realistically hope for improvement if some decline has
already been seen?

Demography

Currently close to 200,000 Americans live on various forms of dialysis or
transplantation over 500,000 people worldwide. Thus, the possibility of an
inevitable decline of kidney function with age is not a trivial medical or
economic problem. The end results of this process in the U.S. alone annually
may cost 9 billion dollars, and the inevitability of increase is already in the
human biological plan. From the beginning of this century up to the 1981
census, Americans over 65 increased by more than 8-fold, from 3.1 million
in 1900 to 26 million in 1980. The US census bureau projects 33 to 36 million
persons over 65 by the end of century. This will represent 15% of the
population and, by the end of the first quarter of the new century in 2025,
there will be 60 million and one out of every S Americans will be over the
age of 65.

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 37-48.
© 1993 Kluwer Academic Publishers.
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The classical study of Davies and Shock [1] indicated that the glomerular
filtration rate (GFR) declines at roughly the rate of 1 ml/min/yr between the
ages of 40 and 80. This value was derived from 70 presumably normal males
drawn from the environment of Baltimore City Hospital. Wesson [2] added
data drawn from 36 different studies and found an accelerating decline with
age in GFR in both men and women (greater in men). In a 20 year hospital
study of 884 community volunteers in the same Baltimore environment,
Rowe, Tobin and Shock [3] found Ccr declining from 140 (25-34) to 97 (95-
84), a 31% decline. In a later study [4] of individuals followed sequentially,
1/3 of subjects including some elderly showed no decline over 20 years.

Unfortunately, the early studies persuaded most clinicians and many clini-
cal nephrologists that it is normal to have a 50% GFR at the age of 70 and
derivatively a serum creatinine on a multiple blood screen of 1.6 to 2.4 mg/dl.
With the standard deviations encountered in clinical automated techniques,
this is a coarse screen indeed and will miss early kidney disease in the older
age groups and also mild kidney disease, which can be slowly progressive in
the elderly.

Therefore, it is reasonable to ask whether the socioeconomic environment
of early studies contained people with underdiagnosed hypertension, dia-
betes, obstructive disease and infections of the urinary tract. Many Amer-
icans in this socioeconomic group are smokers, significantly overweight and
noted for nutritional deficiencies, high-lipid diets and considerable environ-
mental stress. It would be difficult, but fascinating, to determine whether
retrospective followup in later decades would reveal segments of this ‘normal’
population who had been prehypertensive, prediabetic or prepremature
atherosclerotic. The epidemiologic fact that functional measurements in some
subjects remain at a plateau and that many nonagenarians and centenarians
have low normal GFRs when adjusted for muscle and skeletal mass, suggest
that progressive decline of kidney function with age is not inevitable.

Perhaps a better concept is that progressive decline of kidney function
with age is a clinically acquired situation and could be diagrammed as a
vector of the sum of injuries produced by multiple risk factors varying tre-
mendously in different genetic, ethnic and environmental populations (Fig.
1).

While some risk factors for the progressive decline in kidney function may
be unknown, the clinical data suggest that most of them have already been
identified (Table I). The most visible histopathologic changes from the oper-
ation of these risk factors are focal or segmental sclerosis, often leading to
global sclerosis. Table II lists the diseases and clinical situations in which focal
sclerosis is prominent on renal biopsy. Experienced clinicians will realize that
many of the risk factors in Table I are present in the diseases and clinical
states in Table II.

Because these clinical situations are so disparate, they almost demand a
final common pathway to explain this shared histopathology. In basic prin-
ciples of human biology, we would expect that common pathway to include
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Fig. 1. Renal insufficiency: a measurable reduction in kidney function.

Table 1. Progression of renal disease risk factors

Proteinuria Undiagnosis

1 Blood Pressure Focal Sclerosis
Hyperfiltration Nephrotoxins

Lipids Ischemia

Atherosclerosis Summation — minor insults
Obstruction

Table I1. Clinical causes of focal glomerulosclerosis leading to global sclerosis

1.
2.

Systemic diseases — e.g. diabetes, amyloid, nephrosis of pregnancy, etc.

Vascular lesions - hypertension, intravascular thrombosis, falciparum malaria, DIC, mic-
roangiopathy, etc.

Lipid storage disease — Fabry’s disease, familial lecithin-cholesterol acetyl transferase defici-
ency, etc.

Vasculitis - SLE, Wegener’s etc.

Obstruction with reflux

Infection especially ascending bacterial, sub-active bacterial endocarditis, hepatitis B and
C, iganephropathy, aids (HIV) nephropathy

Immune glomerular disease - lipoid nephrosis, Schoenlein-Henoch, membranous, mesangio-
proliferative, membranoproliferative, crescentic iganephropathy

Nephrotoxins, including snake and other venoms, drugs, etc.
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a chemical messenger, chemotactic factor, one or more cell species to respond
to the chemotactic factor, a pattern of response, the local production of
mediators of injury and inflammation, such as the interleukins and other
kinins. In such a basic biologic system, the presence of both amplifiers and/or
inhibitors is likely.

Historically, the conceptual framework for progressive decline in kidney
function has focused predominantly on vascular physiology because the endo-
thelial surface area per gram of kidney is the highest of any organ in the
body. Its microanatomy is unique in having two capillary beds in series and
a visible high-pressure capillary filtration system called the glomerulus. In
addition, the high degree of autoregulation of pressure and flow in the kidney
suggests the teleologic concept of hydraulic protection. However, a vascular
framework does not explain many of the known risk factors that have been
correlated by clinicians.

Recently immunologic mechanisms have been given greater attention as
a possible explanation for the clinical risk factors. Klahr, Schreiner and
Ishikawa [5] have demonstrated that obstruction of the ureter in the rodent
is followed within hours by rapid invasion of the kidney by macrophages.
This occurs most rapidly in the cortex but also in the medulla and continues
for at least 24 hours and perhaps days after release of obstruction. These
cells arrange themselves in a necklace around the tubules as if in response to
a chemotactic factor elaborated locally. They release a number of cytokines
including interleukin, which may affect glucose and salt transport across the
epithelial cells. This may lead to sodium retention during the initiating phase
of obstruction and the well-known, post-release saluresis. If the kidneys are
radiated or macrophages are inhibited from entering the kidneys, the post-
release saluresis is obliterated. These invading cells mediate immunologically
active events in the medulla, which may account for some of the features of
tubular interstitial nephritis; in the cortex, these cells may enter the mesan-
gium and, with other kinins, may initiate the inflammatory events that lead
to early stages of focal sclerosis.

Hypertension

More than 60 million Americans between the ages of 25 and 74 have hyper-
tension and are at special risk for stroke, coronary disease, left-ventricular
hypertrophy, progressive nephrosclerosis and vascular damage to organ sys-
tems. There are specially high risks for blacks, the elderly, urban dwellers
and certain occupations. Argy et al. [6] compared the hypertension on hemo-
dialysis in Hawaii and Washington. Blacks are highly represented in Wash-
ington and in the Georgetown CAPD population and are virtually absent
from the Hawaiian. Dramatic differences exist between the populations and
the risk for nephrosclerosis. The risks are so different that the progressive loss
of kidney function with age could not be the same in the two environments. In
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Table 111. Hypertension and nephrosclerosis effect of age (M £SD)

Mean DBP Stable function Reduced function Total
<90 MM 49.4 +£11.8 58.9 +11.1 50.9 £ 11.7
> 90 MM 46.4 £ 12.3 36.8 £ 13.6 422+12.6

N Eng J Med 1989; 320:684.

this context it is not surprising that Washington, DC (statistically urbanized
by reporting as a city-state) has the highest crude death rate from kidney
disease in the entire nation. There is, of course, a special kind of interaction
between age and blood pressure in the effects of hypertension on kidney
function. Table III is taken from a study reported in Rostand et al. [7]. A
group of hypertensive subjects were divided into those with mean pressures
over and under 90, and those with stable and reduced function. The age of
patients with stable function was similar to that of those with both moderate
and severe levels of blood pressure. However, those with mild hypertension
were a full decade older than those with reduced renal function. On average
those with severe hypertension were a decade younger. This table makes
clear that severe hypertension damages the young kidney but mild or moder-
ate hypertension takes its toll more gradually in the elderly and is often
overlooked.

Proteinuria

In recent years proteinuria has been overlooked as a risk factor for the
progressive decline of kidney function. Schreiner [8] originally defined the
nephrotic syndrome in modern terms: “The nephrotic syndrome is a clinical
entity having multiple causes and characterized by increased glomerular
permeability that is manifested in massive proteinuria and the excretion of
fat bodies. There is a variable tendency toward edema, hypoproteinemia and
lipemia. Usually protein excretion rates are in excess of 3.5 g/24 hr/1.73
square meters of body surface in the absence of depressed glomerular fil-
tration rates”. This definition was based on a study of 183 patients with a
nephrotic syndrome at Georgetown between 1952 and 1960 of whom 92 were
male and 68 Caucasian. Quantitative aspects were based on a study of
Berman and Schreiner [9]. This quantitative definition of nephrotic-range
proteinuria has been reproduced in many textbooks usually without the
qualification that it should be corrected for filtration rate. If protein clearance
is factored by the GFR, it can be expressed as a permeability factor and
serve as a true physiologic measurement independent of body size or the
filtered load of protein. In that review [8, p. 350] we constructed a scat-
tergram (Fig. 2) plotting the serum albumin in grams per deciliter against
cholesterol and commented [8, p. 355] “the paucity of patients in the right
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Fig. 2. Scattergram of serum albumin (gldl) vs. cholesterol (mg/100 ml). Reproduced with
permission from Ref. [8], p. 350.

upper quadrant emphasizes the relatively rare occurrence of a markedly
elevated cholesterol in the presence of normal serum albumin. There are,
however, many instances of low levels of cholesterol in the presence of
hypoalbuminemia. Several clinical entities marked by protein deficiency such
as nutritional deficit, kwashiorkor cirrhosis, idiopathic hypoproteinemia, may
not have associated hyperlipemia”. Therefore, we proposed a relation to
proteinuria per se. At that time, almost one-third of a certury ago, there was
little data that even experimental nephrosis was an autoimmune disease,
although, there were some singular, suggestive experiments. Hess, Ashworth
and Ziff [10] transferred experimental nephrosis by the transplant of lymph
nodes into a paired animal rendered susceptible to tissue transplantation by
previous injection of spleen cells during the neonatal period, a technique used
today to develop transplant tolerance. We also commented that convincing
evidence of an active immunologic factor lay in the demonstrated transmis-
sion of periarteritis and subacute glomerulonephritis to human renal trans-
plants and we asked the question [8, p. 355] “Are plasma lipids actually
synthesized in the diseased kidney?” ‘“‘Are metabolic consequences of neph-
rosis, such as lipidemia due to the same . . . reaction which affects the kidney,
but in this instance also effects an extrarenal site of lipid synthesis?”

We collected a great deal of clinical anecdotal evidence that proteinuria
per se appeared to damage the tubules and kidney function with the exception
of early childhood lipoid nephrosis. This hypothesis is represented in studies,
one of which (Fig. 3 [11]) shows an actuarial plot of percentages of nephrotic
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Fig. 3. Kidney survival curves for three groups of patients established on the basis of degree
of proteinuria at time of renal biopsy. Estimated percentage of patients with functioning kidneys
2 years or more after renal biopsy is distinctly different for the three clinical groups. An
inverse correlation was found between degree of proteinuria and kidney survival. Numbers in
parentheses are patients followed up who had not reached end-stage renal failure at 2-year
intervals after renal biopsy. From Ref. [11] with permission.

patients with functioning kidneys over a period of 6 to 14 years, patients in
the group with more than 14 grams have a statistically significant bad prog-
nosis. A great deal more data of this sort is scattered through the clinical
literature. Mogansen and others have shown that microalbuminuria is often
the earliest best sign and single best prognostic indicator in the early stages of
diabetic glomerular sclerosis — a disease often characterized by progressively
greater glomerular permeability for protein. Pabico [12] showed that, in 9
patients with minimal proteinuria, the maximum osmotic U/P ratio was
3.5+ 0.17 whereas, in a group of § patients with massive proteinuria, the
maximum osmotic U/P ratio was 2.33 + 0.28. This suggests that proteinuria
in the nephrotic range could produce tubular defects, presumably by facilitat-
ing injury.

These data suggested that progressive decline in kidney function was
probably multifactorial but that, while we had made some significant ad-
vances in treating hypertension as a risk factor, we have been able to do
little to affect the proteinuria except in lipoid nephrosis (by prednisone),
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the one disease where for unknown reasons, it didn’t seem to matter. Also
we did not have many ways of controlling lipidemia, which was subsequently
demonstrated by Keane and others to be an independent risk factor.

Over a decade ago I began to use an holistic approach to fathom the risk
factors in patients with progressive loss of kidney function so as to use the
most effective way of improving or reversing each risk factor and to change
that means as more effective ones appeared. The first such patient (Fig. 4)
had lost almost 2/3 of his function in a few years at a hypertension clinic
which treated only his blood pressure. By treating all the risk factors we
hoped at best to slow the rate of decline. This happened and the patient
plateaued for 25 years and then began to improve slowly. Figure 5 shows
that even patients with membranous glomerulonephritis, who respond to the
Ponticelli regimen using prednisone and chlorambucil, show a decline in
proteinuria as the first obvious harbinger of improvement; the filtration
rate may significantly improve even if it had been seriously depressed. This
particular patient, who fell outside Ponticelli’s selection criteria, had been
bedridden by massive anasarca. The regimen was tried in desperation. Note
that kidney function improved and the striking decline in proteinuria was
maintained. Figure 6 shows another patient with membranous glomeru-
lonephritis who had no response to three years of prednisone during which
he became hypertensive. The holistic approach greatly reduced his proteinu-
ria and to the time of this publication, has preserved his filtration rate. Figure
7 shows similar response in a 37-year-old woman with recurrent nephrotic
syndrome of pregnancy and minimal change on renal biopsy.

Of course, such clinical experiences are anecdotal but double-blinded,
tightly controlled, monotherapy clinical trials are useless in answering the
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key question, namely, What can we achieve by effective control of risk
factors in a multifactorial pathogenesis? We want to know, if a patient has
10 risk factors, what will be the outcome if we control 6 or 7? What can we
hope for if eventually we learn how to control all 10. In the case of proteinuria
as a risk factor, GF Schreiner has given us fresh insights into the mechanism.
Schreiner, who noted the influx of macrophages into the kidney in response
to obstruction, also noted that infiltration and progressive decline of function
were halted in fatty-acid deficient rats that apparently either lacked, or were
deficient in, a chemotactic factor. Subsequently he has identified this factor
as a small lipid bound to albumin and inactive in the serum but when
proteinuria is present, is removed by the tubule cells. This chemotactic factor
greatly enhances macrophage migration and activation.

Summary

In summary I believe the aging kidney is not aging. The progressive decline
in kidney function is neither necessary nor inevitable. In fact, the kidney is
one of the most regenerative organs of the body and in this regard, is a sort
of a baby liver. After live-donor transplantation, each kidney takes over
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Table IV. A lifelong quest

Undiagnosed and minor renal disease
Premature arteriosclerosis

Hypertension by middle age

Lipid abnormalities — genetic and dietary
Hyperfiltration — High protein diets
Smoking (?)

Subtle environmental nephrotoxins
Other

almost the total function previously supplied by a pair of kidneys. The sum
of the two in separate bodies is much greater than the sum of the two in
the initial donor. Furthermore, without proteinuria, the hyperfiltration that
follows unilateral nephrectomy does not seem to produce progressive
nephrosclerosis or progressive renal insufficiency in donors or recipients,
who did not have a rejection reaction and were followed for many years.

I believe that progressive chronic renal insufficiency (Fig. 1) is a vector
representing the sum of multiple injuries. Logically this should lead us into
a holistic approach to prevent, treat or at least ameliorate all of the identifi-
able risk factors. It may be that new methods for separate control of blood
pressure, lipidemia and proteinuria may be synergistic in decreasing the lipid
chemotactic factor identified by Schreiner et al. (See next chapter in this
book).

It is now the responsibility of the clinical nephrologist and the truly
involved internist to undertake with his patient a lifelong quest (Table IV)
to unearth and diagnose minor renal disease; to do what he can to prevent
premature arteriosclerosis; to detect and treat hypertension by middle age
and if possible to prevent its development; to treat lipid abnormalities,
both genetic and dietary, by the most effective means; to pay attention to
hyperfiltration from excessive protein diets, to treat proteinuria by whatever
methods are available for that patient and the particular disease causing
proteinuria; to eliminate subtle, environmental nephrotoxins and to pursue
whatever measures he can to prevent, treat or at least ameliorate the risk
factors to progressive sclerosis.

A new era of prevention and holistic nephrology is beginning. It will be
far more satisfying and more economical than the dramatic therapies we
have employed during the past generation of nephrology. We must continue
both approaches in the best interests of our patients especially those who
are aging and already on their way to progressive renal failure.
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CHAPTER 5

Progression of glomerular sclerosis: molecular and
immunologic mechanisms

GEORGE F. SCHREINER

Abbreviations

EGF Epidermal growth factor =~ PDGF Platelet-derived growth

IGF Insulin-like growth factor factor
IL-1 Interleukin-1 TGF-B Transforming growth
LDL Low-density lipoprotein factor-B

TNF  Tumor-necrosis factor
TxA, Thromboxane A,

Introduction

The aging kidney is not inevitably caused by sclerosing kidney. While glo-
merular sclerosis is the final common pathway of many renal toxins, research
over the last decade into the cell biology of the traumatized glomerulus has
detailed the heterogeneous mechanisms that underlie its susceptibility to
sclerosis. As the mechanisms have been defined, it has become clear that
glomerular sclerosis is not the exclusive attribute of longevity; it happens to
the young kidney, the hypertensive kidney, the proteinuric kidney, without
age-specific predilection. The sclerosing glomerulus represents the vectorial
sum of distinct pathways, many of them adaptive responses to trauma, many
of them interdependent in their contributions to glomerular effacement (Fig.
1). The aging kidney may be susceptible and the target of multiple injurious
vectors rather than of a single one. Nonetheless, in the absence of such
vectors or in the presence of therapies that prevent the expression of these
vectors, we have no reason to believe that the kidney would be unable to
preserve its function and even adapt to serve the changing metabolic needs
of its aging host. Therefore, the first step towards targeted therapy, which
will protect both the 30- and 70-year-old kidney, is to delineate the pathways
of glomerular sclerosis.

Glomerular sclerosis is a complex process which still is incompletely under-
stood. The endpoint is the effacement of the glomerular capillary bed and
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Fig. 1. Mechanisms by which glomerular injury may lead to glomerulosclerosis. Reprinted with
permission from Ref. [1].

the loss of its capacity to form a plasma ultrafiltrate. Cellular changes in the
sclerosing glomerulus include proliferation of endogenous glomerular cells,
particularly endothelial and mesangial cells, inhibited function of epithelial
cells, and infiltration by mononuclear leukocytes, principally macrophages.
Extracellular changes in glomerular effacement include expansion of extra-
cellular matrix, particularly in the glomerular mesangium with subsequent
collapse of the adjacent capillary lumens [1].

The mesangium

The mesangium appears to be the locus of the earliest events in glomerular
sclerosis. This structure is composed of contractile cells that resemble vascu-
lar smooth-muscle cells, whose state of activation determines the surface
area of the glomerulus available for ultrafiltration. The mesangial matrix
consists of a variety of glycoproteins and mucopolysaccharides [2]. The ex-
panding mesangial matrix characteristic of sclerosis contains excess amounts
of normally present mesangial proteins, including laminin, fibronectin, col-
lagen, and decorin. Often increased numbers of mesangial cells can be found
in the early phases of mesangial sclerosis; these cells represent an admixture
of proliferating mesangial cells and infiltrating macrophages. As the glomeru-
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lar capillary bed becomes ischemic secondary to the occlusion of the capillary
lumens, these cells disappear, leaving an acellular scar as a residual mark of
their presence [3]. As will be noted below, many of the peptide factors
implicated in glomerular sclerosis induce either mesangial-cell proliferation
or synthesis of extracellular mesangial matrix.

In addition, the circulation of macromolecules in the mesangium renders
the glomerulus more vulnerable to injurious molecules. The fenestrated en-
dothelium overlying the mesangium permits macromolecules to diffuse under
the endothelium and into the mesangial region. This parallel circulation
passes through the mesangial stalk, past the juxtaglomerular region, and out
into the interstitium, from which it is drained by the renal lymphatics. Thus,
toxic serum molecules or the secreted products of activated cells within the
mesangium can affect the entire mesangial space and the structures of the
juxtaglomerular region, which in turn regulate glomerular microcirculation
[3].

Circulating paraproteins are examples of toxic macromolecules, which
are deposited within the mesangium and contribute to glomerular sclerosis.
Myeloma proteins, amyloid, cryoglobulins all are associated with mesangial
deposition [1]. Recently it has been observed that lipoproteins, particularly
low-density lipoproteins (LDL), are deposited in the mesangium in various
experimental and human models of chronic glomerular injury [3]. Low-
density lipoproteins can stimulate mesangial-cell proliferation in low dose or
can actually be cytotoxic to mesangial cells in high dose, particularly when
oxidized [4]. Deposition of toxic lipoproteins may be augmented by either
metabolic alterations of the mesangium or intraglomerular hemodynamic
changes. The non-enzymatic glycosylation of both mesangial matrix and
serum proteins observed in diabetics enhances the binding of LDL to matrix
and inhibits LDL catabolism, thus potentiating the effects of LDL on the
microenvironment of the glomerulus [5]. Diabetic glomerulopathy is also
associated with increased deposits of proinflammatory immune complexes
within the mesangium [1], which may be due to hemodynamic effects. In-
fusions of angiotensin II enhance the deposition of immune complexes within
the mesangium; the increased mesangial localization of immune complexes
observed in experimental nephrosis is blocked by the angiotensin-1I antago-
nist, saralesin [6]. Intraglomerular hypertension secondary to increased intra-
renal production of angiotensin II, as seen in the Goldblatt model, is also
associated with the increased mesangial deposition of filtered proteins, a
process shown experimentally to accelerate the sclerosis of diabetic nephro-

pathy [7].
Glomerular hypertension
Glomerular hypertension itself has been shown to be a risk factor for

sclerosis. The progressive sclerosis seen in human and experimental models
of reduced renal mass has been attributed to increased glomerular perfusion
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and elevated pressure within the glomerular capillary bed [8]. Maneuvers
that inhibit glomerular hypertension, such as inhibition of angiotensin I-
converting enzyme or dietary restriction of protein inhibit glomerular
sclerosis in both animals and man [1, 8]. In addition to increasing glomerular
hypertension and promoting mesangial depositions of immune complexes
and perhaps lipoproteins, angiotensin II also may serve as a growth factor,
stimulating mesangial-cell proliferation as well as contraction [1]. Thus,
angiotensin II may be a glomerular toxin on both physiological and metabolic
levels. Systemic hypertension, whether or not it is angiotensin II-dependent,
is also linked to the development of nephrosclerosis. It induces a series of
potentially injurious responses within the kidney and glomerulus, including
vascular-wall intimal hyperplasia, resulting in ischemic decrease of blood
flow, direct mediation of glomerular and endothelial damage perhaps via the
subcellular deposition of serum proteins [9].

Growth factors

Angiotensin II is not the only peptide that is thought to stimulate mesangial
expansion. Other growth factors have been suggested from the observation
that glomerular hypertrophy is the initial event in several models of progres-
sive glomerular sclerosis, including diabetes, high-protein diets, and partial
renal ablation [1]. The contribution of one particular protein growth factor
was demonstrated when Doi and colleagues observed glomerular hyper-
trophy leading to sclerosis in mice rendered transgenic for growth hormone
[10]. When combined, platelet-derived growth factor (PDGF) and insulin-
like growth factor (IGF), induce mesangial-cell proliferation [3]. Mesangial
cells can stimulate themselves via production of a PDGF-like molecule;
they are induced to synthesize this factor by other protein factors including
epidermal growth factor (EGF) and tumor necrosis factor (TNF) [11]. Re-
cently transforming-growth factor-8 (TGF-B) has been shown to play a cru-
cial role in expansion of the mesangium. TGF-B does not induce mesangial-
cell proliferation but markedly stimulates its production of extracellular ma-
trix [12]. An experimental model of glomerulonephritis induced by adminis-
tration of antibody against a mesangial-cell antigen is associated with a
marked influx of macrophages and a rapid expansion of the mesangium with
respect to both mesangial cell proliferation and matrix synthesis. If the
antibody is administered repeatedly, glomerular sclerosis develops eventu-
ally. The increase in mesangial matrix is due to increased synthesis of the
proteoglycans biglycan and decorin. Their synthesis is regulated by TGF-g,
which, in this model of sclerosis, is produced in markedly increased amounts
within the glomerulus. Importantly, manipulating this model to block the
glomerular synthesis of TGF-B interrupts the mesangial expansion normally
observed in this model [13]. Another growth factor, interleukin 1 (IL-1),
also is implicated in progressive glomerular effacement.
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Lipids

Recently, we have had considerable evidence concerning the influence of
hyperlipidemia on exacerbating the progression of glomerular sclerosis. In
both a rat model of diabetic nephropathy and a model of partial renal
ablation, the remnant kidney, hypercholesterolemia and hypertriglyceride-
mia correlated with the evolution of glomerular sclerosis; lowering of serum
lipids, via mevinolin or clofibrate, markedly protected glomerular structure
and function [14]. The results of human studies using lipid-lowering agents
are not available yet. As noted earlier, hyperlipidemia may be toxic via direct
effects of lipoproteins; alternatively, it may be associated with enhanced
infiltration of the glomerulus by macrophages.

One lipid pathway implicated in chronic glomerular injury is the arachi-
donate metabolite, thromboxane A, (TxA,). This highly vasoconstrictive
metabolite of cyclo-oxygenase is released by both mesangial cells and infil-
trating leukocytes. In animals with subtotal renal ablation, inhibition of TxA,
synthesis improves renal blood flow and retards progressive sclerosis [15].
Several workers are evaluating the efficacy of thromboxane synthase inhibi-
tors in human glomerular disease.

Intraglomerular coagulation

Support for the concept that activation of serum or cell-dependent coagu-
lation pathways may contribute to nephrosclerosis arose from the observation
that heparin or warfarin inhibits glomerular sclerosis in rats with partial
nephrectomies. However, heparin has been shown to regulate mesangial-cell
biology independently of its anticoagulant properties: it markedly inhibits
proliferation of mesangial cells, and this may be the most important mechan-
ism underlying its antisclerosis effect [1,13]. While many believe that platelet
activation contributes to sclerosis, perhaps via the production of growth
factors such as PDGF or via induction of thrombosis, no convincing effect
of platelet antagonists has been demonstrated in human or animal examples
of glomerulosclerosis [1].

Infiltrating leukocytes

Only recently have we appreciated that circulating immune cells may make
a significant contribution to the chronicity of glomerular injury, even when
the initial insult is not immunological. Macrophages are found in a wide
variety of glomerular lesions, which are associated with progression to
sclerosis, including the glomerulonephritis of systemic lupus erythematosus,
membranoproliferative glomerulonephritis, rapidly progressive glomeru-
lonephritis, diabetes, focal segmental sclerosis, and almost all other causes
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of nephrotic proteinuria, excepting minimal change disease. Macrophages
appear in the glomeruli of numerous experimental glomerulopathies leading
to sclerosis, including experimental nephrosis and partial renal ablation.
Indeed, hyperlipidemia per se is associated with increased glomerular macro-
phages in both rats and guinea pigs [3]. In an exhaustive series of statistical
analyses of numerous parameters of systemic metabolism and renal function
in the rat-renal-ablation model, Van Goor et al. identified serum cholesterol
and proteinuria as the principal clinical determinants, and mesangial-cell
proliferation and glomerular macrophage infiltration as the principal cellular
correlates of glomerular susceptibility to focal sclerosis [17]. Prevention of
macrophage influx into the glomerulus and interstitium of the kidney via
sublethal irradiation or dietary restriction of essential fatty acids is highly
effective in preventing the sclerosis seen in these models [18, 19]. The associ-
ation between hyperlipidemia and glomerular sclerosis suggests that the cell
biology of glomerular sclerosis is analogous to that of atherosclerosis, which
begins with the infiltration of monocytes into subendothelial positions in the
presence of hypertension and hyperlipidemia and the subsequent transforma-
tion of those monocytes into lipid-laden macrophages, the proliferation of
vascular smooth-muscle cells and increase in intimal matrix — all similar to
the events attending glomerular sclerosis. A causal link between hyperlipide-
mia and macrophages is supported by observations from our laboratory that
glomerular and interstitial inflammation is associated with the release of a
monocyte-specific chemotactic factor, which appears to be a neutral lipid.
This factor is not produced in the dietary state of essential fatty acid defici-
ency, in which suppression of monocyte migration into the glomerulus pro-
tects against glomerulosclerosis and nephrosclerosis [16,21]. Recently this
factor has been identified in the urine of nephritic rats and in the urine of
patients with renal diseases associated with proteinuria and declining renal
function.

Finally, macrophages produce several protein growth factors that have
been implicated in glomerular sclerosis, for example, a macrophage-derived
factor IL-1, which is released by macrophages after a variety of stimuli, can
alter glomerular structure and function on a chronic basis. Glomeru-
lonephritis is associated with enhanced glomerular IL-1 release, both acutely
and chronically, in both humans and rats. Removing macrophages from
inflamed glomeruli via specific antiserum reduces proteinuria and diminishes
mesangial-cell proliferation — a process driven by factors produced by infil-
trating macrophages [22, 23]. IL-1 stimulates mesangial and endothelial-cell
proliferation, and collagen production by glomerular epithelial cells [24-26].
In addition to IL-1, when activated, macrophages may release PDGF, TNF,
and EGF, all of which have been implicated in mesangial-cell activation
and/or injury [16].
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Conclusion

Glomerular sclerosis may be linked to an array of etiologies via converging,
often interdigitated pathways of chronic injury. Delineating these pathways
is crucial to the design of therapeutic interventions directed at lesions that
may combine one or more toxic mechanisms. The presence of more than
one injurious pathway may have synergistic consequences in promoting glo-
merular scarring. Mesangial expansion, with or without hypercellularity and
increased mesangial matrix, provides a unifying hypothesis for understanding
the road to sclerosis. Therapeutic interventions intended to arrest glomerular
sclerosis are currently underway with respect to dietary alterations of proteins
and/or lipids, decreasing glomerular hypertension, and pharmaceutically low-
ering of serum lipids. Future initiatives will include blockade of the toxic
effects of protein growth and differentiation factors, interruption of the
lipid and perhaps protein-dependent mechanisms underlying macrophage
infiltration of the glomerulus, and pharmacological modulation of the syn-
thesis and degradation of mesangial matrix.

In the context of these efforts, age can be seen only as a variable that
permits inclusion of additional factors of injury after a primary etiology of
glomerular injury. Once lesions are classified according to their many patho-
genic mechanisms and once we design therapeutic strategies to neutralize
those pathways then we will abandon the concept of intrinsic disease of the
kidney attributable to old age and we will see that the functional life span
of the kidney is commensurate with the life span of its host.
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CHAPTER 6

Renal complications of non-steroidal
anti-inflammatory drugs in older people

PAULA A. ROCHON

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most com-
monly prescribed drugs in the United States and the United Kingdom [1, 2].
They are largely used by people over the age of 60 suffering from arthritis.
Although generally these drugs are seen as safe and effective, NSAIDs cause
side effects in those who use them, particularly older patients who are more
vulnerable to the adverse reactions to all drugs.

This chapter will examine the renal side effects of non-salicylate NSAIDs
in older people. We will begin by describing why this is an important prob-
lem. Next the renal toxicity of NSAIDs will be reviewed and the few studies
focusing on older people will be described. This will highlight the need for
more age-specific studies in this important area affecting a large and growing
segment of the population. Finally, based on the information available to
us, we will offer a series of guidelines for clinicians considering the use of
NSAIDs in their older patients.

Why is this important
Use

To give some idea of the impact of this problem, we should recognize that,
in the United States in 1982, 10 years ago, more than 70 million prescriptions
for NSAIDs were filled by pharmacies. In this country at that time, the
wholesale cost of NSAIDs was estimated at 800 million dollars, and the cost
to the consumer was about a billion dollars [3]. The use of NSAIDs has
increased substantially in recent times primarily because these drugs now can
be purchased over-the-counter without a prescription. While the impact of
over-the-counter preparation of NSAID use in the United States has not
been fully determined, it is likely to be substantial. In the United Kingdom
during the first 6 months that over-the-counter ibuprofen was available, 18
million of 24-tablet bottles were sold [4]. Since 1982 additional NSAIDs have

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 57-66.
© 1993 Kluwer Academic Publishers.



58

been approved for general use and placed on the market; the most recent,
nabumetone, introduced in January 1992.

In the United States, a total of 16 NSAIDs are now available: diclofenac,
diflunisal, fenoprofen, flubiprofen, ibuprofen, indomethacin, ketoprofen, ke-
torolac, meclofenamate, mefenamic acid, nabumetone, naproxen, phenylbut-
azone, piroxicam, sulindac and tolmetin. Based on information obtained
from office physicians who report on their private patients, the National
Disease and Therapeutic Index estimates that over 40% of fenoprofen, indo-
methacin and meclofenamate and over 50% of piroxicam and sulindac are
used by people over the age of 60 [1]. Frequently these drugs are prescribed
for the elderly because this group is prone to arthritis. In fact, 49% of people
over age 60, report some form of this disorder [5].

Adverse effects of NSAIDs

NSAIDs toxicity has had an impressive impact. In the United Kingdom, the
Committee for Safety of Medicines has shown that NSAIDs are responsible
for almost one-quarter of all reported adverse drug reactions in that country
[2].

Since older adults are the major users of NSAIDs and because they are
more prone to side effects from all drugs, they experience a disproportionate
number of these NSAID-attributed side effects and the most severe of these
cases. Specifically, the Committee for Safety of Medicine reports 75% of all
NSAID-associated gastrointestinal bleedings were in patients 60 years of age
and over, and 90% of the associated fatalities were in patients over the age
of 60 [2]. Similarly Griffin ef al. reported a substantial risk of death related
to peptic-ulcer disease in older patients using NSAIDs [6].

Although the most frequently reported NSAID side effects are gastrointes-
tinal, renal side effects are likely to be underestimated [7]. Gastrointestinal
disease often produces symptoms, thus they are easy to recognize and gastro-
intestinal ‘bleeds’ are often dramatic. In contrast, renal disease may produce
no symptoms and thus go unrecognized unless tests for renal function are
undertaken. The next most common NSAID-associated adverse reactions
are skin lesions followed by central nervous system reactions [7].

Despite the frequency and seriousness of NSAID adverse reactions parti-
cularly in older people, NSAIDs continue to be overprescribed. A recent
study of the acutely hospitalized elderly in England, showed that some 13%
of them were on NSAIDs at the time of admission and most had adverse
drug reactions attributed to these drugs. In 75% of these older patients,
NSAIDs were discontinued and one-half of these people required no subse-
quent therapy with such drugs [8]. Given the potential high risk associated
with these drugs, we should prescribe them only when clearly required.

The Ad Hoc Committee of the National Kidney Foundation outlined
concerns about the potential impact on kidney function of ibuprofen release
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as an over-the-counter preparation [4]. This committee identified several
groups who were at high risk for renal complications, including those 65
years of age or over. The committee suggested that warnings be placed on
or in the packages of these over-the-counter NSAIDs, warning these high
risk groups about the adverse renal events caused by over-the-counter ibup-
rofen unless the substance is used under the supervision of a physician. In
addition they identified other high-risk groups to whom this restriction should
apply such as those with heart disease and hypertension and those on diuretics
commonly used by older people [4]. However, in the United States, the
package inserts in over-the-counter ibuprofen do not carry these specific
warnings. Instead, a general warning that if the purchaser has a medical
condition for which they are taking prescription drugs or are under a doctor’s
care, they should consult the physician before taking the product. However,
this general warning may not be adequate and we continue to have deep
concern about renal complications from over-the-counter NSAIDs [9-11].

Renal complications
Proposed mechanisms of NSAID-related renal impairment

NSAIDs block the production of cyclo-oxygenase, an enzyme necessary
for prostaglandin production. Renal prostaglandins, prostaglandin E, and
prostacyclin (prostaglandin I,) are powerful vasodilatory hormones. In heal-
thy young people with normal renal function, prostaglandins are less impor-
tant; in fact a study of normal volunteer subjects [12] showed no change in
renal blood flow or the glomerular filtration rate following the inhibition of
prostaglandins by NSAIDs. However, older people with underlying renal
impairment and limited renal reserve may depend on the compensatory
effects of prostaglandins to maintain adequate renal blood flow and glomeru-
lar filtration rate. In addition, at baseline, there is some suggestion that renal
prostaglandin synthesis decreases with advancing age [13]. When one gives
NSAIDs to elderly patients with age-related renal impairment, it may tip the
balance from adequate renal function to impaired function. To be specific,
NSAID administration can unmask prostaglandin dependence of renal func-
tion in older people [14]; without its contribution to vasodilation, unopposed
vasoconstriction may lead to renal failure.

The renal complications of NSAIDs can be divided into two groups: renal
failure, and fluid and electrolyte abnormalities. NSAID-associated renal fail-
ure can be further subdivided into hemodynamic abnormalities, papillary
necrosis and acute interstitial nephritis. Fluid and electrolyte abnormalities
include sodium retention, hyperkalemia and impairment of water excretion
[15]. Of these, hemodynamic disturbances are particularly relevant to older
people.

Sodium retention and hyperkalemia are frequently reported in association
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with NSAID use while papillary necrosis and interstitial nephritis are uncom-
mon. We will review each of these NSAID-associated renal abnormalities
with particular reference to their relevance to older people.

Renal failure

Hemodynamic factors are important in the development of NSAID-associ-
ated renal failure in older people. As noted earlier, older patients with
diminished renal perfusion rely on the vasodilatory prostaglandins to main-
tain renal blood flow and are therefore likely to develop renal complications
when prostaglandin production is blocked by the administration of NSAIDs.
For example, an older person may have pre-existing renal impairment such
as an age-related decline in glomerular filtration rate, atherosclerosis or
hypertensive renal disease [7]. Superimposed on this renal dysfunction, an
older patient may have hemodynamic impairment secondary to the use of
diuretics or congestive heart failure, both of which lead to volume depletion.
When NSAIDs are given to an older person with pre-existing renal impair-
ment and some form of hemodynamic impairment, it blocks the important
compensatory contribution of prostaglandin-mediated vasodilation. The re-
sulting renal vasoconstriction can lead to ischemia so it is not surprising that
impaired renal function is common in older people taking NSAIDs.

Papillary necrosis

NSAIDs may cause chronic renal failure secondary to papillary necrosis.
Unlike renal failure due to hemodynamic disturbance, papillary necrosis is
relatively uncommon. Again the mechanism is likely related to the inhibition
of prostaglandins and resultant vasoconstriction which lead to renal ischemia
particularly of the medulla. This injury has been associated with phenacetin
or aspirin taken alone or in combination [16]. However, papillary necrosis
has been reported in association with NSAID use [15, 16].

Interstitial nephritis

Evidence concerning a relationship between interstitial nephritis and NSAID
use is limited to case reports [16] of acute renal failure with nephrotic-range
proteinuria, and of acute interstitial nephritis with proteinuria that is not in
the nephrotic range. We have little information concerning this complication
in the elderly.
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Fluid and electrolyte abnormalities

Sodium retention

Sodium retention has been associated with almost all of the NSAIDs [16].
Normally, prostaglandins facilitate sodium excretion in two ways. As intra-
renal vasodilators, prostaglandins promote increased renal blood flow and
glomerular filtration rate, which increases the filtered load of sodium. In
addition, prostaglandins decrease the amount of reabsorbed sodium [15].
NSAIDs block the production of prostaglandins, which decreases the kid-
ney’s ability to excrete sodium. The resulting sodium retention manifests
itself as edema reported in as many as 25% of arthritis patients treated with
fenoprofen, and 10% of those receiving ibuprofen [16].

Impairment of water excretion

NSAIDs seem to impair the kidney’s ability to excrete free water. Prostaglan-
dins play several roles in the urinary concentrating and diluting mechanism
but their overall effect is to promote free-water excretion [15]. Although
prostaglandins have numerous and complex actions, they are likely to facili-
tate water excretion through the following mechanism [15]. Through intra-
renal vasodilation, prostaglandins increase renal blood flow and glomerular
filtration rate and thus promote the delivery of filtrate to the distal nephron.
In addition, increased medullary blood flow decreases papillary hypertonic-
ity, which facilitates free water excretion by limiting the maximum concen-
trating ability. As well as playing other roles in maintaining water balance,
prostaglandins also interfere with the action of antidiuretic hormone and
thus limit water reabsorption by the collecting duct [15]. When administration
of an NSAID interferes with prostaglandin synthesis, it impairs the complex
process which maintain water balance, and as a result decreases the kidney’s
ability to excrete water.

Hyperkalemia

Hyperkalemia is another adverse effect of NSAIDs on kidney function re-
lated to renal prostaglandins, which enhance delivery of filtrate to distal
sites and increase renin release [15]. For example, when prostaglandins are
inhibited, less sodium is available for exchange in the distal tubules and
therefore limiting the amount of potassium that can be excreted. In addition,
inhibition of prostaglandins blunts the response of the renin-angiotesin-aldos-
terone system [15]. Almost all NSAIDs produce a decrease in plasma-renin
levels [16]. Hyperkalemia secondary to prostaglandin inhibition is a serious
side effect that may require medical intervention.
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Table I. Qualitative summary of the seven published studies on renal complications of NSAID
use in older people

Author (Year) Sample size Mean age Renal outcome measure

Clinical Trials

Gurwitz (1991) 7 72 Creat CI'

Murray (1991) 6 72 Inulin C1

Cummings (1988) 52 7 Bun/Creat®

Observational Studies

Gurwitz (1990) NSAID 114 87 Bun/Creat
comparison 45

Hale (1989) NSAID 181 76 Estimated Creat Cl
comparison 796

Allred (1989) NSAID 27 84 Bun/Creat
comparison 27

Sandler (1991)* Chronic renal 62 Not applicable
disease 554

control 516

* Case control study.
! Creat Cl = creatinine clearance.
2 Bun = Blood urea nitrogen.

NSAIDs and renal function in older patients

Given the frequency of NSAIDs side effects and the likelihood that most of
these reactions occurred in the elderly, it is surprising that the literature
contains so little specific information about the renal complications of non-
salicylate NSAIDs in older people. A review of the published literature in a
MEDLINE search (key words: anti-inflammatory agents non-steroidal, not
aspirin, English only, human only, renal) and a survey of personal files
identified only seven studies [9, 11, 14, 17-20]. An additional three studies,
not included in our sample, have been published. Two of these three studies,
an observational study by Fox and Jick [21] and a clinical trial by Bonney et
al. [22] included both young and old people. However, neither of these
studies provide a separate analysis for the subgroup of older people. The
third study, by Whelton et al. [23], evaluated 12 patients, half of whom were
65 years of age or over. However, this study evaluated patients with pre-
existing asymptomatic renal failure and was therefore also excluded.

The literature on NSAID-associated renal complications in older people
is small and relatively recent; the first paper in this area was published in
1988. Table I summarizes these seven papers and the following discussion
reviews their content.

Three of the seven studies were clinical trials. In the first of these, a
crossover trial of indomethacin followed by sulindac, Gurwitz et al. studied
seven healthy older people (without any major comorbid disease) with a
mean age of 72 [14]. Treatment with either of these NSAIDs brought signifi-
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cant reduction in creatinine clearance. However, the authors suggest that
their results be interpreted with caution. The sample size was small and the
marked variation in estimates of creatinine clearance limited the study’s
ability to detect small changes in clearance after drug therapy. In addition,
the therapy may have been too short to affect renal function.

Murray et al. studied six healthy older people (mean age 72 years) in
a randomized crossover trial with three NSAIDs-ibuprofen, sulindac and
piroxicam [18]. Using inulin clearance — a more precise measure of renal
function, they found a statistically significant decline in inulin clearance after
the first dose and after a month of treatment with each of the NSAIDs. This
information was published as an abstract and more data is expected as
additional subjects are studied [18].

The third study was a randomized trial which compared ibuprofen with
aspirin in 52 patients (mean age 72) with arthritis and other comorbid medical
conditions [20]. Using serum creatinine and blood urea nitrogen to reflect
renal function, no deterioration was found after six weeks of therapy. How-
ever, seven of the 52 patients were dropped from the study in the first two
weeks because of adverse, chiefly gastrointestinal, drug reactions. These
seven patients were not included in the analysis.

Four of the seven studies were observational. Gurwitz et al. identified risk
factors for NSAID-associated nephrotoxic effects in frail, older people (mean
age 87 years) residing in a long-term care facility [17]. The 114 residents,
who received a NSAID had a statistically significant increase in blood urea
nitrogen compared to 45 people in the control group. Furthermore, blood-
urea nitrogen was elevated after a short period on the NSAID, only 5-7
days of therapy. Fifteen patients receiving NSAIDs developed azotemia
(defined as a 50% rise in blood urea nitrogen over baseline). Risk factors
for azotemia included the use of a loop diuretic and a higher prescribed
NSAID dose. This, the only study of the renal toxicity of NSAIDs in the
frail ‘old-old’ (85 years and over), documents the frequency of renal dysfunc-
tion and azotemia following a short course of NSAIDs in this vulnerable
group; it illustrates the need for caution when prescribing these agents.

Hale et al. [9] examined ambulatory older patients in an annual health
screening program (mean age 76) and evaluated renal function in 181 patients
who received non-salicylate NSAIDs and a comparison group of 796 patients
who did not. They found a statistically significant decline in renal function,
as estimated by a reduction in creatinine clearance in the group of men on
NSAIDs. This study has been criticized because of the method used to
estimate creatinine clearance and because the information about NSAIDs
use was based on self reporting, which is known to be unreliable [17].

Sandler et al. [11] conducted a case-control study of the relationship
between chronic renal disease and NSAID usage. They identified 554 patients
between the ages of 30 and 79 hospitalized with a diagnosis of chronic renal
disease and compared them to a group of 516 controls. Information on
NSAID use was obtained from telephone interviews. They found a twofold
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increase in chronic renal disease in association with daily use of NSAIDs —
an increased risk that was seen predominantly in men 65 years of age and
over.

Allred et al. [19] conducted a prospective cohort study of ambulatory
patients admitted to their day hospital in England to look at the relationship
between NSAID use and renal function. In 27 patients on NSAIDs and
another 27 patients not on NSAIDs, renal function was evaluated using serum
creatinine and urea. Neither group showed any decline in renal function as
measured by blood urea nitrogen or serum creatinine.

Although each of these seven studies evaluated renal complications of
NSAIDs in older people, they cannot be compared because they used differ-
ent parameters. For example, using inulin clearance, Murray et al. [18]
showed a decline in glomerular filtration after NSAID administration, which
suggests that, when a precise measure is used, renal impairment can be
demonstrated after NSAID administration even in healthy elderly people.
However, techniques such as inulin clearance are not readily available to the
clinician.

Because indices such as blood-urea nitrogen and serum creatinine levels
are available, the clinician will use these to look for renal impairment in
their older patients. In addition, studies of healthy older people cannot be
generalized to the more usual frail older person with multiple comorbid
illness. Therefore it is important to collect information on older patients
more typical of those who may use the drug. For this reason, the study by
Gurwitz et al. [17] is helpful because it used a renal outcome measure that
is readily available and the frail older patients they studied are those most
at risk for adverse renal complications of NSAIDs. There are only few studies
of NSAIDs and of their renal complications in older patients relative to the
huge volume of these drugs used by this segment of the population [24, 25].

Guidelines to prescribing NSAIDs to older patients

The available data on the relationship between NSAID use and renal impair-
ment in older people indicate that no NSAID is totally safe in the elderly.
Their risk/benefit ratio should be considered carefully before they are pre-
scribed, particularly in frail older people and alternatives should be con-
sidered. Table II presents some guidelines to follow when considering pre-
scribing NSAIDs.

First, is the NSAID really needed? They are overprescribed particularly
in older people without adequate consideration of the risks and benefits in
this vulnerable group [8]. Consider, therefore, alternative approaches.

Whenever possible, prescribe simple non-pharmacologic treatment. Pa-
tients for example have to be educated on how to protect their joints from
further damage. Losing weight, using an adaptive aid such as a cane, and
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Table I1. Guidelines to consider before prescribing NSAIDs

NsAIDs Are they needed?

Simple Non-pharmacologic therapy may provide adequate benefit
Analgesic Consider acetaminophen

If NSAIDs are required use:

minimum dose

minimum duration of treatment
Do Monitor for side effects
Stop If side effects develop

following structured exercise programs all help the patient and reduce the
symptoms of arthritis [7, 26].

If the patient requires a simple analgesic, acetaminophen may suffice and
has minimal side effects; in the treatment of osteoarthritis of the knee, it is
as effective as either analgesic or anti-inflammatory dose of ibuprofen [27].
When considering using NSAIDs in older patients, one should weigh the
costs and benefits.

If NSAIDs are required, the minimum effective dose should be used
because the literature suggests that higher NSAID doses are related to renal
toxicity. Gurwitz et al. showed that, in the frail older patient, a higher
NSAID dose was associated with the development of azotemia [17]. In
addition, the NSAID should only be used for as long as treatment is indi-
cated. A regular re-evaluation of the need for continued treatment should
also be carried out.

Patients, particularly those in the vulnerable frail older group, taking
NSAIDs should be monitored carefully for side effects. Concerning labora-
tory tests, blood urea nitrogen, serum creatinine and potassium levels must
be particularly checked. History and physical exam should focus on evidence
of adverse effects such as edema. Remember that renal impairment is often
asymptomatic and must be anticipated in the older patient. NSAID therapy
in patients who develop side effects should be discontinued.
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CHAPTER 7

Treatment of hyperlipidemia in the elderly

RUTH McPHERSON

Hypercholesterolemia is a major risk factor for coronary heart disease (CHD)
and patients over age 65 show an increased incidence of both lipid abnormali-
ties and clinical CHD. Although the positive association between low-den-
sity, lipoprotein (LDL) cholesterol and CHD incidence and the stronger
negative relationship between high-density lipoprotein (HDL) cholesterol
and CHD risk are well established, the predictive power of LDL-cholesterol
decreases with age [1]. Hence, many have questioned the benefit of lipid
treatment in the elderly.

Effects of age on the LDL-C/CHD risk relationship

There may be many reasons for the decline in the slope of the LDL-C versus
CHD curve with age [2,3]. The elderly have other risk factors for CHD,
such as hypertension, impaired glucose tolerance, and obesity and these
may intervene in the cholesterol/CHD relationship [2]. Generally, older
individuals have more advanced atherosclerotic disease and the acute coro-
nary event may be due to plaque rupture or thrombosis and hence the event
is less dependent on LDL-mediated changes in plaque size. In addition,
other genetic, metabolic or environmental protective factors may permit the
‘selective survival’ into old age of a subset of hypercholesterolemic individ-
uals.

In the elderly, ascribing CHD as the cause of death may be confounded
when several disease entities contribute to the final event. Finally, temporal
changes occur in the lipoprotein profile and, in an elderly patient, a low level
of LDL-C may reflect underlying disease or recent nutritional depletion and
may not be a marker of habitual or life-long LDL concentration (Table I).

Even though the predictive value of LDL-C in determining CHD risk
(relative risk) declines with age, the number of CHD events and CHD deaths
increases dramatically. Hence the attributable risk of CHD due to elevated
levels of LDL-C is much greater in individuals over the age of 55 than for
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Table I. Effects of age on the cholesterol/CHD relationship

Competing risk factors

Arterial-wall changes

Selective survival

Nonspecificity of CHD diagnosis

Low cholesterol as symptom of underlying disease
Temporal changes in lipid profile

Table II. Potential benefit of cholesterol reduction from 7.4 to 5.2 mmol/l

Age Decrease in Preventable

CHD risk CHD deaths CHD cases

% M F M F
35-44 77.4 1.8 0.7 11.8 32
45-54 61.8 6.3 0.9 23.4 6.0
55-64 46.3 8.7 1.8 26.0 10.2
65-74 33.1 9.5 3.8 20.4 10.6
75-84 229 12.7 6.5 20.4 12.3

Gordon and Rifkind. Am J Card 1989; 83:48H

younger subjects; this enhanced attributable risk [4] also applies to individuals
over 75 years (Table II).

Thus, treatment of hypercholesterolemia in the patient over 65 years may
be justified to improve the quality of life and to make such interventions as
bypass grafting, angioplasty and coronary-care-unit admission unnecessary.
Since these interventions are more complicated and costly in elderly subjects,
short-term cholesterol reduction may be more cost-effective in certain older
as compared to younger individuals.

Decision to treat

Obviously not all elderly hypercholesterolemic patients are candidates for
lipid-lowering therapy. The decision to treat should be based on individual
quality of life and life expectancy as well as on the severity of the lipoprotein
disorder, history of clinical CHD and the presence of other risk factors such
as hypertension, cigarette smoking and diabetes mellitus that enhance the
risk conferred by LDL-C. Elderly, non-institutionalized individuals without
other life-limiting conditions and a good psychosocial and physical quality of
life are candidates for lipid-lowering therapy if their estimated life expectancy
is five to 10 years or greater, because over this period, one can anticipate a
40% reduction in CHD events including death [S]. More aggressive choles-
terol reduction over a shorter time period (Z%y) has been shown to reduce
clinical CHD events by 70% in patients with documented coronary vessel
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Table I11. Decision points for pharmacological treatment of hypercholesterolemic patients after
dietary stabilization

LDL-C CHD risk Clinical Treatment LDL-C treatment
mmol/l factors® CHD goal mmol/l
<49 0 0 Diet <4.2

>4.9 0 0 Medication <4.2

>4.2 =2 0 Medication <34

>3.5 + Present Medication <2.5

? Other CHD risk factors including male sex, HDL < 0.9 mmol/l, diabetes mellitus, =10
cigarettes/day, hypertension, CHD in first degree family member before age of 60 y.

disease [6]. Other potential benefits include increased duration of graft survi-
val after coronary-artery, bypass surgery [7].

Individuals of all age groups with LDL-C levels greater than 3.5 mmol/l
(140 mg/dl) should adopt a program consistent with the principles of an AHA
Step I diet. The elderly patient needs dietary advice although adherence may
be difficult due to budget restrictions, difficulties with food preparation and
engrained food habits. One should exclude secondary hyperlipidemias due
to other drug therapy, preclinical hypothyroidism and renal disease. The
decision to add pharmacological therapy to diet will depend on other risk
factors or clinical CHD. We begin treatment at an LDL-C level of 4.9 mmol/l
in the absence of other CHD risk factors and would begin pharmacotherapy
at lower levels of LDL-C if the elderly patient has two or more other risk
factors (LDL-C = 4.2 mmol/l) or clinical CHD (LDL-C = 3.5 mmol/l).

The goals of therapy are to achieve an LDL-C of 2.5 to 4.2 mmol/l depen-
dent on other clinical factors (Table III) [8].

Choice of pharmacological agents

Elderly individuals respond well to all available hypolipidemic agents; with
drugs such as HMG-CoA reductase inhibitors [9], niacin [10] and probucol
[11], the cholesterol lowering efficacy of a given dose is superior in older
than in younger individuals. Hence, usually we start treatment with the
smallest effective dose and increase it as necessary. Generally we recommend
a reductase inhibitor when LDL-C is elevated and triglycerides are
< 4.0 mmol/l. Alternative agents include bile-acid sequestrants and niacin.

For the patient with more severe hypertriglyceridemia and/or a low level
of HDL-C, the agent of choice is niacin, if it is tolerated. Acceptable alterna-
tives are the fibric-acid derivatives (fenofibrate, gemfibrozil). With all of
these agents, one should monitor transaminase and CPK levels every four
months for the first year and, in the absence of symptoms, every 6 months
thereafter (Table IV).

Controlled clinical trials of the effects of LDL-C lowering in the elderly
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Table IV. Choice of hypolipidemic medication for the elderly patient

TC & LDL-C TG HDL-C Drug of choice
Increased < 4.0 mmol/l > (.8 mmol/l HMG-CoA reductase
inhibitor * bile acid sequestrant
Normal or > 4.0 mmol/l < 1.0 mmol/l Niacin or fenofibrate or
increased gemfibrozil
Normal Normal < 0.8 mmol/l Niacin

are now in progress. Present data offers a sound rationale for treating hyperli-
pidemia and other risk factors, such as hypertension and diabetes mellitus,
in many patients over the age of 65 years.
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Parenchymal renal disease



CHAPTER 8
Glomerulonephritis in the elderly

DANIEL C. CATTRAN

Differences in certain immunological markers and their function in the el-
derly might be expected to translate into a change in the severity or type of
glomerulonephritis (‘the elderly’ are those who have attained the age of 60
or more and have biopsy-proven glomerulonephritis). These abnormalities
have been noted in both humoral and cell-mediated components of immunity.
Alterations in T-cell function include a general reduction in T-helper cell
and an increase in T-suppressor cell populations and an increase in anergy as
demonstrated by a delayed hypersensitivity reaction to a number of different
mitogens [1-3]. In humoral immunity, several workers have observed a
decrease in soluble-substance elaboration such as migration-inhibition factor
[4, 5]. In both the animal and human species, physical changes with age have
been described and include alterations in both the thickness and composition
of the glomerular basement membrane [6, 7].

Histologic types and incidence

The data in this review are based on the limited number of studies in the
literature. Although few specifically discuss glomerulonephritis in the elderly,
all agree that this is not a rare event and, in some types, the incidence is
greater than in the younger adult [8]. In examining the prevalence of these
varieties of glomerulonephritis in the elderly, we must consider the popula-
tion base. In the United States in the early 1980s, the ratio of people 15-59
versus = 60 was approximately 4.5:1 [9]. Table I outlines the ratio and the
absolute number of cases of the different types in the Toronto Glomeru-
lonephritis Registry [10] and compares this data to the general population.
This probably underestimates the numbers of elderly cases because nephrolo-
gists probably hesitate to perform a renal biopsy in this age group because
of the risk of the procedure. Table II compares the major studies [11-15],
which define the specific types that present with the nephrotic syndrome in
the aged with the Toronto results. Recognizing that these studies span Eu-
rope, Japan and North America, it is surprising that there is a general

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 73-82.
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Table 1. Toronto glomerulonephritis registry data (1974-1990): Incidence and type (15-59
versus = 60 years)

Type Total Ratio
Numbers (15-59/= 60)

General Population 45:1
Vasculitis 110:80 1.37:1
Crescentic Glomerulonephritis 140:74 1.89:1
Membranous 343:129 2.6:1

IgA Nephropathy 508:41 12.2:1
Lupus nephritis 516:23 22.4:1

uniformity in the overall percentages of the different subgroups of primary
glomerulonephritis. In all studies the most common type is membranous
nephropathy followed by minimal-change disease and then focal sclerosing
glomerulonephritis. Table III, which includes all presentations of glomeru-
lonephritis in the elderly [11-14, 16], reveals that the acute nephritic onset
is most commonly associated with crescentic and vasculitis type of pathology.
When the latter group is included, this type of presentation makes up a
significant proportion of many serious i.e. almost 30% in both Moorthy’s
[12] and the Toronto Registry reports. In studies that describe the crescentic
variety in more detail, the pauci-immune and granular-immune-complex vari-
ants are more frequent and the anti-glomerular basement-membrane type is
rare when compared with their frequency in the under 60 population [16, 17].
Prognosis and therapy in this group [12, 17] is further defined and discussed
by Donadio elsewhere in this book.

Figure 1 shows by each decade of life the frequency of the different
types of glomerulonephritis seen in our registry. Three of the more common
primary types in the elderly are described below.

1. Minimal change disease

In primary minimal-change disease in the elderly, the remission rate after
steroid therapy is equivalent to that in the younger adult [12-14]. Most
authors report an 85-90% complete response although it may take 10-16
weeks of daily steroids as opposed to a mean of 4-6 weeks in childhood.
Patients, who relapse, often will respond to a repeat course of prednisone.
Approximately 70% of patients, who are either steroid-dependent or are
frequent ‘relapsers’, will have complete remission after an 8-week course of
a cytotoxic agent. In the aged population we should consider a cytotoxic
drug as the first agent instead of high-dose daily prednisone, especially if
they have a tendency to GI ulceration or fluid accumulation secondary to
underlying cardiac disease. Although no one has compared these two thera-
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Table III. Elderly series: Incidence of histologic lesion associated with the acute nephritic
syndrome

Moorthy  Sato UK. Kingswood  Toronto
(UK) (Japan) Reg (UK) GN Reg
(Canada)
Crescentic GN/Total Number ~ 24/105 1/57 106/1386  9/827 741536
Vasculitis/Total Number 6/105 B - - 80/536
Percentage of series 23(29%) 2 7.6 11 14(29%)
* Including vasculitis.
* Subtypes
Anti GMB 12%
Granular Deposites  53%
Pauci Immune 35%

pies in the elderly with minimal-change disease, on the surface the risk-to-
benefit ratio would favor a trial of the cytotoxic drug first.

2. Focal segmental glomerulosclerosis

Previously published studies show that this type has the greatest variance in
terms of its recognition on biopsy as a case of the nephrotic syndrome in
the elderly (Table IT). However, the most recent surveys from the United
Kingdom’s Glomerulonephritis Registry [11] and our own Registry suggest
that this type is responsible for between 7% and 18% of these cases. Only
the smaller studies [13, 15] report the effects of therapy and these indicate
that six treated patients showed no response. However, the drug type, dose
and duration are not specified and these studies are too small to permit any
firm conclusions. Our own data on the effects of treatment in adults [18]
showed a complete remission in 15-30% of patients given a course of predni-
sone similar to that used in minimal-change disease.

3. Membranous nephropathy

The literature [12-14] on the outcome in 66 elderly patients with membra-
nous nephropathy suggests that the prognosis is similar to younger adults.
Complete remission was reported in 10-20%, persistent proteinuria in 30-
50% and progressive renal failure in the remaining patients. Approximately
50% of these patients were treated with steroids and it was difficult to
determine whether this therapy influenced the overall response rate. This
lack of response is compatible with two recent controlled trials, which show
no benefit even after up to 6 months of alternate-day therapy [19, 20]. In
our own registry, of the 87 patients with membranous nephropathy over the
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Table IV. Elderly series of secondary causes of the nephrotic syndrome. Number (% of total).

Series Sato United Kingdom Kingswood Zech Bolton
Registry

26(31)  103(22) 21(42) 19(40)  15(24)
Differential
Amyloid 9(35) 32(31) 11(52) 9(47) 9(60)
Diabetes Mellitus 12(46) 11(10) - - 4(27)
Malignancy - 15(15) 3(14) 7(37) 2(13)
Others 5(19) 45(44) 7(33) 3(16) -

age of 60, 50% have been treated with steroids. When compared with a
similar number of untreated patients, we find that a similar percent have
progressed or have had a complete remission. No data are available concern-
ing the effect of treatment in this age group as compared with a more potent
regimen such as that advocated by Ponticelli e al. [21]. We need a way to
identify the patients most likely to progress before we can recommend any
potentially toxic therapy in this aged population. A recent model for pre-
dicting outcome uses three parameters: Initial creatinine, severity and persis-
tence of proteinuria, plus the change in creatinine over a fixed time period
has demonstrated an improved sensitivity and specificity compared to earlier
prognostic indices [22, 23]. This formula can also be used to identify the low-
risk group i.e. approximately 60% of the membranous patients, and thus
avoid potentially toxic therapy in this population.

Secondary causes of the nephrotic syndrome

Five reviews indicate the percentage and the specific agents responsible
for the nephrotic syndrome in the elderly (Table IV). The prevalence of
malignancy, like the prevalence of primary glomerulonephritis, should be
compared to the same age group in the general public. Epidemiological data
[24] estimates the number of new cases of cancer per year in this age group
to be approximately 1660 per 100,000 people (1.66%). When this rate is
compared to estimates of malignancy associated with renal disease
[11, 13,15, 25], the percentage varied between 4.7% and 11.8% of the total
series of nephrotics, and from 13-37% of the specific secondary causes. In
up to 80%of these cases, membranous nephropathy is the correlated histol-
ogic type. If one includes amyloid as a malignant process, this percentage is
even higher (Table IV). Others have disputed these figures [26] based on
local prevalence data, although no one denies the association between ma-
lignancy and the nephrotic syndrome in the elderly. Most of the related
cancers are solid tumors of the gut, lung or genital urinary tract. A recent
large series [11] has described other histologic types, including minimal-
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change disease and focal sclerosing glomerulonephritis in association with
malignancy in the elderly. A major reason to identify an identifiable cause
for the nephrotic syndrome is that this group has an ominous prognosis. In
one series, the mortality rate was as high as 80% at 2 years [27] and in
another 67% at 2 years [28] when a secondary cause of nephrotic syndrome
was discovered.

Patient evaluation
General aspects

Glomerulonephritis is not uncommon and the standard history, physical and
laboratory examination of the elderly with renal disease, should place special
emphasis on certain areas. The patient’s medication list should be reviewed
in detail. Consider the possibility of drug-induced renal disease secondary to
such agents as gold or penicillamine therapy, and nonsteroidal anti-inflam-
matory agents in all elderly patients, who develop renal insufficiency and/or
heavy proteinuria.

The cardiovascular system is examined with care because a presentation
with congestive failure or left-ventricular dysfunction can obscure the fact
that the fluid retention was secondary to the nephrotic syndrome or acute
renal insufficiency. Failure to obtain and review the urinalysis and renal
function tests in these patients at presentation can result in inappropriate
therapy. Renal-function tests, which should be done with precision, include
a urinalysis by an experienced physician, evaluation for paraproteins and an
awareness that any estimate of renal function as measured by serum creatin-
ine should be adjusted to the patient’s age and sex [29].

In a search for underlying malignancy, consider whether the patient has
membranous nephropathy or shows any hints of underlying cancer. Do a
careful examination of the most common recognized primary sites for an
occult malignancy and check major risk factors such as smoking or hydrocar-
bon exposure. Other tests that should be considered in these patients are
the antineutrophilic cytoplasmic antibody test (ANCA), a simple test with
good specificity and sensitivity for underlying vasculitis, a fasting and 2-hour
PC blood glucose in regards to occult diabetes and, in any patients suspected
of myeloma, a serum-protein electrophoresis.

General elements of management of the elderly patient management

Nutritional status should be assessed in these patients. We have not evaluated
protein restriction in the elderly with renal disease, specifically the risk of
precipitating significant malnutrition in the very elderly on markedly reduced
dietary protein intake. It may be necessary to monitor urine urea with the
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standard urine tests to guard against unexpected inadequate protein intake.
Also dietary sodium restriction and diuretic therapy should be carefully
monitored because some patients with renal insufficiency may have an obliga-
tory sodium loss and volume depletion with pre-renal azotemia, which can
aggravate and/or complicate the renal parenchymal disease component. Simi-
larly, although we have effective lipid lowering agents i.e. competitive inhibi-
tors of HMG-coA reductase, which are reasonably safe in the elderly [30, 31],
these agents are expensive and we have no firm evidence that they will
reduce the accelerated atherosclerosis seen in renal disease.

Antihypertensive drugs deserve special emphasis: these aim at a target
diastolic pressure of < 95 mm Hg and a systolic of < 160 mm Hg. The newer
agents such as the calcium-channel antagonists and/or the angiotensin-con-
verting-enzyme inhibitors are better tolerated by the elderly and are more
effective that some drugs. These newer agents are expensive and this factor
may reduce compliance.

Summary

Glomerulonephritis in the elderly is not rare and a population-based compari-
son indicates that the vasculitis, crescentic glomerulonephritis and membra-
nous nephropathy variants, are more frequent in the elderly than in younger
adults. In contrast, other types of nephritis, such as IgA and lupus nephropa-
thy, are rare in the elderly. The rest of the glomerular diseases seem to occur
at approximately the same frequency as in the younger adults. For these
reasons, and although there may be a slightly increased risk to biopsy in the
elderly, because of the inaccuracies of clinical and laboratory tests alone to
reach the correct pathologic diagnosis in either patients with a decrease in
renal function or significant proteinuria, the decision to perform a renal
biopsy should be based on the same considerations as in the younger patient.

All patients with minimal-change disease and most with focal sclerosing
glomerulonephritis should be treated because they will respond like young
adults. Cytotoxic agents should be used before high-dose, oral prednisone
based on the patient’s general condition. There is little evidence that steroids
are effective in membranous nephropathy and, before embarking on any
specific therapy, make an effort to identify high-risk patients using severity
and persistence of proteinuria over time. IgA nephropathy is rare, the ma-
jority of these patients have a good long-term prognosis but the presence of
hypertension, heavy proteinuria and/or renal insufficiency suggests a poor
prognosis. In this group aggressive antihypertensive therapy is warranted and
ACE inhibitors may help to preseve renal function in this high-risk group
[32,33].

The appearance of the nephrotic syndrome in the elderly should trigger
a diligent search for a secondary causes. In most series, 40% have an underly-
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ing disease and it is important to identify the specific type because it is closely
tied to the prognosis.

In the management of all patients in this age group, the physician should

review all of the patients’ medications, be aware of the propensity of the
elderly to volume depletion and do an ongoing evaluation of nutritional
status.
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CHAPTER 9
Renal vasculitis in the elderly

JAMES V. DONADIO, JR.

The vasculitic syndromes are uncommon but, as an aggregate, each practicing
physician during his or her career will see at least one patient with vasculitis.
Herein, I discuss the classification of vasculitis, the clinical features of the
more common forms that affect the kidney in older persons, and treatment
and outcome.

Classification of vasculitis

In 1866, Kussmaul and Maier first recognized systemic necrotizing vasculitis
[1]. Over the next 60 years, approximately 70 cases of polyarteritis were
published with only about 10% reported as small-vessel disease. Beginning
in 1925, the consistent use of the microscope by pathologists brought a
dramatic increase in the number of cases reported; most of these were of
the microscopic variety.

Case reports grew to clinicopathologic syndromes from which a variety of
classifications were derived [2, 3]. Table I shows a classification of idiopathic
vasculitic syndromes by Churg and Churg [3]. Most of these disorders were
first described during this century. The polyarteritis nodosa (PAN) group
and Wegener’s granulomatosis, which commonly affect the kidney, occur
frequently in older individuals. In the polyarteritis group, ‘classic’ PAN is
defined as a focal, segmental, necrotizing vasculitis of small arteries, less
commonly arterioles, and, rarely, venules. ‘Microscopic’ PAN is defined as
focal and segmental, necrotizing glomerulonephritis. There is overlap be-
tween ‘classic’ and ‘microscopic’ PAN, but on renal-biopsy specimens, the
technique by which PAN is defined in the kidney, the vast majority of cases
(75%) are diagnosed as focal and segmental, necrotizing glomerulonephritis.

In a variety of secondary vasculitic disorders, the primary disease is
known, especially for vasculitis associated with hepatitis B infection, ionizing
radiation, and severe hypertension [3]. A systemic vasculitis has been re-
ported in HIV infection, and other microbiologic agents and environmental
factors have been implicated in vasculitis.

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 83-91.
© 1993 Kluwer Academic Publishers.
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Table 1. Idiopathic vasculitis classified by clinicopathologic syndromes [3]

Polyarteritis nodosa

Wegener’s granulomatosis

Allergic granulomatosis (Churg—Strauss)
Primary (granulomatous) vasculitis of CNS
Giant-cell (temporal) arteritis

Takayasu arteritis

Idiopathic granulomatous vasculitis
Small-vessel vasculitis
Henoch-Schénlein purpura

Behget disease

Thromboangiitis obliterans

Another way to classify the primary vasculitic syndromes is by their associ-
ation with antineutrophil cytoplasm antibodies (ANCA). These antibodies
were first recognized in 1982 by Davies et al., who described eight patients
with focal, segmental glomerulonephritis and associated ANCA [4]. The
Ad Hoc Nomenclature Committee of the Third International Workshop on
ANCA [5] have proposed a classification of ANCA-associated vasculitic
syndromes (Table II), which includes the more common vasculitides that
involve the kidney in older individuals. There is an overlap in terminology
as well as in clinical and pathologic features between classic PAN, the groups
listed as microscopic PAN and necrotizing and crescentic ‘pauci-immune’
glomerulonephritis. In clinical practice, the latter diagnosis refers to that
form of microscopic PAN with the most active and severe glomerular lesions.
Hereafter, I shall refer to classic and microscopic PAN and necrotizing and
crescentic pauci-immune glomerulonephritis as idiopathic renal vasculitis.

Antibodies to myeloperoxidase (aMPO) are found in all categories of
idiopathic renal vasculitis. aMPO, a subset of ANCA, originally were iden-
tified by indirect immunofluorescence on substrates of ethanol-fixed human

Table I1. 1diopathic systemic vasculitis classified by ANCA-association [5]

Wegener’s syndrome
Wegener’s granulomatosis (WG) — C-ANCA, 90% positive (+), active disease
Limited WG - C-ANCA, 50% +, active disease
Wegener’s vasculitis - C-ANCA, = WG

Small vessel vasculitis
Microscopic polyarteritis nodosa (PAN) - P-ANCA, C-ANCA, variably +,
Leukocytoclastic angiitis - P-ANCA, C-ANCA, variably +

Necrotizing and crescentic pauci-immune glomerulonephritis — P-ANCA,
aMPO, 80% +, active disease

Churg-Strauss allergic angiitis - P-ANCA, variably +
Classic PAN - P-ANCA, variably +
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neutrophils [6]. aMPO produce a characteristic pattern of perinuclear im-
munofluorescence on neutrophils referred to as the P-ANCA staining pattern
[7] (Fig. 1). In a clinical study, Velosa et al. compared the indirect immuno-
fluorescence method with an enzyme-linked immunoassay in the detection
of aMPO in 112 patients with renal disease [8]. The enzyme immunoassay
was more sensitive in detecting aMPO in patients with idiopathic renal
vasculitis (76% vs. 48%) and was also more specific, yielding fewer false-
positive results in other renal diseases (85% vs. 80%).

The other ANCA detected by indirect immunofluorescence is referred to
as the cytoplasmic ANCA (C-ANCA) staining pattern [7] (Fig. 1). The
important antigen that can be identified by solid-phase immunoassays consists
of a 29-kD, neutral serine proteinase, designated proteinase 3 (PR3) [9]. C-
ANCA shows a 90% positive reaction rate with active, generalized Wegener’s
granulomatosis or vasculitis, a 50% positivity with limited Wegener’s granulo-
matosis, and the levels appear to rise and fall with activity and treatment of
the disorders [10].

The pathogenic role of ANCA in producing or modulating endothelial
injury in systemic vasculitis is under intense investigation [11]. ANCA in
vitro activates neutrophils to produce reactive O, species, degranulation of
the primary granules (the site of the important antigens), and damage to
target cells, the antigens of which stimulate T lymphocytes from vasculitic
patients. Furthermore, as a screening test for idiopathic renal vasculitis and
Wegener’s granulomatosis, ANCA appears to be especially useful in the
active forms of the disease (Table II).

Clinical features

As a rule, idiopathic systemic vasculitis (used synonymously here with polyar-
teritis) is a multisystem illness with a spectrum of severity ranging from
mild, limited disease to progressive, multisystem disease which may be fatal;
because the early symptoms may be nonspecific - malaise, fever, myalgias,
and weight loss. An accurate diagnosis may be delayed. When the diagnosis
becomes evident, advanced renal disease may already be present thus pre-
cluding effective treatment.

There is hardly a typical clinical course for idiopathic systemic vasculitis
because of the variable systemic involvement, especially among patients
reported in unselected series. [12-16]. Table III shows the salient renal
histologic and clinical findings in classic and microscopic PAN (idiopathic
renal vasculitis). The vast majority of diagnoses are based on finding focal
and segmental, necrotizing glomerulonephritis, often with associated cellular
crescents. Most patients, at least 70%, are 50 years of age or older.

In an analysis of clinical laboratory and pathological variables in 170
patients with idiopathic renal vasculitis and glomerulonephritis studied at the
Mayo Clinic [17], Wilkowski et al. defined a risk profile for a poor outcome
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Fig. 1. Indirect immunofluorescence of human neutrophils fixed in ethanol and incubated with
FITC-labeled anti-human immunoglobulin G. Top: the perinuclear (P-ANCA) pattern is associ-
ated with myeloperoxidase that has migrated to the nuclear membranes. Bottom: the cytoplasmic
(C-ANCA) pattern is associated with a neutral serine proteinase, designated proteinase 3, that
is located in the primary granules of the neutrophil.
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Table I11. Salient renal histologic and clinical findings in patients with idiopathic renal vasculitis

Histology
Classic PAN - arteritis, renal infarctions (uncommon)
Microscopic PAN - focal and segmental pauci-immune necrotizing glomerulonephritis (65—
75%); glomerulonephritis + arteriolitis, arteritis (25-35%); cellular crescents common in
all groups

Clinical findings
Classic - hypertension, hematuria, azotemia
Microscopic - microscopic hematuria, erythrocyte casts, proteinuria, azotemia, hypertension

(Table IV). Age 50 years and older was a significant risk factor for lower
patient survival and for survival free of renal failure. The older patients did
not have the other important risk factors associated with a worse prognosis
such as disproportionate increases in hypertension, elevated serum-creatinine
levels, leukocytosis, or tubular atrophy and interstitial fibrosis in renal biopsy
specimens. Treatment with corticosteroids and immunosuppressive agents
was approximately equal in younger and older persons. However, some
studies have suggested that older persons do not tolerate these agents as well
as do younger ones so that treatment is delayed or older patients are given
smaller doses that may not be sufficient to control progressive renal disease.

There is a bimodal distribution for mortality in unselected series of patients
with polyarteritis [13, 14]. ‘Early’ deaths, up to approximately 12 months,
are related to active vasculitis that includes progressive renal failure, fatal
pulmonary hemorrhage or intestinal perforation, while ‘late’ deaths beyond
12 months usually are related to cardiovascular events including strokes and
myocardial infarctions, and cancer. The cardiovascular deaths may be a
consequence of the vasculitic process and to prolonged use of corticosteroids,
which leads to arteriosclerosis.

Wegener’s granulomatosis is a granulomatous arteritis that involves a
syndrome of upper airway, pulmonary and renal manifestations; often it
begins in a more limited form involving the upper-respiratory tract consisting
of necrotizing granulomatous lesions of the sinuses, orbit, pharynx and larynx
and goes on to a more generalized vasculitis involving the upper respiratory
tract, lungs, kidneys [18]. The median age for diagnosis of Wegener’s granu-
lomatosis is 50 years old. Renal manifestations are microscopic hematuria,

Table IV. Risks at diagnosis associated with an unfavorable outcome in patients with idiopathic
renal vasculitis

Age >50 years old

Hypertension >150/90 mm Hg

Elevated serum creatinine level >4 mg/dl
Peripheral blood leukocytosis >16 x 10/mm’®
Tubular atrophy, interstitial fibrosis in renal biopsy
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Table V. Risks at diagnosis associated with an unfavorable outcome in patients with Wegener’s
granulomatosis

Age >60 years old

Proteinuria >2.5g/24 hr

Elevated serum creatinine level >3 mg/dl
Cellular crescents in renal biopsy

Table VI. Summary of patient survival according to treatment in idiopathic systemic vasculitis
(ISV) and Wegener’s granulomatosis (WG)

Patient survival

ISV WG
Treatment S-years 1-year
Supportive 16 20
Corticosteroids 50 35
Steroids + immunosuppressives 50-60 80-95

proteinuria, and azotemia; the kidney lesions are similar to those observed
in idiopathic systemic vasculitis and feature focal and segmental, necrotizing
glomerulonephritis [19].

Table V shows a risk profile for clinical parameters at diagnosis associated
with a poor outcome in Wegener’s granulomatosis. Persons 60 years and
older have a worse prognosis. It has been suggested that delays in diagnosis
and an unwillingness to prescribe adequate corticosteroid and immunosup-
pressive therapy in older individuals, as in situations with idiopathic renal
vasculitis, are responsible for the poor prognosis in older patients with this
syndrome [20].

Treatment and outcome

Table VI shows an overview of treatment and patient survival for patients
with idiopathic systemic vasculitis and Wegener’s granulomatosis.

For idiopathic systemic vasculitis, the information is compiled from a
variety of retrospective studies of unselected series of patients in which 63—
100% had renal involvement [12-16]. Five-year patient survival improved
from 16% in supportive-care groups (the precorticosteroid era), to 50%
with the use of corticosteroids, to approximately 50-60% after therapy with
combinations of steroids and immunosuppressive drugs, most frequently aza-
thioprine and cyclophosphamide. Corticosteroids remain the mainstay of
treatment for idiopathic systemic vasculitis. Clinicians have been frustrated
by the lack of convincing evidence of superiority of the addition of immuno-
suppressive agents. Others remain convinced that cytotoxic drug therapy,
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especially with cyclophosphamide, produces a favorable clinical response
over and above that achieved with corticosteroids [21]. Unfortunately, there
is only one randomized, controlled clinical trial, which involved 72 patients
with idiopathic systemic vasculitis, about one-third of whom had Churg-
Strauss allergic angiitis [22]. This study used a somewhat unusual treatment
regimen in which every patient was given oral prednisone, 1 mg/kg/day for
two months, plus plasmapheresis — 13 plasma exchanges for six months,
and one-half of the patients were randomized to oral cyclophosphamide,
2mg/kg/day for one year. Cumulative patient survival was approximately
65% after three years and did not differ between the two groups. Mortality
was significantly higher in patients over 55 years old, and in both treatment
groups serious treatment complications affected all age groups and caused
25% of the patients to withdraw from the study. In another prospective but
nonrandomized study of 70 patients with systemic vasculitis, 37 of whom had
Wegener’s granulomatosis, Falk et al. compared the response to therapy in
59 of these patients who received one of three forms of therapy: 45 patients
were treated with oral corticosteroids plus either intermittent intravenous
cyclophosphamide (15 patients) or oral cyclophosphamide (30 patients), and
14 patients were treated with corticosteroids alone [23]. Patient survival and
survival without renal failure were 75% at 24 months; no difference was seen
among those treated with corticosteroid therapy alone versus the combi-
nations of corticosteroids and cyclophosphamide; and no differences were
seen in survival in patients with renal-limited disease and those with com-
bined renal and pulmonary disease.

Turning to Wegener’s granulomatosis, one-year patient survival improved
from 20% in the supportive-care groups (presteroids), to 35% in cortico-
steroid-treated patients, to 80-95% in patients treated with steroids and
cyclophosphamide combined (Table VI) [18, 24, 25]. Five-year survival data

is not used in Wegener’s granulomatosis because the mortality in the pre-
steroid era was 100% .

Recently Hoffman ez al. [25] reported a long-term study on the treatment
of patients with Wegener’s granulomatosis in which 133 patients received
daily oral cyclophosphamide, 2 mg/kg, and prednisone, 1 mg/kg. Initial treat-
ment with prednisone varied from 2-15 mg/kg, which gradually was tapered
after four weeks and was changed to 60 mg on alternate days thereafter.
Cyclophosphamide was continued for at least one year after the patient had
a complete remission. Seventy-five percent of the patients achieved complete
remission, and 50% of these were associated with one or more relapses.
Thirteen percent of the patients died of Wegener’s granulomatosis, treat-
ment-related causes, or both. It is important to note that almost all these
patients had serious morbidity from irreversible features of their disease
(86%) that included chronic renal insufficiency (42%), hearing loss (35%),
cosmetic and functional nasal deformities (28%), tracheal stenosis (13%),
and visual loss (8% ). In addition, there were major toxicities related to daily,
long-term, oral cyclophosphamide including malignancy (acute myelogenous
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leukemia, lymphomas and bladder cancers), hemorrhagic cystitis, bladder
fibrosis, ovarian failure and infection. Hoffman did not examine age as a
risk factor for a poor outcome.

Attempts to decrease the morbidity associated with long-term oral cyclo-
phosphamide have included using intermittent high-dose (1 g/M?) intrave-
nous cyclophosphamide for six months. Hoffman et al. prospectively treated
14 patients with Wegener’s granulomatosis; the study group was heteroge-
neous and included subjects with newly diagnosed disease, recurrent disease,
and failure with low-dose oral cyclophosphamide [26]. There was a high
initial response rate but, with pulse cyclophosphamide, only 21% of the
patients experienced a sustained remission.

In another long-term study from the Mayo Clinic [24] of 151 patients with
Wegener’s granulomatosis, about one-third of whom had limited Wegener’s
confined to the upper respiratory tract (46 patients) or lungs (10 patients),
opportunistic infections were responsible for 12/43 (30%) patient deaths.
Individuals at highest risk were those with extensive, necrotizing skin lesions
and ulcerations in the airway mucosa in whom prednisone and cyclophos-
phamide were started simultaneously. Undoubtedly, these ulcerative lesions
serve as a preferred site for infectious agents, while at the same time defense
mechanisms of the host are decreased. In these patients, we should consider
beginning therapy with high-dose oral prednisone (60-80 mg/day) or in-
termittent ‘pulse’ intravenous methylprednisolone until the inflammatory le-
sions are controlled. Then cyclophosphamide (2 mg/kg/day orally) is added
later, while the prednisone dose is carefully tapered. The duration of both
prednisone and cyclophosphamide therapy should be judged by the clinical
response and in many instances stopped after months rather than years
of continuous administration. The issue of sustaining disease remission is
unresolved, and we need further clinical trials to test the hypothesis of
shortened immunosuppressive therapy in these patients.

Finally, in general, while the immunosuppressive effects of corticosteroids
and immunosuppressive agents may have favorable effects on the overall
activity of renal vasculitis and may induce remissions in most patients, in a
major way their long-term effects on renal disease could be attributed to
lower prednisone dosage, better control of hypertension and hyperlipidemia,
and better general management and control of infections and metabolic
complications of these diseases.
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CHAPTER 10
Maturity-onset diabetes and nephropathy

CATHARINE I. WHITESIDE

Kidney disease associated with diabetes mellitus is now the number one
cause of end-stage renal failure (ESRF) in North America [1]. Non-insulin-
dependent diabetes mellitus (NIDDM) patients over 60 years of age consti-
tute the majority of those diabetics entering dialysis programs [2, 3]. Unlike
insulin-dependent diabetes mellitus (IDDM), NIDDM shows more clear-cut,
racial predispositions to progressive nephropathy [4]. This paper outlines
the risk factors, current concepts about disease mechanisms, diagnosis and
therapeutic strategies.

Disease mechanisms

It is unlikely that a single cellular mechanism accounts for the progressive
mesangial matrix expansion, which typifies diabetic glomerulosclerosis in
NIDDM patients. Since macrovascular disease is coincident with the glo-
merulopathy, arteriolar sclerosis of medium-sized arteries and preglomerular
arterioles may contribute also to declining renal function. There is increasing
evidence that glomerulosclerosis and arteriolar sclerosis may reflect the same
disease process.

1. Advanced glycosylation end products in diabetic glomerulosclerosis

In the presence of glucose, extracellular proteins undergo nonenzymatic
glycosylation. Over time, glucose irreversibly complexes to protein creating
an advanced glycosylation end product (AGE) [5]. Normally an AGE-recep-
tor-mediated, macrophage scavenging system prevents the accumulation
of AGEs [6]. However, in diabetes, AGE formation exceeds the rate of
degradation. Its accumulation in extracellular matrix, e.g., glomerular base-
ment membrane and mesangial matrix, initiates mechanisms that lead to
vascular smooth-muscle and mesangial-cell growth and matrix accumulation
[7]. AGEs activate endothelial cells, enhancing their pro-coagulating proper-
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ties, e.g., decreased thrombomodulin synthesis [8]. Platelet-derived growth
factor (PDGF), arising from activated endothelial cells and/or aggregated
platelets, is a potent agent stimulating mesangial-cell mitogenesis and matrix-
protein synthesis [9]. AGEs are chemotactic for circulating monocytes/mac-
rophages. AGE-macrophage receptor interaction stimulates these cells to
release tumor-necrosis factor and interleukin-1 [10]. Local glomerular release
of these cytokines may stimulate mesangial-cell matrix production [11]. Fin-
ally, AGEs trap low-density lipoproteins (LDL) in the extracellular matrix.
Similar to the evolution of atheroma in peripheral vessels, accumulation
of LDL in the mesangial matrix may promote progressive sclerosis of the
glomerulus [12].

Recent data in the streptozotocin rat model indicates that aminoguanidine,
which prevents AGE formation, retards the appearance of increased albumi-
nuria and glomerular mesangial expansion [13]. The efficacy of this drug
in the prevention and treatment of human diabetic nephropathy is being
investigated.

2. Systemic and intraglomerular hypertension

A raised, hydrostatic-pressure gradient across any vascular wall is potentially
damaging. Endothelial cells exposed to shear stress are activated in response
to stretch [14]. Growth factors, such as PDGF, are released by endothelial
cells which, in turn, stimulate smooth-muscle-cell proliferation [15]. In the
streptozotocin-treated rat, renal micropuncture studies show that the diabetic
state causes decreased afferent arteriolar resistance, which allows higher
hydrostatic pressure to be transmitted into the glomerulus [16]. All experi-
mental manoeuvres that lower intraglomerular pressure in this model, e.g.,
low-protein diet, prevent progressive glomerulosclerosis [17, 18]. In contrast,
the non-hypertensive, Zucker-rat model of obesity, NIDDM and hyperlipid-
emia does not display raised intraglomerular pressure, but does show progres-
sive mesangial expansion [19]. Currently, in human glomerulopathy associ-
ated with NIDDM, we do not know whether intraglomerular pressure is
raised. However, the presence of systemic hypertension in NIDDM is a
definite risk factor for progressive diabetic nephropathy. Early treatment of
systemic hypertension in NIDDM may prevent progression toward end-stage
renal failure, but it is unclear whether this is a specific effect on glomerular
or preglomerular vessels or both. The concurrence of hypertension and
nephropathy in NIDDM patients may reflect their susceptibility to vascular
disease at the cellular level.
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3. Polyol pathway and kidney function

Hyperglycemia leads to increased synthesis of sorbitol via the aldose-reduc-
tase pathway in many cell types. Some workers have linked sorbitol accumu-
lation to abnormalities in peripheral nerves of diabetic rats [21] and humans
[22], particularly myoinositol and phosphatidylinositol metabolism and, in
turn, in decreased Na*-K"-ATPase-dependent nerve conduction. Aldose-
reductase inhibitors [23] and/or myoinositol feeding [24] prevent these abnor-
malities. Recently, it has been recognized that, in diabetes, there is a reduc-
tion of the cellular NAD"/NADH ratio through the enhanced oxidation of
sorbitol to fructose. This condition favors increased de novo synthesis of
diacylglycerol (DAG) associated with activation of protein kinase C (PKC)
[25]. PKC is a pivotal enzyme in growth hormone and vasoactive, peptide
transmembrane signalling, leading to early, immediate, gene activation [26].
Extracellular matrix-protein synthesis by mesangial cells, enhanced by in-
creased glucose, is controlled by this pathway [27]. Ayo and Kreisberg have
demonstrated increased DAG-dependent PKC activation in rat mesangial
cells exposed to a high glucose milieu [28]. Despite the conceptual link
between increased cellular sorbitol and mesangial expansion, no experi-
mental data support the use of aldose reductase inhibition in preventing
glomerular structural changes in the streptozotocin rat model or in diabetic
humans. The potential role of aldose-reductase inhibition in the treatment
and prevention of human diabetic nephropathy is under clinical investigation.

Diagnosis of diabetic nephropathy in NIDDM

In IDDM, persistent microalbuminuria > 20 ug/min or > 20 mg/day is a
sensitive marker for early progressive diabetic nephropathy [29]. In NIDDM,
Mogensen [30] and others [31] have shown that elevated microalbuminuria
(20-200 mg/day) predicts clinical nephropathy and increased risk of mortality
due to cardiovascular disease. However, in NIDDM, the confounding factors
of age, coincidental hypertension and/or hyperlipidemia, which indepen-
dently may alter glomerular filtration, make increased microalbuminuria less
specific than in IDDM. Therefore, in NIDDM patients, in the absence of an
active urinary sediment or evidence of other primary glomerular disease,
persistent proteinuria > 0.5 g/day is due most likely to diabetes. According
to experts reviewing the indications for renal biopsy in diabetes, we should
consider a closed renal biopsy in a patient with NIDDM, who develops
clinical renal disease in the absence of proliferative retinopathy, regardless
of the duration of the diabetes. Furthermore, a renal biopsy should be
considered if the decline of glomerular filtration or worsening of proteinuria
is too rapid to be due to diabetes, e.g., sudden onset of nephrotic syndrome
or evidence of acute renal failure of unknown origin. Also, a renal biopsy
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should be done for definitive diagnosis if clinical or laboratory findings, e.g.,
active urinary sediment indicate another primary or secondary disease [32].

Risk of developing nephropathy in NIDDM

In NIDDM, the late age of onset of nephropathy, compared to IDDM,
confounds cross-sectional or prevalence data on proteinuria. Two studies
have addressed the cross-sectional incidence of proteinuria in different popu-
lations in the U.S.A.

In Rochester, Minnesota, Ballard ez al. [33] established the prevalence of
persistent proteinuria over the past twenty years, as 8.2% at the time of
diagnosis of NIDDM in a predominantly non-Hispanic white population. Of
those without proteinuria at diagnosis, the cumulative incidence of protein-
uria over 20 years was 25% . Risk factors for the development of proteinuria
included: older age; higher initial blood glucose; male gender; macrovascular
disease; diabetic retinopathy. No relation was seen between the onset of
proteinuria and the presence of hypertension at the time of diagnosis of
NIDDM.

Among the Pima Indians [20], newly diagnosed NIDDM patients also
have an 8% prevalence of persistent proteinuria. However, in this group,
hypertension at the time of diagnosis correlates with the presence of increased
albuminuria. After 20 years of NIDDM, those patients without proteinuria
initially have a cumulative 50% risk for the development of proteinuria.

There is evidence that NIDDM shows a familial clustering of nephropathy.
Seaquist et al. [34] found that siblings of NIDDM patients with nephropathy
have a significantly higher frequency of nephropathy than siblings of NIDDM
patients without nephropathy. Two generations of Pima Indians have shown
a familial clustering of diabetic nephropathy, i.e., the existence of proteinuria
and/or end-stage renal failure in a parent is strongly associated with the risk
of nephropathy in the offspring.

We now recognize the importance of a family history of hypertension in
predicting the risk of progressive nephropathy in IDDM patients [35], but
the exact relationship between familial (essential) hypertension and nephro-
pathy in the general NIDDM population remains to be elucidated. We
require more detailed studies to elucidate the relative importance of racial
background, family history and other risk factors in the predisposition to
nephropathy in NIDDM.

Risk of developing end-stage renal failure (ESRF) in NIDDM
ESRF due to NIDDM accounts for the majority of diabetic patients on

dialysis in North America. However, the incidence of ESRF in NIDDM is
more variable than in IDDM. In two prospective population-based studies
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of ESRF, the incidence of ESRF in NIDDM patients was seven times higher
in the Pima Indians (940/100,000 person — years) [34], than in the predomin-
antly non-Hispanic, Caucasian population in Rochester, Minnesota
(133/100,000 person - years) [33]. ESRF registries give some information
about racial predisposition. In Michigan, the annual incidence of ESRF in
blacks is 6.2/100,000 population, compared to 1.4/100,000 among whites
[36]. In Texas, ESRF associated with NIDDM is four times higher in blacks
and six times higher in Mexican-Americans than in non-Hispanic whites [37].
These figures are not controlled for the higher prevalence of NIDDM in
blacks, 1.5 times, and Mexican Americans, 2-3 times, compared to non-
Hispanic whites. When the data are corrected, the disproportionately higher
frequency of ESRF persists in blacks and Mexican-Americans, compared to
non-Hispanic whites. Canadian Indians also have a higher risk of ESRF,
which is 2.5-4 times higher than the national rate, mainly due to diabetes
[39].

Not all IDDM patients, who develop proteinuria, will reach ESRF. In
Rochester, Minnesota, the cumulative incidence of ESRF in NIDDM pa-
tients was 11%, 10 years after the diagnosis of persistent proteinuria. Risk
factors for the development of ESRF at the time of diagnosis of NIDDM
included: persistent proteinuria (> 0.5 g/day); gender (2.8-fold excess in
males); higher fasting-blood glucose; macrovascular disease; diabetic retino-
pathy; smoking; initial insulin therapy [33].

In the Pima Indians, after age and sex adjustment, the incidence of ESRF
is approximately 20 times that of the general U.S.A. population. In this
group with NIDDM, along with duration of diabetes, risk factors for ESRF
included the presence of hypertension (systolic =160 or diastolic
=95 mm Hg), which was associated with a 3.8-fold increased risk of nephro-
pathy [39].

Identification of risk factors contributing to progression of diabetic nephro-
pathy is important in planning appropriate treatment in this population.

Treatment of nephropathy in NIDDM

The presence of persistent proteinuria in NIDDM is an important predictor of
ischemic heart and macrovascular disease [40]. The treatment of nephropathy
focuses on management of NIDDM, i.e., normalization of body mass, nor-
malization of blood glucose, and aggressive management of cardiovascular
risk factors, including hyperlipidemia and hypertension. The benefit of a low-
protein diet in preventing progression of diabetic nephropathy due to
NIDDM is not known. It is reasonable to assume that once proteinuria > 0.5
g/day appears coincident with reduced glomerular filtration rate, an NIDDM
patient already has significantly reduced glomerular filtration surface area
(remnant kidney). In this context, a high-protein diet may contribute to
raised intraglomerular pressure and hyperfiltration as observed in animal
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models of the remnant kidney [41]. A moderate protein restriction of 0.9 g
of protein/kg of body weight/day will avoid exposure to high-protein and
prevent negative protein balance.

Glucose control

In the U.S.A., the University Group Diabetes Program Study revealed that
NIDDM patients randomized to insulin treatment have a reduced risk of
developing renal insufficiency, compared to placebo controls. This study
suggests that better glycemic control may delay or prevent renal failure [42].
Since most of the renal-cellular abnormalities described to date relate directly
to hyperglycemia, and since normalization of glycemia in NIDDM usually is
achieved without major risk to the patient, strict blood glucose control is
recommended.

Hypertension control

The treatment of hypertension in NIDDM patients is complicated by the
presence of macrovascular disease. Lowering the blood pressure too quickly
in the presence of macrovascular and preglomerular microvascular disease
may result in hypoperfusion of organs, including the kidney. Evidence
on history and/or physical examination of macrovascular disease (including
coronary artery disease) must be reviewed before treatment of elevated
blood pressure. The blood pressure should be lowered slowly and carefully
while monitoring for reduced perfusion states, e.g., rising serum creatinine.
One should avoid angiotensin-converting-enzyme (ACE) inhibitors in the
presence of macrovascular disease. In the presence of bilateral artery or
intrarenal arteriolar stenosis, glomerular-filtration rate is maintained by an-
giotensin-II-dependent, efferent-arteriolar constriction. Under these circum-
stances, inhibition of angiotensin II may cause acute renal failure. Further-
more, in advanced nephropathy, hyperkalemia is exacerbated by ACE
inhibition. Calcium-channel blockers are advantageous because they do not
adversely modify serum lipids [43] and have few side effects (e.g., fatigue).
However, the various calcium channel blockers may have different hemody-
namic effects on patients with diabetic nephropathy. In a three-month study
of IDDM patients with advanced proteinuria and compromised renal func-
tion, Demarie and Bakris [44] showed that nifedipine increased proteinuria
and decreased creatinine clearance, whereas diltiazem had no deleterious
effects on either proteinuria or creatinine clearance. In this double-blind
crossover study, both calcium-channel blockers had equal blood-pressure-
lowering effects. When an ACE inhibitor is compared to a calcium-channel
blocker, diltiazem versus lisinopril [45], nicardipine versus enalapril [46], in
NIDDM patients with macroscopic and elevated microscopic albuminuria
respectively, there were no differences in blood pressure lowering or adverse
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side effects. More long-term and larger trials are required to determine
whether the natural history of progressive nephropathy is altered more favor-
ably by ACE inhibitors or by calcium-channel blockers. Diuretics and beta
blockers should be considered second-line drugs because of their potentially
adverse effects on serum lipids.

Institution of any antihypertensive treatment in patients with NIDDM and
nephropathy requires close monitoring of renal function, including serum
potassium, creatinine, creatinine clearance and urine-protein-excretion rates.
The target blood pressure, aiming toward 140/90 mm Hg, should be achieved
without compromising organ perfusion.
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Water and electrolyte problems in the elderly



CHAPTER 11

Clinical approach to volume overload: predicting the
vulnerable patient

KENNETH M. DAVIS, LORETTA C. FISH, DARIUSH ELAHI and
KENNETH L. MINAKER

Introduction

Five general principles underlie the successful management of clinical dis-
orders of volume and composition of extracellular fluid [1].

First, the symptoms of disordered regulation of volume and composition
of extracellular fluid are not attributable to the renal, endocrine or cardiac
systems. The clinician needs to be aware of the increased frequency of severe
clinical disorders of this type in the elderly, and have a low threshold to
obtain measures of BUN, creatinine, and electrolytes in all sick patients.
Clinical estimates of central volume remain important features of the clinical
examination. However, assessment of volume change is notoriously imprecise
in the elderly owing to laxity of skin and hypotension under basal conditions
(up to 30% of all elderly persons).

The second principle is that older patients delay seeking medical assistance
because of altered cognition, decreased level of consciousness, impaired
mobility, reclusiveness, and/or depression. This delay results in more ad-
vanced clinical deterioration in which generally subtle early findings will be
lacking. When the patient shows the early signs of severe deterioration,
initial management should be accompanied by aggressive pursuit of existing
records, looking for accounts of similar episodes and response to previous
treatment. These are the most helpful guides for ongoing care. Even when
such records are available, family members often can provide substantial
additional information to clarify the time course of the development of
symptoms and patterns of changes in function and behavior. This is parti-
cularly helpful if someone has witnessed seizures or falls, if fluid intake
behavior has changed, or if patterns of medication intake have been re-
corded.

The third principle is to consider the influence of medications in elderly
patients, e.g. diuretics are the most common drugs to cause hospital admis-
sion in elderly patients. Often other medications taken concurrently worsen
the clinical state e.g., sedatives taken when the patient is hyponatremic can
produce mild confusion. Clinically, the elderly should avoid drugs that inhibit
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the thirst mechanism and the synthesis and release of AVP, including most
of the sedatives and major tranquilizers, and drugs that inhibit the renal
tubular action of AVP, especially lithium and demeclocycline. Also the use
of osmotic diuretics, enteral feeding containing high protein and glucose,
and bowel cathartics should be carefully monitored. Therefore the evaluation
of every older person must include a careful review of all medications being
taken, with appropriate adjustment of dosages made.

The fourth concern for elderly persons with disorders of regulation of
volume and composition of extracellular fluid is their often-narrowed homeo-
static physiologic reserve. It is almost unique to the elderly that therapy
for dehydration without careful monitoring can lead to significant volume
overload. Similarly, administration of fluid or osmotic loads, such as during
intravenous pyelography, may produce a rapid fluid overload and cardiovas-
cular decompensation in previously apparently stable older persons. Because
patients show great variation in reserve function, therapy must include fre-
quent careful monitoring for adverse side-effects. If possible, one should
undertake full characterization of organ reserve, by determining baseline
creatinine clearance and renal sodium conservation in an elderly patient with
modest elevation of creatinine, once stabilized during a hospital admission.
Until we have appropriate biomarkers of reserve capacity, this type of testing
is justified.

The final principle is to be aware of the ever-present potential for a
previously subclinical cascade of multiple pathologies to declare themselves
during therapy. The development of focal neurologic signs or delirium after
an episode of dehydration is more likely in the elderly because of compro-
mised baseline cerebral blood flow or cognitive function. Similarly seizures
may appear during hypernatremia (and its correction), or ischemic limbs
during volume depletion.

Acute congestive heart failure (CHF), one of the most common and
dramatic manifestations of extracellular volume overload, usually requires
emergency admission to an acute care hospital. Recent studies [2, 3] have
demonstrated that angiotensin-converting enzyme inhibitors reduce mor-
bidity and mortality in patients with symptomatic cardiac dysfunction. While
the treatment of CHF has improved in the last decade, little emphasis has
been placed on the prediction and prevention of this major geriatric illness.

The aim of this study was to develop a model to predict risk for the
development of acute pulmonary edema by incorporating bedside clinical
examination measures, detailed review for previous history of CHF, and
plasma venous ANP levels. ANP levels are increased in diseases associated
with cardiac dysfunction and disorders that expand intravascular volume [4-
10]. We hypothesized that ANP levels may be clinically useful in the predic-
tion of CHF. Gottlieb et al. [11] have shown that atrial natriuretic peptide
(ANP) levels have prognostic significance in younger patients with severe
cardiomyopathy. Subjects with ANP levels over 385 pM had a significantly
lower survival rate. Our study employed techniques adaptable to the clinical
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care of the elderly in community or institutionalized settings, where many
vulnerable elderly reside.

Methods
Study design

Three hundred and thirty-one, clinically stable, elderly residents of a 725-
bed lifecare facility (the Hebrew Rehabilitation Center for Aged) underwent
baseline physical examination, electrocardiogram and blood sampling for
determination of venous plasma ANP levels. Each subject had a detailed
retrospective chart review for CHF in the previous year. This elderly cohort
was followed prospectively for one year from study entry date until they
developed one of three mutually exclusive outcomes: CHF, death without
CHEF, or survival for one year without CHF (‘No CHF’). CHF was defined
as the presence of clinical signs and symptoms of acute cardiogenic pulmonary
edema (dyspnea, pulmonary rales, elevated jugular venous pressure) with
chest X-ray confirmation within 24 hours of new or increased pulmonary
vascular congestion. Chest X-ray criteria for CHF included the presence of
new or worsened, upper-lobe venous redistribution and/or interstitial or
alveolar pulmonary edema. Clinical episodes of CHF were determined from
review of physicians’ notes from the lifecare facility, the Hebrew Rehabili-
tation Center for Aged (HRCA), and from the emergency room records of
Boston’s Beth Israel Hospital.

Subjects

Three hundred and thirty-one elderly lifecare-facility residents were enrolled
(23% male, 77% female, mean age: 88 + 0.4 (SE) range: 70-102 years). All
subjects underwent medical chart review, interview of their primary care-
givers, and detailed physical exam to verify their medical stability at study
entry. Subjects were entered after verification that they were free of acute
illness for the preceding two months. Subjects with adventitious lung sounds
(primarily those with chronic obstructive or restrictive lung disease) were
included in the study only after undergoing chest X-rays to confirm the
absence of radiographically evident pulmonary edema.

The 331 elderly subjects had a number of stable chronic illnesses, varied
medication usage, and a broad range of physical and cognitive function.
Twenty-one died in the first 6 months of follow-up without CHF and were
excluded, leaving 310 subjects for subsequent prospective analysis. Of the
310 subjects remaining in the study, 272 had detailed, one-year, daily medical
records from the lifecare facility for retrospective review. All subjects (or
their proxy) gave informed consent for the study. Protocols were approved
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by the Committee on Clinical Investigation, New Procedures, and New
Forms of Therapy at the Beth Israel Hospital and the Clinical Investigations
Committee at the Hebrew Rehabilitation Center for Aged.

Physical examination and blood measures

All eligible subjects underwent detailed physical examination to confirm the
absence of acute illness or symptomatic extremes of volume status. Physical
examination measures included orthostatic blood pressure and pulse determi-
nations, standardized assessment of jugular venous pressure employing the
Modified Method of Lewis [12], cardiac exam for the presence of a third
heart sound, lung auscultation, quantitation of the level of pitting edema of
the lower extremity (above or below the lateral malleolus, mid-shin or knee),
EKG determination of cardiac rhythm, and assessment by chart review and
physical exam for the presence of an artificial cardiac pacemaker.

Subjects found to be free of acute illness underwent (within 48 hours of
the physical exam) fasting, venous blood sampling between the hours of 6
and 8 a.m. All subjects were supine at least 15 minutes before blood draw.

Statistical analyses

The values for clinical variables are expressed as mean =+ standard error of
the mean (SE), unless otherwise stated. For statistical tests requiring that
the dependent variable (ANP) be normally distributed (s-test, ANOVA),
the natural log (Ln) of ANP was used to provide a more normal distribution
of ANP values. For comparison between two group means, Student’s t-test
for independent samples was used. Sensitivity, specificity, positive predictive
value, negative predictive value and relative risk (using person-time data)
were calculated in standard fashion [13]. To test for differences among
proportions, chi-squared contingency table analysis with Yates’ correction
was used. All p values are two-tailed. Data were analyzed using the SPSS-
X statistical package [14] on a Digital VAX computer. Multiple logistic
regression was performed using the SAS statistical package [15] in a backward
elimination fashion, a significance level of p < 0.05 was required for inclusion
into the final regression model.

Results

Fasting, supine plasma venous ANP levels of the 331 subjects entered at
baseline ranged from 15-1622 pM, mean 244 + 15 (SE). Two hundred and
seventy-two subjects had one-year, retrospective, daily histories available
from the lifecare-center medical records. Of these 272 subjects, 32 (12%)
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experienced at least one episode of chest X-ray-confirmed CHF in the year
before study entry. The mean ANP level of these 32 subjects with history of
CHF was 407 = 63 pM, their mean age was 90.6 + 0.9 years. The 240 that
did not have a history of CHF in the year before study entry had mean
ANP levels of 222 + 16 pM and mean age of 88.0 * 0.4 years (p < 0.005 for
differences in ANP values between those with a prior history of CHF and
those without).

Outcomes during prospective one-year follow-up

After excluding from analysis the 21 subjects who died without CHF before
6 months of follow-up, 310 subjects remained for analysis.

Congestive heart failure

During one-year prospective follow-up, 46 of the 310 subjects (15%) had at
least one episode of CHF. The mean ANP level of these 46 subjects at study
entry was 493 + 55 (SE) pM, mean age was 91 + 0.8 (SE) years. Seventeen
of the 46 (37%) had their index CHF episode documented in the hospital
emergency room, and the remainder had clinical and chest X-ray confirma-
tion of CHF at the lifecare facility.

No CHF group

There were 264 subjects who did not develop CHF during one-year prospec-
tive follow-up. Their mean ANP levels at entry into the study were
207 * 15 pM and their mean age was 88 * 0.4 years (p < 0.001 for differences
in ANP values between the 46 developing CHF and the 264 that did not).
Of these 264 subjects, 16 subjects died after six months of follow-up and had
no CHF.

Deaths

Thirty-seven subjects died without CHF during the one-year follow-up pe-
riod. Of these 37 subjects, 21 who died within the first 6 months of follow-
up without CHF, were excluded from analysis. Their mean ANP level at
study entry was 163 = 31 pM, and their mean age was 88 = 1.8 years. Sixteen
subjects died after 6 months of follow-up without CHF and were included
in the ‘No CHF’ group. Their mean ANP level at study entry was
321 = 86 pM, and their mean age was 88 + 2 years.

The 37 subjects, who died without CHF, were classified as cardiac or
non-cardiac deaths. Eight subjects had documented acute cardiac events
(including myocardial infarction, prolonged angina, cardiac arrhythmias, and
aortic dissection) within one month of their demise and were classified as
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Fig. 1. Percentage of subjects developing CHF during prospective follow-up by study-entry
ANP levels. The 310 subjects are divided into quintiles by ANP levels with 60 to 64 subjects in
each quintile (p < 0.001 for differences in percentage developing CHF among the quintiles by
Chi-squared contingency analysis).

cardiac death. The mean study entry ANP level of these 8 subjects was
450 = 162 (SE) pM, and their mean age was 8 = 5 (SE) years. Twenty-nine
subjects were classified as non-cardiac deaths; their mean study entry ANP
level was 172 + 26 pM, and their mean age was 88 + 2 years (p = 0.13 for
differences in ANP levels between cardiac and non-cardiac death groups).

CHEF risk stratification by ANP levels

To determine the association between ANP levels and CHF risk, the 310
subjects were divided into quintiles according to their baseline ANP levels
with approximately 62 subjects in each group. The number of subjects de-
veloping CHF during the one-year prospective follow-up increased signifi-
cantly with increasing study-entry ANP levels. (See Fig. 1.)

Predictive model for CHF
To establish a predictive model for the development of CHF in the frail

elderly, we considered clinical variables related to CHF that could be readily
assessed in the nursing home: age (greater or less than the mean of 88 years),
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level of care in the nursing home (light or heavy nursing care), ANP value
(greater or less than 200 pM), history of CHF in the previous year (yes or
no), electrocardiogram findings, (sinus rhythm or other), artificial cardiac
pacemaker (yes or no), mean arterial pressure (greater or less than
110 mm Hg), central venous pressure estimated by jugular venous distention
(greater or less than 10 cm water), third heart sound (yes or no), and pedal
edema above the lateral malleolus (yes or no). These 10 dichotomized vari-
ables were entered into a multiple logistic regression with the presence or
absence of CHF during prospective follow-up as the dependent variable.
Only two variables remained in the model independently predicting CHF at
the p <0.05 level: ANP with adjusted odds ratio of 7.9 (95% confidence
interval 3.2 to 19.2), and history of CHF in the previous year with adjusted
odds ratio of 7.0 (95% confidence interval of 2.9 to 17).

Sensitivity, specificity and relative risk of ANP and history of CHF

To examine the sensitivity and specificity of various cut-off values of baseline
ANP levels to predict CHF, a receiver operating characteristic (ROC) curve
was constructed with true positive rate (sensitivity) on the ordinate and false
positive rate (1 — specificity) on the abscissa. The tangent to the ROC curve
defines the ANP value with the combination of highest true positive rate and
lowest false positive rate (highest sensitivity and specificity) in predicting
CHF. The tangent of the ROC curve is near 200 pM. About 40% of the
elderly cohort had ANP levels greater than 200 pM.

Using an ANP value of 200 pM as a cut-off (greater than 200 as a positive
test predicting CHF), ANP has a sensitivity of 85% and specificity of 66% .
History of CHF in the previous year has a sensitivity of 38%, specificity of
94% , positive predictive value of 53% and negative predictive value of 88%
for predicting CHF. ANP has a greater sensitivity (more often positive in
those developing CHF) and previous history of CHF has a greater specificity
(more often negative in those that did not develop CHF).

The crude relative risk of developing CHF for subjects with an ANP level
greater than 200 pM was 8.9 (95% confidence interval 3.9 to 20.5). The crude
relative risk of CHF for subjects with a history of CHF in the previous year
was 5.9 (95% confidence interval 2.9 to 12.0).

Development of risk groups for CHF

Two hundred and seventy-two of the 310 subjects had both ANP levels and
complete daily medical records available for the previous year. Sixteen per-
cent of these 272 subjects developed CHF during prospective follow-up (see
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Fig. 2. The development of risk groups for CHF by first dividing the cohort by history of CHF
in the previous year (CHF Hx) and then subdividing these groups by ANP levels.

Fig. 2). The 272 subjects were first divided by history of CHF in the previous
year and then subdivided by ANP levels. As shown in Fig. 3, by this simple
schema, the cohort can be classified into three risk groups: 149 subjects (55%
of the cohort) had a low CHF risk of 3%, 101 subjects (37% of the cohort)
had a moderate CHF risk of 20 to 24%, and 22 subjects (8% of the cohort)
had a high CHF risk of 68%.

Discussion

This study demonstrates that a careful history and a venous blood test (ANP
level) can identify elderly patients vulnerable to acute volume overload,
manifested as CHF. The ability to better define risk groups for CHF may
lead to more-efficient, cost-effective strategies for the prevention and early
treatment of this highly morbid condition.

There is a tremendous need for the development of interventional stra-
tegies for the prevention and early treatment of the common illnesses affect-
ing the elderly, especially those illnesses necessitating admission to an acute-
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Table I. Outcomes during one-year prospective follow-up

Outcome N ANP (pM) Age
CHF 46 493 + 53 (SE) 91 = 0.8 (SE)
* *
No CHF 264 207 + 15 88+ 0.4
Deaths 37 231 + 55 88+ 1.5
<6 mths' 21 163 = 31 88+1.8
>6 mths'" 16 321 + 86 88 +2
Cardiac 8 450 = 162 895
Non-Cardiac 29 172 £ 26 88 +2

¥ Excluded from analysis.
" Included in ‘No CHF’ groups.
* Two-tailed p < 0.001 between groups.

care hospital. Addressing the health-care needs of this expanding population
will consume increasing amounts of health-care dollars over the next several
decades. Recent studies in patients with symptomatic cardiac dysfunction
have shown significant decreases in mortality and morbidity with the use of
angiotensin-converting-enzyme inhibitors [2, 3]. These study findings further
emphasize the need to identify patients at risk for morbid cardiac events.

The ANP frequency distribution in this clinically stable elderly population
demonstrates a wide range of ANP levels, from 9-1622 pM. Twenty-five
percent of the elderly cohort had ANP levels greater than 300 pM, a level
associated with acute cardiac decompensation in previous studies involving
younger subjects [4-10]. Fifteen percent of the elderly cohort developed at
least one episode of CHF during the one-year-prospective follow-up. The
subjects’ likelihood of developing CHF during prospective follow-up in-
creased dramatically with increasing study entry ANP levels. In the highest
ANP quintile, 36% of the group developed CHF during the prospective
follow-up.

Table II. Predictive model for CHF: logistic regression

Variables entered:

Age Atrtificial pacemaker
Level of care Mean arterial pressure
ANP value Jugular venous pressure
History of CHF Third heart sound
EKG (sinus vs. other) Pedal edema
Variables emerged (p < 0.05):
Adj. Odds Ratio 95% C.I.
ANP value 7.9 3.2-19.2

History of CHF 7.0 2.9-17.0
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In establishing a clinical predictive model, we chose 10 variables that are
clinically related to CHF: advanced age, greater intensity of nursing care,
history of CHF, other than sinus mechanism on EKG (primarily chronic
atrial fibrillation), elevated blood pressure, jugular venous distention, third
heart sound, pedal edema, presence of an artificial cardiac pacemaker and
higher ANP levels. Presence of pulmonary rales was not considered since
subjects with extensive rales on exam were considered clinically unstable and
were not included in the study. The presence of a cardiac murmur was not
considered since over 50% of this population has cardiac murmurs [16]. Only
two of these 10 variables emerge independently predicting CHF: ANP values
>200 pM and history of CHF.

To establish risk groups for CHF, we used the 272 subjects who had both
ANP levels and one-year, detailed retrospective history available. These 272
subjects had been in the lifecare facility for at least one year before study
entry. The remaining 38 of the 310 total subjects in the prospective follow-
up had been in the lifecare facility for less than one year. Since we required
detailed one-year medical records before study entry (reflecting daily medical
assessment), these 38 were not included in this risk stratification. The biggest
numerical impact of substratifying by ANP levels is to target those 91 of 272
subjects (33% of the population) who previously were in the low-risk group
and are now at moderate risk.

What pathophysiologic mechanisms explain the high predictive value of
ANP in this population? Previous studies have shown that ANP levels reflect
cardiac-filling pressures [17-19] and are increased in diseases associated with
chronic and acute cardiac dysfunction [4-10]. Higher ANP levels in these
subjects most likely reflect a greater cardiovascular illness burden, and there-
fore serve as a marker for those subjects with chronically elevated cardiac-
filling pressures associated with subclinical cardiac dysfunction. Subjects with
higher ANP levels may have more limiting cardiac dysfunction and are more
likely to have symptomatic CHF. Recently, studies have confirmed that
diastolic dysfunction (manifested by ventricular stiffness and impaired ven-
tricular relaxation) may be more important than systolic dysfunction in the
pathogenesis of CHF in the elderly [20-22]. Elderly subjects with diastolic
dysfunction often are ‘preload sensitive’, manifesting greater changes in car-
diac-filling pressures with relatively small changes in vascular volume. In
those elderly with normal systolic function, elevated ANP levels may be a
marker for significant diastolic dysfunction with subclinical volume overload.

With the development of this simple clinical algorithm to target those
elderly at risk for CHF, the challenge now is to study specific preventive
interventions. Those at risk for CHF may benefit from more rigorous assess-
ment and treatment. Future studies will determine if strategies that decrease
central blood volume, as reflected by lower ANP levels, result in a reduction
of CHF risk.

In summary, 15% of an elderly institutionalized population developed
chest X-ray-confirmed CHF in one year of follow-up. Those developing CHF
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had significantly higher baseline ANP levels compared to subjects who did
not have CHF. The risk for developing CHF rose progressively with increas-
ing study-entry ANP levels. Institutionalized elderly subjects can be stratified
into low, moderate, or high CHF risk groups by the determination of two
variables: history of previous CHF and venous plasma ANP levels. Targeting
elderly subjects at risk for CHF may permit the development of efficient
interventional strategies, which may decrease the incidence of this common,
highly morbid and often fatal condition [23].
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Urinary tract infection



CHAPTER 12
Urinary infection in the elderly

LINDSAY E. NICOLLE

Urinary infection is common in the elderly. The prevalence of bacteriuria in
women living in the community is 5-10% at 65 years [1] and increases to
about 15% by age 80 [2]. For men, the prevalence is only 1-2% at 65 but
increases to 5-10% at age 80 [3,4]. The prevalence is much higher in the
functionally and physically disabled elderly, who are permanent residents of
long-term care institutions. In studies of different populations worldwide,
this prevalence has been from 17-55% for women and 17-50% for men
[5]. Generally, bacteriuria in the institutionalized elderly remains higher for
women than for men, but the female/male ratio is substantially lower than
in younger populations. The small subset of the institutionalized elderly with
urinary incontinence managed by long term indwelling catheters are always
bacteriuric [6]. This review will discuss only the non-catherized elderly unless
specific reference is made to the catheterized elderly.

The incidence of urinary infection is also high. In an elderly geriatric
population Boscia et al. reported that 6% of men and 18% of women and
bacteriuria at initial screening [5]. Over the next 12 months, with screening
repeated at six-monthly intervals, the cumulative prevalence was 30% for
women and 10% for men. In a Greek population, Kasviki-Charvati et al.
found an initial prevalence of bacteriuria of 19% and 27% for men and
women respectively; a further 11% and 23% of subjects who had negative
urine cultures at entry, had a positive culture at 12 months [7]. A Canadian
group of elderly institutionalized men had an incidence of new infections of
45/100 patient years [8]. Ten percent of previously nonbacteriuric subjects
acquired bacteriuria in any three-month period.

Causes of bacteriuria

The factors responsible for this exceedingly high prevalence and incidence
of bacteriuria have not been clearly defined. Table I summarized some factors
which likely contribute to bacteriuria. For men, the major contributors are
prostatic hypertrophy with obstruction and prostatic infection. The elderly
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Table 1. Selected factors contributing to the high prevalence of bacteriuria in the elderly

Women Men Both
1. Infection at ‘protected Prostate Renal
sites’
2. Associated diseases Diabetes Neurogenic bladder
- Alzheimer’s disease
— Cerebrovascular
accident
3. Genitourinary Cystocele Prostatic Bladder diverticulae
abnormalities Uterine hypertrophy
prolapse
4. Aging - associated Estrogen Decreased
deficiency prostatic
bacteridical
activity

are more likely to have had previous genitourinary intervention, including
catheterization. In men this may lead to prostatic infection which, once
established, cannot be eradicated and may serve as a recurrent source for
bladder bacteriuria [8]. Men who void with the aid of an external collecting
device are also at increased risk of bacteriuria [9]. For women, local factors
such as cystoceles likely contribute to impaired voiding and the high preva-
lence of bacteriuria. Specific aging-associated factors such as mucosal changes
associated with a decline in estrogen in women, may contribute to bacteriuria
but these remain poorly studied [10]. In over one-half of women with bacteri-
uria, the site of bacteriuria is localized to the kidney [11]. Generally renal
infection is more difficult to eradicate with antimicrobial therapy, so renal
localization may promote persistence in women. In older men, a decline in
the bactericidal activity of prostatic secretions may contribute to bacteriuria
[12]. No one has shown that immunologic changes associated with aging have
not been shown to be associated with an increased occurrence of bacteriuria.

The major factors contributing to bacteriuria, especially for the institution-
alized elderly, are the associated diseases and functional impairment [13].
Studies in the institutionalized elderly, have clearly documented that those
with bacteriuria have a higher prevalence of functional impairment. Many
have a neurogenic bladder secondary to previous cerebrovascular accidents,
Alzheimer’s disease or other neurologic diseases, which impairs complete
bladder emptying. The single most important host defense in preventing
bacteriuria is voiding and impaired voiding is a powerful promoter of bacteri-
uria. Diabetic women, but not men, have an increased prevalence of bacteri-
uria compared to non-diabetic women at all ages [14].
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Table II. Microbiology of bacteriuria in the elderly

Non-institutionalized Institutionalized

Women Men Women Men
Escherichia coli +++ ++ +++ ++
Proteus mirabilis + ++ ++ +4+4
Klebsiella pneumoniae + + +4+
Citrobacter freundii + +
Enterobacter cloacae + +
Providencia stuartii +++ +++
Morganella morganii + +
Pseudomonas aeruginosa +4 4+
Other gram negative + +
Acinetobacter spp. + +
Enterococcus faecalis + ++ + +4+
Group B streptococcus + + ++ ++
Coagulase negative streptococci + + +4

+++ Very common.
++ Common.
+ Occasional.

Microbiology

Urinary infection, or bacteriuria, follows ascension into the bladder of or-
ganisms colonizing the periurethral area, with subsequent persistence in the
bladder and, in many cases, ascension to the kidneys. The gut and vagina
are the usual reservoirs for bacteria. The institutionalized elderly men with
incontinence managed by external drainage devices may have these devices
contaminated by cross-contamination within the institution, serving as a
reservoir for bacteriuria. The microbiology of bacteriuria in the elderly is
summarised in Table II.

In women in the community the most common infecting organism is
Escherichia coli, isolated from 60-80% of all episodes of bacteriuria [2].
While it is the single most common organism, its relative frequency is lower
than that identified in urinary infection in younger females. For men in the
community, Proteus mirabilis and E. coli occur with approximately equiva-
lent frequency. While P. mirabilis is a common uropathogen in the elderly,
there is little data concerning morbidity from struvite-stone disease in this
population. Stone disease appears to be exceedingly low given the extraordi-
narily high prevalence and, in some individuals, persistence of P. mirabilis
infection [8, 15]. Gram-positive organisms including Enterococcus faecalis
and coagulase-negative staphylococci are also isolated frequently. Group B
streptococci are also identified, perhaps more frequently in diabetics.

The institutionalized elderly frequently harbor gram-negative organisms
of increasing antimicrobial resistance [8, 16, 17]. These include Klebsiella
pneumoniae, Serratia spp., Enterobacter spp., P. mirabilis, Morganella mor-
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ganii, Providencia stuartii and other Providencia spp., and Pseudomonas
aeroginosa. Infection with more than one organism occurs in 10-33% of
subjects. The increased prevalence of these organisms in the institutionalized
population likely reflects the high frequency of exposure to antimicrobial
therapy, and opportunities for transmission of such organisms through en-
vironmental reservoirs or on the hands of staff working with residents, a
high proportion of whom are incontinent.

Host/organism interactions

For many elderly subjects, bacteriuria is persistent or recurrent, with infec-
tion present for months or years [8, 15]. While most bacteriuria in the elderly
is asymptomatic, pyuria is virtually universal. Over 90% of men or women
with asymptomatic bacteriuria will have pyuria [11,17]. The pyuria may
persist at high levels for months to years [18]. One determinant of the
degree of pyuria appears to be the level of infection. Elderly women with
asymptomatic bacteriuria and renal infection have a higher degree of pyuria
than those with a bladder localization [11]. To date, no one has shown that
the presence or absence of pyuria or the quantitative level of pyuria, have
any clinical significance. An assessment of the significance of pyuria, at least
among the institutionalized elderly, is difficult because a high proportion of
non-bacteriuric subjects also have pyuria [18].

Elderly individuals with invasive urinary-tract infection have an antibody
response to antigenic components of their infecting organisms, including
lipopolysaccharide and outer-membrane proteins [19, 20]. There is a systemic
(serum) antibody response, and a local antibody response measured as urine
antibody. For elderly subjects with persistent asymptomatic bacteriuria, the
serum antibody response is more variable. Most subjects will have normal
serum antibody, although there are exceptions. Approximately 1/3 to 1/2
have an elevated local urine antibody when compared to nonbacteriuric
elderly individuals [21]. Subjects with elevated urine antibody may also have
an elevated quantitative urinary leukocyte count, suggesting a greater im-
mune/inflammatory response. Normal or elevated urine antibody tends to
persist over time in a given bacteriuric subject. The clinical significance, if
any, of this differential antibody response has not been determined.

In the elderly, organism-associated virulence factors in invasive infection
are similar to those in younger populations. In particular, the P pilus of E.
coli appears to be important in those with a clinical syndrome consistent with
pyelonephritis [22], and increased production of urease is identified in P.
mirabilis isolated from bacteremic strains relative to nonbacteremic strains
[23]. Organisms isolated from subjects with asymptomatic bacteriuria have a
decreased phenotypic expression of potential virulence factors, similar to
observations in asymptomatic bacteriuria in younger populations [24].
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Morbidity and mortality

Most elderly subjects with bacteriuria have no symptoms. While there is
a high prevalence of chronic genitourinary complaints, especially in the
institutionalized population, such chronic symptoms are similar in individuals
whether or not they are bacteriuric [4,25]. An acute exacerbation in a
subject with previous stable symptoms, however such as deterioration in
continence status, may be associated with bacteriuria. In elderly institutional-
ized subjects, difficulties in communication may make it difficult to determine
whether or not they have symptoms.

When symptomatic infection occurs in the elderly, it is usually associated
with irritative lower-tract symptoms or signs, similar to younger populations.
Other manifestations that may be seen more frequently in the elderly include
deterioration in continence, and, in men, epididymo-ochitis or, for those
with external drainage devices, urethritis. There is no evidence that non-
specific symptoms such as pain or ‘general decline’ with no localization to
the urinary tract are, in the absence of fever, associated with bacteriuria
[26].

The incidence of symptomatic infection is exceedingly low relative to the
high prevalence of bacteriuria {8, 15]. There are, however, limited studies
which characterize the occurrence of symptomatic infection in elderly popula-
tions, particularly the noninstitutionalized elderly. For the institutionalized,
two prospective studies which identified symptomatic infection and suggested
that the rates of symptomatic infection are 0.11 to 0.15 per 100 bacteriuric
years. In another study, Boscia et al. [27] reported that 10 (16%) of 61
elderly women in a geriatric apartment with asymptomatic bacteriuria, be-
came symptomatic during a 6-month period.

However, urinary-tract infection is the most common cause of bacteremic
infection in both the institutionalized and noninstitutionalized elderly
[28,29]. Symptomatic urinary-tract infection is reported to be a frequent
cause of transfer of elderly individuals from chronic care to acute-care institu-
tions [30, 31].

The association between asymptomatic bacteriuria and survival in elderly
populations is controversial. Initial studies from Finland [32] and Greece [33]
suggested that the presence of asymptomatic bacteriuria was associated with
poor survival for both men and women. However, studies enrolling subjects
in Sweden [34], Finland [35] and Canada [13] have not confirmed these initial
reports. In addition, autopsy studies of elderly nursing-home patients did
not suggest that urinary infection is a frequent cause of mortality [36, 37].
Currently, it is felt that asymptomatic bacteriuria does not contribute directly
to increased mortality in the elderly.

Management of bacteriuria

Asymptomatic bacteriuria in the elderly does not require antimicrobial ther-
apy. In fact, antimicrobial therapy might be considered to be contraindicated
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in this situation [8, 16]. Prospective comparative studies of therapy vs no
therapy in the institutionalized population suggest that antimicrobial therapy
is associated with increased cost, increased side effects and increased emer-
gence of resistant organisms. In addition, reinfection and relapse of infection
are so frequent in this population that antimicrobial therapy does not have
a substantial long-term impact. The prevalence of bacteriuria is only moder-
ately and transiently decreased [38,39]. Few studies have examined the
relative risks or benefits of treatment of asymptomatic bacteriuria in non-
institutionalized populations. One study suggests antimicrobial treatment of
noninstitutionalized women may lead to prolonged sterile urine in as many
as 50% of subjects [27]. It is doubtful whether the benefits of such an
approach outweigh the excessive costs associated with screening and treating
all elderly individuals. Further studies in the noninstitutionalized population
are, however, needed.

Asymptomatic bacteriuria should be treated in the elderly individual about
to undergo an invasive intervention of the urinary tract. The high prevalence
of sepsis and bacteremia following trauma to the mucosal surface can be
prevented with appropriate antimicrobial therapy.

Symptomatic infection should be treated. The antimicrobials appropriate
for symptomatic infection appear to be similar to those in younger popula-
tions [40]. Duration of therapy has not been well studied for elderly popula-
tions. Specific issues relating to the treatment of urinary infection are dealt
with in the following chapter.
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CHAPTER 13

Urinary-tract infection in the elderly:
evaluation and treatment

LINDSAY E. NICOLLE

The goals of investigation and therapy of urinary infection in the elderly
individual must be clear prior to the institution of management. Short-term
goals are to ameliorate symptoms and prevent complications including sepsis
and death, or other potential manifestations such as impaired diabetic con-
trol. In addition, one should identify underlying abnormalities that could
impair renal function or lead to a poor outcome. Long-term goals are to
prevent such complications as renal failure or the formation of infection
stones with their sequelae. The extent to which urinary infection may contrib-
ute to these complications determines the need and urgency of evaluation and
treatment. We have little evidence that urinary infection by itself contributes
substantially to long-term complications. Thus, the major goals of evaluation
and therapy of urinary infection in the elderly is to prevent such short-term
complications.

Asymptomatic bacteriuria

Asymptomatic bacteriuria in the elderly does not warrant treatment [1, 2].
Prospective comparative randomized trials of therapy with no therapy for
bacteriuria in the institutionalized elderly with follow-up for one and two
years, did not show any measurable benefit from antimicrobial therapy. In
particular, there was no difference in symptomatic episodes attributable to
urinary infection between treated and untreated populations. Subjects who
received antimicrobial therapy for asymptomatic bacteriuria, however, had
an increased number of adverse drug effects, and an increase in resistant
organisms. Recurrence due to both reinfection and relapse was common in
a relatively short time and extended periods free of bacteriuria were uncom-
mon following antimicrobial therapy. Because asymptomatic bacteriuria does
not require treatment, screening programs to identify bacteriuria in the
elderly are not appropriate.

There are few studies of treatment of asymptomatic bacteriuria in the
noninstitutionalized elderly. One study suggested that treatment of asympto-
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matic bacteriuria with a short course of antibiotics in elderly ambulant women
decreased the incidence of symptomatic infection in the subsequent 6 months
[5]. It did not, however, characterize morbidity attributable to symptomatic
infection, and did provide a cost/benefit assessment. With the high preva-
lence of bacteriuria in the elderly, screening and subsequent treatment for
all appears inappropriate. In addition, studies in children suggest that treat-
ment of asymptomatic bacteriuria increases the risk of symptomatic infection
in those treated [4, 5]. Presumably treatment eradicates an avirulent organism
associated with asymptomatic bacteriuria and it is replaced by a more virulent
organism, in a subject with a high propensity for infection. While similar
observations have not been made in elderly populations, this is a theoretical
argument against treatment of asymptomatic bacteriuria.

There is an indication for screening for asymptomatic bacteriuria and
treatment for elderly subjects who are to undergo invasive genitourinary
procedures. Sepsis frequently follows manipulation of the genitourinary mu-
cosa in a subject with infected urine. Such post-intervention sepsis can be
reduced by treatment before the traumatic procedure [6].

Symptomatic infection

Symptomatic infection in the elderly should be treated with antimicrobials.
Symptoms in some elderly may be difficult to detect, particularly in the most
functionally disabled, institutionalized subset. Frequently they have chronic
genitourinary symptoms and may be unable to communicate any alteration
in symptoms to caregivers [7, 8]. In situations where the contribution of
urinary infection to putative symptoms is unclear, the subject should be
observed for variation in symptoms or be given a trial of antimicrobials. If
the latter course is chosen, one should identify the specific symptoms targeted
for improvement before therapy. If these symptoms do not resolve within a
couple of days with an antimicrobial effective for the identified organisms,
one should not continue such therapy.

Antimicrobial therapy

There are multiple variations in pharmacokinetic parameters of antimicrobi-
als in elderly compared to younger individuals [9]. These variations reflect
many factors, including declining hepatic and renal function, alterations in
bowel motility, associated diseases and medications. While alterations in
absorption, clearance, volume of distribution and other parameters have
been demonstrated many times in the elderly, none of them has been shown
to occur with such consistency or magnitude to justify a systematic change
in dose or agent simply on the basis of age. The guidelines for selection of
antimicrobial therapy for urinary infection in the elderly is similar to that for
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Table 1. Selected oral antimicrobials for urinary infection in elderly populations

Antimicrobial Dose
Amoxicillin 500 mg t.i.d.
Amoxicillin/clavulinic acid 500 mg t.i.d.
Cephelexin 500 mg q.i.d.
Ciprofloxacin 250-500 mg b.i.d.
Lomefloxacin 400 mg o.d.
*Nitrofurantoin 50 mg q.i.d.
*Nitrofurantoin macrocrystals 100 mg q.i.d.
Norfloxacin 400 mg b.i.d.
Ofloxacin 400 mg b.i.d.
*Trimethoprim 100 mg b.i.d.

*Trimethoprim/sulfamethoxazole

160/800 mg b.i.d.

* Suggested first-line agents.

Table 1I. Suggested parenteral antimicrobials for urinary infection in the elderly

Antimicrobial Dose*
*Ampicillin 1gq6L
Cefazolin 1gq8L
Ceftriaxone 1g ql2-24L
Cefotaxime 1g q6-8L
Ceftazidime 1gq8L
Ciprofloxacin 2001mg ql2L
*Gentamicin 15 mg/kg q8h
Imipenem SOOImg q6h
Tobramycin 13 mg/kg q8L

Trimethoprim/sulfamethoxazole

150/800 mg b.i.d.

Ticarallin/clavulanate 50 mg/kg q4-6L

* Appropriate adjustments should be made for subjects with impaired hepatic or renal function.

a younger population. That is, the antimicrobial is chosen on the basis of
patient tolerance, known or presumed infecting organism and susceptibilities,
physician experience, and cost. Tables I and II list appropriate oral and
parenteral therapy. In most instances one selects an agent with which there
is prior experience in the elderly, giving consideration to cost, patient-specific
variables including tolerance, hypersensitivity, and renal and hepatic function
must be considered in selecting the appropriate antimicrobial.

Duration of therapy

The optimal duration of antimicrobial therapy for treatment of urinary infec-
tion in elderly subjects is not well studied. Therapy of any duration in elderly
women has a lower cure rate compared with younger women [10-12]. The
reasons for this are not determined. Shorter courses of therapy, in particular,
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are substantially less effective in older women [10, 13]. Single-dose therapy
is not appropriate in elderly women. The specific age beyond which short-
term therapy should not be considered effective is not known. One suggestion
is that single-dose therapy should not be used in postmenopausal women.
Three-days therapy is not as effective in elderly women as in young women
but this duration will be effective for over one-half of women with an acute
uncomplicated urinary tract infection, and may be an appropriate initial
therapy [3]. Alternatively, all elderly women could be treated initially with
7 days of antimicrobials if they present with a clinical syndrome consistent
with acute uncomplicated urinary infection.

Subjects who present with the clinical syndrome of pyelonephritis or other
evidence of invasive infection or with complicated urinary infection, whether
male or female, should receive two weeks of therapy. If symptomatic relapse
occurs, men should be retreated with 6 or 12 weeks of therapy [14, 15].

Evaluation
Indications for urine culture

For elderly women living in the community who have not had recent antimi-
crobial therapy, the most common infecting organism isolated in acute un-
complicated urinary infection will be E. coli [16]. In this situation it may be
appropriate to treat women with symptoms with empiric antimicrobial ther-
apy without obtaining a culture. Such cultures should be obtained if the
patient does not respond to therapy, or if they have recently had antimicrobi-
als. For all elderly subjects with acute pyelonephritis or evidence of invasive
infection, a urine specimen should be obtained before treatment. This allows
the physician to select an antimicrobial specific for the etiologic agent and
its susceptibility for infections that have the potential for high morbidity.
Similarly, elderly subjects in nursing homes are likely to harbor more resistant
organisms. In this instance, one should obtain a urine culture before treat-
ment.

Follow-up urine cultures are seldom needed for subjects with symptomatic
infection who have been treated and have no recurrence of symptoms follow-
ing therapy. The goal of therapy, after all, is to ameliorate symptoms, not
to sterilize the urine. In a small subset of such individuals, one may have
residual concern about the potential long term effects of asymptomatic bac-
teriuria and, in these, it may be appropriate to obtain a culture. Because
there is no clear indications for the treatment of asymptomatic bacteriuria
in the elderly, there are no clear indications for followup culture in a patient
who is asymptomatic following therapy.
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Other investigations

With the high prevalence and incidence of bacteriuria in the elderly, it is
clear that not all individuals with urinary infection require investigation.
There are, however, no studies which identify which group of individuals
might benefit from further investigations. Certainly, any male with urinary-
tract infection needs assessment for prostatic hypertrophy. Other elderly
subjects who may need investigation are those with recurrent or prolonged
hematuria, with recurrent invasive infection, and with renal failure. These
suggestions are based on the author’s experience and have not been validated
in clinical studies; such studies are needed to determine appropriate methods
of evaluation in the large bacteriuric elderly population.

Summary and conclusions

Few studies have addressed the evaluation and treatment of urinary infection
in the elderly. Such subjects with asymptomatic bacteriuria should not be
treated with antimicrobials unless they are to undergo invasive genitourinary
procedures. Symptomatic infection should be treated. Principles governing
the selection of an antimicrobial agent for therapy do not differ for elderly
subjects and age does not modify such selection. The appropriate duration
of therapy in elderly subjects is not well studied. For elderly women shorter
courses are significantly less effective for acute uncomplicated urinary infec-
tion than in younger women. Seven days of therapy may be the appropriate
initial duration. For infections in men, and for invasive infections in women,
initial therapy should be given for two weeks. In men, relapsing symptomatic
infection may need to be retreated with 6 or 12 weeks of therapy.

Pretherapy urine cultures should be obtained in women with recent anti-
microbial therapy or evidence of invasive infection, in all men with urinary
infection, and in institutionalized subjects. Generally follow-up urine cultures
are needed only if symptomatic infection recurs. Indications for further
evaluative procedures and the impact of such evaluation on patient outcome
have not been clearly defined for the elderly.
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CHAPTER 14

Urinary-tract infection in the elderly, epidemiology
and pathogenesis

ANDREW W. BRUCE and GREGOR REID

Epidemiology

In both women and men, the incidence of urinary-tract infection increases
steadily in the elderly, particularly in those over 65 years of age. They
need more diagnostic investigations, increased antibiotic use, and have more
morbidity. These factors mean increasing health costs, providing difficult
decisions for health administrators and physicians involved in the care of the
elderly. The sex ratio of urinary tract infections changes dramatically with
age. In young adults, females outnumber men in a ratio of 20 to 1; in the
older age group, this ratio drops to 2 to 1 at age 65 years or older [1]. Boscia
and Kaye [2] have demonstrated differences in the prevalence of bacteriuria
in both women and men, and have shown the marked impact of domicile.
Table I shows the prevalence of bacteriuria in women and men able to
live at home, compared to those restricted to a nursing home or hospital
environment. Clearly, the impact of general health, mobility and those ill-
nesses causing urinary and fecal incontinence become dominant in institution-
alized settings.

Pathogenesis of bacteriuria

Hormonal and, to a lesser degree, immunological factors associated with the
aging process per se, have a major influence on the etiology of bacteriuria.
Important changes occur in the vagina viz reduction in estrogen levels, rise
in pH, change in the normal flora and others. In the male, enlargement of
the prostate gland, primarily under hormonal influence, is associated with
aging. Both sexes have an increase in urological and gynecological surgical
procedures, with indwelling catheters and urethral manipulation. Residual
urine plays an important role in both sexes, more so in the male, due to
prostatic obstruction. Bacterial adherence and cell receptivity to bacteria
change in the elderly, and there is a decline in cellular defences against
infection.
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Table 1. Prevelance of bacteriuria in subjects over 65 years*

Setting % Bacteriuria
Women Men
Living at home 17-33 6-13
Nursing home 23-27 17-26
Hospital 32-50 30-34

* Boscia and Kaye [2], with permission.

Although Escherchia coli still is the most common infecting organism in
the elderly, other pathogens, such as Proteus, Serratia, Klebsiella, Pseudo-
monas and Enterococci are found frequently [3, 4]. In our laboratory, we
studied the virulence properties of bacteria in both postmenopausal and
premenopausal women [5], and found no significant difference between
strains isolated from the two groups. These included the production of adhe-
sins [5] hemolysins [2], and urease, and the fermentation of sucrose, salicin
and dulsitol. On the other hand, there were significantly different adherence
values for three strains adherent to the cells of elderly and premenopausal
women (Table II). The highest adherence values of uropathogenic bacteria
were to the cells of the elderly women.

In women, the infecting organisms originate in the rectum, and then in a
sequential manner adhere to the perineum, the introitus, the vagina, the
urethra and the bladder, thence causing cystitis and possibly pyelonephritis.
Colonization of the introitus is essential to the development of urinary-tract
infection and it has been shown that women with a history of recurrent
infection have a higher colonization rate than those without any previous
infection [6]. The same study also showed an increase in adherence of patho-
genic organisms in the elderly, in both the infected and control groups. Fifty-
three per cent of those with a previous history of urinary-tract infection had
pathogens on the introitus, compared to 20% of those without a previous
history. In the elderly infected patients, this percentage increased to 65%.

Table 1I. Mean adherence values (=S.D.)

Bacterial Cells from Cells from
strain elderly women premen. women
E. coli (MR) 108.13 = 17.74 71.17 £2.24
Proteus (MR) 68.63 = 3.47 14.83 = 3.18
E. coli (MS) 16.21 = 0.471 9.43 +1.36
Kruskall-Wallis test
p <0.001

[1 strain (E. coli M.S.) p <0.1]
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The role of normal vaginal flora

We have studied the importance of maintaining a bacteriological niche in
the vagina, capable of protecting the patient from infection. Marrie [7] has
shown that lactobacilli dominate the urogenital population of pre-menopausal
women whereas, in the elderly, bacteroides and anaerobic organisms are the
most prevelant. In in vitro studies [8] we showed that lactobacilli adhere
effectively to squamous and transitional uroepithelial cells harvested from
premenopausal women. In addition, we demonstrated that these organisms
can interfere with the adherence of pathogenic organisms in vitro and that
different strains of lactobacilli vary in their capability to block pathogens [9].
In animal experiments (both chronic and acute UTI models), we have shown
that we can prevent bacterial infection by pretreating these animals with
lactobacilli instilled into the vagina and bladder [10, 11].

Also we have completed some human studies. After careful examination
of 100 strains of lactobacilli, we selected two strains: Lactobacillus casei
GR-1 capable of inhibiting E. coli growth and interfering with uropathogenic
colonization and Lactobacillus fermentum B-54 capable of inhibiting gram-
positive pathogens. These strains have been prepared in suppository form.
A study, involves, in the first instance, 10 women treated over a period of
one year with weekly intravaginal installations of suppositories. There was
a net reduction in infection rate of approximately 78%. A second study
showed a similar reduction in infection rate using the same mode of therapy
[12,13]. We believe that lactobacilli in the vagina form a major defence
against the infection of premenopausal women, but also may have a role in
postmenopausal women, particularly in those receiving estrogens.

Finally, antibiotics have a marked impact on the vaginal flora [14]. In
this study, which used broad-spectrum antibiotics to eliminate urinary-tract
infection, a period of six weeks was needed before the normal vaginal flora
recovered, suggesting that these patients need supplementary lactobacilli
after antibiotic therapy.

The impact of biofilm formation on urinary catheters and on infection
in the elderly

The concept of biofilm formation was developed primarily by Costerton and
his group [15]. They showed that microbial biofilms often develop when
foreign bodies are introduced into the body and almost always when the
device is open to the outside. Infections are common with device use and,
in many different clinical situations, may persist. Biofilm formation confers
on the bacteria the ability to resist antibodies, phagocystosis and antibiotics
[16]. These same authors also have shown that the standard minimum inhibi-
tory concentration (MIC) for antibiotics is applicable to planktonic but not
to sessile organisms. The results did not establish whether a certain agent
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can eradicate the bacteria within the biofilm, as was demonstrated clearly by
Olson et al. using a rabbit model [17]. Scanning-electron microscopy showed
that increasing doses of antibiotics applied to the mucosa of these infected
rabbits results in clearing of the organisms. However, with the same level of
antibiotic therapy, one could not eradicate the bacteria from the catheter
biofilm, indicating the source of continuing infection. Clearly, severe illness
associated with mucosal and tissue infection can be corrected by appropriate
antibiotic therapy but, as stated, the infection is likely to recur due to the
persistence of bacteria on the catheter surface. Recently, in spinal-cord-
injury patients, Reid et al. [18] showed that, even with antibiotic therapy,
bacteria may exist in biofilms on bladder-mucosal cells. They studied 12
patients with spinal-cord injuries on intermittent catheterization and showed
that 73% of the patients with infected urines had in vivo mucosal biofilms,
and that 16% of those patients with sterile urines also had biofilm formation.
This situation may call for a higher dosage of antibiotic or an antibiotic with
more effective biofilm penetration, assuming that therapy is given at all.

The choice of antibiotics for biofilm therapy

A recent study in our laboratory showed that Ciprofloxacin has a greater
ability to eradicate well-established biofilms with Pseudomonas aeruginosa
than does Tobramycin [19]. Under experimental conditions, using a modified
Robins device to clear the biofilm, it needed 10 times the normal MIC of
Ciprofloxacin compared to 100 times the MIC when Tobramycin was used.
It is important to appreciate that higher concentrations of antibiotics are
required to eliminate sessile bacteria, thus we have adopted the term ‘biofilm
elimination concentration’ to indicate this value.

In summary, changes in bacterial receptivity, urogenital flora, and the
increasing incidence of biofilm-type infections have added to the clinician’s
problems in dealing with urinary-tract infections in the elderly.

Acknowledgements

This project was sponsored by grants from the Medical Research Council of
Canada and Ontario Ministry of Health.

References

1. Schaeffer AJ. Urinary tract infections in the elderly. Eur Urol 1991; 19(1):2-6.
2. Boscia GA, Kaye D. Asymptomatic bacteriuria in the elderly. Infect Dis Clin N Amer
1987; 1:839-905.



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

137

. Nicolle LE, Johnson J, Harding GKM, et al. Bacteriuria in elderly institutionalized men.

N Engl J Med 1983; 309:1420-1425.

. Walkey FA, Judge TG, Thompson J, et al. Incidence of urinary infection in the elderly.

Scott Med J 1967; 12:411-414.

. Reid R, Zorzitto ML, Bruce AW, et al. The pathogenesis of urinary tract infection in the

elderly: the role of bacterial adherence to uroepithelial cells. Curr Microbiol 1984; 2:67-
72.

. Bruce AW, Chadwick P, Hassan A, et al. Recurrent urethritis in females. Can Med Ass J

1973; 108:973-976.

. Marrie TJ, Swantee CA, Hartlen M. Aerobic and anaerobic urethral flora of healthy females

in various physiological age groups and of females with urinary tract infections. J Clin
Microbiol 1980; 11:654-659.

. Chan RCY, Bruce AW, Reid G. Adherence of cervical, vaginal and distal urethral normal

microbial flora to human uroepithelial cells and the inhibition of adherence of gram-negative
uropathogens by competitive exclusion. J Urol 1984; 131:596-601.

. Reid G, Cook RL, Bruce AW. Examination of strains of lactobacilli for properties which

may influence bacterial adherence in the urinary tract. J Urol 1987; 138:330-335.

Reid G, Chan RCY, Bruce AW, et al. Prevention of urinary tract infections in rats with an
indigenous Lactobacillus casei strain. Infect Immun 1985; 49:320-324.

Reid G, Cook RL, Hagberg L, et al. Lactobacilli as competitive colonizers of the urinary
tract. In: Kass ES, Svanborg-Eden C, editors. Host-parasite interaction in urinary tract
infections. Chicago: Chicago Press, 1989; 390-396.

Reid G, Bruce AW. Development of lactobacilli therapy to prevent urinary tract infections
in women. Int Urogyn J 1990; 2:40-43.

Unpublished Data.

Reid G, Bruce AW, Cook RL, et al. Effect on urogenital flora of antibiotic therapy for
urinary tract infection. Scand J Infect Dis 1990; 22:43-47.

Costerton JW, Irwin RT, Chang KJ. The bacterial glycocalyx in nature and disease. Ann
Rev Microbiol 1981; 35:299-324.

Costerton JW, Chang KJ, Gessey GG, et al. Bacterial biofilms in nature and disease. Ann
Rev Microbiol 1987; 41:435-464.

Olson NE, Nickel JC, Khoury AE. Amdinocillin treatment of catheter-associated bacteriuria
in rabbits. J. Infect Dis 1989; 159(6):1065-1072.

Reid G, Charbonneau-Smith R, Lam D, et al. Bacterial biofilm formation in the urinary
bladder of spinal cord injured patients. Submitted.

Preston CAK, Khoury AE, Bruce AW, et al. Susceptibility of Pseudomonas aeruginosa in
a biofilm to Ciprofloxacin and Tobramycin. Submitted.



PART SIX

Hypertension



CHAPTER 15

Hypertension in the elderly: pathophysiology of aging
of the cardiovascular system

HARALAMBOS GAVRAS and IRENE GAVRAS

Aging is characterized by anatomical, humoral, biochemical and functional
alterations, whose rate of progression may vary, as indicated by the individual
variability between biological and chronological age. Moreover, the rate of
aging of different systems or functions may vary within the same individual.
Nevertheless, both longitudinal cohort studies and cross-sectional population
surveys have attempted to define normal standards for specific age groups.
Knowledge of these standards for various cardiovascular parameters is a
necessary requirement for appropriate decision-making during the diagnosis
and management of hypertension and cardiovascular diseases, as well as
metabolic and other systemic disorders. This review highlights a number of
pathophysiologic changes that occur as part of the normal aging process and
are relevant to the treatment of hypertension.

Anatomic and hemodynamic alterations

As a result of the gradual loss of elasticity of the collagen throughout the
body, various organ tissues become increasingly sclerotic, particularly the
blood vessels and the heart valves, leaflets and chordae. In the aorta and
major elastic and muscular arteries, elastin is replaced by lipid infiltration and
‘fatty streaks’, which precede the formation of atheromatous and calcium-
containing deposits. This atherosclerotic process, which leads to distension,
elongation with tortuosity and segmental obstruction of the large arteries,
reaches its maximum rate of progression in the decade between 50 and 60 [1].
The smaller arteries and arterioles, especially those of the kidney, develop
thickening of the vascular wall due to hyaline degeneration, similar to that
caused by severe hypertension leading to nephrosclerosis in the young [2].
The resulting increase in the wall-to-lumen ratio causes the increased systemic
vascular resistance characteristic of aging. The rigid wall of the aorta and
large arteries cannot distend and absorb the impact of left ventricular systole,
hence the systolic blood pressure rises with age; it is also less capable of
recoil during diastole to maintain pressure in the distant parts of the arterial
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Table I. Anatomic and hemodynamic alterations of the cardiovascular system with age

Collagen degeneration

loss of elastin

fatty streaks

athermomata

calcification
Wide pulse pressure: 1 systolic | diastolic
Loss of body water
Decreased myocardial contractility
Decreased heart rate | ejection fraction
Increased left-ventricular stiffness | cardiac output
Electromechanical dissociation | maximal work capacity
Increased afterload
Decrease in number and sensitivity of adrenergic receptors

tree, thus producing the wide pulse pressure characteristic of arteriosclerosis.
These changes explain the fact that normally systolic arterial pressure con-
tinues to increase gradually, with a sharper rise after age 60, whereas diastolic
pressure levels off at that point and tends to decrease thereafter — a phenome-
non that leads to predominance of isolated systolic hypertension in later
years. Also the increased rigidity of the arterial wall may contribute to the
diminished responsiveness of aortic and carotid baroreceptors.

Normative aging changes in heart function include a tendency to dimin-
ished myocardial contractility with prolonged duration of contraction, longer
time to peak tension and longer relaxation time. As a result, the stroke
volume and ejection fractions tend to diminish and, along with a decreased
heart rate, contribute to diminished cardiac output even at rest. However,
these changes are far more important in limiting maximal work capacity,
because they impair the cardiovascular response to stimuli [3-5]. Also the
decline in maximal work capacity is due partly to noncardiovascular factors,
such as musculoskeletal limitations and diminished lung capacity. Neverthe-
less, a decreased ability to respond to inotropic stimuli reduces exercise
tolerance and, in part, can be attributed to depletion of the catecholamine
content of myocardial tissue with age, decreased concentration and sensitivity
of adrenergic receptors and impaired calcium influx into myocytes [5-9],
leading to a relative electromechanical dissociation i.e. mechanical refractor-
iness in the absence of electrical refractoriness. Table I summarizes the
anatomic and hemodynamic alterations of the cardiovascular system with age
[10].

Humoral alterations

Normally total body water decreases with aging so that, by age 75, it is 18%
less than at age 30; this is accompanied by a 40% shrinkage of extracellular
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fluid volume and 8% reduction of plasma volume [11]. Along with the
diminished lean body mass and partial replacement of muscle tissue with fat,
these changes are relevant to the altered volume of distribution of lipophilic
versus hydrophilic drugs in older patients.

Certain vasoactive systems, such as the renin-angiotensin-aldosterone sys-
tem and the sympathoadrenomedullary system also are altered with aging.
Levels of plasma-renin activity, angiotensin II and aldosterone decrease
rapidly during early childhood to reach the usual adult levels by adolescence.
Thereafter they decline slowly, with renin decreasing more than aldosterone,
and tend to respond sluggishly to the stimuli of salt deprivation, diuretic
treatment or reduction of effective blood volume [12-14].

On the contrary, plasma norepinephrine levels increase with age, so that
at 70 they are twice as high on average as at 20 — mean levels are 400 pg/ml
vs 200 pg/ml at ages 70 vs 20, respectively [15-18]. However, they do not
indicate an overactive sympathetic system, as might be inferred by the fact
that they represent a spillover from sympathetic nerve endings; on the con-
trary, they reflect the diminished numbers and sensitivity of adrenergic recep-
tors in various tissues [8, 9, 17, 18] and the reduced catecholamine clearance
from the circulation.

Also the baroreflex function becomes sluggish with age, partly because of
intrinsic alteration of the baroreceptors and partly because of loss of aortic-
wall distensibility. Thus, both the bradycardia and peripheral vasodilation in
response to increased central pressure and the tachycardia and vasoconstric-
tion in response to hypotension are attenuated [13]. This may be further
aggravated by accompanying sinus-node dysfunction and diminished cardiac
and vascular adrenoceptor sensitivity to catecholamines.

This ‘normal’ degree of autonomic insufficiency, i.e. diminished responses
of pressor hormones and baroreflexes, as well as the anatomic (arterial-wall
rigidity) and humoral (relative hypovolemia) changes of normal aging, render
the elderly particularly prone to orthostatic hypotension, even without the
added insult of treatment with diuretics or a sympathoplegic agent.

Regional blood flows and vital organ functions

The ‘normal’ decreases of blood volume and cardiac output, and the tendency
to increased vascular resistance diminish regional blood flows in most tissues.

Between ages 20 and 80, there is a 50% decline in renal blood flow —
from an average of 600 ml/min to 300 ml/min, and in glomerular filtration
rate from 120 to 65 ml/min [19]. In elderly normotensives, interstitial fibrosis
and fibrotic changes in the glomeruli, as well as hyaline degeneration of
arterioles lead to benign nephrosclerotic changes similar to those encountered
in young hypertensives. By the eighth decade, the number of functioning
nephrons decreases by 50% leading to thinning and atrophy of the renal
cortex. Also there is some loss of concentrating and excretory tubular capac-
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ity. The slight increase in normal levels of BUN and serum creatinine reflect
a much greater decrease in creatinine clearance, because these parameters
are also affected by a slower rate of metabolism. These considerations are
particularly important as they influence the kinetics of drugs.

Autoregulation of regional blood flows is also affected by aging because
the vital organs maintain their autoregulatory capacity within a narrower
range of arterial blood pressure. Cerebral blood flow decreases slightly with
age, from an average of 61 ml/100 g/min at age 20 to 58 ml/100 g/min at age
70. More importantly, if mean perfusion pressure falls below 70 mm Hg,
there may be symptoms of hypoperfusion and brain hypoxia [20]. Likewise,
brain tolerance to shifts of acid-base or electrolyte and metabolic balances,
which is normally narrow, becomes even narrower with aging. As small
changes in these factors may cause temporary but reversible derangement in
the sensorium, it is important to avoid mistaking them for expressions of
organic brain syndrome or irreversible senile dementia.

In conclusion, knowledge of normative aging is important in evaluating
cardiovascular disease, and in the choice and monitoring of therapeutic
interventions directed at elderly hypertensive patients.
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CHAPTER 16
Pathophysiology of hypertension in the elderly

R.I. OGILVIE

Introduction

Although systolic hypertension is the most common form of hypertension in
the elderly, the underlying mechanisms often are similar to those found for
diastolic hypertension in younger individuals, an interaction of heredity and
personal environmental factors (Table I). It has been estimated that at
least one-third of elderly patients with isolated systolic hypertension have a
previous history of diastolic hypertension or combined systolic and diastolic
hypertension. When diastolic hypertension is found in the elderly, calculated
total peripheral resistance is increased as it is in the younger population.
Why some individuals convert from diastolic hypertension to isolated systolic
hypertension is unknown. However, patients with isolated systolic hyperten-
sion also have reduced calculated total peripheral resistance in spite of a
normal diastolic pressure [1]. It has been suggested that arteriolar resistance
is actually increased because the diastolic pressure should fall as systolic
pressure rises [2, 3].

Systolic hypertension in younger individuals almost always is associated
with an increased cardiac output. Hormonal excess with thyrotoxicosis or
with pheochromocytoma must be considered. Coarctation of the aorta is a
rare cause. Young patients with diabetes mellitus also may develop systolic
hypertension presumably due to altered large-blood-vessel compliance.

Arterial mechanics

Pulse pressure, the difference between systolic and diastolic pressure, is
increased by increased stiffness (reduced compliance) of the arterial vascular
bed, increased stroke volume and by an increased ejection rate of the left
ventricle. All three mechanisms may be operative in elderly patients with
systolic hypertension. Increased stiffness of the aorta and other large arteries
is the cardinal pathophysiological finding in elderly patients with systolic
hypertension [2]. Frequently, this is caused by sclerosis associated with age
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Table 1. Factors, conditions and mechanisms involved in the development and outcome of
hypertension in the elderly

Factors Conditions

Obesity Genetic background

Physical inactivity Insulin resistance

Excess sodium ingestion Sodium sensitivity

Reduced calcium ingestion Increased sympathetic activity

Smoking Occult thyrotoxicosis

Excess alcohol ingestion Diabetes mellitus

NSAID use Atherosclerosis
Renal artery stenosis

Mechanisms Outcome

Increased peripheral resistance Stroke

Reduced aortic compliance Myocardial infarction

Increased stroke volume Congestive failure

Increased ejection velocity Arrhythmia

Altered endothelial function Aortic aneurysm

Left ventricular hypertrophy Renal failure

Antihypertensive drug effects Death

but obviously it can be accelerated in patients with abnormal lipid profiles,
atherosclerosis or diabetes mellitus. The reduced compliance of large arteries
fails to buffer the pressure head developed by the heart ejecting the stroke
volume with each heart beat, leading to an increased pulse pressure. The
increased blood pressure contributes to large-artery rigidity by stretching the
walls and altering the histologic organization. Aging and blood pressure
elevation alter the collagen-to-elastin ratio by increasing collagen content.
Any factor that increases cardiac output or stroke volume can aggravate
this and further increase systolic pressure. Hormonal excess such as occult
thyrotoxicosis is a rare cause but probably should be ruled out by appropriate
tests of thyroid function. Since renal function is gradually reduced with age,
dietary sodium excess may increase circulating volume and therefore cardiac
output, again increasing systolic pressure. Elderly hypertensives commonly
have low plasma-renin activity [1] and salt sensitivity with marked increases
in blood pressure may be more common in the elderly perhaps because of
the age-related reduction in renal function. Suboptimal intake of calcium
and perhaps magnesium and potassium may be involved [4]. Older individ-
uals have higher circulating concentrations of plasma norepinephrine and a
greater increase in plasma norepinephrine with any activity even with the
assumption of the upright position or performing the hand-grip exercise [5].
This can increase the velocity and frequency of cardiac ejection as well as
directly reduce large-artery compliance, markedly increasing systolic pres-
sure. A great deal of the variability in systolic pressure observed in the
elderly is probably due to this alteration in catecholamine release. The elderly
have a reduced beta-adrenoceptor responsiveness, which could augment al-
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pha-adrenergic increases in vascular tone [6]. Surprisingly, a low sodium diet
can correct this defect [7]. The baroreflex response is depressed in the elderly
further reducing buffering capacity to changes in blood pressure.

Obese individuals can have increased circulating plasma volumes and
cardiac output, larger changes in plasma norepinephrine with activity, left-
ventricular hypertrophy, altered plasma-lipid profiles and/or diabetes mel-
litus with increased atherosclerotic changes, all of which can increase the
velocity of systolic ejection, stroke volume, and reduce large-vessel compli-
ance. Physical inactivity can increase systolic pressure by leading to obesity
but also by increasing plasma catecholamines with mild physical activity
because of an inadequate cardiac response. Insulin resistance is common in
obese individuals as well as in those with hypertension [8]. This can be
associated with augmented sympathetic activity and increased sodium reten-
tion. Physical exercise can increase insulin sensitivity and augment sodium
excretion as well as reduce blood pressure. Smokers and imbibers of alcohol
can have augmented plasma-catecholamine concentrations and responses as
well as changes in renal function.

An increasingly common cause for an increase in systolic pressure in the
elderly is the use of non-steroidal anti-inflammatory drugs (NSAIDS). The
already reduced renal function of the older individual is further compromised
by NSAID use causing sodium and water retention, increased circulating
volume and stroke volume/cardiac output, producing a higher pulse pressure
when large artery compliance is reduced.

Renovascular hypertension

Since a large proportion of the elderly have generalized atherosclerosis,
renovascular hypertension secondary to renal artery stenosis is relatively
common [9]. Individuals with intermittent claudication appear to have a high
incidence of renal-artery stenosis [10]. Atherosclerotic disease may cause
unilateral or bilateral, renal-artery narrowing or occlusion. Either systolic,
diastolic, or combined systolic-and-diastolic hypertension can ensue. The
hypertension can appear abruptly de novo or worsen gradually or abruptly.
Unfortunately, there are no clinical or laboratory clues to identify which
individuals with renal-artery stenosis will progress to complete occlusion.

There is increasing interest in the local control of vascular-wall tension
via endothelium-mediated mechanisms [11]. Factors that modify the endo-
thelium such as the presence of atherosclerotic plaques, and shear stress of
blood-flow dynamics may have important consequences in the development
and maintenance of hypertensive states in the elderly. Drug therapy that
provides endothelial protection and improves vascular-tone control may be
an important consideration in the future.
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Drug effects on systolic pressure

We are acquiring more knowledge of the effect of antihypertensive drugs on
systolic pressure [12-14]. Low-dose diuretics may modify sodium balance
returning the circulating volumes to normal if it has been raised and modi-
fying sympathetic responses to activity. Nitrates, calcium antagonists and
angiotensin-converting enzyme (ACE) inhibitors can increase large-vessel-
wall compliance and pressure-buffering capacity, thus more effectively dissi-
pating the energy created during stroke-volume ejection by the heart. Ni-
trates and ACE inhibitors also may reduce preload by increasing total vascu-
lar compliance and venous capacitance thus reducing venous return. The
timing of pressure waves reflected centrally from the peripheral vessels fol-
lowing each heart beat may be altered by nitrate therapy. Beta blockers and
some calcium antagonists may reduce the velocity of systolic ejection by
their negative inotropic effect. However, beta blockers without intrinsic
sympathomimetic activity (ISA) may reduce large-vessel compliance and
reduce the heart rate considerably, leading to a larger stroke volume being
ejected into a stiff conduit. As a result, systolic pressure can be increased
rather than reduced. Beta blockers with ISA may increase large-vessel com-
pliance and maintain resting heart rates, thus improving systolic pressure.
Hydralazine and other direct-acting arteriolar vasodilators such as minoxidil
can increase the velocity of systolic ejection by reducing downstream arteri-
olar resistance and increasing sympathetic activity via the baroreflex re-
sponse. Consequently, systolic pressure is often increased during their use.
In addition, salt-and-water retention often follows with increased circulating
volume aggravating the situation.

Left ventricular hypertrophy

Left ventricular hypertrophy (LVH) is a prevalent finding in the elderly
and systolic hypertension is a commonly associated finding. Both conditions
independently predict an adverse outcome [15-18]. There is a direct relation-
ship between pulse-wave velocity and left-ventricular mass but it is not clear
as yet whether one precedes the other. Clearly, an increased left-ventricular
afterload can promote LVH. However, an early finding of LVH is increased
systolic function with augmented velocity of systolic ejection. As a conse-
quence, LVH may aggravate systolic hypertension [19]. The adverse conse-
quences of LVH on cardiovascular morbidity and mortality are becoming
increasingly evident. Impaired coronary reserve with a higher incidence of
angina, myocardial infarction, arrhythmia and sudden death are end points
that should be avoided. Impaired left-ventricular diastolic function, early as
well as late in the development of LVH, can severely limit exercise tolerance.
Impaired left-ventricular systolic function with congestive heart failure is all
too often the ultimate outcome of LVH.
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There are no clinical trials to demonstrate that reversal of LVH alters
outcome in terms of cardiovascular morbidity or mortality in any age group.
However, we have increasing knowledge about the effects of various drug
groups on reversing LVH [20]. As outlined in a recent meta-analysis of 109
treatment studies [21], monotherapy with ACE inhibitors, calcium antago-
nists, beta blockers, methyldopa, alpha blockers or diuretics (thiazide, chlor-
thalidone, indapamide) can reduce echocardiographically calculated LV
mass. ACE inhibitors have the most pronounced effect on LV mass and LV
wall thickness. Beta blockers or calcium antagonists decrease LV mass and
wall thickness slightly less than ACE inhibitors. The effect of diuretics on
calculated L'V mass is considered to be due primarily to a reduction in LV
internal diameter because LV-wall thickness was little altered. It is uncertain
if drug therapy of hypertension in the elderly should be selected based on a
drug’s capacity to reverse LVH. Recent major trials of hypertension treat-
ment in the elderly [22-24] have shown considerable benefit treatment with
low-dose thiazide-diuretic therapy in reducing cardiovascular end-points. As
pointed out before, diuretics have little or no effect on LV-wall thickness.
In one major trial, beta blockers failed to prevent stroke or coronary end
points. Additional trials are required to determine whether drug groups,
such as the calcium antagonists or ACE inhibitors, have similar or augmented
benefits when compared to low-dose diuretic therapy. Since calcium antagon-
ists and ACE inhibitors may improve large-vessel-wall compliance and re-
verse LVH, there is a theoretical basis to initiate such trials in comparison
with low-dose diuretic therapy or combination therapy.

Conclusion

The pathophysiological mechanisms underlying hypertension in the elderly
are characterized by factors and conditions that alter large-vessel-wall compli-
ance, circulating volume and left-ventricular function (Table I). General
health measures and non-pharmacological treatment approaches are excel-
lent preventive as well as treatment modalities. Increased knowledge of the
effects of drugs on these mechanisms, combined with trial evidence of efficacy
without adverse effects, should have a major impact on the health of this
increasingly large sector of the population.
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CHAPTER 17
Treatment of hypertension in the elderly

RAY W. GIFFORD, JR. and RAYMOND A. BORAZANIAN

By virtue of sheer numbers, hypertension in the elderly is a major public
health problem: prevalence of hypertension is high in this age group, and
the elderly segment of the American population is growing rapidly. The
confirmed benefit of treatment of hypertension in the elderly, both isolated
systolic and diastolic, makes it even more important now than ever to identify
and treat such patients.

Definitions and prevalence

Hypertension in the elderly can be divided into diastolic (=90 mm Hg)
and isolated systolic (= 160 mmHg systolic; < 90 mm Hg diastolic). Diastolic
hypertension form peaks during the sixth decade, while the prevalence of
isolated systolic hypertension increases with age [1]. Different cutoff criteria
have been used in different surveys: data from the National Health and
Nutritional Examination Survey (NHANES II) indicate that 64% of elderly
people (age 65-74 years) have systolic blood pressure = 140 mm Hg and/or
diastolic blood pressure =90 mm Hg or are taking antihypertensive medic-
ation [2]. In the Framingham cohort, about 40% of men and 50% of women
age 65 or older have blood pressure > 160 mm Hg systolic and/or
> 95 mm Hg diastolic or are taking antihypertensive medication; more than
one-half of these elderly hypertensives have isolated systolic hypertension
(defined as systolic blood pressure =160 mm Hg with diastolic pressure
< 95 mm Hg), less than one-third have combined systolic and diastolic hyp-
ertension, and the remainder have diastolic hypertension [2]. Among subjects
age 60-69 who were screened for the Hypertension Detection and Follow-
up Program (HDFP), 50.8% had systolic blood pressure =140 mm Hg,
19.9% had systolic blood pressure = 160 mm Hg, 27.3% had diastolic blood
pressure =90 mm Hg, and 14.8% were taking antihypertensive medications
and had diastolic blood pressure < 90 mm Hg [3].
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Risks associated with high blood pressure in the elderly

Diastolic elevation of blood pressure represents essential or primary hyper-
tension in the majority of cases, just as it does in younger persons; only a few
of these have secondary hypertension, usually atherosclerotic renovascular
disease. Diastolic hypertension proportionally increases the relative risk of
cardiovascular morbidity in older men, however, this trend is blunted in
older women [1]. Systolic hypertension, reflecting loss of elasticity of the
aorta and its large branches [4], may be even more important than diastolic
hypertension as a prognostic index for cardiovascular disease [1, 5, 6].

Across all age groups, compared to normotensives, people with hyperten-
sion >160/95 have two to three times greater risk for cardiovascular events
and deaths due to cardiovascular disease. At any blood pressure level, the
risk is two to three times higher in older persons than in younger ones, and
nearly always higher in men than in women [1].

Benefits of treatment
Diastolic hypertension

Four well-controlled trials have shown that treatment reduces morbidity
and mortality for elderly patients (= 60 years of age) who have diastolic
hypertension.

In the HDFP, patients 60-69 years of age with diastolic blood pressures
of 90 mm Hg or more experienced a 16.4% reduction in five-year mortality
when the stepped care (SC) group was compared to the referred care (RC)
group [7]. The incidence of strokes was reduced 45.5% in this age group
[8,9].

In the Australian Trial, after five years of treatment, the 293 patients 60—
69 years of age at entry with diastolic blood pressures of 95-109 mm Hg who
received active treatment had a 39% lower incidence of trial end points
(death or a specified cardiovascular event) than the 289 patients of the same
age who received placebo (p < 0.025) [10].

The European Working Party on High Blood Pressure in the Elderly
(EWPHE) trial showed a 38% reduction in cardiovascular mortality in the
actively treated group compared to a placebo control group (p = 0.023);
deaths from myocardial infarction were reduced by 60% (p = 0.043). These
patients were all over 60 years of age when the trial was started and the
average age was 72 years [11, 12]. The investigators calculated that treating
1000 hypertensive patients over 60 years of age for one year would prevent
11 fatal cardiac events, six fatal and 11 non-fatal strokes, and eight cases of
severe congestive heart failure [13].

In the Swedish Trial in Old Patients with Hypertension (STOP-Hyperten-
sion), 1627 patients aged 74-84 years with diastolic hypertension were as-



155

signed randomly to placebo or active treatment with either a diuretic or one
of three beta blockers, and were followed for a mean of 25 months. Com-
pared with placebo, active treatment significantly reduced the number of
primary endpoints by 38% (p = 0.0031) and stroke morbidity and mortality
by 45% (p =0.0081). Total mortality was reduced by 43% (p = 0.0079).
This study showed that the benefits of treatment were discernible up to age
84 years, and that treating 14 elderly patients for five years could be expected
to prevent one stroke and one death [14].

Systolic hypertension

The Systolic Hypertension in the Elderly Program (SHEP) was a double-
blind, placebo-controlled trial involving 4736 participants aged 60 years or
older with systolic blood pressure = 160 mm Hg and diastolic blood pressure
<90 mm Hg, who were randomly assigned to placebo or low-dose chlorthali-
done treatment. Atenolol was added to the chlorthalidone if a goal systolic
blood pressure of < 160 mm Hg and a reduction of at least 20 mm Hg was
not achieved. The average follow-up period was 4.5 years. The five-year
incidence of total stroke was reduced by 36% and the incidence of fatal and
nonfatal coronary events was reduced by 27% in the treated group. This
was the first study to demonstrate the benefit of treating isolated systolic
hypertension [15].

The Medical Research Council recently published the results of a study
in which 4396 patients aged 65-74 with systolic pressures of 160-209 and
diastolic pressures < 115 mm Hg were randomized to receive either atenolol
50 mg daily, hydrochlorothiazide 25 mg or 50 mg plus amiloride 2.5 mg or
5 mg daily, or placebo in a single-blind fashion. The mean blood pressure at
randomization was 183/91 in men and 186/90 in women. After a mean follow-
up period of 5.8 years, the diuretic group had a 31% lower incidence of
strokes (p = 0.04), a 44% lower incidence of coronary events (p = 0.0005),
and a 35% lower incidence of all cardiovascular events (p = 0.0005) com-
pared to the placebo group. The beta-blocker group experienced no signifi-
cant reductions in these end points. However, overall there was no significant
difference in mortality between the treated and placebo groups, with an
apparent excess of cancer deaths among men in the atenolol group [16].

Beard et al. [17] have reviewed the major trials of treating hypertension
in the elderly (Tables I and II).

The J-curve

Concern has been raised that lowering diastolic blood pressure below
85 mm Hg may increase the risk of mortality, a phenomenon called the ‘J-
curve’ [18]. A putative explanation for this is that oxygen consumption of
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the myocardium is more dependent on systolic pressure than on diastolic,
whereas coronary flow is dependent on diastolic blood pressure. A disparity,
therefore, between oxygen demand and supply might occur if the diastolic
pressure is lowered excessively without lowering the systolic pressure, es-
pecially in people with overt or subtle ischemic heart disease.

An observation study of people over the age of 84 in Finland found J-
curve relationships between both systolic and diastolic blood pressure and
mortality [19]. In an analysis of the EWPHE trial, treated and placebo groups
were divided into tertiles of systolic and diastolic blood pressure. Total
mortality in the placebo group rose with increasing systolic pressure whereas
it had a U-shaped relation with diastolic pressure. In the group given active
treatment, total mortality showed a U-shaped relation with systolic pressure
and an inverse relation with diastolic pressure. In both groups cardiovascular
and non-cardiovascular mortality followed the same trends as total mortality.
However, the patients who had the lowest systolic and diastolic blood pres-
sures also had the most pronounced decreases in body weight and hemoglobin
concentration, suggesting that they were ill; the investigators suggested that
the increased mortality was not explained by a drug-induced, exaggerated
reduction in blood pressure [20].

In an unblinded trial reported by Coope and Warrender, 884 patients
aged 60-79 years used atenolol and/or bendrofluazide as active treatment
and were followed for a mean of 4.4 years. Fatal strokes were reduced by
70% (p < 0.025) and all strokes were reduced by 42% (p < 0.03) in treated
patients compared to untreated controls [21]. However, in this study, the
incidence of myocardial infarction and total mortality was unaffected by
treatment. There were J-curve relationships between diastolic blood pressure
and myocardial infarctions and all deaths, both in the treated and in the
control group. The authors concluded that it was unlikely that antihyperten-
sive treatment caused this phenomenon [22].

No J-curve relationship has been reported in the SHEP trial, even though
the average blood pressure on treatment at five years was 143/68 mm Hg
[15].

The J-curve has been a retrospective observation in non-randomized clini-
cal trials or randomized trials that were not designed to test this hypothesis.
A prospective, controlled, randomized trial is needed to settle this issue.

Adverse drug reactions

It is a popular notion that elderly patients do not tolerate antihypertensive
drugs well. Indeed, in a series of 315 consecutive elderly patients (mean age
76.6 years) admitted to an acute care hospital, Col and colleagues reported
that 89 (28.2%) of the admissions were drug-related, 36 (11.4%) due to
noncompliance, and 53 (16.8%) due to adverse drug reactions [23]. However,
a different picture emerges from the data from the large clinical trials.
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Table II1. Adverse drug reactions according to age in the Hypertension Detection and Follow-
up Program (HDFP) [24]

Age group 5-year incidence of

(years, at baseline) adverse drug reactions (%)
30-39 34.1

40-49 36.8

50-59 38.0

60-69 29.8

In the HDFP, the five-year incidence of adverse drug reactions, severe
enough to require some alteration in drug or dosage, was lowest in the 60—
69-year-old group, the oldest group at the time of entry (Table III) [24].
Elderly patients also tolerated antihypertensive drugs well in the Australian
[10] and EWPHE (13) trials.

A recent Veterans Administration trial compared the effects of hydrochlo-
rothiazide in a low dose (25 mg daily or twice daily) with a higher dose
(50 mg daily or twice daily) in 690 men older than age 60 with diastolic blood
pressure 90-114 mm Hg and systolic blood pressure < 240 mm Hg. After 10
weeks of treatment, 50.4% of those assigned to the low dose and 58.5% of
those assigned to receive the higher dose had achieved a goal diastolic blood
pressure of <90 mm Hg and at least 5 mm Hg below baseline DBP, with
SBP <160 mm Hg. The blood pressure declined by an average of
18.3/9.5 mm Hg with the low dose and 20.4/9.6 mm Hg with the higher dose.
The difference in pressure response was not significant. Although the lower
dose was associated with fewer biochemical changes, no differences were
observed in subjective side effects between the two groups. Nonresponders
were assigned randomly to receive hydralazine, methyldopa, metoprolol or
reserpine in addition to the hydrochlorothiazide, in a double-blind fashion.
Overall, there were no significant efficacy differences among the step-2 regi-
mens. Patients receiving methyldopa experienced significant increases from
baseline in postural dizziness, fatigue or tiredness, sexual dysfunction, dry-
ness of the mouth and drug intolerance. The overall incidence of adverse
effects was significantly greater with methyldopa and hydralazine than with
reserpine or metoprolol [25].

These same patients underwent behavioral assessment at baseline, at the
end of titration, and at the end of six months of maintenance therapy; a
separate group of placebo-treated patients also received the same tests. In
these studies neither blood-pressure reduction per se nor the use of any of the
medication regimens produced substantive adverse cognitive or behavioral
consequences [26].

In a short-term study of 242 women 65 years of age and older with diastolic
blood pressure 95-114 mm Hg at entry, diltiazem lowered systolic and dias-
tolic blood pressure slightly more than atenolol or enalapril did. After 16
weeks of therapy, patients on atenolol tended to have somewhat worse scores



160

on quality-of-life assessments than those receiving the other drugs, but none
of the differences was significant [27].

In the Systolic Hypertension in the Elderly (SHEP) feasibility trial, in
patients over the age of 60 with isolated systolic hypertension, the 443
patients who received chlorthalidone, and the 108 patients, who received
placebo, underwent a battery of behavioral assessments at baseline and one
year. The investigators concluded that active treatment did not have any
significant impact on cognitive function or level of depression compared to
placebo [28]. Similarly, a VA trial observed no deterioration in cognitive
behavioral function in 51 elderly hypertensive men with isolated systolic
hypertension, who were treated for 24 weeks with hydrochlorothiazide [29].

Metabolic side effects

Diuretics do all the wrong things to patients’ laboratory values: they raise
total cholesterol, LDL cholesterol, triglycerides, serum uric acid, and fasting
blood glucose, and they lower serum potassium and magnesium. These
changes tend to be dose-related, and abnormal values for cholesterol and
glucose tend to regress to the mean over time [30]. Beta blockers also
increase fasting blood glucose, and the agents without intrinsic sympathomi-
metic activity decrease serum HDL and raise triglyceride levels. Proponents
of the newer classes of agents infer that diuretics and beta blockers are
dangerous and should be avoided. Nevertheless, diuretics and beta blockers
are the only classes of antihypertensive agents that, in controlled clinical
trials, have been proved to prevent strokes and coronary events and prolong
life. It is interesting to speculate that calcium blockers and ACE inhibitors
may be even more effective because they do not cause metabolic side effects.
However, until controlled clinical trials are carried out to test this hypothesis,
we will never know.

Adherence to therapy

In the Hypertension Detection and Follow-up Program, at the end of five
years, the cohort that was 60-69 years old at baseline had an average diastolic
pressure of 81 mm Hg, 80% of them were on treatment, and 75% had
achieved goal diastolic blood pressure. This was as good as or better than
the record achieved by younger patients (Table IV) [7].

Recommendations for treatment

The objective of therapy is to reduce the risk associated with hypertension.
In treating diastolic hypertension, the goal should be to reduce the diastolic
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Table IV. Adherence according to age in the Hypertension Detection and Follow-up Program
(HDFP) [7]

Evidence of adherence (5 years) Age groups (years at baseline)
30-49 50-59 60-69

On treatment (%) 75 80 80

At goal blood pressure (%) 59 67 75

Average diastolic blood pressure (mm Hg) 86 84 81

pressure to below 90 mm Hg [31] and preferably 85 mm Hg. In treating iso-
lated systolic hypertension, the goal of therapy should be to reduce the
systolic pressure to less than 160 mm Hg and by at least 20 mm Hg [15]. Both
nonpharmacologic and pharmacologic measures are employed.

If the patient is obese, weight reduction alone may reduce blood pressure.
However, we must exercise caution in prescribing a calorie-restricted diet in
the elderly, because many older patients subsist on marginal diets. If a
reducing diet is attempted, proper counseling is needed to assure nutritional
adequacy.

Ethanol intake should be limited to no more than 1 oz/day - the amount
contained in 2 oz whisky, 8 oz wine, or 24 oz beer.

Cigarette smoking should be forbidden, because it is an independent risk
factor for coronary artery disease and stroke, and it causes cancer and
pulmonary disease.

Reducing sodium intake to 70-100 m Eq/day (1.5-2.5g sodium or 4-
6 g salt) will reduce blood pressure in some patients, but there is no way
prospectively to identify those patients who will benefit. In any event, a
moderate restriction of sodium produces no adverse effects. Since most
dietary sodium comes from prepared foods, merely refraining from adding
salt at the table is not enough to control hypertension. Nutritional counseling
is needed to help the patient identify sources of sodium and understand
sodium labeling of processed foods to reduce sodium intake and to maintain
adequate overall nutrition.

If a trial of nonpharmacologic therapy proves unsuccessful, the clinician
should proceed cautiously with pharmacologic therapy, bearing the following
in mind:

Older patients are susceptible particularly to orthostatic hypotension.
Therefore, blood pressure readings should be taken in the standing and
seated positions at every visit. If there is a large orthostatic drop, the standing
blood pressure should be used to guide dosing.

Older patients often are sensitive to antihypertensive drugs because they
tend to have impaired baroreceptor reflexes, low plasma volume, and low
cardiac outputs. Drug metabolism may also be impaired. Consequently,
treatment should be started with one-half the usual adult dose and increases
in dosage are made at intervals of no less than three weeks.



162

Table V. Diuretics in geriatric hypertension - clinical trials in patients older than 60 years

Trial No. pts on Duration Diuretic dose
active Rx (mg/day)*

Australian [10] 293 4.06 yrs CTZ 500-1000
EWPHE [11, 12] 416 4.6 yrs HCTZ 25-50

TRIAM 50-100
SHEP feasibility [28] 443 lyr CHLOR 25-50
SHEP [15] 2365 4.5yrs CHLOR 12.5-25
HDFP [7, 8, 9] 1204 6.0 yrs CHLOR 25-100
VA [25] 644 6 mo HCTZ 25-100
MRC [16] 1081 3.6yrs HCTZ 25-50,

AMILOR 2.5-5
Total 6446

* CTZ = chlorothiazide; HCTZ = hydrochlorothiazide; CHLOR = chlorthalidone; TRIAM =
triamterene; AMLIOR = amiloride.

Frequently older patients take a variety of medications for conditions
other than hypertension, thereby increasing the risk of drug interaction.

Because older patients may absorb some drugs more slowly than younger
patients, ultimately they may require larger doses.

Older patients are more likely than younger to have multiple illnesses
other than hypertension, such as diabetes mellitus, chronic obstructive pul-
monary disease, heart block, sick sinus syndrome, gout, peripheral occlusive
arterial disease, and asthma, which might have an influence on drug selection.

The possibility of pseudohypertension exists, particularly if the patient
develops symptoms of hypotension while systolic blood pressure remains
high. A helpful clue in this situation is the presence of Osler’s sign.

The drug of choice for most elderly patients is a thiazide-type diuretic,
simply because all the clinical trials used diuretic-based stepped care (Table
V). The initial dose should be 12.5mg of hydrochlorothiazide, chlorthali-
done, or its equivalent in other diuretics, and the dose can be increased to
25mg in about four weeks, if the desired blood pressure response is not
achieved. If necessary, additional agents, including methyldopa, clonidine,
calcium antagonists, or angiotensin-converting enzyme inhibitors can be
added to control the hypertension.

Biihler and colleagues have advocated basing treatment choices on plasma-
renin levels: patients with low levels (most elderly patients) would receive
calcium antagonists or diuretics, while patients with high levels would receive
angiotensin-converting enzyme inhibitors or beta blockers [32]. The Trial of
Antihypertensive Interventions and Management (TAIM) bolsters this view
by demonstrating that patients with high renin values had a greater reduction
in diastolic blood pressure in response to atenolol than did patients with low
values, while patients with low values had a better response to chlorthalidone
than patients with high values did. Placebo-treated high-renin patients, who
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followed a weight loss diet or a low sodium/high potassium diet had a greater
decrease in diastolic blood pressure than low-renin patients did [33].

These studies support our clinical observations that elderly hypertensive
patients respond better to diuretics or calcium antagonists than they do to
beta blockers or angiotensin-converting-enzyme inhibitors. However, many
elderly patients do respond well to the latter agents, which have proved safe
and effective in treating hypertension in short-term clinical trials.
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PART SEVEN

Acute renal failure



CHAPTER 18

Risk factors for acute renal failure
in the elderly

C. KJELLSTRAND

Causes of acute renal failure

The most common cause of acute renal failure is acute tubular necrosis but
the events that precede this catastrophe have changed considerably over the
last 40 years. In the 1950s and the 1960s most severe acute renal failure that
required dialysis developed after trauma and surgery; now most such cases
are secondary to iatrogenic toxins. Table I shows the causes of acute renal
failure in 139 patients seen at Hennepin County Medical Center in Minnea-
polis and University Hospital in Edmonton, Alberta. In most of these epi-
sodes, renal failure was secondary to administered drugs, commonly anti-
biotics, followed by ACE inhibitors (Table II).

The degree of renal damage ranges from a slight increase in serum creatin-
ine to full-blown acute renal failure requiring dialysis. There seems to be
little difference in survival of young or old patient after such dialysis perhaps
because in the elderly, acute renal failure develops after smaller insults.
However, any increase in the serum creatinine level produces a direct in-
crease in the death rate of hospitalized patients (Fig. 1). The direct relation-
ship between mortality and rise in creatinineis is evident.

The renal insult has to be repetitive

A single renal insult rarely results in acute renal failure; in almost all in-
stances, the kidney has sustained multiple insults. In 1978, Schwartz found
that the incidence of acute renal failure after X-ray contrast injection corre-
lated directly with the number of risk factors in the patients. While four
patients without risk factors had only one episode of acute renal failure, six
patients with four risk factors had four episodes [1]. Rasmussen et al. [2]
reported similar findings and our studies of patients with acute renal failure
show that virtually all had multiple drug insults or dehydration. Nowadays,
acute renal failure is most often acute tubular necrosis and usually follows
repetitive iatrogenic renal trauma. Figure 2 shows a patient who was dehy-
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Table I. Etiology of acute renal failure in 139 patients

Drug toxicity 44
Dehydration 31
Cardiac 15
Infection 13
Surgery 12
Immunological 3
Other 21

Table 1. Drugs that were the primary cause of acute renal failure in 44 patients and contributed
to such failure in 22 other cases

Drug Primary cause Contributory Sum
Antibiotics 26 6 32
ACE-inhibitors 8 3 11
Diuretics 2 7 9
NSAIDs 5 1 6
Contrast 3 3 6
Other 2 2

drated by almost 10% of total body weight or almost one-half of his extra-
cellular fluid volume, and then was assaulted repeatedly by intravascular and
oral nephrotoxic contrast media.

In an experimental model of acute renal failure in rats, Zager showed the
same results [3]: Clamping of rat’s aorta for a short time produces a 25%
decrease in glomerular filtration rate (GFR). If the rats are treated before-
hand for 2 days with gentamicin, GFR falls 50% and if the rats are treated
for 8 days, the GFR will fall 90%, showing the combined ill effects of
ischemia and a renal toxin.

Is acute renal failure more common in the elderly?

In one study of 437 patients with acute renal failure, Pascual et al. found
that 35% were over age 70, while during the period of the study, only 10%
of patients admitted to that hospital were over 70 years [4]. Thus, among
the older patients, acute renal failure was three times more common: one-
half of the patients over 70 years of age had prerenal failure compared to
only 32% younger patients. On the contrary, Schwartz did not find that age
was an important risk factor for acute renal failure after contrast media [1].
In our own consultation study, we found that the patients, who had acute
renal failure secondary to dehydration, were the oldest, 62 years of age
versus 61 years in those who had drug intoxication. Those with other causes
of acute renal failure were the youngest, the average age being 58. The
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MORTALITY - CREATININE RELATION IN PATIENTS
WITH ACUTE RENAL FAILURE, WHO WERE NOT DIALYSED
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Fig. 1. The correlation between mortality and the increase in serum creatinine in hospitalized
patients. If the increase in serum creatinine is < 100 umol/l the mortality rate of acute renal
failure patients is only 5%. It rises to 70% if the increase in creatinine exceeds 400 umol/I.

patients in all these groups were older than others for whom renal consul-
tation was sought, the latter being 42 years old (p = 0.003). Our consultation
study also found more underlying chronic renal failure in those over 65 years
of age; in these patients the incidence of chronic underlying renal failure was
22% compared to 10% in those younger than 65 years (p = 0.07). When
dividing the patients into iatrogenic-induced renal failure versus other causes,
those who had iatrogenic disease were older, 62 years versus 50 years in the
US study [5], and 60 years versus 48 years in the Canadian study. In the
European Infection Prevention Study of cancer patients, age and previous
creatinine elevation also were the best predictors of renal toxicity following
aminoglycosides [6]. Many studies have shown that diabetes mellitus is a
major risk factor for contrast-induced acute renal failure [7].

It is clear that risk factors for acute renal failure are old age, dehydration,
and repeated insults; underlying chronic renal failure and diabetes mellitus
enhance this risk. Other risk factors of varying degrees of importance are:
dosage of drug; liver failure; vascular disease; hypoalbuminemia; proteinuria
and hypertension.
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Fig. 2. An 82-year-old man was admitted with abdominal pain. He was denied oral fluid and
was purged three times over a 48-hr period for X-ray studies. During this time he lost 5kg,
10% of the total body weight, or almost one-half of his extracellular volume. Then the adminis-
tration of both Telepaque and IV X-ray contrast precipitated serious acute renal failure and his
creatinine rose to 8 mg/dl. This fate threatens many elderly patients who admitted are acute-
care hospital under time constraints such as DRG.

Special causes of acute renal failure

An analysis of the causes of acute renal failure in 80 patients seen in consul-
tation at the University of Alberta Hospital showed patients over 60 years
of age have more underlying heart disease and surgery as the cause of their
acute renal failure while in the younger patients, crush and trauma were
more often the contributing factors. We also sought to determine whether
older patients were particularly susceptible to any specific nephrotoxic thera-
peutic agent. Drugs that are involved both in primary and secondary renal
insult are described in Table III. It is obvious that the major difference in
drug susceptibility between the old and the young patients is nephrotoxicity
from ACE inhibitors. We have reviewed 12 such patients from the US renal
consult study [5] and from a similar ongoing Canadian study (M. Boiskin et
al., submitted for publication). Of these 12 who had severe renal failure
after ACE inhibition, all but one were older than 65; the mean age was
76 =7 years. Seven had underlying chronic renal failure, 10 chronic heart
disease, 7 hypertension, 4 were dehydrated, 2 had diabetes mellitus, none
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Table III. Drugs that caused or contributed to acute renal failure in 80 patients seen in consul-
tation. ACE-inhibitors are significantly more common in the elderly (p = 0.03)

Drugs Age <60 years >60 years Totals
Antibiotics 15 10 25
ACE-inhibitors 0 5 5
NSAIDs 3 0 3
Others 6 6 12
Sum 24 21 45

had polycystic kidney disease and only 1 had renal-artery stenosis. Of these
12 cases, 5 sustained irreversible kidney damage and their creatinine level
remained elevated (> 30 umol) after withdrawal of the offending ACE in-
hibitor.

Iatrogenic renal damage seems to be particularly common in elderly pa-
tients with acute renal failure. Figure 3 includes all patients seen in the
Canadian study and those who had an iatrogenic cause of their renal failure.
Figure 4 shows a regression analysis of the percentage of patients who had

Fig. 3. The age distribution of all 165 new consults seen in 1991 at the University of Alberta
and those in whom an iatrogenic drug caused renal failure. Both the incidence of renal failure
and the fraction in whom failure is due to an iatrogenic cause increases with age.
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FRACTION OF ALL 165 CONSULTS WITH AN IATROGENIC ETIOLOGY
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Fig. 4. Linear regression analysis of iatrogenic renal failure and age shows a good correlation
(R=0.7, p=0.065).

iatrogenic renal failure versus age. It is clear that physicians and hospitals
are very important risk factors for disease in the old.

Why are old patients so susceptible?

Concerning special risk factors (Table IV), there are two principal reasons
for the special susceptibility of older patients to acute renal failure. The first
is physiologic. Older patients develop acute renal failure easily because they
have a decreased sensation of thirst, and a decreased total body water [8, 9];
therefore, when ill, they dehydrate faster and rehydrate more slowly. Finally,
as the kidney ages it atrophies, an event that leads to disturbed water
preservation. Between the ages of 30 and 90 years, the weight and volume
of the kidney decreases by 30%, and the number of glomeruli decrease by
50%, while in the glomeruli, mesangial expansion takes place at the expense
of capillary volume. In individual glomeruli, mesangial volume will increase
50% with a corresponding decrease in capillary surface. Both the volume
and the length of tubules decrease, there is hyalinosis and stiffness in the
blood vessels and the glomerular filtration rate will decrease 1 ml/min/year
after age 40 [10].
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Table IV. Special risks in the old. Special risks for acute renal failure include

I. Dehydration
(i) Decreased total body water
(ii) Decreased thirst
(iii) Frequent use of diuretics for hypertension, chronic heart failure, and chronic renal
failure

II. Pharmacological
(i) Poor knowledge of pharmacology
(ii) Increased susceptibility
(iii) Presence of multiple risk factors, non-steroidals, diuretics, diabetes, chronic renal
failure, dehydration

Secondly, with aging, a whole series of factors leads to decreased metabol-
ism of many drugs. Decreased hepatic metabolism and decreased hepatic
blood flow decrease the breakdown or detoxification of many drugs and, as
mentioned above, the renal excretion of several drugs will decrease. Also
there are changes in absorption and distribution [11] and, as a consequence,
older patients are particularly susceptible to a larger dosage of drugs. Thus
with flurazepam at a dose less than 15 mg, patients older than 70 have twice
as many side effects as those below age 40 but these are increased eight
times at a higher dose of 30 mg [12]. Studies to establish safe dosage of drugs
are often done in young patients and then thoughtlessly applied to the
elderly. Clarfield, reviewing 1943 articles published between 1980 and 1982
in JAMA, New England Journal of Medicine, British Medical Journal and
Annals of Internal Medicine, found that two-thirds were not relevant to
older patients, in spite of generous interpretation of relevance. In this study,
an article was deemed to be relevant if the mean patient age was over 60 or
the mean age *+2 standard deviation included 70 years, or if the range
included even one patient age 70 or 20% over 60 years of age [13].

Of risk factors in the elderly, some are unique - the anatomic changes,
physiological changes, the decreased thirst and smaller total body water. The
other risk factors such as dehydration, excessive drug doses and underlying
diseases, although they are not unique are much more common and explain
their greatly increased risk of acute renal failure.

What can be done to decrease acute renal failure in the old?

Many of these hazards could be avoided by simple knowledge and common
sense. First, in the old, one should avoid nephrotoxic drugs especially if they
also have diabetes mellitus and/or chronic renal failure. However, drugs such
as aminoglycosides in sepsis are useful. One way then to decrease the inci-
dence of acute renal failure is at least to avoid repeated insults within a short
time, as illustrated in Figure 2.
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We should treat dehydration quickly with fluids. Older patients must be
weighed as soon as they come to the hospital and the weight followed daily
because this is the only accurate means of following changes in total body
water. Nephrotoxic drugs should be avoided or replaced with non-nephro-
toxic drugs, if possible. If this is not possible, renal toxic assaults should be
widely spaced. The acronym WASH (Weigh-Avoid-Space-Hydrate) summar-
izes the management of these patients.

Finally, we need to strengthen the education of physicians with respect to
the dangers of acute renal failure and to correct use of therapeutic agents both
in undergraduate and postgraduate training. We believe simple education and
thoughtfulness will decrease the high incidence of acute renal failure in these
elderly patients.
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CHAPTER 19

Recognition and prevention of drug-induced
acute renal failure

MICHAEL F. MICHELIS and RICHARD CHAN

Iatrogenic causes of acute renal failure may be more poorly tolerated by
elderly individuals than by their younger counterparts [1]. The aging kidney
may have pathologic changes, such as those produced by chronic hyperten-
sion or diabetes mellitus, which place it at increased risk of renal damage [2].
Abnormalities that also place the aging kidney at risk include atherosclerosis,
congestive heart failure and dehydration [3]. In addition, a variety of diagnos-
tic, and therapeutic agents commonly used in older patients are associated
with the development of acute renal insufficiency [4-6].

Recently, Davidman et al. noted that aminoglycosides were responsible
for renal insufficiency in a significant number of patients with acute renal
failure [7]. It has been suggested that estimation of creatinine clearance by
a formula, such as that described by Cockcroft and Gault [8], can be used
to adjust dosages of therapeutic agents in older patients. It is noteworthy
that Davidman’s patients received appropriate dosage of aminoglycosides
and the drug blood levels, which were monitored, were not in the toxic
range. This suggests that, in the development of nephrotoxic acute renal
failure, intrarenal levels of nephrotoxic drugs and, perhaps, urine flow rates,
may be more important than blood levels.

Older patients are at particular risk with respect to drug-induced, acute
renal failure [7, 9]. Therefore, it is important to recognize and prevent this
type of renal failure in the older patient. This paper will discuss (1) drug-
induced acute interstitial nephritis, (2) renal, fluid and electrolyte disorders
secondary to nonsteroidal anti-inflammatory drugs, and (3) alterations in
renal function secondary to the use of converting-enzyme inhibitors.

Drug-induced acute interstitial nephritis

Currently, in developed nations, drugs are a common cause of acute intersti-
tial nephritis (AIN). This reaction is immune-mediated and the development
of AIN is associated with fever, skin rash and eosinophiluria [3]. Hematuria,
both microscopic and macroscopic, and eosinophilia also may be present.

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 175-181.
© 1993 Kluwer Academic Publishers.



176

Table 1. Drugs associated with acute interstitial nephritis in the elderly

Antibiotics Diuretics
cephalosporins furosemide
ciprofloxacin thiazides
penicillin & derivatives triamterene
sulfonamides
others Miscellaneous

allopurinol

Nonsteroidal Anti-inflammatory Drugs captopril
ibuprofen carbamazepine
indomethacin cimetidine
naproxen
others

Unfortunately, since these clinical features are apparent in only one-third of
AIN, recognition and diagnosis of this condition often is delayed.

Recently, the use of Hansel’s stain on urine sediment has enhanced our
ability to detect urinary eosinophils and, when AIN is suspected, it is recom-
mended instead of standard Wright’s stain [10, 11]. Hansel’s stain (methylene
blue and eosin-y in methanol) allows for more precise identification of bi-
lobed eosinophils, because it produces bright-red cytoplasmic granules in
them. The presence of urinary eosinophils is not pathognomonic for AIN,
however, since cholesterol embolization to the kidney also can produce this
finding [12]. Gallium-67 nuclear scanning also may assist in the diagnosis of
AIN, by revealing increased activity over the kidneys [13].

Therapeutic agents associated with the development of AIN include the
penicillins, and first, second, and third-generation cephalosporins, as well as
ciprofloxacin, erythromycin, rifampin, sulfonamides, and vancomycin. In
addition, one must check for nonsteroidal anti-inflammatory drugs, diuretics
and unrelated chemical agents such as captopril, phenytoin, carbamazepine,
allopurinol, cimetidine, and cyclosporine (Table I).

If one suspects AIN in an elderly patient, he must conduct a careful review
of present and recently discontinued medications including both prescription
and non-prescription drugs. When possible, causative agents are identified,
the drug(s) is withdrawn and usually the course of AIN is limited once the
culprit drug is discontinued. However, in patients of an advanced age, it is
not uncommon to see a protracted period of oliguric renal failure requiring
dialysis.

A definitive diagnosis of AIN requires renal biopsy, which demonstrates
a cellular interstitial infiltrate, which spares the glomeruli; there are no
significant fibrotic changes [14]. The use of steroids in AIN is controversial,
but a short therapeutic trial of these agents may be considered in patients
whose renal failure appears to be protracted [15].
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Nonsteroidal anti-inflammatory drug-associated renal insufficiency

Nonsteroidal anti-inflammatory drugs (NSAIDs) are in wide use among older
individuals, especially those with rheumatic disorders [16], in part because
of the availability of NSAIDs in lower-dose, non-prescription formulation.
NSAIDs are believed to decrease prostaglandin synthesis by inhibiting the
enzyme, cyclo oxygenase [3]. Prostaglandins may play an important physio-
logic role in maintaining renal blood flow and glomerular filtration in con-
ditions associated with decreased renal perfusion [17], e.g. in congestive heart
failure and dehydration from various causes. Thus in the elderly NSAIDs may
induce renal insufficiency when renal blood flow and glomerular filtration
have been maintained by prostaglandin effects. Indeed, Sandler et al. have
reported renal insufficiency associated with NSAIDs in older individuals [16].
However, in the healthy elderly, this risk may be minimal or absent when
prostaglandins do not maintain renal function [18]. When administering
NSAIDs to an elderly patient, one should conduct a careful evaluation and
follow-up.

NSAID use also has been associated with the development of AIN and
nephrotic-range proteinuria [19]. Typically, in this form of AIN, one does
not see manifestations of an allergic reaction such as fever, rash, and eosino-
philia [3]. It has been postulated that modification of the lipoxygenase path-
way, resulting in altered T-lymphocyte activation and lymphokine produc-
tion, directly promotes cellular infiltration in NSAID-associated AIN [20].
The nephrotic-range proteinuria in AIN secondary to NSAIDs may reflect
altered renal tubular function, and changes in the glomerular basement
membrane [19].

In addition to alterations in renal blood flow and glomerular filtration
rate, NSAIDs also produce significant changes in body sodium, potassium
and water regulation. Prostaglandin inhibition is associated with antinatriur-
esis, in part, secondary to decreased aldosterone production, and, also, as
the result of intrarenal vascular events [3]. Prostaglandins stimulate increases
in plasma-renin activity (PRA), and prostaglandin inhibition can be associ-
ated with significant decreases in PRA and plasma aldosterone levels (hypo-
reninemic hypoaldosteronism) with resultant significant hyperkalemia
[21,22]. Since renal potassium excretion also may be limited by other drugs
used in the elderly, such as converting enzyme inhibitors, and potassium-
sparing diuretics, this effect of NSAIDs may be particularly significant [23].

Prostaglandins also antagonize the effect of antidiuretic hormone (ADH)
and facilitate water diuresis [24]. NSAID therapy has been associated with
water retention syndromes and hyponatremia [25]. Since stimulated ADH
levels already may be elevated in older patients [26, 27], serious hyponatre-
mia may develop. Again, since the elderly frequently are given other agents,
such as loop diuretics, which also can produce hyponatremia, the additive
effects of these drugs and NSAIDs may produce life-threatening decreases
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Table II. Renal complications of NSAID* therapy

Azotemia, secondary to increased vasoconstriction
Azotemia, secondary to acute interstitial nephritis
Nephrotic-range proteinuria

Hyperkalemia

Hyponatremia

*NSAID = nonsteroidal anti-inflammatory drug.

in serum sodium levels. The renal complications of NSAID therapy are
shown in Table II.

Renal insufficiency in association with converting enzyme inhibitors (CEIs)

Drugs that inhibit the action of angiotensin-converting enzyme are used
widely for hypertensive disorders and cardiovascular insufficiency [28, 29].
These agents suppress the formation of angiotensin II, which is a potent
vasoconstrictor and a stimulus for aldosterone secretion. Angiotensin II con-
stricts a variety of vessels, including the postglomerular efferent arteriole,
an action that is beneficial when a reduction in glomerular filtration pressure
is desirable in such disorders as diabetes mellitus and nephrotic proteinuria
[30]. Among the agents with an inhibitory action on the converting enzyme,
seven are approved by the US Food and Drug Administration for the treat-
ment of hypertension (Table III).

Converting-enzyme inhibition produces a variety of untoward effects,
which include angioneurotic edema, taste disorders, interstitial nephritis,
hyperkalemia, cough and excessive hypotension (Table IV). In addition,
azotemia has been noted in patients with bilateral renal artery stenosis or
those with unilateral renal artery stenosis and a single kidney [6]. The me-
chanism behind the development of azotemia in patients on CEI therapy
relates to a decrease in the compensatory efferent arteriolar tone, which
maintains glomerular filtration pressure in patients with decreased renal
perfusion due to obstructive large artery disease.

In addition, circumstances associated with decreased renal perfusion, such
as dehydration, also may require an increase in efferent arteriolar constriction
to maintain adequate glomerular function. When this efferent arteriolar
response is suppressed by a CEl-induced decrease in angiotensin II, the
result is decreased glomerular filtration and significant azotemia. Warner and
associates found that when a CEI was added to a regime that already included
furosemide, there was an increase in blood-urea nitrogen and creatinine
levels [31]. Following this development, furosemide dosage was reduced by
50% and the azotemia reversed to baseline levels.

Recently, Toto et al. added further insight into the development of azote-
mia in association with CEI therapy [32]. They described patients who de-
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Drug

Daily dosage

Dosage for renal
impairment

Benazepril-Lotensin (Ciba)

Captopril-Capoten (Squibb)

Enalapril-Vasotec (Merck)

Fosinopril-Monopril
(Mead Johnson)

Lisinopril-Prinivil (Merck)
Zestril (Stuart)

Quinapril-Accupril
(Parke-Davis)

Ramipril-Altace (Hoechst)

Initial: 10 mg
Usual: 20-40 mg qd or bid
Maximum: 80 mg

Initial: 25 mg bid or tid
Usual: 25-150 mg bid or tid
Maximum: 450 mg

Initial: 5 mg
Usual: 10-40 mg qd or divided
Maximum: 40 mg

Initial: 10 mg
Usual: 20-40 mg qd or bid
Maximum: 80 mg

Initial: 10 mg
Usual: 20-40 mg qd
Maximum: 80 mg

Initial: 10 mg
Usual: 20-40 mg qd or divided
Maximum: 80 mg

Initial: 2.5 mg
Usual: 5-10 mg qd or bid
Maximum: 20 mg

Serum creatinine
>3 mg/dl: 5-40 mg

Decreased

Serum creatinine
>3 mg/dl: 2.5-40 mg

No change

Serum creatinine
>3 mg/dl: 5-40 mg

Decreased

Serum creatinine
>2.5mg/dl: 1.25-5mg

*Modified from The Medical Letter ®34:27, 1992 and reprinted by special permission of the

publisher.

veloped azotemia while receiving CEIs and diuretics for the management of
hypertension. A companion group treated for hypertension with non-CEI
type drugs, had similar decreases in mean arterial pressure without ac-
companying azotemia. These authors suggest that a decrease in mean arterial
pressure, in association with failure to compensate for an increase in efferent
arteriolar tone, explains the development of azotemia in the patients receiv-
ing CEIs. Further, they conclude that this type of azotemia, resulting from
alterations in systemic blood pressure and/or volume status in patients receiv-

Table IV. Renal complications of CEI* therapy

Hyperkalemia

Nephrotic-range proteinuria with glomerulopathy
Azotemia, with large-vessel, renal-artery stenosis
Azotemia, with decreased intrarenal perfusion pressure

*CEI = converting enzyme inhibitor.
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ing CEI therapy, may be much more common than that described in patients
with large vessel disease.

Hyperkalemia also develops in association with CEI therapy, secondary
to decreased aldosterone secretion, which results from decreased angiotensin
IT production following an inhibition of converting enzyme [33]. In patients
with mild to moderate renal insufficiency, a pre-existing limitation of potas-
sium excretion might provoke serious hyperkalemia following the institution
of therapy with CEIs. This problem may be aggravated by other drugs
used in elderly patients to treat cardiovascular disease or musculoskeletal
disorders. Beta-blocking agents, which decrease renin secretion, may be
associated with the development of hyperkalemia, which may then worsen
when CEI therapy is added. By limiting the renin-stimulating effects of
prostaglandins, nonsteroidal anti-inflammatory drugs can precipitate hypor-
eninemic hypoaldosteronism, and concomitant hyperkalemia.

In addition, the use of potassium-sparing diuretics in elderly patients to
prevent hypokalemia also can hasten the development of hyperkalemia in
those on CEI therapy. Indeed, since elderly patients often are on multiple
therapies, which may include potassium-sparing diuretics, nonsteroidal anti-
inflammatory drugs and beta-blocking agents, they are under high risk of an
increase in serum potassium, even without the addition of CEIs. Therefore,
when one uses CEIs in older patients who are on any or all of these agents
or who may tend toward potassium retention by virtue of age-induced, low-
plasma-renin activity and low aldosterone levels, he should monitor serum
potassium levels frequently. In addition, it has been reported that diabetes
mellitus and chronic interstitial nephritis are associated with hyporeninemic
hypoaldosteronism and may further complicate the use of the medications
cited [22]. The use of multiple medications in the elderly, the possibility of
drug-drug interactions, and drug-disease interactions make elderly patients
particularly susceptible to untoward effects from pharmacologic therapies.

In summary, the prevention of drug-induced, acute renal failure in the
elderly requires a thorough knowledge of age-related physiologic changes,
drug effects and interactions, and careful evaluation of risk: benefit ratios of
all medications and/or procedures being considered.
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CHAPTER 20
Contrast-induced renal failure in the elderly

PAUL M. ZABETAKIS

In view of the preponderance of elderly patients requiring invasive, diagnostic
and therapeutic radiographic studies, it has become increasingly apparent
that contrast-induced nephropathy is an important cause of morbidity in this
population. While it is unlikely that all cases of acute renal failure due to
contrast can be avoided, recognition of risk factors and the use of appropriate
prophylactic regimes may help to minimize the incidence of contrast-induced
nephropathy. A prospective study by Hou et al. in 1983 [1] found that the
third leading cause of hospital-acquired renal failure was radiocontrast agents
and accounted for 12% of all episodes of acute renal failure. A review by
Barrett and Parfry [2] grouped all previous studies with reference to potential
risk factors. Despite obvious differences in study design and in the definition
of acute renal failure, an aggregate incidence can be defined. Among patients
with previously normal renal function, the overall aggregate incidence of
contrast-associated nephropathy appears to be approximately 7% with a
range of 0-29%. In contrast, patients with pre-existing impairment of renal
function experienced an incidence of contrast-associated nephropathy of ap-
proximately 22% with a range of 0-60%. Finally, diabetic patients with
existing renal insufficiency were at a particularly high risk of developing this
entity with an aggregate experience of 60% and a range of 8.8-92%. Thus,
while radiocontrast agents are relatively safe in patients with normal renal
function, patients with underlying renal dysfunction may be at a measurably
higher risk for developing contrast-associated nephropathy.

An elderly patient, who may have a mild-to-moderate reduction in renal
function, must be considered as having a high-risk for developing acute renal
failure following contrast agents. At least three studies appear to support
the concern that age alone is a risk factor for the development of contrast-
associated nephropathy. In a study by Gomes et al. [3] of 364 patients
undergoing major arteriography, 26 or 7% had acute renal dysfunction,
defined as a 50% rise in creatinine. Five of these patients required dialysis.
When evaluated using logistic regression analysis, age was an independent
risk factor even in the presence of apparently normal renal function. The
mean age of patients developing acute renal failure was 71.5 years compared
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Table 1. General guidelines for prevention of contrast-associated nephropathy in the elderly

. Use non-contrast studies when possible

. Perform contrast studies for specific indications
. Use lowest possible dose of contrast

Monitor serum creatinine daily for 2-3 days

. Avoid repeat studies

. Maintain adequate hydration

NN AW

to 61 years in those that did not. Similarly, Cochran et al. [4] demonstrated
in 266 patients undergoing renal arteriography that age was an independent
risk factor for acute renal failure following a contrast study. Forty-five of
266 patients (17%) had a least a 20% increase in serum creatinine; 6 patients
developed oliguric or anuric renal failure. One of these patients required
permanent dialysis. Once again, age was an independent risk factor: patients
over the age of 55 were 1.9 times more likely to develop contrast-associated
nephropathy. More recently, in 183 patients 70 years of age or older who
were undergoing cardiac catheterization, Rich and Crecelius [5] prospectively
evaluated the incidence and risk factors associated with the development of
acute renal failure. The clinical course revealed that, of the 183 patients, 21
(12%) had a rise in creatinine greater than 44 micromoles/liter (0.5 mg%).
Five patients had persistent renal dysfunction, but none required dialysis.
Two deaths were related to cardiac disorders. Independent predictors of
nephrotoxicity included a contrast volume greater than 200 milliliters, serum
albumin of less than 35 grams/liter, the presence of diabetes mellitus, a
serum sodium of less than 135 millimoles/liter, a serum creatinine greater
than 133 micromoles/liter or a New York Heart Association Class 3 or 4.
Thus, an interaction between age and pre-existing renal dysfunction seems
to place the older patient at a higher risk for renal failure following contrast
administration. While short-term or even chronic dialysis is not required for
all cases of contrast-associated nephropathy, one should anticipate the need
for dialysis in the elderly patient especially in the setting of pre-existing renal
dysfunction.

General guidelines may reduce the incidence of contrast-associated
nephropathy in the elderly population (Table I). These include: use of non-
contrasts studies whenever possible, performing contrast studies for specific
indications only, using the lowest possible dose of contrast material, monitor-
ing serum creatinine daily for 2-3 days after the study, avoiding repeat
studies, and maintaining adequate hydration. In a prospective study, Eisen-
berg [6] prevented acute renal failure by adequate hydration with 550 millili-
ters of normal saline per hour during angiography. While dehydration should
be avoided during contrast studies, it is important also to correct volume-
overload states particularly in view of the extrarenal effects of these agents
(Table II). Congestive heart failure may be caused by contrast-induced ex-
pansion of the plasma volume, a decrease in systemic vascular resistance,
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Table II. Extrarenal effects of contrast agents

Cardiovascular
- Expand plasma volume
— Decrease SVR and BP
— Negative ionotropy
- Increase LVEDP

Pulmonary
- Noncardiac pulmonary edema
- Depressed FEV and FVC

Hematologic
- Decreased red-cell deformability
- Increased red-cell clumping
- Increased blood viscosity

Table III. Renal effects of contrast agents: tubular

1. Altered sodium transport: naturesis associated reduction in renal blood flow
2. Enzymuria: LDH, SGOT, CPK excretion increased

3. Vacuolization of proximal tubular cells

4. Precipitation of Tamm - Horsfall mucoproteins

5. Increased excretion of uric acid and oxalate

Table IV. Renal effects of contrast agents: ischemia

1. Reduction in RBF and GFR by 30% to 50%
2. Transient initial vasodilation
3. Prolonged vasoconstriction due to:
- Na* depletion
- PRA/A II mediated
- Adenosine/Ca™* mediated
4. Shunting of blood from cortex to medulla
5. Leftward shift in O,—Hb dissociation curve

negative inotropy and an increase in left ventricular end-diastolic pressure.
In addition, an alteration of respiratory physiology can produce noncardiac
pulmonary edema and a depression of both the FEV and the FVC. Hematol-
ogic effects of contrast agents include a decrease in red-cell deformability,
an increase in red-cell clumping and a decrease in blood viscosity.

Despite our recognition of the risk inherent in the use of contrast agents,
specific strategies employed to prevent renal failure have thus far been met
with varying success. This is likely because of the diverse mechanisms by
which contrast agents cause renal dysfunction. The renal effect of contrast
agents may be classified as tubular (Table III) and vascular leading to is-
chemia (Table IV). A prominent tubular effect of contrast agents is altered
sodium transport; the resulting natriuresis is associated with a reduction
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Table V. Specific maneuvers in the prevention of contrast-associated nephropathy in the elderly

. Hydration (avoid overhydration)

. Discontinuation of nonsteroidal agents
Rule out multiple myeloma

. Mannitol and Lasix

. Calcium-channel blockers

. Nonionic, low-osmolality contrast agents
. Atrial natriuretic factor (ANF)

in renal blood flow and glomerular filtration rate. Other effects following
administration of contrast agents are enzymuria leading to an increased
excretion of LDH, SGOT and CPK, vacuolization of proximal tubular cells,
precipitation of Tamm-Horsfall mucoproteins, and an increased excretion
of uric acid and oxalate. In addition to these tubular effects, contrast agents
can cause renal ischemia with a 30-50% reduction of renal blood flow and
glomerular filtration rate. While there is a transient initial vasodilitation,
animal models have demonstrated a subsequent prolonged vasoconstriction.
The observed renal-vascular response to contrast agents has been attributed
to sodium depletion with activation of the renin-angiotensin system [7], intra-
renal adenosine generation with stimulation of calcium-dependent vaso-
constriction [8] and an alteration in prostaglandins [9]. There is also evidence
of shunting of blood from the cortex to the medulla and a leftward shift in
the oxyhemoglobin curve. There may be profound tissue hypoxia in the
medullary area. Brezis et al. [10] have shown that oxygen tension falls precipi-
tously as one moves from the cortex to the medulla, even under normal
tissue oxygenation. Any significant reduction in renal blood flow, as is seen
following contrast administration, can led to profound ischemia of the med-
ulla with subsequent tubular necrosis. An experimental model demonstrating
necrosis of the thick ascending limb of the loop of Henle has been developed
by Heyman and his associates [11].

In view of the apparent importance of maintaining renal blood flow and
avoiding vasoconstriction, specific maneuvers have been proposed to mini-
mize renal ischemic damage during contrast administration. These maneuvers
(Table V) include hydration, discontinuation of non-steroidal agents, the use
of mannitol and furosemide, calcium-channel-blocker administration, the
preferential use of non-ionic low-osmolality contrast agents and the as-yet-
experimental use of atrial-natriuretic factor. In several studies, mannitol and
furosemide effectively reduced the incidence of contrast-associated nephro-
pathy. Porush et al. [12] noted that, despite hydration with 1500 ml of one-
half normal saline over a 12-16 hour period, 70% of the patients with
baseline renal insufficiency (average creatinine of 3.8 mg%) sustained acute
renal failure with at least a 25% rise in creatinine. Mannitol, given as 250 ml
of 20% mannitol 60 minutes after the contrast infusion, reduced the incidence
of renal failure with only 22% of the patients experiencing a rise in creatinine.
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Table VI. Radiocontrast agents

Generic name Brand name Osmolality (mOsm/1)
Ionic
sodium diatrizoate Hypaque Sodium 1470
meglumine iothalamate Conray 60 1400
meglumine-sodium diatrizoate Renografin 76 1690
Ionic dimer
ioxaglate Hexabrix 320 600
Nonionic monomers
iohexol Omnipaque 350 862
iopamidol Isovue 370 796

Nonionic dimer
iotrol 390

Finally, hydration coupled with administration of furosemide (dose of
4000 mg divided by the creatinine clearance in ml/min) at a rate of 100 mg
over 5 minutes was accompanied by an 18% incidence of acute renal failure.
In an animal model of contrast-associated nephropathy, Heyman et al. [13]
evaluated the use of furosemide and saline. They found that 28% of control
rats treated with normal saline alone had necrosis of the medullary, thick
ascending limb of the loop of Henle but this was seen in only 1-2% of
rats treated with furosemide alone or in conjunction with normal saline.
Administration of calcium-channel blockers also reduces contrast-associated
nephropathy. Deray et al. [8] studied the effects of such blockers on the
vasoconstriction induced by contrast agents in dogs. While contrast adminis-
tration produced a 50% fall in renal blood flow, pretreatment with diltiazem
or verapamil markedly blunted this reduction.

The standard contrast agents are 2,4,6-tri-iodinated benzoic acid deriva-
tives with an ionic content ranging from 26-37% and an osmolality of 664—
1780 milliosmoles (Table VI). Agents in this class include sodium diatrizoate
(Hypaque Sodium), meglumine isothalimate (Conray-60), and meglumine-
sodium diatrizoate (Renographin-76). To reduce the osmolality of these
agents while maintaining the iodine content, newer agents have been de-
veloped [2]. Ioxaglate is an ionic dimer with 6 iodine atoms attached to each
osmotically active particle and an osmolality of 600 compared to 1690 of
meglumine-sodium diatrizoae. Iohexol, iopamadol and metrizamide are new
nonionic monomers, which have eliminated the sodium and meglumine ions,
but maintain 3 iodine atoms per molecules. Despite some controversy over
their relativley nephrotoxicity, recent studies suggest that, in high-risk pa-
tients, the non-ionic low-osmolality agents are associated with less acute
renal failure. Using a linear regression analysis, Campbell et al. [14] noted
that a reduction of contrast-associated, renal injury was apparent with the
low-osmolality agents, Hexabrix 320 (ioxaglate) and Isovue 370 (iopamidol),
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compared to Omnapaque 350 (iohexol) especially in the presence of baseline
renal insufficiency. At the 1991 meetings of the American Society of Nephrol-
ogy, Rudnick and his associates [15] described a study of the incidence of
nephrotoxicity following cardiac angiography through a randomized, double-
blind, multicenter trial of ionic and nonionic contrast medium. Their results
from 1194 patients demonstrated that non-ionic contrast agents have a lower
risk of causing renal dysfunction when compared to an ionic contrast agent.
The overall relative risk of nephrotoxicity from meglumine diatrizoate was
approximately double that of iohexol and the major difference was seen in
high-risk patients. Also reported at this meeting was data suggesting that
activation of endothelin by ionic contrast agents was a mediator of acute renal
failure [16]. Finally, atrial natriuretic factor may be important in preventing
contrast-associated nephropathy. Recently Margulies ez al. [17] studied atrial
natriuretic factor during the induction of radiocontrast nephropathy in a dog
model. The protective action of atrial natriuretic factor appears to be related
to an increase in glomerular filtration rate minimizing the contrast-induced
renal impairment.

Based on the available data, one can recommend the following measures
to minimize the risk of contrast-associated nephropathy in an elderly patient:
(1) avoid contrast agents, if possible, in the elderly patient with multiple-
risk factors, particularly if the patient has renal insufficiency; (2) multiple
studies should be avoided; (3) one should evaluate for the presence of
multiple myeloma before any contrast study because in this setting renal
insufficiency is a particular risk and generally leads to irreversible renal
failure; (4) in view of experimental data that nonsteroidal anti-inflammatory
agents reduce renal flow and the fact that they are used in animal models to
induce contrast-associated nephropathy, these agents should be strictly
avoided in the elderly patient; and (5) one should maintain adequate hy-
dration in this patient population. Newer data suggest the use of non-ionic
low-osmolality contrast agents in the elderly patient with renal insufficiency.
It is also advisable to use the lowest possible dose of contrast agents. In a
study of 115 patients over a 10-year period, Cigarroa [18] showed that a
contrast-material dosing formula reduced the incidence of renal insufficiency.
The formula used to calculate the dose is as follows: 5 ml of contrast per kg
of body weight divided by the serum creatinine (in mg/dl). The maximum
dose never exceeded 300 ml of contrast. The use of mannitol-furosemide
combination recommended by Berkseth and Kjellstrand [19] or a modific-
ation with furosemide alone appear to offer some benefit in reducing contrast-
induced nephropathy in the high-risk patient. If used, the doses are as
follows: 500 ml of a 20% mannitol with the addition of 100 mg of furosemide
per mg% of serum creatinine or 500 ml of normal saline with 100 mg of
furosemide per mg% of serum creatinine. Both infusions are given at the
rate of approximately 20 ml per hour to maintain an output of 200-300 ml
per hour. It is crucial that the urine output be matched ml for ml with
solutions such as 5% dextrose in 0.45% saline with potassium. The rate of
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urine output can be excessive and patients easily can get dehydrated turning
what should be a protective maneuver into one that could create more renal
insufficiency. Finally, newer data suggest that calcium-channel blockers may
minimize the vasoconstriction induced by contrast agents. The appropriate
route of administration is under investigation with direct intrarenal infusion
of calcium channel blockers being compared to oral agents. This exciting
new development may prove valuable in reducing the incidence of contrast-
induced nephropathy.

Clearly the elderly patient can benefit greatly from the many advances
made in invasive diagnostic and therapeutic radiology. Unfortunately, these
same patients are at a high risk for experiencing untoward events during these
procedures. Furthermore, renal failure following contrast administration may
be associated with a greater morbidity in the elderly patient making pre-
vention particularly important. With the current availability of specific pre-
ventive measures, we hope that contrast-induced renal failure can be avoided
in the elderly patient.
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PART EIGHT

The elderly patient on dialysis



CHAPTER 21

Selection of dialysis mode in the elderly
with end-stage renal disease

EDWIN A. RUTSKY and CHARLOTTE JENKINS ROSS

The proportion of elderly patients in the population receiving chronic dialysis
for end-stage renal disease (ESRD) has increased rapidly, in the United
States and world-wide. Only 7% of chronic dialysis patients in the United
States in 1967 were 55 years of age or older [1]. However, by 1986, this
number had increased to 48%, and data from the USRDS indicate that,
between 1987 and 1989, the median age of new ESRD patients was 60 years
(Table I) [2]. Table I shows the prevalence and distribution (by treatment
modality and age) of dialysis patients in the U.S at the end of 1989 [2]. Fifty-
eight percent of the 122,257 patients were on center hemodialysis, 1.6%
were on home hemodialysis, and 9% were receiving continuous peritoneal
dialysis (CPD). Nearly 49% of the total dialysis population was = 60 years
of age, and the proportion of such elderly patients on CPD was 40%, an
increase from 33% in 1988. Thus, while the proportion of elderly patients
on CPD is rising, peritoneal dialysis still appears to be underused in this
population.

This distribution of patients on chronic dialysis probably is related to a
variety of factors. The ‘aging’ of the dialysis population has been ac-
companied by an increase in the number of diabetic and non-diabetic pa-
tients, who have significant comorbid diseases at the initiation of replacement
therapy for ESRD [3]. Accordingly, patients entering chronic dialysis today
are not only older but also sicker than their predecessors. This should not
be surprising since, in general, the health problems of elderly patients differ
importantly from those of their younger counterparts, and the incidence of
chronic illness increases with advancing age. Thus, 78% of individuals older
than 65 years have a chronic illness, and 30% have 3 or more chronic diseases
(4].

Given the high prevalence of diabetes mellitus and symptomatic cardiovas-
cular disease in elderly dialysis patients, peritoneal dialysis appears to be the
ideal therapy in many such individuals, because of its relatively minimal
hemodynamic stress, the efficacy of intraperitoneal insulin therapy, and obvi-
ation of the need for vascular access. In spite of these important advantages,
peritoneal dialysis is not used universally in the elderly, and in them treat-

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 193-201.
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Table I. Living ESRD patients on 12/31/89 by treatment of modality by patient age*

Hemodialysis Peritoneal dialysis Dialysis, All patients
modality chronic
Center Home CPD IPD unknown dialysis
Age <60 44,217 1,730 8,789 1,303 5,617 62,607
Age > 60 50,448 951 5,956 684 2,562 59,650
(% of Total) (53%) (36%) (40%)  (34%) 31%) (49%)
Total 94,665 2,681 14,745 1,987 8,179 122,257

*From USRDS 1991 Annual Data Report, page CS [2].

ment failure may be more frequent than in younger patients. Interestingly,
the proportion of elderly patients on home hemodialysis (36%) or IPD (34%)
(Table I) is comparable to that on CPD, suggesting perhaps that elderly
patients are more commonly placed on center hemodialysis for reasons re-
lated to home dialysis in general, rather than to the specific modality. Elderly
patients are more likely to live alone and more likely to have intellectual [5—
7] and functional impairment [6]. Such conditions not only may hinder the
performance of home dialysis, but may also increase mortality [8]. There is
a paucity of data regarding the selection of an appropriate dialysis modality,
but it is likely that, along with physician and nursing bias [9], some of the
aforementioned problems in the ESRD population influence both the choice
of dialysis modality and the outcome of dialysis. The following discussion,
based in part on our own experience at the University of Alabama at
Birmingham (UAB), summarizes the medical and psychosocial factors that
influence our selection of peritoneal dialysis for the elderly patient.

The evaluation and selection of a dialysis modality in elderly ESRD patients

Earlier, we discussed the process by which an interdisciplinary assessment
team evaluates patients for dialysis modality selection at UAB [10]; we
emphasize issues that are important to the elderly dialysis population, and
encourage patients and families to be active participants. Our goal, of course,
is rational interventions that are beneficial, cost-effective and that protect
the independence of the elderly [5].

The assessment, which includes individual meetings between the patient
(and family) and home training nurse, social worker and dietitian, provides
specific information about available types of chronic dialysis, evaluates the
ability of patient and potential home partner to grasp new concepts and to
perform simple tasks (a ‘hands on’ approach is vital to establish whether the
elderly patient who desires to stay at home can perform independently or
may need some assistance), and exposes them to other patients and families,
either in training or after they are established on home dialysis. We discuss
levels of independence, the potential benefits of home versus center dialysis,
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Table 11. Contraindications to peritoneal dialysis

Abnormal peritoneal transfer surface area
Morbid obesity

Diverticulitis

Hernias

Recurrent pancreatitis

Abdominal aortic aneurysm

Chronic ostomies

Inability to perform self-dialysis

insurance coverage, and (for those in the 60 to 65 age range) early retirement
versus continuing to work.

The choice of home versus center dialysis is influenced by patient and
physician bias, the availability and convenience of center dialysis to the
patient, and multiple social and financial issues. Elderly patients tend to
outlive their spouses and/or close relatives other than children, and fre-
quently the existing social support system is lacking in such situations. On
the one hand, elderly patients often are concerned that they are burdens to
their families; their preference to maintain independent households and to
use peer groups for support, and their ability to rely on past experiences,
may allow them to meet the demands of complex medical treatment better
than any other group [7]. On the other hand, elderly patients on any form
of chronic dialysis, let alone home dialysis, need an adequate social support
system, of which the family unit is probably the crucial component. This is
often the pivotal factor, which determines the long-term stay of the patient
in the community versus institutionalization. Certainly, without strong family
support, impairment of mental function and physical disability will increase
the likelihood of institutionalization, and diminish the potential for successful
home dialysis.

While with good reason, nephrologists may fear the aftermath of vascular-
access placement in patients with severe peripheral vascular disease, the
hemodynamic consequences of hemodialysis in patients with advanced car-
diac disease, or the placement of a peritoneal access in the morbidly obese
patient, there are relatively few absolute contraindications to either hemodia-
lysis or peritoneal dialysis. Table II lists some of the usual reasons to avoid
peritoneal dialysis in the adult of any age; for the most part, these are relative
contraindications. For example, pre-existing hernias may be repaired, and
recurrence minimized by performing continuous cycler peritoneal dialysis
(CCPD) rather than continuous ambulatory peritoneal dialysis (CAPD).
Similarly, the availability of a suitable partner allows CCPD in the patient
incapable of self dialysis. On the other hand, peritoneal transfer surface area
must be sufficient to support adequate dialysis. When this area is at the lower
limits of normal, CCPD (with an increased number of nocturnal exchanges)
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Table III. Medical and psychosocial advantages of peritoneal dialysis

Less hemodynamic stress than hemodialysis
No need for vascular access
Efficacy of intraperitoneal insulin therapy
Psychosocial
—increased mobility
—increased sense of control over illness
- better psychological adaptation
—can be done without a partner

may be somewhat better than CAPD, but neither technique will be adequate
when peritoneal transfer surface area is clearly below normal.

Some nephrologists regard chronic peritoneal dialysis as the treatment of
choice, while others use it only when hemodialysis is judged to be contraind-
icated or impossible. However, data from the EDTA Registry [11] and the
last report of the National CAPD Registry [12] suggest that patients who
undergo CPD as initial therapy of ESRD, whether because it was their first
choice or because it was the only available option, remain on CPD longer
than patients initially managed by chronic hemodialysis. The reasons for the
differing technique survivals are unclear, but may relate in part to the greater
residual renal function in the former patients at the onset of CPD. To be
sure, the dropout rate from chronic peritoneal dialysis exceeds that from
chronic hemodialysis, and the debate continues as to which modality provides
the most adequate treatment. Nonetheless, the number of patients managed
successfully for five years or more by some form of continuous peritoneal
dialysis (CPD) is growing, and, apart from the issue of adequacy, CPD may
offer some advantages over chronic hemodialysis (Table III).

In certain circumstances, such as advanced cardiomyopathy, low cardiac
output, hypotension, and in patients with hemodynamic instability due to
ischemic heart disease or autonomic dysfunction, the lesser hemodynamic
stress of peritoneal dialysis may make it preferable to hemodialysis. In parti-
cular, there appears to be considerable enthusiasm for CPD in insulin-depen-
dent diabetics, in whom intraperitoneal insulin administration (during per-
itoneal dialysis) gives more dependable blood sugar control, as compared to
subcutaneous insulin therapy in similar patients undergoing chronic hemo-
dialysis. In Europe, from the beginning of the EDTA Registry until 1985,
nearly twice as many patients with ESRD due to diabetes were treated with
CAPD than with hemodialysis [11].

Continuous peritoneal dialysis is used increasingly in the elderly, both in
the U.S. (Table I) [2] and in Europe [11]. Apart from mortality, which is
higher in the elderly for all dialysis modalities, older patients appear to fare
just as well, or better, on CPD than do their younger counterparts. For
example, the incidence of peritonitis, exit-site or tunnel infections or catheter
failure is similar in patients = 60, as compared with patients 15 to 59 years
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of age [12]. Likewise, the incidence of most complications leading to aban-
donment of CAPD is no different in patients > 65, than in those < 65 years
of age [11]. Finally, patients > 65 years of age who undergo CPD as initial
therapy of ESRD, whether as first choice or as only available option, have
longer technique survival than do patients > 65 years of age under similar
circumstances [11].

Major health problems of the elderly on continuous peritoneal
dialysis at UAB

The outcome of peritoneal dialysis in the elderly may be affected by major
health problems such as inability to perform self dialysis due to inadequate
social support, physical debilitation, dementia, or major depression; nu-
tritional disorders; and infection. Sixty-four patients began CPD in our unit
between 1985 and 1989 (Table IV). Fifty-four patients were under age 60
and 10 patients were age 60 or older. Although the mean duration of CPD
was greater in patients over age 60, the difference was largely due to the
withdrawal of 13 patients in the younger group after renal transplantation.
Survival and the frequency of withdrawal to hemodialysis were similar in the
two groups. There were no significant differences between the two groups
with respect to cause of ESRD; importantly, the incidence of diabetes mel-
litus was similar in the two groups (50% in patients = 60 and 35% in patients
< 60). Both coronary-artery disease (60% versus 13%, p <0.05) and atrial
fibrillation (30% versus 2%, p < 0.01) were more frequent in patients = age
60. The groups were similar in most other respects, including the frequency of
congestive heart failure, atherosclerotic peripheral vascular disease, cerebro-
vascular accidents, gastrointestinal bleeding and infections other than per-
itonitis. Only one individual (age < 60 years) had lower GI bleeding associ-
ated with colonic diverticuli, and in no instance was it necessary to stop CPD
as the result of diverticular disease. Finally, the frequency of hernias, catheter
leaks, and/or wound infections was similar in patients above and below the
age of 60.

Depression and dementia

The prevalence of major depression in the elderly is 4 to 5% [5], but we saw
significant depression in only one patient in each of our patient groups, and
it led to termination of CPD in one patient under age 60. It is our impression
that the frequency of depression in elderly dialysis patients in our facility is
relatively low. Although there are no objective data, one reason may be that
our evaluation process facilitates more rapid resolution of the grief stage by
providing adequate communication and support. Dementia, the leading cause
of institutionalization in the elderly, is found in more than one-half of nursing
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home residents [6]. Dementia and/or organic brain syndrome, which oc-
curred more often in our patients =60 (40%) than in those <60
(2%)(p <0.001), was the primary reason for stopping CPD in one of our
elderly patients.

Nutritional abnormalities

Malnutrition is common in the elderly for such reasons as low income, lack
of understanding of basic nutritional requirements, social isolation, physical
disability, impaired intellectual function, as well as malabsorption and drug
effects (including alcohol) [13]. Furthermore, we have few data that delineate
the specific nutritional requirements of the elderly [13, 14]. Continuous per-
itoneal dialysis is associated with increased maintenance requirements for
protein, due to loss of protein and amino acids in drainage fluid. Protein
losses may reach 20 to 140 g/week, and 8.4 to 23.8 g of free amino acids/week
[15]; the magnitude of these losses increase in the presence of peritonitis.
Continuous peritoneal dialysis, particularly CAPD, imposes other nutritional
stresses, including diminished oral intake as the result of peritoneal glucose
absorption and abdominal fullness. Thus, total energy intake may be deficient
in spite of peritoneal glucose absorption. Inadequate dialysis, often resulting
from failure to increase the intensity of dialysis as residual renal function
declines after the first few months, may contribute further to anorexia and
protein-calorie malnutrition. For all of these reasons, protein-calorie malnu-
trition probably is more frequent in patients on CPD, compared with hemo-
dialysis, and may be even more likely to occur in the elderly.

Malnutrition was more common in elderly patients (20%) than in the
younger (2%) (p < 0.05), and, with depression, was the reason for stopping
CPD in one elderly patient. Inadequate dialysis led to a change in dialysis
modality in only one of our patients age < 60. On the other hand, when
dietary energy intake is not impaired, the increased carbohydrate load due
to peritoneal glucose absorption may contribute to hyperlipidemia although
we do not know the extent to which hyperlipidemia enhances clinically
significant atherogenesis in this age group.

Infection

The elderly are at increased risk from infection for such reasons as immuno-
deficiency, which results both from aging of the immune system and malnu-
trition. However, the role of immunodeficiency in the development of per-
itonitis in these patients is unclear. Peritonitis and/or catheter infections are
the most common complications of peritoneal dialysis, but also are the
leading causes of morbidity and technique failure. Limited data from the
National CAPD Registry [12] suggest that age = 60 years increases the risk
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of peritonitis in patients on CAPD. In our patients, the incidence of periton-
itis (Table IV) was higher in patients = 60 years old than in younger patients
(p <0.05) and it was the chief reason for stopping CPD more often in elderly
patients (30%) than in those < 60 years old (6%) (p < 0.02). On the other
hand, the incidence of tunnel and exit-site infections was similar in the two
groups.

The presence of dementia, depression or severe motor impairment elimin-
ates self-dialysis as a therapeutic option, but it does not necessarily preclude
successful CPD. Twenty-seven per cent (16/59) of patients undergoing CPD
in our home program are = 60 years of age. Diabetics comprise 25% (4/16)
of patients age = 60, while 30% (13 of 43) of patients age < 60 are diabetic.
Interestingly, of those patients in whom a home partner is required, 4 of the
5 patients age < 60 are diabetic, while only 2 of the 5 patients age = 60 are
diabetic. Thus, CPD may be successful in patients who are incapable of self
dialysis, as long as the patient lives at home and if a partner is available to
assume the responsibility of performing CPD. Admittedly such patients usu-
ally do not realize several advantages of home CPD, i.e., increased mobility
and increased self-control of illness. Clearly, CPD is not an attractive choice
for institutionalized patients for many reasons, including the increased risk
of infection and inadequate nutrition, and reduced quality of life.

Summary

The evaluation of elderly patients for chronic dialysis, and the selection of
a dialysis modality, should emphasize those medical and psychosocial prob-
lems, which affect both the individual patient, and the elderly patient, in
general. Aged individuals and their families should have an opportunity to
discuss such issues as quality of life, known medical risks, expected longevity,
and the demands of medical management. This encourages patients to ver-
balize fears and concerns related to their illness, thereby fostering a sense
of security, and trust of the health-care system. Ideally, the process is sensi-
tive enough to identify the specific needs of both patient and family, and to
recognize the importance of imparting a sense of control to aging individuals
who face a chronic illness. Technologically, continuous peritoneal dialysis is
a simpler form of chronic dialysis than is home hemodialysis, and requires a
relatively short training period. Patients managed with home dialysis, es-
pecially CAPD, show better psychological adaptation than those receiving
other forms of dialysis [16]. This may result, in part, from the increased
sense of control which home care fosters in the elderly. Furthermore, CPD
has certain medical advantages in selected patients. On the other hand, such
benefits must be weighed against the potential medical liabilities of CPD in
the elderly. In general, we encourage home CPD for elderly patients with
no absolute medical contraindication, and in whom we can demonstrate
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adequate cognitive skills, emotional control, independent living skills and/or
adequate family support.
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CHAPTER 22
Hemodialysis of the elderly

NUHAD M. ISMAIL and RAYMOND M. HAKIM

Since the inception of Medicare funding in 1972 (Public Law 92.603) and the
Medicare mandate against age discrimination for ESRD treatment, there has
been a marked increase in the number of elderly patients receiving ESRD
treatment in the U.S. [1]. Based on the U.S. Renal Data System [2], the
proportion of patients on renal replacement therapy (RRT) who are 65 years
old and over has increased from 16.5% to 26.2% during the decade between
1977 and 1987. If this trend continues, the fraction of ESRD patients older
than 65 will approach 40% by the year 2000, yet this age group will constitute
only about 13% of the U.S. population. Because elderly people with ESRD
are unlikely to have a suitable living-related donor and because cadaveric
organs are given preferentially to younger recipients, hemodialysis will re-
main the principal form of RRT for the elderly, particularly since chronic
peritoneal dialysis is underused in this age group [3].

Overall mortality in the ESRD population is higher relative to the general
population. Mortality is even higher in the elderly dialysis patient and in-
creases with advancing age [30, 31]. However, it is most disturbing that the
S-year survival of middle-aged and elderly dialysis patients is worse in the
United States than in Europe or Japan [32].

According to the USRDS [33] 1991 Annual Data Report, the projected
expected remaining life time for prevalent dialyzed ESRD patients, based
on death rates observed between 1986 and 1989, is approximately one-fourth
to one-sixth that of the general population through age 50, while the ratio
is often close to one-third for older patients; that is, even though the mortality
rate for dialysis patients increases with advancing age, the risk of death for
dialysis patients relative to the general population decreases with age [31-
33]. Preliminary analysis indicates improved survival on dialysis for all age
groups in the 1988 incident cohort [33], but we will need follow-up reports
to determine whether this trend will be sustained. This paper will review the
potential causes of increased or excessive morbidity and mortality in the
dialysis patient, with particular attention to the adequacy of dialysis.

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 203-211.
© 1993 Kluwer Academic Publishers.
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Table 1. Management of dialysis-induced hypotension

e Frequent assessment of dry weight

o Avoid excessive interdialytic weight gain (restrict to 3% of body weight)

e Avoid antihypertensive drugs before dialysis

e Reduce, as much as possible, intake of narcotic analgesics and sedative hypnotics

e No food on, and just before dialysis

o If low, increase hematocrit to 30%
Erythropoietin

o Evaluate for silent pericardial effusion

e Use dialysate sodium of 140 mEq/L

e Switch to bicarbonate dialysis (especially with high Qg)

e Administer prophylactic oxygen, especially in elderly patients with cardiac or respiratory
disease and a predialysis PaO, < 80 mm Hg

e Switch to biocompatible membrane

o In selected patients, use a cool dialysate (34°C)

e Use dialysis machines with UF controls

o Use sequential UF - dialysis; occasionally necessary when high UF rates are required

o Ameliorate risk factors for LVH (Anemia, hyperparathyroidism, aluminum overload)

e Improve nutritional status and hypoalbuminemia

Adequacy of dialysis

Several recent studies have documented the relationship between the dose
of dialysis and mortality [4-7]. Although generally data on dialysis dose is
not available for different age groups, several factors favor the delivery of
lower doses of dialysis to the elderly. Perhaps most important is that generally
elderly patients have decreased protein intake and therefore have low urea
concentrations (see below). Despite several studies, which pointed out the
poor correlation between predialysis urea level and adequacy of dialysis [8],
many nephrologists continue to prescribe lower doses of dialysis to patients
with low, predialysis-urea levels [9, 13]. Thus, older patients with low urea
and low creatinine concentrations from decreased muscle mass are likely
to receive less dialysis. Also elderly patients experience more intradialysis
complications than do younger patients. Hypotension and other adverse
symptoms such as nausea and vomiting are more common in the elderly than
in younger patients, and often the treatment of hypotension is associated with
temporary cessation or early termination of hemodialysis. These hypotensive
episodes are more likely in the elderly because of their limited cardiac
reserve, their pre-existing coronary heart disease and their need for multiple
medications — nitrates or antihypertensive medications, which predispose
them to hypotension.

Even when one does kinetic modeling to assess adequacy of dialysis, the
dose prescribed often is equivalent to a K#/V of less than 1.0. Such a target
is based on Gotch and Sargent’s retrospective analysis of dialysis adequacy,
based on the results of the National Cooperative Dialysis Study (NCDS)
[10]. However, the NCDS study population did not include diabetic patients
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Table I1. Causes of malnutrition in elderly dialysis patients

1. Anorexia, nausea, vomiting (underdialysis with low Kt/V)
2. Endocrine abnormalities
(A) Decreased biologic activity of anabolic hormones
Somatomedin C (IGF-1)
(B) Increased concentration of catabolic hormones
Glucagon, PTH
. Hemodialysis-related catabolism
. Gastroparesis
. Postdialysis weakness and decreased motivation to eat
. Dyspepsia due to phosphate binders or aluminum supplements
. Intercurrent illnesses
. Metabolic acidosis
. Deranged metabolism of amino acids
. Others: low income, depression, ill-fitting dentures, malabsorption, social isolation
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and the mean age was considerably younger than that of the current U.S.
dialysis population. Thus, the standard of adequacy set by the NCDS may
not be applicable to the current U.S. population, particularly the elderly.

Finally, increasing evidence suggests large differences between the pre-
scribed dose of dialysis and the delivered dose [11], which arise from the
inappropriate application of an in-vitro dialyzer clearance (K) to an in-vivo
situation, errors in the estimation of the volume of distribution (V) and
attempts to greatly shorten dialysis time (f). Because of these errors, we
deliver only a fraction (approximately 0.65 to 0.75) of the dose of prescribed
dialysis. Although we have no data to suggest that the elderly experience a
greater decrease in the dose of delivered dialysis through these mechanisms,
such a reduction is likely to effect the elderly to a greater extent, because
the major manifestations of underdialysis are similar to the manifestations
of aging, namely an increased incidence of cardiovascular disease, infections
and malnutrition.

Nutritional considerations in elderly dialysis patients

In 1983 Acchiardo er al. [12] and in 1990 Lowrie and Lew reported the
negative effect of malnutrition on morbidity and mortality in hemodialysis
patients [13]. While it is estimated that approximately 10% of hemodialysis
patients have moderate to severe malnutrition, the incidence of malnutrition
is even higher in the elderly — up to 20% [14] - for a variety of reasons
including low income, lack of understanding of basic nutritional require-
ments, social isolation, malabsorption, ill-fitting dentures, depression, and
drug effects, including alcohol. Table II shows the effect of several other
factors producing negative nitrogen balance and muscle wasting.
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Table II1. Clinical and biochemical markers of malnutrition in elderly dialysis patients

o Non-fluid weight loss

e Decreased PCR (< 0.8-1 g/kg/day)

o Decreased IGF-1 (somatomedin-C)

e Decreased serum albumin (< 3.5 g/dl)
o Decreased transferrin saturation

o Low BUN (< 50-60 mg%)

Markers of malnutrition are summarized in Table III. Non-fluid weight
loss remains the best predictor of insidious malnutrition. The protein cata-
bolic rate (PCR) probably is the best gauge of daily protein intake. Serum
albumin and transferrin saturation are satisfactory markers of the visceral
protein compartments. As an independent risk factor, a low serum albumin
may be the most potent laboratory predictor of mortality [13]. In a patient
with no significant residual renal function (< 3 ml/minute) and a KT/V that
does not indicate excess dialysis, a low BUN also indicates low protein
intake. One should consider aggressive nutritional support in any dialysis
patient with weight loss associated with a serum albumin, <3-3.5dl, a
PCR, < 0.8 g/kg/day, or a BUN < 50-60 mg% (Table III). This may be
accomplished by more rigorous dietary therapy, improvement in the dose of
dialysis as estimated by K#/V [15] and concomitant treatment of depression,
nausea or vomiting; one can improve food intake on dialysis days by avoiding
postdialysis hypotension and fatigue.

Although the impact of reversal of malnutrition on reduction in morbidity
and mortality among hemodialysis patients has not been established, attempts
at improving the nutritional status have been undertaken. One strategy,
intradialytic parenteral nutrition (IDPN), uses a formulation that contains
500 ml of 50% dextrose, 500 ml of 8.5% amino acids, and 200 ml of 20%
lipids, infused over three to four hours during hemodialysis. The beneficial
effect of IDPN may not be apparent before three months. As Wilmore and
colleagues [16] have shown, the beneficial effects of hyperalimentation are
enhanced by the concomitant administration of recombinant human growth
hormone. Even though immunoreactive GH levels usually are elevated in
chronic renal failure, the levels of insulin-like growth factor-1 (IGF1), also
known as somatomedin-C (one of the mediators of GH action), are decreased
in malnourished hemodialysis patients. As a biochemical marker of malnu-
trition, IGF-1 may be reduced even before one can demonstrate any anthro-
pometric changes [17].

Hypotension in the elderly dialysis patient

The most frequent complication in elderly hemodialysis patients [18-20] is
intradialytic hypotension, which occurs in 20-30% of treatments. Its fre-
quency increases with age and, in elderly dialysis patients, is a particularly
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debilitating morbid event. In the elderly, this hypotension can be sudden
and profound and associated with loss of consciousness and often it happens
without any prodromal signs, such as sweating, tachycardia, or apprehension
[18,21,22]. It can occur with minimal extracellular fluid volume loss [18]
and may be more difficult to reverse than the hypotension seen in younger
hemodialysis patients. In the elderly, the sequelae of dialysis-associated hypo-
tension may be grave and include seizures, cerebral infarction, myocardial
ischemia, aspiration pneumonia, and vascular access closure.

Dialysis-associated hypotension is a complex phenomenon and its etiology
is multifactorial [22, 23]. Here we review only those factors pertinent to old
age.

The major cause of dialysis-induced hypotension is removal of fluid from
the intravascular space that is more rapid than plasma refilling rate, coupled
with an inability to increase peripheral vascular resistance. The factors that
can impair a normal response to volume removal such as autonomic dysfunc-
tion and a low cardiac reserve are more prominent in elderly dialysis patients
[24-26]. Autonomic dysfunction is more apparent in the elderly diabetic.
Postprandial hypotension also is more common in the elderly [27, 28] and in
patients with severe autonomic nervous system dysfunction; in such patients
postprandial hypotension may be due to an ability to increase cardiac output
under the obligatory increase in splanchnic blood flow and in the presence
of reduced, total-peripheral-vascular resistance.

The limited cardiac reserve in elderly patients is related to such changes
as LVH, dilated cardiomyopathy (predominantly a systolic dysfunction with
ejection fraction less than 55% ), hypertrophic cardiomyopathy with supersys-
tolic function (EF > 70%) and ischemic cardiomyopathy. The ‘safety margin’
by which blood pressure can decline during ultrafiltration dialysis is reduced
further because elderly patients have a lower average predialysis blood pres-
sure. Elderly patients also may have impaired cardiopulmonary/pressor re-
ceptor reflex function [29] especially in the presence of coexisting diabetes,
LVH, severe CHF, or with certain drugs such as clonidine, propranolol or
diltiazem.

Finally, osmotic equilibration between intracellular and extracellular fluid
compartments may occur more slowly in the elderly than the removal of
osmotically active solutes from the ECF during dialysis, leading to impaired
refilling of the intravascular space. Table I shows the interventions available
to reduce the frequency of this complication. Most important of these is
frequent assessment of dry weight, especially when the nutritional condition
is unstable, and the avoidance of excess interdialytic weight gains.

Survival and quality of life

The fundamental outcomes of any form of renal replacement are patient
survival and an acceptable quality of life. Literature from selected centers
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Table IV. Survival during maintenance hemodialysis in elderly patients in select centers

Age (yr) Survival (%)
Number of

Author Mean Range patients lyr 2yr 3yr Syr 6yr T7Tyr
Westlie [34] 75 70-87 157 8 47 22
Chester [35] 75 70-85 45 42
Husebye [36] 75+3.5 71-84 239 17
Schaeffer [37] >175 242 50
Park [38] > 60 22 75 52
Port [39] 60-95 1831 65 46 35 20
Tapson [40] 64.5*4 60-76 53
Wall [41] 69.5 65-74 28 77 68 46
Rotellar [42] 74 65-85 70 50 31 15
Loew [43] 60-70 45

70-80 25
Benevent [44] 72 65-79 31 82 55 45

(Table IV) and international registries shows that, despite complex comorbid
medical and psychosocial conditions, the elderly patient with ESRD [34, 52]
can expect acceptable levels of survival and quality of life on hemodialysis.

In a study of 157 patients with a mean age 75 years (range 70-87) who
started dialysis between 1966 and 1983, Westlie and colleagues [34], found
a one-, three-, and five-year survival of 78%, 47%, and 22% respectively.
At initiation of dialysis, 17.2% had diabetes, 35% ASHD, 10% CVA, 18.5%
COPD, and 22% had peripheral vascular disease. More than 90% of patients
lived at home, were active and had a high degree of social wellbeing and
enjoyment of life. These authors concluded that the elderly are ‘excellent
dialysis candidates’.

Chester et al. [35] reported a 2-year survival of 42% in a group of 45
patients (mean age 75), compared to 58% in control patients with average
age of 42 years. Nine of these elderly patients were over 80 and had a 2-
year survival of 41%. Elderly patients had a significantly lower mean predi-
alysis blood pressure (142/73 + 3/1 mm Hg) than the controls. These elderly
also seemed to adjust better to chronic disease than did young patients with
lower interdialytic weight gains and lower serum phosphate levels, probably
reflecting better patient compliance with diet and medications.

Of 239 patients over the age of 70 years followed at the Regional Kidney
Disease Program at Hennepin County Medical Center in Minneapolis, the
seven-year cumulative survival was 17% . In this program, the most common
cause of death was withdrawal from dialysis accounting for 40% [36].

Port et al. [39] found a one-year survival rate for the 60 to 95-year-olds
of 65% and 46% at two years. In a United Kingdom study in which patients
may have been selected more rigorously, the five-year survival rate for those
over 60 years of age was 53%, compared to 68% for those under 60 years
[40]. A French study found an 80% survival at six years in a small group of
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patients over 60 years of age on home dialysis [52]. In another French study
[44], 31 patients (mean age 72 years) had a one and three-year survival rate
of 82% and 45% respectively.

Ghantous et al. [49] showed that about one-half of patients age 50-80
years could manage on home hemodialysis, attesting to the ability of elderly
people to adapt to a complicated regimen. Similarly, in a group of 154
patients over 50, Walker et al. [S0] showed that home hemodialysis was
feasible for many elderly patients (82 patients were on self-dialysis). In
addition, self-dialysis patients survived longer than those who required in-
center dialysis and, for the first three years, was as long as that of the self-
dialysis patients under age 60.

In the Batelle study [51] of 859 dialysis and transplant patients, 70% of
the elderly (comprising 16% of the dialysis patients) fell in the top four
categories of overall functional status using the Karnofsky index.

In the aggregate, therefore, prolonged survival is feasible for elderly
hemodialysis patients. Quoting British renal consultants, Rodney Deitch [53]
said in 1984 that ‘if a 60-year-old person is successfully treated for renal
failure, he had every chance of living healthily into the 80s’.

Conclusions

Virtually all reports of hemodialysis in the elderly with ESRD have been
encouraging, with a 5-year survival of 20-40% . Elderly patients should not
be denied this life-sustaining treatment if there is hope for an enjoyable span
of life.

Improved survival of the elderly on hemodialysis may be possible with
delivery of ‘optimal’ dialysis, prevention of malnutrition, use of biocompat-
ible membranes and erythropoietin. As well, in this age population we need
a better understanding and treatment of the various factors that lead to LVH
[54] and ischemic heart disease.
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CHAPTER 23

Creative strategies for chronic peritoneal dialysis in
the elderly

ALLEN R. NISSENSON

The general population in the United States is aging progressively. In 1987,
12% of the population was age 65 or older and this is projected to increase
to over 21% by early in the next century. This trend is also reflected in the
ESRD population. In 1987 only 47% of patients were 65 or older, and this
is expected to reach over 60% by the end of this decade. Recent data from
the United States Renal Data System (USRDS) confirms these trends [1].
The overall incidence of ESRD in the U.S. in 1978 was 68 per million
population and this had risen to 166 per million population by 1989. The
corresponding figures for the 65-74 and 75+ age groups are 191 and 88
(1978) and 590 and 502 (1989) respectively (Table I). When expressed as the
annualized change in incidence over time, from 1984-86 to 1987-89, the
75+ group increased the most dramatically, 13.0% per year, closely followed
by the 65-74 year old group at 8.7% per year.

Additional USRDS studies have examined the expected life span of pa-
tients with ESRD and compared it to the general population and to patients
with prostate, colon and lung cancer. A 40-year-old person starting dialysis
has one-fourth the expected remaining lifetime as that of an age-matched
control. A 59-year-old starting dialysis has the expected life span (4.2 years)
equal to that of a 59-year-old with colon cancer, one-fourth that of a 59-
year-old with prostate cancer. As anticipated, the life expectancy of older
ESRD patients is even less; those over 85 years old at onset of renal failure
are likely to live an average of 1.4 years, similar to the general population
of this age.

Morbidity also is greater in elderly compared to younger ESRD patients.
The USRDS data set examined one measure of morbidity, namely hospitaliz-
ations; the number of days spent in hospital per year increases progressively
with increasing patient age, reaching a median of 15.0 in those 65 and older.
When compared to other Medicare patients without ESRD (1984-1986 data),
those with ESRD spent four times as many days in hospital annually. Clearly,
both morbidity and mortality are significant in this aged population.

Both hemodialysis (HD) and chronic peritoneal dialysis (CPD) have been
used in elderly ESRD patients [2, 3]. Although, in general, CPD is the most

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 213-217.
© 1993 Kluwer Academic Publishers.



214

Table 1. ESRD incidence per million population for elderly patients in the United States
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

65-74 years old 191 220 242 251 287 369 372 421 451 495 521 590
75+ years old 88 123 133 136 171 255 265 307 349 388 428 502

rapidly growing ESRD therapy worldwide, it is underused in the elderly in
many parts of the world, including the United States [3]. This is particularly
ironic considering what physicians state they feel is the best ESRD modality
for elderly patients. In a recent study, Mattern et al. found that physicians
in Southern California, North Carolina, and Australia and New Zealand
believed that CPD was the preferred mode of dialysis for elderly ESRD
patients [4]. However, in these areas, particularly the former, physicians
used in-center HD in the vast majority of patients in this group, illustrating
that in the aged patient, non-medical factors are important determinants of
the mode of ESRD treatment.

A number of medical and psychosocial factors favor CPD as a mode of
ESRD treatment for the elderly [5-7]. CPD avoids vascular access and its
complications, a major source of morbidity and mortality in this group.
Similarly, hemodynamic instability, common with HD in the elderly, is
avoided. In addition, intra- and interdialysis arrhythmias, at times life-threat-
ening, are rare with CPD when compared to HD [8, 9]. For those patients
who are malnourished, CPD provides a source of calorie nutrition through
the dialysate. Both cognitive function and brain electrophysiology are main-
tained better on CPD than on HD, although the elderly do worse on these
measures than younger patients on either modality [10-12]. Finally, in ad-
dition to improving the overall quality of life, CPD can promote indepen-
dence, self care and a sense of self worth [13].

The major impediments to the greater use of CPD in the elderly are
psychosocial. Physicians might overcome psychosocial barriers to the use of
CPD in medically suitable elderly patients by three specific creative ap-
proaches. These include CPD in nursing homes, the use of home peritoneal
dialysis helpers or aides, and the development of adult daycare centers for
CPD patients.

Nursing homes

In the United States, 5% of the general population over the age of 65 live
in nursing homes. In a 1987 survey, 5.6% of U.S. ESRD patients in this age
group lived in nursing homes [14]. Historically, nursing-home patients with
ESRD have been treated with in-center HD although this may not be the
best treatment, as outlined above. In addition, transportation to and from
dialysis by ambulance usually is necessary, at high cost. Recently, Anderson
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et al. described their experience with CPD in the nursing-home setting [15].
Forty-four ESRD patients were placed on CAPD and cared for in a single
50-bed nursing unit in a nursing home. A trained CPD nurse evaluated
patients 5 days per week, performed morning and noon exchanges and
maintained dialysis records. In addition, nursing-home staff were trained to
perform afternoon, evening and weekend exchanges. The peritonitis rate
was 1.3 episodes per patient-year, and hospitalizations averaged 18.5 days
per patient-year. Patient survival (after admission to the nursing home) was
53% and 29% at 6 and 12 months, respectively. Predictors of poor survival
included low Activities-of-Daily-Living score and no prior outpatient dialysis.
Of note, 12 patients were discharged home, some on CPD. This study
illustrates that CPD can be performed successfully in a nursing home. A
recent Toronto study described a small hemodialysis facility in a chronic-
care facility [16], which permitted intermittent HD without the expense or
inconvenience of transporting patients to an outside facility. Of 35 patients
treated in the facility, nine were discharged, although seven were not elderly,
but rather rehabilitation patients. Therefore, one can deliver excellent ESRD
care in the setting of a chronic care facility.

Home-assisted peritoneal dialysis

For those patients unable to perform their own CAPD exchanges or to set
up a CCPD cycler, the use of home aides might make this possible. These
individuals could provide assistance for some or all dialysis needs at home,
e.g. for those on CCPD, they could make one visit per day to set up a cycler.
The patient could connect and disconnect from the machine on their own.
Such a program would use technicians rather than nurses, and thus be very
cost effective. Recently Biemond et al. described a variation of this approach
for CAPD patients [17]. Hospital staff trained community nurses to help
patients perform CAPD at home. To date four patients have been enrolled
in the study and are doing well. We await the medical, psychosocial and
financial outcomes of this approach because this might permit greater use of
CPD in medically appropriate patients.

Adult daycare centers

Such centers would provide additional support services to elderly patients
and encourage them to use CPD when it would be medically advantageous
but other limitations had precluded this. A model for such a program exists
in California for the elderly in general and for those with Alzheimer’s disease
in particular. Frail elderly adults qualify for participation in the Adult Day
Health Care Program (ADHC) if they:
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(1) Have a medical condition requiring treatment or rehabilitation services
prescribed by a physician.

(2) Have physical/mental impairments that constitute a handicap to activities
of daily living but are not so serious as to require 24-hour institutional
care.

(3) Have reasonable expectation that preventive service will maintain or
improve the present level of functioning.

(4) Have a high potential for further deterioration and probable institutional-
ization if ADHC were not available.

Clearly, elderly ESRD patients fit this description!

Benefits of ADHD programs recognized to date include a reduction in
depression, increase in self esteem and dignity, stabilization of medical con-
ditions, improvement in communication skills, enhancement of sleep, relief
of loneliness and boredom, increase in contentment, opportunity to meet
new friends, chance to engage in activities (music, exercise, arts and crafts),
and availability of door-to-door transportation and health maintenance pro-
grams.

To be certified in California, an ADHC requires the services of a physician
(personal or staff), nurses, social workers, physical therapists, occupational
therapists, speech therapists, psychiatrists and psychosocial workers, pharma-
cists, nutritionists, recreational and social therapists, and transportation co-
ordinators.

Types of providers include city or county governments, visiting nurses
associations, nutrition service companies, rehabilitation hospitals, acute-care
hospitals, prepaid health plans, community service organizations, community
health clinics, senior citizen organizations or dialysis facilities. Sites have
included homes, churches, hospitals, office buildings, clinics, community
centers, and schools.

In the elderly, ADHC may be a feasible adjunct to CPD that improves
socialization, rehabilitation and quality of life. Many questions need explo-
ration, however, including the cost of such programs. They are certainly
worthy of further, in-depth consideration.

In summary, outcome of CPD in the elderly is excellent, both medically
and psychosocially. The judicious use of CPD in nursing homes, the use of
home helpers, and the development of ADHCs may enable physicians to
offer CPD to more elderly patients who would benefit from this form of
ESRD treatment.
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CHAPTER 24
Hemodialysis in a chronic care facility

JANET M. ROSCOE

The number of elderly patients entering ESRF programs continues to in-
crease in most countries offering dialysis therapy. In Toronto, Ontario, the
Toronto Region Dialysis Programs have kept statistics from 1981 to the
present. During that time the percentage of patients over age 65 at entry
into treatment has increased from 18% to 38% in 1991 (Fig. 1). This last
total represented 117 patients age 65-74 and 54 patients over the age of 75.
In Toronto the number of elderly patients maintained on chronic dialysis,
has risen from 349 in 1989 to 459 in 1991.

This general increase in number of elderly ESRF patients has been ac-
companied by an increase in the number of dialysis patients who can no
longer maintain themselves at home due to degenerative disease processes
such as atherosclerotic heart disease (ASHD) with stroke or amputation.
Earlier chronic-care institutions and nursing homes in the Toronto area had
refused to accept patients requiring dialysis because they perceived that these
patients would be more complicated to care for and require extra ancillary
support such as dietary staff. In addition these institutions were penalized
financially because these patients spent days away for dialysis for which
the institutions were not paid. There was no mechanism to reimburse the
institutions for transport costs. As a result these patients previously required
care in acute hospital beds or were counselled to discontinue dialysis therapy.
Often a discontinuation decision was unacceptable to the family and patient,
who felt pressured to come to a rapid decision on an emotionally sensitive
issue.

A survey of dialysis centres in Toronto in 1989 revealed that 36 patients
were being cared for in an acute-care institution at a time when there was a
shortage of acute-care beds. In 1990, The Wellesley Hospital and The River-
dale Hospital obtained funding from the Ministry of Health for a pilot project
to establish a hemodialysis facility in a chronic hospital to care for patients
needing dialysis.
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Fig. 1. Increase in elderly patients entering Toronto region dialysis programs 1981-1991.

The concept

The Riverdale Hospital is a large chronic-care institution located 10 minutes
drive from the Wellesley Hospital, an acute-care hospital with an established
nephrology program caring for 65 hemodialysis, 90 home dialysis and 12
centre peritoneal dialysis patients. We chose hemodialysis as the mode of
therapy because the cost per patient with full-care treatment was cheaper
than that for peritoneal dialysis, if specific dialysis nurses were to be supplied
for each. Originally funding was provided for chronic care only, however
some patients were admitted to receive other rehabilitation programs within
the hospital.

The unit had four stations operating two shifts per day and had a capacity
of 16 patients. Hemodialysis nursing and technical staff rotated from the
Wellesley Hospital, under the supervision of Wellesley hemodialysis-unit
nursing administration. Medical care on dialysis was provided by nephrolo-
gists from the Wellesley Hospital. Medical care on the floor at the chronic
hospital was provided by the staff physician (a general practitioner) at the
Riverdale hospital and by the floor nurses. No new ancillary staff were
hired. We provided appropriate educational sessions and maintained close
communication between both groups. We held administrative meetings with
members of both hospital staffs at monthly intervals.

Admission to the facility was open to the entire Toronto community, and
applications for chronic care were reviewed by the dialysis staff. Two mem-
bers of the planning committee were from other institutions, to allow input
from other dialysis units.
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Table 1. Causes of death

Cause Chronic Palliation Rehab
Sepsis 1 8 1
Malignancy 1 0 0
Sudden/cardiac 2 0 0

Results of first year

Thirty-five patients were admitted in the first year of operation. Ten were
admitted for rehabilitation and 25 for chronic care. All received comprehen-
sive medical care and we made considerable efforts to normalize blood
parameters with nutritional support, calcium supplementation and erythropo-
ietin. However, despite all efforts, a group of patients were so significantly
impaired and had such a decreased quality of life that aggressive therapy
was not warranted. We removed aggressive support and/or dialysis only after
full consultation with patient and family. After retrospective classification of
the chronic patients, 16 were assigned to a chronic classification and 9 were
assigned to palliative care. Of the 35 patients, 13 died. Eight of these 13
patients, were in the palliative-care group and four were from the chronic-
care group. Only one rehabilitation patient died, from complications of
aspiration pneumonia — the result of a severe CVA. Overwhelmingly, the
most frequent cause of death was sepsis (Table I), frequently of vascular
graft material either in the dialysis access or in grafts to the lower extremity.
One patient died of malignancy and two previously stable patients died
suddenly. At the time of attempted resuscitation, one of these patients had
hyperkalemia.

Ten patients were discharged. Eight of these were rehabilitation patients
and one had been admitted for chronic care. One additional patient, who
was returned to his referring hospital as a failed admission, had been trans-
ferred from CAPD to hemodialysis and refused to allow us to replace his
(temporary) vascular access when it became occluded. Four other patients
were upgraded from chronic care to the nursing-home level after a period
of rehabilitation.

Partly due to short followup, length of stay of all groups was similar and
averaged 4.1 months (chronic), 3.9 (palliation), and 3.7 (rehabilitation). As
can be seen, most of those on rehabilitation and palliation had either died
or been discharged in an average of 4 months. Twelve original patients were
still in residence after 12 months of operation, 10 from the chronic group
and one each of the rehabilitation and the palliation group. Subsequently
the rehabilitation patient was discharged and the palliation patient has since
died.
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Table I1. Albumin as risk for death, Sept. 1990-1991 followed to 1992

Category Serum albumin
Alive 33.7+5
Dead 29.5+7*

* p <0.05 Dead vs alive.

Table Illa. Serum phosphorus

Category Adm. phosp. mmol/l Final phosp.
Chronic 1.44 £ 0.45 1.73 £ 0.62
Palliative 0.89 £ 0.45* 1.41£0.59
Rehab. 1.35 £ 0.48 1.51£0.80

* p <0.05 vs Chronic and rehab.

Table I1Ib. P(adm) as risk for death, Sept. 1990-1991 followed to 1992

Category Serum P (adm)
Alive 1.40 + 0.45
Dead 1.15 £ 0.53 (NS)

Parameters associated with outcome

Low-serum albumin is a marker of adverse outcome. We evaluated biochemi-
cal parameters in these patients to assess whether some of them were associ-
ated with adverse outcome in this population. Both chronic and palliative
groups had a low serum albumin on admission - 29.8 g/L palliation and
30.9 g/L chronic; albumin was normal in the rehab group (34.5g/L). The
serum albumin was significantly lower in the palliation group versus the rehab
group but all other comparisons did not show significant differences. In
addition the mean serum albumin of patients admitted between Sept 1990
and Sept 1991, who died during followup to March 1992, was significantly
lower than those followed during the same period but who lived (Table II).

Admission serum phosphorus was significantly lower in those classified as
palliation than in those categorized as rehabilitation or chronic care (Table
IIT). No differences in parameters of calcium metabolism, such as serum
calcium or alkaline phosphatase were seen in the three groups. All patients
with low serum phosphorus were brought to normal levels with oral phos-
phate Sandoz but this did not affect the adverse outcome in the palliation
group. The mean serum phosphorus of those who died during followup also
was lower than those who lived but this difference did not reach statistical
significance.

All patients were treated with erythropoietin (EPO) as necessary to
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Table IV. Vascular access (admission), first twelve months

Thirty-five patients admitted

AV Fistula 2
AV Graft 17
Vascath 11
Permcath 3
Cardiomed 2
Total 35

achieve a goal hemoglobin of 100 g/L or greater. Admission levels were
lowest in the rehabilitation group, possibly reflecting a more acute illness,
but rose significantly from 80 to 98 during followup. In the chronic group
mean hemoglobin was 90 on admission and 89 g/L at end of followup and
for the palliation group was 83 on admission and 92 g/L on followup. These
two groups did respond to erythropoietin but did not achieve the goal hemo-
globin as did the rehabilitation patients. Response to EPO did not seem to
differ between the chronic and palliation groups.

Vascular access

Maintenance of vascular access is difficult in the elderly who have a high
incidence of ASHD. We predicted that such access would be a problem in
this group and believed that hemodialysis would be precluded in some pa-
tients. Table IV shows the status of vascular access on admission: 19 patients
had permanent vascular access — 2 fistula (lower arm) and 17 grafts. Sixteen
had either subclavian or internal jugular lines. During the first year, we
placed 40 new vascular accesses of which 15 were permanent and 25 tempo-
rary. During the year, 14 of 32 grafts were lost due to infection or occlusion.
Twenty-one of 41 temporary accesses were lost. Serum albumin below 32
was associated with significantly more access infection (12 of 18, 9 lost) versus
serum albumin above 32 (5 of 17, 2 lost).

Only 3 patients were transferred from hemodialysis to peritoneal dialysis.
One patient, who refused further hemodialysis after occlusion of temporary
access inserted to facilitate transfer to Riverdale, was returned to his home
hospital. One, who was returned to CAPD after successful stroke rehabili-
tation and discharge, and one patient had difficulty with vascular access and
we could not establish acute temporary access when her permanent access
clotted. This patient was placed on peritoneal dialysis for three weeks until
we could provide replacement vascular access.
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Transfers to acute-care facilities

Transfers back to acute-care facilities were another problem we predicted.
The acute backup was provided by the Wellesley Hospital and not by the
original hospital. There were 65 transfers between institutions in the first
year of operation. Of these transfers, 26 were for replacement of central
vascular access and 28 were for difficulties with peripheral access. Many of
these transfers were for outpatient or short-stay procedures; only 11 were
for such medical indications as sepsis.

Conclusions

The experience of the first year suggests the following conclusions: End-
stage renal failure patients have excellent rehabilitation potential and can be
expected to complete appropriate rehabilitation programs. In addition, some
of those categorized initially as chronic may improve to less-severe disability
categories or even to discharge. Some patients will have a quality of life that
is so poor that aggressive therapy is unwarranted. Usually these patients do
not survive and some chose to discontinue aggressive care in this supportive
environment. We provide compassionate palliative care to this patient group
in this setting without undue and unnecessary prolongation of life. Such care
calls for increased social work and rehabilitation support to facilitate rehab,
maximize discharge potential and to support patients, and the families of
those receiving palliative care.

Evidence of malnutrition, such as low serum albumin and phosphorus, was
associated with poor level of function and death. We encountered frequent
difficulties with vascular access but rarely did this result in failure of hemo-
dialysis.

Acknowledgements

The author acknowledges the work of all members of the Riverdale Wellesley
Dialysis Program Management Team. Special acknowledgement goes to Dr.
Al Reisbeck, Director, The Riverdale Dialysis Unit and Doreen Neamtu,
Assistant Nursing Manager, The Wellesley Hospital for their additional as-
sistance in data collection and analysis.



CHAPTER 25
Peritoneal dialysis in the nursing-home patient

CHARLES R. SCHLEIFER

As nephrologists, we find ourselves in the forefront of geriatric care. In 1984,
25% of the ESRD population of the U.S. was 65 and older. By 1990,
approximately 40% of the ESRD patients were 65 and older, and by the
year 2000 it is projected that 60% will be in the geriatric group. Frequently,
in our hospital consultations, we see the very old patients and are called
upon to make life-and-death decisions after other treatment modalities have
been exhausted. It, therefore, behooves us to be aware of the problems of
the aged, including their long-term care.

An overview of geriatrics and ESRD

The U.S. population is aging and organized medicine has begun to recognize
the need for training in geriatrics within the realm of internal medicine [1].
Figure 1 shows the projected U.S. population from 1980 to 2030. Almost
13% of the population in 1990 (27 million) are 65 and older. Projections for
future population growth reveal that by the year 2030, there will be 64
million people age 65 and older, more than double the present number and
represents 21% of the projected U.S. population. By the year 2030, there
will be 10 million people in the US age 85 and older.

In 1989 the incidence of ESRD in the group 65 and older averaged 600
per million population [2]. If we assume the same incidence (probably an
underestimate), there will be approximately 22,000 new ESRD patients 65
and older in the year 2000, and approximately 40,000 new ESRD patients
in the year 2030.

The dialysis population has grown approximately 10% per year from 1985
to 1990 [2]. At this rate, this population will grow from approximately 130,000
in 1990 to over 300,000 by the year 2000. If the projections concerning the
aging ESRD population are accurate, 60% of the dialysis population (180,000
patients) will be 65 or older by the end of this century.
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Fig. 1.

Table I. Treatment modality in geriatric patients (1989)*

Total number % of total
In-center hemodialysis 38,000 82.0
Home hemodialysis 650 14
CAPD/CCPD 4100 9.2
Other, peritoneal 2200 4.8
Unknown - 2.6

* USRDS 1991 Annual Data Report - based on HCFA Treatment Modality, = 65 age group,
1989.

Treatment of ESRD in the geriatric patient

Let us now review the treatment of ESRD in the geriatric patient. For this
discussion I will define ‘geriatric’ as age 65 and above. This is, of course, an
arbitrary chronologic definition and should not imply a physiologic condition.
Of the 116,000 dialysis patients on the HCFA rolls in 1989, 46,000 were in
the geriatric group. The breakdown of treatment modality is shown in Table
L.

The overwhelming majority of elderly patients are being treated by in-
center hemodialysis, which is surprising in view of the results of a survey of
clinical practices in geriatric patients by Gentile et al. [3]. In this select group
of 11 dialysis centers, 35% of their patients received peritoneal dialysis, three
times the national figure. Control of cardiovascular instability was cited as
one of the major benefits of peritoneal dialysis in the elderly, yet nationwide
only about 10% of the elderly are receiving peritoneal dialysis [2]. There
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seems to be a discrepancy between mode of treatment chosen and medical
opinions about what therapy is better for the elderly.

The success of dialysis therapy in the geriatric patient is no longer in
question. Studies in hemodialysis patients [4-6] well into their 80s have
shown that age alone was not a major risk factor for death. The presence of
atherosclerosis, dialysis ‘in-center’, hypertension and low BUN were found
to be associated with poor survival. In these patients, measurements of life
satisfaction and enjoyment in coming to the dialysis center were above aver-
age. Survival in some of these populations was as high as 50% at four years.
However, a high drop-out rate was found in a group of patients whose mean
age was 75 years [7]. The percent death due to withdrawal of dialysis was as
high as 43% between 1981-1985. Residence in a nursing home was the major
risk factor for termination of dialysis. According to the USRD [2] only 8.5%
of all ESRD deaths from 1987-1989 was due to withdrawal from dialysis. In
the geriatric group, withdrawal of dialysis accounted for 11.4% of deaths.

The elderly patient on CAPD/CCPD

An increasing number of elderly are being treated with peritoneal dialysis.
The National CAPD Registry has data on 26,554 patients from 1981 to 1988
[8]. Patients age 60 and older comprised 33% of the CAPD patients and
almost 30% of the CCPD patients. Whites had a 50% higher representation
on both modalities compared to blacks. Relative risk of death was higher in
the group 60 years and over. CAPD patients over the age of 70 had 27%
dropout rate. A report from the United Kingdom in 1984 found survival on
CAPD of 72% and 61% at one and two years. These authors concluded that
there was ““... no medical grounds for denying CAPD to most elderly
patients with renal failure . . .” [9]. Kaye also reported a favorable outcome
with a group of elderly CAPD patients [10]. CAPD was the major modality
in a group of 62 patients with a mean age of 67.8 years [11]. Almost half
the patients lived in total independence. The long-term outlook of these
dialysis patients was better than that of age-matched patients with certain
cancers or cirrhosis of the liver.

CAPD, the preferred treatment for the elderly [12], has changed the
practice of nephrology in the United Kingdom. There were no differences
in actuarial survival for elderly patients on CAPD and hemodialysis [13, 14].
A Canadian report on CAPD in the elderly demonstrates no difference in
patient survival up to 5 years between hemodialysis and CAPD [15]. In 1987
the Italian Multicenter Study on CAPD showed that 41.5% of new CAPD
patients were age 65 or older. The four-year survival of 30.8% in the 65 or
older group and the 30-month survival of 44.2% for the 75 or older group
justified open acceptance of the elderly for CAPD [16].

Diaz-Buxo et al. [17] studied 527 patients undergoing hemodialysis and
CCPD between 1986-1988 and found that their elderly CCPD patients exhib-
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ited a higher level of physical activity, had a lower rate of hospitalization,
required less medical ‘consults’ and were on less medication than the in-
center hemodialysis patients. CCPD has become their preferred modality for
nursing-home patients.

Long-term care and the nursing home industry

Historically long-term care was the responsibility of the family, fraternal
organizations or religious groups, but now it has become an endeavor of
government and private business. Nursing homes are the most costly part of
long-term care, which includes home care, adult day care, public housing
and boarding homes, etc. [18]. There are over 19,000 nursing homes in the
U.S. with between 1.5 to 2.0 million beds [19]. Approximately 5% of persons
65 and older reside in nursing homes; of the 85 and older group, 20% reside
in nursing homes. The typical nursing home patient is an 86-year-old woman
who was admitted after a hip fracture and was unable to carry out the usual
activities of daily living (ADL). The average length of stay is 2.9 years. Of
those persons 65 and older who entered a nursing home in 1990, 21%
remained in the nursing home for more than five years. By the year 2000,
there is projected to be 2.5 million nursing home residents, and by the year
2030, the projection is for 4.5 million residents. The nursing home industry
is in a period of growth and expansion.

What factors determine survival in a nursing home? In an early study of
nursing-home residents in New York City, Goldfarb describe four character-
istics associated with the highest one-year mortality [20]. The coexistence of
two or more of the following factors: organic brain syndrome, failure on
mental status examination, dependency of activities of daily living, and incon-
tinence could predict death within one year with 95% accuracy. Lichtenstein
et al. studied Tennessee Medicaid Data [21]. The 12-month death rate was
30 to 50%. The most important factor for survival was the ability of the
nursing-home resident to be independent in bathing and dressing. Ambu-
lation and bladder and bowel control were less important. Of interest for
the ESRD patients was the study of Husebye and Kjellstrand [7], which
showed that residing in a nursing home was the major risk factor for termina-
tion of dialysis. A more recent study from Greece followed a group of
independent, continent, non-diabetic patients over an 11-year period from
1978 to 1988 [22]. Death risk was determined using the Cox proportional
hazard model. Results show that even mildly impaired mobility in previously
independent people was the highest predictor of death. Smoking, EKG
abnormalities and male gender were also strong predictors. Therefore, the
major thread that runs through all these studies is that patient independence,
ambulation and the ability to carry out ADLs are associated with better
survival in a nursing home.
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Peritoneal dialysis and nursing homes

Few published studies have described the acceptance of dialysis patients by
nursing homes. There is even less published data on CAPD/CCPD in nursing
homes. The American Association of Homes for the Aged was unable to
supply data for this report. The State of Pennsylvania Department of Health
was unable to provide data on dialysis and nursing homes in their recent
long-term care questionnaire of nursing homes.

Anderson et al. [23] described CAPD in a nursing home that was a
teaching institution owned by John’s Hopkins University Hospital. Compared
to the usual prevalence rate of 6% among elderly in nursing homes, their
rate of ESRD patients was 2% . They followed 44 nursing-home residents
between 1986-1989. Peritonitis rates were 1.3 episode/patient/year. Hospital
days averaged 18.5 days/patient/year. Their one-year survival, however, was
only 29% from entry into the facility. Patients with the poorest outcome had
ADL scores below 8 and no prior outpatient dialysis history. Of the 10
patients discharged from the facility, four had been admitted for rehabili-
tation services only. The ADL scores of those patients discharged were
significantly higher than those remaining.

Anderson et al. [24] studied nursing-home admissions of patients in ESRD
Network #5 (Maryland, Washington, D.C., Virginia and West Virginia).
The patients were older (66y vs 57.2 yr.), disproportionately female, white
and diabetic compared to the overall prevalence in Network #5. The mean
admission ADL score was 8.1 = 5.2. Patients were treated by hemodialysis
in 85% and PD in 15% of cases. Survival was not good. Mean survival was
125 = 114 days. In a Cox analysis, mortality was significantly worse for
patients > 75 years with ADL scores < 8, and for those patients treated on
peritoneal dialysis rather than hemodialysis.

In a 1989 study of nursing homes’ acceptance of dialysis in the five-county
area around Philadelphia, PA [25], I found that almost one-half (48%) of
the respondents accepted ESRD patients. Of those facilities that accepted
dialysis patients, 81% of the patients were on hemodialysis and 19% were
on CAPD. The two major reasons cited for rejecting ESRD patients were
lack of trained nurses and transportation problems.

In a 1989 nationwide study of 80 dialysis units [25], I found that 93% of the
238 responders had placed hemodialysis and/or peritoneal dialysis patients in
nursing homes. Hemodialysis was the modality in 91% and 9% were treated
by peritoneal dialysis. Over 80% of the peritoneal dialysis performed in
nursing homes was CAPD, automated peritoneal dialysis (APD) accounted
for 11%, and 9% of the patients had been on both modalities.

Recently we surveyed the social workers in the 102 dialysis facilities in
ESRD Network #4 (Pennsylvania, Delaware). Of the 73 responders, 10
were deleted because of lack of nursing-home acceptance. Therefore, 63
units placed 845 patients over a S-year period from 1985 to 1990. In Network
#4, 291 different nursing homes accepted ESRD patients.
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Table II. Network #4 Dialysis Unit Survey. Reasons nursing homes do not accept ESRD
patients

Lack of trained nurses 44%
Financial concerns 40%
Transportation problems 33%
Administrative objection 23%
Lack of physician coverage 15%
Fear of infection 3%

The survey showed that 93% of the nursing-home patients were on hemo-
dialysis and 7% were on peritoneal dialysis. Of those on peritoneal dialysis,
77% were on CAPD and 23% were on APD (both methods were used in
about 5% of patients at some time). The nursing home staff did PD proce-
dures in about 50% of cases; by the patient in 20%; by the family in 10%;
and by the dialysis unit staff in 15%. In one response, a home dialysis
company contracted to do cycler dialysis. In this survey the longest nursing
home survival was 44 = 33 months, compared to the shortest survival of
9 =29 months. There was no difference in the average age of the long-time
and short-time survivors, (74 = 11 years versus 74 = 8 years respectively).
Although we never ascertained how often a nursing home turned down the
social worker, we found that 22% of the time, placement was never refused.
However, Table II shows the reasons cited for refusal in the survey.

Compared to our previous survey [25] transportation problems are less
important probably because this deals with a smaller geographic area. Finan-
cial concerns are more common, which may reflect the recent economic
climate. Difficulties with nursing in PD was not as common in the Network
4 survey, possibly because of better training and teaching of peritoneal
dialysis to nurses and nursing students.

The future of nursing home dialysis

At the current acceptance rate of U.S. geriatric patients for dialysis, by the
year 2000, 180,000 patients age 65 and above will be on this treatment. If
only 5% of these patients lived in a nursing home, this would be approxi-
mately 9000 people. If our current trends continue, 90% of this group will
be treated by hemodialysis and 10% by peritoneal dialysis. Although CAPD
will predominate, cycler use will increase as it has in the general ESRD
population. If funding for transportation continues to be restricted, more
nursing home patients will be treated by PD. As the nursing home-industry
continues to grow, there will be more competition for patients and more
nursing homes will open their doors to the ESRD patients. Hospitals will be
under greater pressure to discharge patients earlier. Changes in nursing-
home reimbursement will pay more for the sicker patient. Medicare will
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have to extend its coverage for peritoneal dialysis as an admission criterion.
Hospitals will open their own nursing homes on campus (bed-shifting) to
accommodate the increased number of elderly.

Conclusion

The United States is an aging country. We spend one-third of our health-
care dollars on the aged. In an editorial in the New England Journal of
Medicine [26], Lonergan and Krevans reviewed the findings of the Institute
for Medicine of the National Academy of Science. Research is needed on
the degenerative disease in the aging. Clinical research is needed on disability
and rehabilitation. We need social and behavioral studies and studies of
delivery of health services and biomedical ethics.

As physicians, we must be advocates for our patients. As nephrologists,
we must not abandon our responsibility for long-term care after we have
treated the acutely uremic patient. We must choose modalities that atre
appropriate, not expedient or financially rewarding. It has been shown that
dialysis succeeds in the elderly. As this century ends, we must become
geriatric nephrologists. As it was said a long time ago: “‘Honor your father
and your mother so that your days may be long upon the land . . .”
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CHAPTER 26
Aluminum intoxication in the elderly dialysis patient

ELLEN D. BURGESS

Aluminum toxicity is manifested by neurological impairment, bone disease
and anemia. Neurological involvement includes speech disturbances, my-
oclonus, personality changes, loss of muscular and motor co-ordination,
convulsions and eventual coma [1]. The bone disease is characterized by
bone pain, spontaneous fractures, hypercalcemia, resistance to vitamin D
therapy. Recently an adynamic or aplastic form of bone disease has been
attributed to aluminum toxicity [2]. The anemia, which may be an early
feature, is a reversible, non-iron-deficient, microcytic hypochromic form [3].
Initially, we thought the most important source of aluminum was from con-
tamination of the dialysate. Since that cause has been addressed by reverse
osmosis and deionization of the water used in dialysis, medication has become
the most important source of aluminum for the patient with chronic renal
failure. Treatment is based upon limitation of exposure to aluminum and
chelation with deferoxamine [4, 5].

Several toxicokinetic factors of aluminum may be altered in chronic renal
failure and may increase the risk of aluminum toxicity [6, 7]. We absorb only
a small proportion of ingested aluminum (2-7%); most of it is retained in
the gut lining, and is not absorbed systemically. There are two methods of
absorption — an active carrier-mediated process and a passive absorption.
The solubility of aluminum may be augmented by coadministration of weak
acids, most importantly, citric acid and ascorbic acid [8]. Enhanced solubility
permits increased passive absorption of aluminum.

Ingestion of aluminum-containing phosphate binders with orange juice or
citrate will increase absorption significantly [9]. The citrate may be given in
medications such as effervescent tablets or Shohl’s solution. Animal and
human studies suggest that gastrointestinal absorption of aluminum is in-
creased in uremia [10, 11], which may be related to secondary hyperparathy-
roidism. The protein binding of aluminum to albumin and transferrin may
be decreased in uremia, leaving an increased free or unbound fraction to
equilibrate with tissue [7]. Although aluminum is present in bile [12], the
major route of elimination is renal excretion, which obviously is decreased

D.G. Oreopoulos, M.F. Michelis and S. Herschorn (eds), Nephrology and Urology in the Aged
Patient, 233-239.
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Fig. 1. The serum aluminum levels are related directly to the duration of dialysis (n = 16, 1
pre-dialysis, 7 CAPD, 8 hemodialysis patients) r = 0.782, p < 0.001).

in patients with chronic renal failure. Therefore several factors increase the
risk of aluminum in patients with chronic renal failure.

Patients with low bone turnover appear to be at increased risk of aluminum
bone disease [2]. The rate of aluminum accumulation on bone surfaces is
increased in those with insulin-dependent diabetes on hemodialysis, which
may reflect low bone turnover rates commonly seen in these patients [13].
Accumulation of bone aluminum and symptoms of bone pain and fractures
begin as early as two years after starting dialysis.

The cumulative dose of aluminum to which a patient is exposed is an
important risk factor for the development of aluminum bone disease. In a
small group of elderly dialysis patients (mean age 68.5 + 6.1 years of age)
on dialysis for a mean of 3.6 + 3.7 years (range —0.5 to 13 years), serum
aluminum concentrations were related directly to the length of time on
dialysis (r = 0.782, p < 0.001) (Fig. 1). Not all patients had received alumi-
num-containing phosphate binders (four received no binders or calcium sup-
plements, seven received Riopan — 1 or 2 tablets three times daily with
meals, three received Oscal 500 mg 1 or 2 tablets three times daily at meals,
and five received Tums 1-3 tablets three times daily at meals).

Aluminum accumulation and toxicity has been reported in both predialysis
and dialysis patients. Medications, chiefly the aluminum-containing phos-
phate binders, are the major source in these patients [14, 15]. However,
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many medications may contain aluminum as a buffer — buffered acetylsalicylic
acid or as a salt - sucralfate. Although many have recognized the risk of
aluminum hydroxide as a phosphate binder, sucralfate has been proposed as
an alternative binder on the assumption that aluminum absorption is minimal.
However, aluminum absorption from sucralfate is the same as from conven-
tional aluminum-containing phosphate binders [16, 17]. Several workers
have reported aluminum toxicity from sucralfate [18, 19].

An illustrative case [20] is that of a 67-year-old woman who developed
renal failure and began dialysis in 1985. From November 1985 to March
1986 she was given aluminum hydroxide 15ml TID as a phosphate binder.
Magaldrate was substituted in April 1986. In September 1986, during investi-
gation for epigastric pain, she was found to have significant esophagitis and
a duodenal ulcer and the gastroenterologist placed her on sucralfate 1 g QID
in addition to the magaldrate. On a return visit to the nephrologist’s office
in March 1987, the sucralfate was stopped. At that time she complained of
myalgias, bone pain in her shoulders and back and was noted to have postural
hypotension (120/70 to 106/50) with no compensatory increase in heart rate.
Before sucralfate, her hemoglobin had been 104 g/l and now was 88 g/l
despite resolution of the gastrointestinal symptoms.

Serum Al levels done by the flameless atomic absorption technique before
sucralfate therapy had been 1556 nmol/L (Sept 29), rising to 1955 nmol/l and
2919 nmol/l 14 and 24 days after therapy respectively. The serum Al level
was 4434 nmol/l in Feb 1987, and deferoxamine therapy was given from
March 1987 to July 1987. This lowered the serum Al levels to 3355 nmol/l
in April and 1916 nmol/l in July 1987 (Fig. 2).

She continued to have episodes of confusion and weakness particularly
after dialysis, and was institutionalized permanently.

To assess the absorption and excretion of aluminum, we studied 13 pa-
tients with normal and abnormal renal function [21, 22]. All had two baseline
determinations of serum and urine aluminum. Thereafter, they received
sucralfate 1 g QID for 21 days. Serum and urine collected on Days 2, (3),
8, 15, 22, (23, 24), 29 and 36 timed from the beginning of the drug adminis-
tration. (On the days indicated in parentheses only serum was obtained).

Aluminum analyses are sensitive to external contamination. Thus, pow-
der-free, polyvinyl gloves were worn throughout the collection and analytical
procedures. Blood samples were collected in 7ml TMF Vacutainer tubes
(Becton Dickinson Dark Blue No. 6526). Samples were assayed by graphite-
furnace, atomic-absorption spectrophotometry. Serum and urine creatinine
concentrations were measured using standard methods.

Renal clearance (ml/s) was calculated using the formula:

U*vip

where U = urinary concentration of substance; P = plasma concentration of
substance; V = flow rate of urine.
Fractional excretion of aluminum was calculated as:
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Fig. 2. Time course of a hemodialysis patient, who developed aluminum toxicity while on
sulcralfate and antacids.

clearance of aluminum/clearance of creatinine.

Pharmacokinetic parameters were determined using model-independent
methods. Area-under-the-curve (AUC) was calculated according to the trap-
ezoidal rule. Half-life was calculated from a semi-logarithmic plot of the
beta-phase, serum-concentration, time plot.

Repeated measures within the group were compared using one-way analy-
sis of variance. Measures at two time points only were compared using
Student’s r-test for unequal variance. Measures between two groups were
composed using unpaired Student’s ¢-test. Linear correlation was done using
the least-squares method. All calculations were done using Medical Research-
Time Oriented Database (MR-TOD), Retriever Systems, Seattle, Wash.

In this study the six subjects with chronic renal insufficiency (CRF) (3M:
3F) had creatinine clearances ranging from 0.2 to 0.9 ml/s (mean = SD
0.40 £ 0.25 ml/s or 24 = 15 ml/min). Seven subjects had normal renal func-
tion (creatinine clearance 2.52 * 0.46 ml/s, or 151 ml/min).

Serum-aluminum levels at baseline did not differ between groups (CRF
0.11 = 0.12 vs normals 0.12 + 0.12 wmol/l) but the serum aluminum level at
the end of the steady state (Day 22) was higher in CRF (0.83 * 0.48 pmol/l)
than in normals (0.24 = 0.17 wmol/l) (p = 0.025). In the CRF, the serum
levels remained above normal (<0.37 pmol/l) until after Day 24.

Urinary content of aluminum did not differ between groups at baseline
(CRF 0.62 + 0.26 vs Normal 0.42 + 0.22 umol/D) or at the end of steady
state (5.11 = 2.57 vs 6.81 *+ 3.54 umol/D).

Renal clearance of aluminum calculated on Day 22 was significantly lower
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in CRF than in normals (0.09 + 0.06 vs 0.30 = 0.08 ml/s)(p < 0.001). There
was a direct correlation between creatinine clearance and renal aluminum
clearance (0.829, p = 0.002, n = 11). The fractional excretion of aluminum,
calculated on Day 22, tended to be higher in CRF than in normal
(23.12 £ 11.60 vs 11.87 = 4.22%, p = 0.062), suggesting an augmented renal
excretion in CRF despite the reduced creatinine clearance.

The elimination-rate constant (k) could not be calculated in two CRF
subjects: in one, the serum aluminum levels fell to undetectable levels by
Day 23, and in another there was no decline in serum aluminum levels after
Day 24. The elimination half-life was 13.1 * 3.1 days in the four remaining
patients. The k., could not be calculated in normal subjects because serum
aluminum concentrations fell promptly to undetectable levels.

Since coadministration of nonsteroidal, anti-inflammatory drugs
(NSAIDs) and sucralfate is not uncommon, we studied absorption of alumi-
num in patients with and without NSAIDs using the same protocol as de-
scribed above. In the non-NSAID group, the serum aluminum level increased
from 0.09 = 0.11 to 0.82 = 0.45 nmol/l (p = 0.003), and from 0.15 = 0.04 to
0.87 = 0.58 in the NSAID group (baseline compared to Day 22). Fractional
excretion (FE) Al (%) was higher during therapy than during recovery,
14.5+5.6 vs 6.7 + 4.8, suggesting renal tubular secretion in addition to
filtration. Based upon measures at steady state (Day 22), there was no
difference in renal aluminum clearance, urine aluminum excretion, or frac-
tioal excretion of aluminum across groups. However, there was a significant
difference in elimination half-life: no-NSAID 12.0 + 3.2 vs NSAID 6.4 = 2.2
days, p = 0.031. We have no explanation for this apparent difference in half-
life but it may be related to differences in protein binding.

These studies support the assumption that aluminum is absorbed from
aluminum-containing medications. In instances of acute loading, the serum
level appears to correlate with tissue levels of aluminum, but with chronic
exposure, the serum level grossly underestimates the tissue burden [23, 24].
Studies on renal excretion suggest that glomerular filtration of free serum
aluminum may not be the only renal route of elimination. Monteagudo et
al. have suggested a distal renal tubular handling of aluminum [25], and the
studies demonstrating a change in fractional excretion of aluminum in chronic
renal failure compared with normal renal function [26], and others demon-
strating a direct correlation between serum level of aluminum and renal
excretion suggest a more complex renal handling of the cation.

Aluminum toxicity is a devasting complication of chronic renal failure.
Although initially the predominant source of the aluminum had been water
contamination, it is now medications. Aluminum hydroxide usually is not
used as a phosphate binder, but other antacids are. Although they may have
a low dose of aluminum per tablet, the cumulative dose over time poses a
significant risk for aluminum bone disease. Renal failure alters the toxicoki-
netics of aluminum in several ways, and hence augment aluminum accumu-
lation. Adequate studies have not yet been done to answer several questions
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concerning aluminum toxicity in the elderly predialysis and dialysis patients,
including the effect of aluminum-containing medication in the ever-increasing
predialysis period, and the effect on aging bones of aluminum accumulation
and aluminum bone disease.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Chang LW, Fu CS. Neuropathology of heavy metals and its modulation by nutritional

influences. In: Foulkes EC, editor. Biological effects of heavy metals Vol. 1. Boca Raton:
CRC Press, Inc. 1990; 69-96.

. Sherrard DJ, Andress DL. Aluminum-related osteodystrophy. Adv Intern Med 1989;

34:307-324.

. O’Hare JA, Murnaghan DJ. Reversal of aluminum-induced anemia by a low-aluminum

dialysate. N Engl J Med 1982; 306:654-656.

. Platts MM, Anastassiades E. Dialysis encephalopathy; precipitating factors and improve-

ment in prognosis. Clin Nephrol 1981; 15:223-228.

. Malluche H, Smith AJ, Abreo K, Faugere M-C. The use of deferoxamine in the manage-

ment of aluminum accumulation in bone in patients with renal failure. N Engl J Med 1984,
311:140-144.

. Wills MR, Savory J. Aluminum and chronic renal failure: sources, absorption, transport,

and toxicity. Crit Rev Clin Lab Sci 1989; 27:59-107.

. Wilhelm M, Jager DE, Ohnesorge FK. Aluminum toxicokinetics. Pharmacol Toxicol 1990;

66:4-9.

. Domingo JL, Gomez M, Llobet JM, Corbella J. Influence of some dietary constituents on

aluminum absorption and retention in rats. Kid Int 1991; 39:598-601.

. Nordal KP, Dahl E, Sorhus K, Berg KJ, Thomassen Y, Kofstad J, Halse J. Gastrointestinal

absorption and urinary excretion of aluminum in patients with predialysis chronic renal
failure. Pharmacol Toxicol 1988; 63:351-354.

Ittel TH, Buddington B, Miller NL, Alfrey AC. Enhanced gastrointestinal absorption of
aluminum in uremic rats. Kid Int 1987; 32:821-826.

Knoll O, Kellinghaus, Bertram HP, Zumkley H, Graefe U. Gastrointestinal absorption of
aluminum in chronic renal insufficiency. Contr Nephrol 1984; 38:24-31.

Williams JW, Vera SR, Peters TG, Luther RW, Bhattacharya S, Spears H, Graham A,
Pitcock JA. Biliary excretion of aluminum in aluminum osteodystrophy with liver disease.
Ann Inter med 1986; 104:782-785.

Andress DL, Kopp JB, Maloney NA, Coburn JW, Sherrard DJ. Early deposition of
aluminum in bone in diabetic patients on hemodialysis. N Engl J Med 1987; 316:292-296.
Lione A. Aluminum intake from non-prescription drugs and sucralfate. Gen Pharmac 1983;
16:223-228.

Kaehny WD, Hegg AP, Alfrey AC. Gastrointestinal absorption of aluminum from alumi-
num-containing antacids. N Engl J Med 1977; 296:1389-1390.

Leung AC, Henderson IS, Hallo DJ, Dobbie JW. Aluminum hydoxide versus sucralfate as
a phosphate binder in uremia. Br Med J 1983; 286:1379-1381.

Roxe DM, Mistovich M, Barch DH. Phosphate-binding effects of sucralfate in patients with
chronic renal failure. Amer J Kid Dis 1989; 13:194-199.

Robertson JA, Salusky IB, Goodman WG, Norris KC, Coburn JW. Sucralfate, intestinal
aluminum absorption, and aluminum toxicity in a patient on dialysis. Ann Intern Med 1989;
111:179-181.

Campistol JM, Cases A, Botey A, Revert A. Acute aluminum encephalopathy in an uremic
patient. Nephron 1989; 51:103-106.

Burgess E. Aluminum toxicity from oral sucralfate therapy. Nephron 1991; 59:533-524.



21.

22.

23.

24.

25.

26.

239

Burgess E, Muruve D, Audette R. Aluminum absorption and excretion following sucralfate
therapy in chronic renal insufficiency. Amer J Med 1992; 92: 471-475.

Burgess E, Muruve D, Audette R. Aluminum absorption and excretion in patients with
mild renal insufficiency given sucralfate with and without co-adminitration of non-steroidal
anti-inflammatory drugs. Clin Invest Med 1991; 14:A41.

Rodruigez M, Felsenfeld AJ, Llach F. The evolution of osteomalacia in the rat with acute
aluminum toxicity. J Bone Miner Res 1989; 4:687-696.

DeBroe ME, Van de Vyver FL, Bekaert AB, D’'Haese P, Paulus GJ, Visser WJ, Van
Grieken R, de Wolff FA, Verbueken AH. Correlation of serum aluminum values with
tissue aluminum concentration. Contr Nephrol 1984; 38:37-46.

Monteagudo FSE, Isaacson LC, Wilson G, Hickman R, Folb PI. Aluminium excretion by
the distal tubule of the pig kidney. Nephron 1988; 49:245-250.

Allain P, Mauras Y, Krari N, Duchier J, Cournot A, Larcheveque J. Plasma and urine
aluminum concentrations in healthy subjects after administration of sucralfate. Br J Clin
Pharmacol 1990; 29:391-395.



CHAPTER 27

Angioaccess for hemodialysis in patients 65 years
and older

BRUCE G. SOMMER, ANNE-MARIE MILES, NABIL SUMRANI,
ELI A. FRIEDMAN and JOON H. HONG

With acceptance of older patients with end-stage renal disease (ESRD) for
maintenance dialysis therapy, vascular access has become a critical link in
successful renal replacement. Yet, in all age groups, complications associated
with the creation and prolonged use of vascular access have contributed to
the increased morbidity and cost of end-stage renal disease therapy [1]. We
wondered if certain problems affected only the more elderly population who
needed angioaccess for maintenance hemodialysis. Many have thought that
the natural aging of the cardiovascular and epidermal systems plays a signifi-
cant role in the development of complications following vascular access
procedures in older uremic patients [2-4]. However, this assumption is not
yet supported by the few surgical reviews that concentrate on the mobidity
associated with vascular access in older patients [5, 6].

Methods

We reviewed the hospital charts and operative reports at a large urban
municipal hospital of all patients undergoing vascular access procedures be-
tween January 1, 1987 and December 31, 1991. During this time 468 patients
had primary circulatory access for chronic hemodialysis. Of these, 88 were
65 years of age or older and are the basis for this retrospective analysis. The
Kings County Hospital Center (KCHC) is a teaching hospital associated with
the State University of New York Health Science Center at Brooklyn. Each
procedure was performed by a senior surgical resident under a direct supervi-
sion of an attending surgeon. We chose the non-dominant arm as the angioac-
cess site unless an autogenous arteriovenous (AV) fistula could be constructed
in the dominant arm or unless the non-dominant arm had been exhausted
of angioaccess sites. All bridge-graft fistulas were created primarily in the
upper arm using reinforced, expanded polytetrafluoroethylene (PTFE) be-
cause previously forearm graft placement in older patients resulted in only
short-lived angioaccess. The operation was performed with a regional anes-
thetic block (1% Lidocaine) and monitored anesthesia care.
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Many of the patients receive chronic dialysis in the hospital center, how-
ever, some elect to be dialyzed at satellite centers within the metropolitan
area, which are more convenient. The follow-up of four patients after estab-
lishment of primary vascular access at KCHC was thought to be incomplete
and hence they were excluded.

In general patients admitted to the KCHC for the creation of primary
vascular access tend to be economically depressed but have free and immedi-
ate access to health care for all complications related to vascular access. All
these complications have been included. We considered all patients, who
died with a functioning vascular access, to be withdrawn from the study and
not to have nonfunctional angioaccess. Each angioaccess was deemed patent
until the patient needed a new site for vascular access.

For national reference the Medical Products Division of W.L. Gore and
Associates, Inc. has supplied data from their registry of patients, who have
had bridge-graft access established with expanded reinforced PTFE grafts.
This data is scrupulously maintained with the help of 17 vascular-access
surgeons. Where applicable, we performed statistical analysis of group and
patient variance using chi-square analysis and the Fisher exact test. Angioac-
cess patency was calculated by life-table analysis [7].

Results

During the 60 months studied, 468 primary vascular access procedures were
performed, 88 (18.8%) in patients 65 years and over (Fig. 1). More primary
angioaccess procedures were done in elderly females than elderly males
(Table I). Fifteen (17%) of the 88 patients expired during the initial hospital-
ization from complications unrelated to the vascular access procedure or to
maintenance hemodialysis. Of the older patients, 45% had diabetes as a
primary cause for their end-stage renal disease. Unlike patients under 65
years of age, no patient in this age group had either AIDS/HIV or drug-
related nephropathy as a cause for renal failure (Fig. 2).

Figure 3 shows the location and type of vascular access. Most of these
patients (87.5%) had primary vascular access using an expanded PTFE graft
in the upper arm in a loop configuration. No PTFE grafts were done in a
straight configuration due to the surgeons’ preference and need with the loop
configuration for only one major incision. A few PTFE grafts (6.8%) were
placed in the forearm. We used all of these forearm grafts for dialysis,
however, five of them thrombosed within six months and required revision
or a new graft in the upper arm to resume dialysis. On the other hand, over
two-thirds of the primary upper-arm grafts continued to work for at least
nine months. The rate of early failure between the upper arm and forearm
PTFE grafts was statistically significant (p < 0.05). Graft revisions to restore
angioaccess patency included simple thrombectomy when no venous outflow
tract obstruction could be identified or, more commonly, a thrombectomy
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Fig. 1. Age group and race analysis of all patients having primary vascular access created at
Kings County Hospital Center between 1987 and 1991. Patients 65 years of age or over constitute
nearly one-fifth of the population.

with insertion of an interposition, jump graft, past the point of venous outflow

tract obstruction.

Five patients had a peripheral subcutaneous autologous AV fistula between
the cephalic vein and the radial artery at the wrist. Four of the AV fistulas
were used for chronic maintenance hemodialysis. In all instances, both with

Table 1. Demographics of patients 65 years and over having vascular access placement

Number Percent

Male 38 43
Female 50 57
Black 82 93
Hispanic 4 5
White 2 2
Total 88
Expired during initial

admission 15 17
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Fig. 2. Contrasting disease incidence for patients requiring vascular access procedures at Kings
County Hospital Center. Note that 30.5% of the diabetics were 65 years of age or older.

placement of autologous AV fistulas and loop, PTFE-bridged graft fistulas,
the vein distal to the venous anastomosis was ligated to prevent complications
associated with venous hypertension.

Four patients developed wound infections at the site of PTFE graft place-
ment. One required removal of the graft and the others were treated with
local care and systemic antibiotic therapy. Three patients developed infec-
tions due to dialysis-needle puncture wounds and required total or partial
removal of the PTFE bridge-graft fistula. Three with upper-arm grafts de-
veloped ‘steal syndrome’ of the lower arm and hand. All these patients
were diabetics who smoked cigarettes and had other evidence of peripheral
vascular disease. The ischemic symptoms responded to narrowing of the
arterial inflow tract or graft ligation in one instance.

Most patients presented at the hospital with fuminant end-stage renal
disease requiring immediate hemodialysis. In circumstances where immediate
dialysis access was needed, temporary angioaccess was provided with a fem-
oral or internal jugular catheter for at least two weeks before use of the
bridge graft or autogenous AV fistula.
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Patients 65 years and over

Fig. 3. Location and type of vascular access placed during the initial creation of the angioaccess
in 88 patients with end-stage renal disease.

Although only a few autologous AV fistulas were created, complications
resulting from the fistula included only one incidence of steal syndrome,
which was treated by ligating the distal radial artery.

Discussion

The placement of vascular access in older patients with end-stage renal
disease can be technically demanding and must be tailored to the individual
patient. The peripheral subcutaneous autologous arteriovenous fistula, de-
veloped by Appell and described by Brescia and Cimino in 1966, remains
the preferred procedure for hemodialysis due to both excellence in primary
patency and to a low incidence of complications [8,9]. It should not be
surprising that it was not possible to create an autogenous AV fistula in most
of our patients. This was attributed to the high incidence of peripheral
vascular disease in older patients and lack of sufficient arterial inflow but
most commonly was due to the destruction of a suitable outflow tract by
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Angioaccess Patency for Hemodialysis in
Patients Over 65 Years

KCHC 1987 - 1991
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Fig. 4. Cumulative probability of secondary patency for vascular access placed in patients 65
years of age or older.

health-care personnel. Careful planning for the creation of AV access in
uremic patients demands the preservation of a suitable superficial vein,
specifically the cephalic vein, in the non-dominant arm. Unfortunately this
vein is often cannulated at the wrist for intravenous access or at the antecubi-
tal fossa by the phlebotomist, making it useless for dialysis access. Each
patient with developing end-stage renal disease must be told and shown
which vein is inviolable and must be saved for the creation of a peripheral
subcutaneous AV fistula.

Even when we could construct an autogenous AV fistula, the cephalic vein
in the elderly patients tends to be thinner and requires more time to ‘ar-
terialize’ before it can be regularly cannulated for scheduled dialysis. Rou-
tinely we ligate the vein distal to the vascular access to prevent venous
hypertension [10], a complication that in older patients can lead to serious
digital ulceration and even digital necrosis. We have not applied this tech-
nique to the distal artery in AV-fistula construction because the distal artery
may account for up to one-third of the blood volume passing through the
fistula [11, 12]. Generally the ‘steal syndrome’ can be managed easily by
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Fig. 5. Cumulative probability of secondary patency of PTFE bridge graft fistula according to
age (from W.L. Gore and Associates, Inc. Vascular Registry) 10,019 patients over 65 years and
16,059 under 65 years old have been entered into the data base.

ligation of the artery immediately distal to the fistula or by venous-outflow
banding [13].

For patients in whom we cannot create an autologous fistula, the preferred
alternative method is a conduit made from reinforced expanded polyte-
trafluoroethylene (PTFE). The PTFE graft material comes in a variety of
lengths and diameters and its ease of handling has increased with the addition
of tapered and stepped grafts. The conduit lends itself to thrombectomy and
revisions to maintain patency [14]. Infections associated with the PTFE graft
generally can be managed without it being entirely removed [15]. However,
use of PTFE for bridged graft fistulas demands an aggressive surgical ap-
proach to maintain patency by interposition grafting, patch angioplasty and
thrombectomy [1, 16]. Most late graft thrombosis is due to a poorly under-
stood mechanism that causes intimal hypertrophy and leads to venous out-
flow-tract obstruction [17]. The numerous revisions needed to maintain PTFE
bridge-graft patency and the other complications unique to the graft material,
however, leads to a complication rate 4 to 5 times that seen with autologous
AV fistulas [18]. Routinely one should achieve a secondary patency rate with
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PTFE grafts of 70% at two years in older patients; this does not differ from
their younger counterparts (Figs. 4, 5).

Since we have used routinely the tapered 4.5 mm X 6.5 mm PTFE conduits
for bridge-graft fistula construction in the upper arm, we have not seen a
significant case of arterial steal syndrome in this elderly population, which
did not improve with time. The upper-arm access produced less venous
thromboses than grafts placed in the lower arm. The use of more proximal
vein sites in older patients does not preserve sites for future access as would
be recommended for younger patients; however, in most instances, a high-
flow, functional PTFE bridge-graft fistula tended to serve the older patient
well until they died from causes unrelated to the access.

Routinely vascular access can be created in elderly patients for successful
maintenance hemodialysis, with results comparable to younger patients.
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