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On May 23–24, 1985, the first International Symposium on Geriatric Nephrology was held in Toronto. In his excellent review of the symposium,1
Michael Kay commented on the challenges and
risks facing aged individuals and, in view of the increased costs of their care, the ethical issues facing
the caregiver. His report stressed the fact that “the
degree of humanity in our healthcare world will be
made evident in the way we treat (or do not treat)
our minorities, our underprivileged, our poor, our
mentally infirm, those who have no voice to speak
for themselves, and finally, the aged.”
After that successful initial meeting, the International Society of Geriatric Nephrology was formed,
with its own journal—the International Journal of
Geriatric Nephrology and Urology—and five additional international meetings of the International
Society were held at Salamanca, Lisbon, Atlanta,
Thessaloniki, and Antalya.
Despite all these efforts and activities, the interest
among nephrologists concerning geriatric nephrology
did not increase and, if anything, was decreasing.
Membership in the Society and participation to the
meetings were small. Also subscriptions to and submission of articles to the Society’s journal were not
sufficient to sustain it. As a result, the publisher decided to publish the journal as a section in the journal
International Urology and Nephrology.
All these regrettable circumstances seem to have
changed because of two important factors that have
contributed to a renewed interest in geriatric nephrology. First is the amazing increase in the incidence of new patients with ESRD over the age of 65;
this segment of our population is the fastest growing group of patients requiring dialysis, and it continues to grow. Thus, nephrologists forced to practice as amateur geriatricians now recognize the need
to master all aspects of geriatrics. Second, the introduction and automatic reporting of estimated GFR
(eGFR) using the Modification of Diet in Renal DisAmerican Society of Nephrology

ease (MDRD) formula has revealed a large number
of patients who have impaired kidney function,
most of whom are elderly. Primary care physicians
are inundated with elderly patients with impaired
kidney function and, in turn, are flooding the nephrologists with referrals.
Nephrologists have had to take a serious look at
the plight of elderly, and probably as a result, three
important developments have ushered in the new
era of Geriatric Nephrology.
1. For the first time, the American Society of Nephrology has included in its annual Renal Week program a 2-d course on geriatric nephrology that was sold out and that kept the interest of
the participants to the end. All these presentations have been
taped and are available, with the accompanying slides, at http://
asn-online.org/education_and_meetings/media/geriatrics/. A
similar course has been planned for the 2009 ASN meeting.
2. Recognizing that geriatric nephrology is now essential to nephrology training, the Accreditation Council for Graduate Medical Education (ACGME), in its program requirements for training in nephrology, has mandated that “fellows must have formal
instruction, clinical experience and demonstrate competence in
the prevention, evaluation and management of geriatric aspects
of nephrology, including disorders of ageing kidney and urinary
tract.” In addition, the ACGME has mandated that “fellows must
receive formal instruction in geriatric medicine, including physiology and pathology of the ageing kidney, and drug dosing and
renal toxicity in the elderly patient.”

In response to the above, the Chair of the ASN
Training Program Directors Committee (Dr. Donald
Kohan) invited a group of individuals to form a committee to design a curriculum by identifying the topics
and authors to write the corresponding chapters and
we were honored to be asked to co-chair it. We were
impressed by the enthusiasm of all members of the
committee (Table 1). The committee identified 37
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Table 1. Geriatric Nephrology Curriculum Committee
Members (in alphabetical order)
Abrass, Christine
Abdel-Rahman, Emaad
Campbell, Kellie
Danziger, John
Dubeau, Catherine
Dubose, Tom
Feinfeld, Don
Ferrucci, Luigi
Friedman, Eli
Gambert, Steven
Hartman, Erica
Hollander, Jay
Jassal, Vanita
Kuchel, George
Kujubu, Dean
Leinau, Lisa
Mehta, Manisha Juthani
Michelis, Michael
Miller, Myron
Miyawaki, Bill
Mohamed, Maha
Morley, John
Munikrishnappa, Devraj

O’Hare, Ann
Oliver, Matthew
Oreopoulos, Dimitrios
Owens, Suzan
Patel, Sanjeevkumar
Quinn, Robert
Reckelhoff, Jane
Rosner, Mitchell
Sands, Jeff
Schlanger, Lynn
Shim, Rosemare
Singh, Harmeet
Stankus, Nicole
Striker, Gary
Swartz, Richard
Swidler, Mark
Tamura, Manju
Unruh, Mark
Vijil, Julio
Wiggins, Jocelyn
Williams, Mark
Winkelmayer, Wolfgang
Wright, Seth

chapters (Table 2). These chapters are short (5 to 6 pages) and
emphasize only knowledge related to geriatric nephrology. They
provide key references for further reading with a powerpoint presentation based on the content of each chapter and a number of
multiple choice questions at its end.
3. In 1998, ASN agreed to create a process to develop geriatric nephrologists. A
workshop was held to review the process and, in conjunction with the Association of Specialty Professors (ASP), a program of career development awards
for geriatric nephrologists was initiated. One or two awards are made on a
competitive basis each year to a junior faculty nephrologist who commits to
develop a career in some aspect of geriatric nephrology. Applications are reviewed by the ASN, and successful candidates are referred to ASP. ASP manages
a fund provided by Atlantic Philanthropies and the Hartford Foundation and
makes the T. Franklin Williams Scholarship Award each year. The scholarship
provides 2 yr of funding for career development in a combination of nephrology
and geriatric skills. The first scholarships were awarded in 2003, and a total of
nine scholarships were awarded through 2008. It is anticipated that these scholars will form a group that will become leaders in this area and train others to
provide age-sensitive nephrology care in the future. Several of these scholars
have contributed to the writing of the curriculum initiative discussed above.

In collaboration with various geriatric groups, our committee
will develop teaching tools in the diagnosis and management of
various geriatric entities.
The curriculum will be available at the ASN⬘s website. We are
confident that it will strengthen the teaching of geriatric nephrology not only in the United States but also throughout the world. A
number of colleagues from other countries have already expressed
great interest suggesting that, at last, geriatric nephrology has
come of age. We look forward to its rapid growth.

Table 2. Geriatric Nephrology Curriculum chapters
Table of Contents
Geriatric Nephrology Has Come of Age: At Last
Why Do We Need a Geriatric Nephrology Curriculum?
The Coming Pandemic of Chronic Kidney Disease/ESKD and the Aging
Population
Kidney Senescence
Rate of Decline in eGFR and Clinical Evaluation of the Elderly With a Low eGFR
Limitations of Various Formulae and Other Ways of Assessing GFR in the Elderly:
Is There a Role for Cystatin C?
Decline of Renal Function in Normal Aging, Role of Oxidants/Inflammation: When
Does It Begin, Is It Inevitable, Preventable, Treatable?
Diabetic CKD in the Elderly
Drug Dosing and Renal Toxicity in Elderly Patients
Glomerular Disease in the Elderly
Hypertension, Chronic Kidney Disease, and the Elderly
Cardiovascular Disease in the Elderly With Kidney Disease
Vascular Disease in the Elderly
Bone Disease and Calcium Abnormalities in the Elderly With CKD
Anemia in the Geriatric Population With CKD
Disorders of Serum Sodium Concentration in the Elderly
Fluid Balance Disorders in the Elderly
Acute Kidney Injury in the Elderly
Nocturia in the Elderly Persons and Nocturnal Polyuria
Hemodialysis in the Elderly
Vascular Access for Hemodialysis in the Elderly
Peritoneal Dialysis in the Elderly
Assisted Home Dialysis in the Elderly
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Author(s)
Dimitrios Oreopoulos and Jocelyn Wiggins
Jocelyn Wiggins and Dimitrios Oreopoulos
Jocelyn Wiggins and Sanjeet Kumar Patel
Lynn Schlanger
Ann O’Hare and Rose Shim
Devraj Munikrishnappa
Helen Vlassara, Luigi Ferrucci, James Post and
Gary Striker
Mark Williams
William Bennett
Christine Abrass
Ann O’Hare
Wolfgang Winkelmayer
Nobuyuki Miyawaki and Paula Lester
Harmeet Singh
Julio Vijil
Michael Michelis
Myron Miller
Mitchell Rosner
Dean Kujubu
Seth Wright
Seth Wright and John Danziger
Seth Wright and John Danziger
Matthew Oliver and Robert Quinn
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Table 2. Continued
Table of Contents
Renal Transplantation in the Older Adult
Interaction of Dialysis Teams With Geriatricians
Comprehensive Geriatric Assessment: A Multidimensional Process Designed to
Assess an Elderly Person’s Functional Ability, Physical Health, Cognitive and
Mental Health, and Socio-Environmental Situation
Rehabilitation Services for Elderly Dialysis Patients
Integrated Care of the Elderly With ESRD
Nutrition and the Kidney in the Elderly Patient
Urinary Incontinence in the Elderly
Lower Urinary Tract Conditions in the Elderly Population
Urinary Tract Infections in Elderly Persons
Falls in Elderly Patients With Kidney Disease
Association Between CKD and Frailty and Prevention of Functional Losses
Methods to Assess Quality of Life and Functional Status and Their Applications in
Clinical Care
Recognizing Delirium, Dementia, and Depression
Dialysis Decisions in the Elderly Patient With Advanced CKD and the Role of
Nondialytic therapy
End of Life and Decision-Making in Elderly Patients With ESRD
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Chapter 2: Why Do We Need a Geriatric Nephrology
Curriculum?
Jocelyn Wiggins
University of Michigan, Ann Arbor, Michigan

In 2005, ACGME (Accreditation Council for Graduate Medical Education) issued the following statement with respect to nephrology fellowship training:
“Fellows must have formal instruction, clinical
experience and demonstrate competence in the
prevention, evaluation and management of geriatric aspects of nephrology, including disorders of the
aging kidney and urinary tract.” In addition, the
ACGME mandated that “fellows must receive formal instruction in geriatric medicine, including
physiology and pathology of the aging kidney; and
drug dosing and renal toxicity in the elderly patient.”
The following curriculum is an attempt to fulfill
this mandate and prepare the next generation of
nephrologists for the comprehensive care of the
older population with kidney disease.
The over 65 population in the United States is
rapidly growing. During the next 20 yr, it is expected to double (Figure 1). This means that during
the professional lives of current fellows, they can
expect to see an increasing number of older patients
in their practice. Average life expectancy in 2004
was 75.2 yr for men and 80.4 yr for women; by 2015,
it is expected to be 76.2 and 82.2 yr, respectively,
and to continue growing. During the 1990s, the
over 85-yr-old population was the fastest growing
group at 38% growth. This older age group is the
largest consumer of healthcare services. In 2005,
only 5% of the over 75-yr population had no health
visits, whereas fully 30% of those with 10 or more
visits were in this age group, although they constitute ⬍10% of the population.1
Why should the aging of the population impact
nephrologists? There are currently about 35 million
people over 65 yr of age in the United States. Forty
percent of this population has some level of disability: sensory, physical, mental, or self-care.1 Once a
senior develops disability, it greatly impacts on their
ability to follow a complex medical regimen. PaAmerican Society of Nephrology

tients with chronic kidney disease (CKD) usually
require complicated medication routines, complex
dietary restrictions, and frequent medical visits.
Many patients in this age group have lost the ability
to administer their own pills, to buy and cook their
own groceries, or to drive themselves to office visits
or dialysis units. Many patients, particularly in the
diabetic population, have difficulties with basic
mobility. It is essential that the nephrologist be familiar with and able to perform routine functional
assessments of their older patients. This includes
evaluating cognitive, affective, functional, social,
economic, and environmental status. This enables
them to customize a regimen or direct the patient to
a living environment where such supportive care is
available. In a busy practice, some aspects of this
assessment can be allocated to other providers such
as social workers, nurses, nurse practitioners, or
physician assistants. The management of those elderly who require chronic dialysis is even more
complex. They frequently have more difficulty with
vascular access; they have more cardiovascular disease that leads to arrhythmias and hypotension
while on dialysis. Furthermore, traveling to and
from the unit is a greater burden to them. Further
improvements in assisted dialysis at home will allow
them to enjoy the benefits of treatment at home and
is an area that needs further exploration.
Patients in this older age group are likely to have
multiple comorbidities. The average 75 yr old suffers from 3.5 chronic diseases.1 Many symptoms in
older patients are caused by multiple deficits and
not by a single disease. These diseases and their
treatments are likely to interact and complicate one
another. Murray2 has reported that up to 70% of
dialysis patients 55 yr of age and older have chronic
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Table 1. Common geriatric conditions that impact on
nephrology care
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Figure 1. Projected population over age 65 yr from the US
Census Bureau.

cognitive impairment of a level severe enough to impact on their
compliance and ability to make informed decisions.3,4 Prevalence
of depression is reported to be as high as 45% in the older dialysis
population.5–7 Metabolic bone disease is complicated by age-related osteoporosis. The cardiovascular consequences of CKD are
complicated by structural heart disease such as valvular insufficiency and atrial fibrillation. Neurodegenerative disease impacts
on the patient’s mobility and cognitive function. Osteoarthritis
and neuropathy limit their physical activity. As age and disease
advance, frailty becomes an issue. All of these things combine to
make their care much more complex than that of a younger patient. Drug interactions and inappropriate dosing becomes an increasing issue as the number of comorbidities and medications
increases (Table 1).
In 1992, Nespor and Holley8 did a small study of in-center
hemodialysis patients in Pittsburgh. Eighty percent of these
patients did not have a family physician and relied on their
nephrologist for all of their medical care. Ninety-one percent
sought treatment from their nephrologist for minor acute illness. Nephrologists were also providing ongoing treatment for
comorbid chronic illnesses such as diabetes and heart disease.
In 1993, they went on to confirm similar statistics in their
chronic peritoneal dialysis patients.9 This would suggest that
the nephrologist needs to be prepared to take on the full complexity of care for their older patients, particularly their
chronic dialysis population. In older patients, this would include health maintenance screening and immunizations. Although malignancies are more common in both the dialysis
population and in the posttransplantation population than in
the general population, life expectancy, age, and cost effectiveness need to be considered by the nephrologists before ordering screening tests.
Patients with possible CKD are being referred to nephrologists in greater numbers since the introduction of formulae for
estimating GFR. Most clinical laboratories supply an eGFR
when a serum creatinine is ordered. NHANES data estimates
that approximately 11% of the US population has CKD, and
this may be as high as 30% in the older population.10 A recent
Australian study showed that monthly referrals overall increased by 40% after the introduction of eGFR reporting, and
this was most marked for the tertiary renal service (52% above
baseline).11 Patients referred after the introduction of eGFR
2
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were significantly more likely to be older (median, 63.2 versus
59.3 yr; P ⬍ 0.05), because serum creatinine is a poor predictor
of renal function in the elderly. GFR declines with age in normal individuals; therefore, it can be difficult to distinguish agerelated decrease in GFR from CKD in the elderly. Older patients with mild decreased GFR and low risk for progressive
decline in GFR need to be distinguished from those with progressive disease, because once identified, they probably do not
need to be followed by a nephrologist.
In conclusion, older patients will make up a growing proportion of the nephrologist’s practice. Thus, nephrologists
need to become comfortable with shouldering the full care of
this segment of their patient population or work closely with a
geriatrician and family physicians. As we become more willing
to offer life-prolonging technologies in the older age groups,
we need to be willing to deal with the consequences of this
decision. Finally, with their elderly patients, nephrologists face
challenging ethical problems, such as whether to withhold or
withdraw dialysis. Unless addressed promptly and effectively,
these ethical issues will greatly increase the stress on both the
healthcare provider and family members.

TAKE HOME POINTS
• A knowledge of geriatric medicine is required by ACGME for training in
nephrology
• The population over 65 yr of age will double in the next 20 yr
• This older population will bring their problems with them to the nephrologists
• Dialysis patients rely on their nephrologists for most or all of their care
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REVIEW QUESTIONS: WHY DO WE NEED A
GERIATRIC NEPHROLOGY CURRICULUM?
1. The 85-yr-old population is growing at what rate per year?
a. 10%
b. 45%
c. 25%
d. 38%
2. The average 75-yr-old suffers from how many chronic diseases?
a. 0
b. 5
c. 3.5
d. 10
e. 2

4
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3. The prevalence of depression in the dialysis population is
a. 5%
b. 25%
c. 33%
d. 45%
e. 80%
4. What percent of dialysis patients receive all their medical care
from their nephologist?
a. 10%
b. 20%
c. 30%
d. 50%
e. 80%
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Chapter 3: The Coming Pandemic of CKD/ESKD and
the Aging Population
Jocelyn Wiggins and Sanjeevkumar Patel
University of Michigan, Ann Arbor, Michigan

In chapter 1, data were presented about the growth
of the older US population and their special needs.
In this chapter, we will discuss the epidemiology of
the elderly patients with chronic kidney disease
(CKD) and end-stage kidney disease (ESKD).

CHRONIC KIDNEY DISEASE

There is much debate in the literature about
whether the incidence of CKD is actually increasing or whether we are measuring changes in the
way we detect and define CKD. In 1998, a report
using NHANES data estimated the prevalence of
CKD as about 11% in the US adult population.1
This estimate was based on routine creatinine
measurements in a subset of the study population. Since that data were published, several developments have altered the way we define CKD.
The Modification of Diet in Renal Disease
(MDRD) formula was developed and validated.2
The National Kidney Foundation created a panel
of experts, who redefined how CKD was classified
and staged.3 There has been a change in way creatinine is measured. Automated reporting of
eGFR based on MDRD formula was initiated in
most clinical laboratories across the country.
These changes resulted in an apparent “pandemic” of CKD. A study from an academic department in Australia tracked the level of nephrology referrals after the implementation of
automated eGFR reporting.4 General referrals increased by 40%, whereas referrals to the tertiary
renal service were 52% above baseline. The patients newly referred were significantly older:
63.2 versus 59.3 yr. However, the quality of the
referrals declined with as many as 35% being inappropriate. It seems likely with the increases in
the incidence of diabetes, vascular disease, and
the general aging of the population that the true
prevalence of CKD has increased, but it is very
American Society of Nephrology

hard to get an accurate measure of the extent of
the increase.5,6 Coresh et al.7 have estimated that
the overall prevalence of CKD has increased from
10 to 13% of the US adult population since 1988.
Because 50% of patients in the United States start
dialysis with no previous nephrology care, overreferral is probably preferable to underreferral.8
Another contentious area of debate is the decline
of renal function with age. It is generally accepted
that renal function declines about 1 ml/min per
year after the fourth decade of life, even in the absence of comorbidities such as diabetes and hypertension. Many nephrologists regard this as “normal
aging” and do not feel that this constitutes a reason
for referral. It is certainly true that only a very small
fraction of these older patients will progress to end
stage or die from renal failure. It is likely that they
are at greater risk from vascular disease because
there is a very robust association between decline in
GFR and vascular deaths.9
So, which older patients should the busy nephrologists follow and which should be returned to
the care of their primary care physician after an initial evaluation? Clearly signs of ongoing active renal
disease such as an active urine sediment or significant proteinuria are reason for a nephrologist’s
care. eGFR values between 45 and 59 ml/min per
1.73 m2 in those 70 yr of age and older should be
interpreted with caution. If other signs of kidney
damage (e.g., proteinuria, hematuria) are not
present, a stable eGFR in this range may be consistent with typical GFR for this age and an absence of
CKD-related complications. Patients showing the
complications of decreased renal function such as
anemia, phosphorous retention, and hyperkalemia
need nephrology management.
Correspondence: Jocelyn Wiggins, University of Michigan, 1150
W. Medical Center Drive, 1560 MSRB II, Ann Arbor, MI 48109.
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Because Medicare mandates that all US dialysis units receiving
Medicare compensation report clinical data to the US Renal Data
System (USRDS), information on patients reaching ESKD is
much more robust than the data on CKD. The data for these
patients were all taken from the USRDS 2007 annual report.10
Data collected by USRDS show that ESKD is a disease of the
older population, with numbers starting to rise significantly
after the age of 50. Mean age at the start of renal replacement
therapy is 62.3 yr for men and 63.4 yr for women. Peak incident
counts of treated ESKD occur in the 70- to 79-yr age group at
⬎15,000 patients per year. Peak incident rates of treated ESKD
occur in the 70- to 79-yr-old age group at 1543 per million
population (Figure 1).
This probably reflects both a real increase in the rates of
patients reaching ESKD and an increase in the willingness to
offer dialysis, regardless of age or comorbidity. The data show
a drop off after 79 yr of age. This probably reflects the tendency
of older patients, with significant burden of disease refusing

Figure 1. Incident rates of treated ESKD per million of
population by decade. Data from the USRDS 2008
annual report.

dialysis. The incident rates have been rising steadily over the
last 25 yr (Figure 2), with a narrowing gap between rates in the
70- to 79-yr-old age group compared with the 80⫹-yr age
group. These data reflect numbers of patients who have survived at least 90 d on dialysis and do not include those who get
acute dialysis in the hospital and do not progress to chronic
maintenance dialysis because of recovery or death.
Rates of morbidity and mortality are higher in the ESKD
population than in the general Medicare population. Hospital
admission rates are particularly high in the oldest patients,
with cardiovascular disease being by far the most common
cause for hospitalization. Patient admission rates increase linearly with age. A 20-yr-old patient with ESKD spends an average of 9 d per patient year in the hospital compared with 15.5 d
for patients over 70 yr of age. Older patients also carry significant burden of disability. Overall, 10% carry a diagnosis of
dementia, and this rises to 21% among those over 80 yr of age.
This is almost certainly an underestimate because dementia is
often undiagnosed. As many as 20% of older patients with
ESKD have had a stroke that limits their mobility. These co-

Rate per million population
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Figure 2. Incident rates of treated ESKD per
million population from 1980 to 2005. Blue
bars represent patients over 80 yr of age. Red
bars represent the 70- to 79-yr-old age
group. Data from the USRDS annual report
for 2007.
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morbidities impact significantly on a patient’s ability to manage a complex medical regimen.
In addition to the significant burden of comorbidity, allcause mortality is six times higher in the ESKD population
than in the general Medicare population. When discussing dialysis, patients and families need to understand that, although
renal replacement therapy does prolong life, life expectancy is
very limited in the older population. Average 1-yr survival for
a 70 to 79 yr old is 70%, and for an 80 yr old is 60%. By 2 yr,
survival drops to 52.7 and 39.7%, respectively (Figure 3).
CKD and ESKD are huge financial burdens to our medical
system. In 2005, Medicare costs for CKD were $42 billion and for
ESKD were $20 billion. The cost of ESKD was one half that of
CKD, although only a very small percentage of patients with CKD
progress to ESKD. According to NHANES data, about 11% of the
US population has CKD, whereas ⬍0.2% of the US population
has ESKD. Despite this low prevalence, ESKD was responsible for
6.4% of the entire Medicare budget. The annual per person cost
for dialysis alone exceeded $65,000 in 2005. If all medical care is
included, this figure is even higher. For the 70- to 79-yr-old age
group, the per person annual cost of dialysis is more than $69,000
and in the 80⫹-yr group is more than $74,000.
In conclusion, CKD and ESKD are diseases of the elderly. The
incidence and prevalence of these conditions are rising, especially in
the older age groups. Progressing to ESKD carries a significant burden of comorbidities and clearly shortens life expectancy. Treating
patientsforESKDisevenmoreexpensiveintheolderagegroupsthan
for younger patients. Preventing progression of CKD should be an
urgent priority for every nephrologist, even in the oldest patients.
TAKE HOME POINTS
• eGFR declines with age but does not necessarily indicate clinically
significant CKD
• Peak incidence of treated ESKD is in the 70- to 79-yr age group
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Figure 3. Survival probabilities for patients
on dialysis: year 1 in blue and year 2 in red.
Data shown for patients across the life span.
All age groups show lower survival on dialysis
than age-matched controls with normal renal
function. Data from USRDS annual report
2007.
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• Rates of treated ESRK are increasing in all older age groups
• ESKD carries a poor prognosis
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REVIEW QUESTIONS: THE COMING PANDEMIC OF
CKD/ESKD AND THE AGING POPULATION
1. The current prevalence of CKD in the US population is
a. 1 to 5%
b. 10 to 15%
c. 20 to 25%
d. 30 to 35%
e. None of the above
2. The peak incidence of treated ESKD falls in which of following
age ranges?
a. 50 to 59 yr
b. 60 to 64 yr
c. 65 to 69 yr
d. 70 to 79 yr
e. 80⫹ yr
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3. A 70-yr-old dialysis patient will spend, on average, how many
days per year in the hospital?
a.
b.
c.
d.
e.

2.5 d
6.1 d
8.3 d
15.5 d
21.7 d

4. Compared with the general Medicare population, mortality in
patients with ESKD is how many fold higher?
a.
b.
c.
d.

2-fold
6-fold
10-fold
19-fold
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Chapter 4: Kidney Senescence
Lynn Schlanger
Emory University and Veterans Affairs Medical Center at Atlanta, Atlanta, Georgia

In the United States, the elderly and the very elderly
population has largely exceeded that of any other
age group.1 By 1994, the population of these demographic groups reached 36.5 million and has continued to increase over the last decade.1 This growth
parallels the increasing number of elderly persons
classified with chronic kidney disease (CKD) stages
III through V. Moreover, an estimated 660,000 persons in the United States will have end-stage kidney
disease (ESKD) by the year 2010, with the greatest
growth rate occurring in the elderly and very elderly
persons.1–3 Unfortunately, understanding of the
normal biologic progression of renal disease in the
elderly persons in the absence of comorbid factors4 –9 or the progression of CKD is still not clearly
understood.10
Cross-sectional and longitudinal studies have
looked at the natural progression of the kidney with
aging.4,7,8,11 A linear relationship between aging and
a decline in the renal function was noted,7,8 but elderly persons who had no underlying disease had
adequate renal reserve.12–14 The Baltimore Longitudinal study (BLS) from 1958 until 1981 studied a
cohort of individuals for 8 or more yr who had a
least five 24-h urine collections for creatinine clearance.7,8 There were three groups: group 1, CKD;
group 2, on anti-hypertension medications; group
3, healthy patients. The overall rate of decline in
creatinine clearance was 0.87 ml/min per year beginning at age 40 and was inversely related to age.7,8
A rise in mean arterial pressure ⬎107 mmHg was
positively correlated with a decline in renal function.7 Interestingly, in the BLS, one third of the elderly population had no decrease in renal function
as measured by creatinine clearance, and a small
segment actually had improvement in their renal
function.8
In humans and some animals,14,15 the number of
glomeruli present in adulthood are predetermined
between weeks 32 and 36 of gestation,14,16 whereas
the number of glomeruli continue to increase in
rats and mice after gestation.15 In humans, the superficial cortex glomeruli differ in size from the
American Society of Nephrology

juxta-arcuate glomeruli until age 2. At this time, the
size of all of the glomeruli are the same, and the
kidney is functioning at adult capacity.17The number of glomeruli among individuals is quite variable, ranging from 247,652 to 1,825,380 per kidney,
and decreases with age14,18 at a rate of approximately 6752 glomeruli/yr after the age of 18.14
Renal mass increases from 50 g at birth to ⬎400
g during the third and fourth decades of life before
decreasing to ⬍300 g by the ninth decade.5,13,14,18,19
The latter decrease correlates with the loss of the
renal cortex. Radiographically, the size of the kidney has been shown to decrease in size by 10%after
age 40 to 30% by age 80.20 –23 Using the Xenon
washout technique, Hollenberg et al.22 noted that a
decrease in the size of the kidney correlated with a
decrease in function and in the renal blood flow to
the cortex.22

HISTOLOGY

The histologic changes with aging observed in humans have been obtained from information from
autopsies or nephrectomies14,19,23–26 or studies involving laboratory animals.27,28 With aging, there
are certain universal findings in the cortex, medulla,
and, in most cases, in the interstitium and vessels
(Table 1; Figure 1). These histologic changes correlate with functional changes observed with aging,
including an inability to concentrate or dilute the
urine, an increased propensity toward salt retention, dehydration, and acute kidney injury.
Glomerulus

With aging, hyaline expansion within the mesangium results in the obliteration of the glomerular
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Table 1. Histologic change in the aging kidney
Site

Changes

Glomerulus
Podocytes
Interstituim
Vessels

Thickening basement membrane, increase mesangial matrix, focal global sclerosis, hypertrophy
Fusion intermittent, detachment, vacuoles
Tubular atrophy, tubular cast, monocytes infiltrates, interstitial fibrosis
Atrophy of afferent and efferent, hyalinosis of vessels, ⬙aglomeruls vessels⬙

loops28,29 and is associated with capillary tuft collapse, intracapsular fibrosis, and proteinuria.14 The sclerosis in the glomeruli is primarily in the superficial cortex with sparse changes
in medulla.14,16,19 Cortical atrophy and loss of the renal parenchyma result.18 One hundred forty-six cadaveric kidneys from
medical examiner offices and autopsies from hospital patients
showed an increase in cortical glomerulosclerosis with age
from 5% at age 40 to 10% by the eighth decade.30The degree of
sclerosis was found to correlate with the degree of atherosclerosis, suggesting a hemodynamic role in the aging process.31
The remaining glomeruli are enlarged to compensate for the
decrease in number of functioning cortex glomeruli.12,18,19,32,33
Electron scans showed podocyte injury with features that including hypertrophy, intracellular uptake of protein/absorptive droplets, foot process fusion, and detachment of the podocytes from the glomerular basement membranes (GBMs).29,34
Glomerular Basement Membrane

The GBM increases in width with age.27,29,35 In Sprague-Dawley rats, the GBM increased in size from 1300 Å at birth to 4800
Å at 24 mo.29 In humans, the basement membrane increases
until age 40, and after age 60, the surface area decreases with
wrinkling of the basement membrane with deposition of hyaline.29 The composition of the basement membrane also
changes with aging.36,37 In older rats, the amino acid composition shifts to a more collagen-like material marked by an increase in hydroxylysine, hydroxyproline, and glycine, and
more insoluble amino acids with higher content of low molec-

ular weight proteins.37 These findings differ in the human
GBM, where a decrease in hydroxylysine, 4- hydroxyproline,
and glycosylation of collagen occurs with aging.26 The reason
for these differences is not clear.
Tubulointerstitium

With aging, tubular dilation, intratubular cast formation,
thickening and splitting of the basement membrane, and fibrosis of the interstitium occurs.18,35,38 In 24-mo-old rats, scans of
the interstitium showed cellular infiltrates consisting predominantly of macrophages and lymphocytes and an increase in
intracellular adhesion molecule (ICAM)-1, osteopontin, and
collagen IV. Areas were marked by an increase of apoptosis.
None of these findings were detected in the 3-mo-old pups.38
After the administration of enalapril to 15-d-old CF1 mice, a
decrease in the peritubular and interstitial sclerosis occurred
by 18 mo of age compared with the control mice or mice
treated with nifedipine. A decrease in expression of SM-actin, a
cytoskeleton protein commonly found in fibrosis and repair,
was also noted in the enalapril-treated group.38
Vessels

An early angiographic study showed changes in the arterioleglomerulus unit with aging.24 In the arterioles, hyaline deposition within the vessels walls leads to obliteration of the lumen
and is associated with sclerotic glomeruli primarily in the cortex.22,24,31 Two structural types associated with the afferent and
efferent arterioles have been described.24 In the first case, oblit-

Lumen obliteration
Hyaline deposits in arterioles
RFB

Glomerulosclerosis in cortex

RBF

“Aglomerular” arterioles

Hypertrophy of glomeruli in
FF

RBF
Peritubular capillary atrophy

Tubulointerstitial fibrosis

Decrease diluting and concentrating capacity
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Figure 1. Histologic changes in the aging
kidney. There is a decrease in the renal blood
flow from hyaline deposition and obliteration
of the arterioles resulting in glomerular
changes such as wrinkling of the loops and
noted hyaline deposition in the mesangium.
The loss of these glomeruli is primarily in the
cortex resulting in hypertrophy of the remaining glomeruli. In the medulla, the arterioles
form “ aglomerular “ arterioles that results in
the shunting of blood to the medulla and an
increase in filtration fraction in the medulla
glomeruli. The tubulointerstituim in teh area
of glomerulosclerosis develop fibrosis, tubular atrophy with tubular casts, and inflammatory cell infiltrates, and increase of peritubular
capillary atrophy.
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eration of efferent and afferent arterioles is associated with
glomerular sclerosis, whereas in the second case, a continuous
channel between the afferent and efferent arterioles results in a
sclerotic glomeruli, is called an “aglomerulus “ arteriole, and
shunts the blood to the medullary area.19,23,24 The small arteries show some elastic duplication, fibrous intimal thickening,
destructive changes in the media, narrowing of the lumen, and
lamination.24,29 The blood vessel changes play a major role in
renal damage, compromising renal blood flow with subsequent loss of renal mass.9,30
Tubules

With aging, the length of the proximal convoluting tubule, the size
of the proximal tubular epithelial cell, and the size of its respective
nucleus decrease in parallel with the decrease in size of the glomerulus.12,15,23,33 Electron micrographs of rat tubules showed nonuniform thickening of the tubular basement membrane with
vacuoles in the proximal tubules, with intermittent loss of the
microvilli,28 whereas the distal tubules are dilated with diverticular formation.28 Similar changes in the elderly may account
for an increased incidence of urinary tract infections.8

FUNCTIONAL CHANGES

With aging, renal blood flow decreases in both human and
animal populations13,19,22,27 (Table 2). Fliser et al.13 observed a
marked decrease of about 10% per decade in the effective renal
perfusion in healthy elderly volunteers compared with
younger adults, with renal perfusion decreasing from 647 ml/
min per 1.73 m2 in younger volunteers to 339 ml/min per 1.73
m2 in elderly volunteers. The lower renal plasma blood flow
and the decrease in GFR contribute to the increase in the filtration fraction found in the elderly persons. The decrease in
renal blood flow may result from an imbalance and alterations
in the responsiveness to vasoactive substances, i.e., acetylcholine,22,39 or decrease in production of certain peptides with
aging.13,22,40 Hollenger et al.22 performed Xenon washout studies to evaluate potential transplant donors in ages ranging from
17 to 76 yr old and found a significant decrease in renal perfusion with aging that was associated with a reduction in cortical
flow rate and kidney mass. He noted that the vasodilator response to acetylcholine was blunted in the elderly but found no
difference in the vasoconstrictor response to angiotensin.22 In
older rats, the vasodilator response to nitric oxide and the endothelial-derived hyperpolarizing factor pathways are attenuated.39 This suggests the elderly may be more susceptible to
Table 2. Functional changes in the aging kidney
Decrease renal blood flow by 10%/yr after age 40
GFR decrease by 0.87 ml/min per year
Increase in RVR
Decrease diluting capacity
Decrease concentrating capacity
Normal renal reserve
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acute kidney injury in a low perfusion state because of attenuated responses to vasodilators and an increase in response to
vasoconstrictors.5,22,39
The “functional reserve “of the kidney is defined as the
acute rise in GFR that occurs after an infusion of amino acids.13,41 A lack of a rise in GFR with infusion of amino acid in
elderly persons with underlying renal disease may indicate that
the kidney is working at maximal capacity and unable to recruit additional nephrons in response to the increase in the
filtered load. However, the ability of the kidney to compensate
under stress may be limited in elderly persons. Fliser et al.13
found the functional reserve in healthy older volunteers to be
around 15%, and this functional reserve was maintained until
age 80 in both men and women. This rise in the functional
reserve was not accompanied with a rise in effective renal blood
flow (ERBF) or a significant decrease in renal vascular resistance. This suggests that the increase in the renal reserve is not
related to vasodilatation in elderly persons as was commonly
found in younger adults.
Tubular function

Elderly persons are not able to dilute or concentrate their urine
as well as younger healthy adults. This may stem from a combination of interstitial damage, end organ resistance, or a decrease in production of various hormones.42– 44 As a consequence, elderly persons are more prone to water disorders and
volume depletion than the general population. The dysnatremias are the most common electrolyte disorders recorded
among elderly persons admitted to the hospital and are associated with high morbidity and mortality.45 In older female
WAG/Rij rats, aquaporin (AQP)-2 and -3 are downregulated
compared with in 3-mo-old rats. This correlated with laboratory findings between the two age groups. There was a decrease
in the urine output in older rats compared with younger rats
(3.9 ⫾ 0.3 versus 12.8 ⫾ 0.8 ml in 24 h). Older rats also had a
lower urine osmolality compared with younger rats (1042 versus 2511 ⫾ 54 mosmol/kg).44 Moreover, there was no change
in the expression of AQP-1 in the proximal convoluting tubules and descending loop of Henle’s or in AQP-4 in the basolateral membrane in the collecting tubules.44 These finding are
consistent with a decreased ability to concentrate urine in the
elderly with normal levels of circulating vasopressin. This
could result in decreased insertion of apical AQP-2 into the
apical membrane and an inability to concentrate urine.
The levels of serum renin, renin activity, and aldosterone42,43,46
are low in elderly persons, and their response in a hypovolemic
state is also blunted.12,44,47 Similarly, Sprague-Dawley adult rats
were found to have a downregulation of intrarenal mRNA renin
and a blunted release of the serum renin in response to hypotension compared with the younger rats.46
Despite a mild decline in renal function, elderly persons are
capable of secreting an acid load when placed on a 70-g protein
diet and maintain normal serum bicarbonate levels and an
appropriate urine pH.48 Although the serum aldosterone level
is decreased in the elderly, healthy elderly volunteers and those
Geriatric Nephrology Curriculum
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with CKD are able to excrete potassium to maintain normal
serum potassium.49

MECHANISM FOR AGING

The biologic mechanisms for aging are still unknown. Various
possible mechanisms for aging have been touted and included
recruitment of senescence genes, changes in hormones related
to gender,27,28,50 replicative senescence,51 damage caused by an
unrestricted diet,52 and changes in oxidative stress53 (Figure 2).
The cell cycle regulator gene regulator, p16INK4a, a cyclin-dependent kinase inhibitor, and a possible senescence gene candidate are found in the kidney of rats, mice, and humans.54 In
the aging human kidney, there is an increase in p16 INK4a
mRNA expression in the cortex.54 In vitro experiments in the
aging human kidney suggested other gene candidates. Increase
expression of p16INK4a and p53 was found in the sclerotic glomeruli areas, whereas p16INK4a, p53, cyclooxygenase-1 (COX1), transforming growth factor (TGF)-␤, and heat shock protein A5 (HSPA5) were found in the interstitium.54
Knockout mice or transgenic animals have been created to
evaluate the correlation between certain proteins and aging. In
transgenic male rats, the antisense growth hormone (GH)
showed a suppression of the expression of GH/insulin-like
growth factor-1 (IGF-1) activity.55 The suppression of this activity prevented histologic changes normally seen in the aging
rat kidney. Associated with the decrease activity of GH/IGF-1
was a decrease in macrophage infiltrates, the extracellular matrix, and collagen production. The decrease activity of GH/
IGF-1 seems to be renoprotective,55 and upregulation may
contribute to sclerosis found in certain disease states such as
diabetes mellitus. Another candidate gene for senescence is the
SMP-30 gene, which seems to be important in anti-apoptotic

function.56 Knockout mice for the SMP-30 gene showed an
increase in mortality and increase deposition of lipofuscin in
the renal tubular epithelial cells, marked degeneration in the
mitochondria, podocyte fusion, and an increase in apoptosis.56
Klotho is considered the anti-aging gene and has shown
expression in the kidney. The klotho mouse model (KI/KI) for
aging was genetically made by transgene disruption of the
klotho gene locus.57 The klotho (kl/kl) mouse exhibits many of
the phenotypic features of aging including the following: short
lifespan, growth retardation, infertility, osteoporosis, atherosclerosis, obstructive pulmonary disease, renal sclerosis, and
atrophy of the skin.57 Histologic changes in the kl/kl rat showed
fibrosis in the renal arteries, the interstitium, and the glomeruli, as well as calcification within the cortex in the older mice.57
The imbalance between the accumulation and degradation
of extracellular matrix (ECM) may play a role in fibrosis. A
homozygote TIMP-1 transgenic mice was constructed to study
the effect of TIMP-1 on ICAM-1 and fibrosis in the aging kidney.58 TIMP-1 is a tissue inhibitor of metalloproteinase
(MMP), which is known to increase the degradation of ECM
and ICAM-1. In the aging rat, there was an upregulation of
TIMP-1 correlating with upregulation of ICAM-1 and TGF ␤.
Fibrosis seems to be promoted by the regulation of profibrotic
proteins and inhibition of the breakdown of ECM.58
Besides genetic programming, there seems to be a sex dimorphism in the development of glomerulosclerosis in animals, with the female gender being protected until menopause.27,28,59 This relationship may not hold for humans. 17␤estradiol seems to have many protective functions including
inhibition of apoptosis in mesangial cells, an increase in the
expression of metalloproteinase, and a decrease in collagen
production, which would point to a beneficial effect on aging.28,59 Aging female Dahl salt-sensitive rats were placed on
17␤-estradiol replacement therapy after undergoing ovariecFas
HSP47

GH/IGF-1
TIMP-1
HSP47
Androgens
pINK4a
p53
ROS
PAI-1
COX-1
TGFβ

+apoptosis

-sclerosis

Aging
Kidney
+sclerosis

Klotho gene
MMP
Estradiol
Ace inhibitor
ET- inhibitor

-apoptosis

Restricted calories
SMP-30 gene
Klotho gene

Figure 2. Aging kidney. A schematic outline of the various modulators that may be responsible for damage or reno-protection of the
aging kidney. The restricted caloric intake has a reno-protective effect through modulating various proteins by suppressing GH/IGF-1
activity, Fas, and HSP47. The upregulation of MMP, downregulation of TIMP-1 and ICAM-1, and decrease in oxidative stress results in
a decrease in matrix dysregulation and inflammation. The SMP-30 and klotho genes are anti-apoptotic. The klotho gene seems to be
reno-protective by decreasing sclerosis. The inhibition of ET-1 and angiotensin II are known to decrease sclerosis. Areas of fibrosis are
found to have an increase in PA1–1, COX-1, TGF-␤, PINK4a, and p53. The hormones estradiol and androgen have opposite effects on
aging.35,40,50 –59
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tomy at 3 mo and showed less renal scarring at 12 mo than the
unsupplemented ovariectomy female rats.59 This suggests that
estradiol has a protective role in sclerosis.59 Other studies suggest a role of androgens mediating sclerosis.27
The role of endothelin (ET) in aging was explored by treating male Wistar rats at 2 and 23 mo after treatment for 28 d
with a nonpeptide endothelin A receptor antagonist.34 There
was a 50% decrease in glomerulosclerosis in the treated group
at 23 mo compared with the control group, as well as a significant decrease in proteinuria in the treated group compared
with the control group (51 versus 307 mg/kg; P ⬍ 0.0102).34
The telomeres are DNA repeat sequences of TTAAGGG ⫻
repeats that are attached to the somatic chromosome. With
replication, certain base pairs are lost. There are a finite number of replicate cycles that somatic cultured cells can undergo
and then replication ceases. This is termed replicative senescence (Hayflick limit).51 In human kidneys, the cortical telomere length decreases with aging at a loss of 0.029 kbp/yr,
which is greater than seen in the medulla.51 The significance of
this needs to be further evaluated.
The biology of aging is an important area with many unanswered questions. The understanding of the variability of the
aging process among humans and animals may improve our
fundamental knowledge of disease mechanisms and the possibility of preventing the progression of renal disease. Presently,
it seems that BP control, decrease in caloric intake, and an
angiotensin-converting enzyme inhibitor may delay the progression of aging in the kidney.

CONCLUSION

The elderly and the very elderly population is the fastest growing in the United States and accounts for a large percentage of
those with CKD. Cross-sectional and longitudinal studies have
shown a decrease in renal function with aging beginning at age
40, with the exception of a small population showing no decline with age. The comorbid problems accompanying the elderly population make it difficult to decipher the true course of
aging within the kidney. Even so, there are some common histologic findings and functional changes in the kidney with aging. The biologic mechanism for the changing with age are not
well known, but recent identification of senescence genes, the
role of hormones, and diet may improve our understanding
and slow the decline in kidney function.

TAKE HOME POINTS
• The elderly and the elderly population is the fasting growing age group
in the United States, and they encompass the largest group with CKD
• The decrease in GFR begins at age 40 and is around 0.87 min/ml per
year
• Gross changes with age include 30% loss in size of the kidney by the
eighth decade and decrease in the renal mass to ⬍300 g by the ninth
decade
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• The common histologic changes include cortical glomerular sclerosis,
loss of afferent and efferent arterioles in the cortex, and shunting of the
renal blood flow to the medulla
• Functional reserve and electrolyte balance are maintained under normal condition in the elderly population
• Biology of aging is not well known, but there may be an interaction
between senescence genes, hormones, and diet
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REVIEW QUESTIONS: KIDNEY SENESCENCE
1. A 68-yr-old Caucasian male has been quite concerned after
reading in his local newspaper about the increased incidence of
chronic kidney diseases in the elderly population. He was
never told by his primary care physician he had any kidney
problems. He made an appointment to see a nephrologist to
discuss his possible kidney disease. He presents at the clinic,
and his BP is 125/70 mmHG, and there are no pertinent findings on his physical exam. He does not take any prescribed
medications and only vitamins. Laboratory values show a serum creatinine of 1.2 mg/dl. Which the following is true?
a. The rate of decline in his renal function is normal for his
age group
b. He will be on renal replacement therapy by the time he
reaches 90 yr old
c. Elevated BP has no effect on his progression
d. The aging process affects all organs and all elderly people
have progression of their renal function
2. The histologic changes in the kidney with age are the following
except
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a. Glomerulosclerosis in the medulla more than the cortex
b. The arterioles in the cortex become sclerosed leading to
“aglomeruli”
c. There is shunting of blood to the medullary region secondary arteriolar structural changes
d. There is thickening of the glomerular membrane and
change in composition with aging
3. Community-dwelling elderly persons are able to maintain
electrolyte balance secondary to adequate residual renal reserve
a. True
b. False
4. The biologic causes of aging are unknown; however, there are
certain medical interventions that may slow down renal loss in
elderly person with normal renal function. The correct answer
is which of the following?
a. Controlled hypertension
b. High caloric intake
c. Low protein diet
d. Testesterone

Geriatric Nephrology Curriculum

7

Chapter 5: Rate of Decline in eGFR and Clinical
Evaluation of the Elderly With a Low eGFR
Rosemarie L. Shim* and Ann M. O’Hare†
*Department of Medicine, Ohio State University, Columbus, Ohio; and †Department of Medicine, University of
Washington, and VA Puget Sound Healthcare System, Seattle, Washington

AGE AND RATE OF DECLINE OF RENAL
FUNCTION

In cross-sectional studies, levels of renal function
are on average lower in older compared with
younger participants.1–3 However, the extent to
which this phenomenon results from an age-associated decline in renal function versus a higher prevalence of comorbidities linked to chronic kidney
disease (CKD) in the elderly is uncertain. Relatively
few studies have explicitly examined rates of decline
in renal function across age groups. Most of what
we know about longitudinal changes in renal function comes from the Baltimore Longitudinal Study
of Aging (BLSA).4 – 6 A subset of participants in this
study underwent serial creatinine clearance measurements over time. Observations on these patients have provided some important insights into
the effect of age on change in level of renal function.
First, even in individuals without known comorbid
conditions and without intrinsic renal disease or
proteinuria, level of creatinine clearance declined
on average by 0.75 ml/min per year.4 Second, renal
function was stable and even improved in some
subjects.4 Hemmelgarn et al.7 reported a similar
phenomenon among community-dwelling elderly
in Canada followed over a 2-yr period (Figure 1).
Thus, these reports suggest that, on average, renal
function declines with increasing age even in the
absence of comorbidity. At the same time, decline
in renal function does not seem to be an inevitable
consequence of aging.
Among participants in the BLSA without CKD,
the rate at which creatinine clearance declined over
time was greater among older participants.6 Consistent with these results and with prior cross-sectional studies showing lower levels of renal function
among older people, older age seems to be a risk
factor for the development of CKD, defined as an
estimated GFR (eGFR) ⬍60 ml/min per 1.73 m2.8
However, the relationship between age and rate of
American Society of Nephrology

change in eGFR seems to be somewhat complex and
perhaps dependent on baseline level of eGFR.
Among a national cohort of veterans with an eGFR
⬍60 ml/min per 1.73 m2, eGFR declined more rapidly
for older than for younger patients at higher levels of
eGFR (i.e., ⱖ45 ml/min per 1.73 m2). However, the
opposite was true at lower levels of eGFR (i.e., ⬍45
ml/min per 1.73 m2), where eGFR declined more
slowly in older than in younger patients.9 Collectively,
these data seem to suggest that, although older patients are more likely to develop CKD, those who survive long enough to reach more advanced stages of
CKD are actually less likely than their younger counterparts to experience progressive loss of eGFR.

AGE AND RISK OF PROGRESSION TO ENDSTAGE RENAL DISEASE

Studies of rate of change in measured or estimated
renal function can be difficult to interpret for a variety of reasons: (1) progression may not occur in a
predictable and linear fashion; (2) the clinical significance of changes renal function, particularly
within the normal range, is uncertain; and (3) it can
be difficult to account for differences in survival
and follow-up among participants. Thus, results of
studies reporting change in level of renal function as
an outcome are probably quite sensitive to the analytic approach selected. Progression to end-stage
kidney disease (ESKD) often represents a more
meaningful clinical outcome than change in level of
renal function. This outcome is easily defined and
identified, and the clinical significance of ESKD (deCorrespondence: Ann M. O’Hare, MA, MD, Division of Nephrology, VA/Puget Sound Medical Center, Nephrology and Renal
Dialysis Unit, Building 100, Room 5B113, 1660 S. Columbian Way,
Seattle, WA 98108. Phone: 206-277-3192; Fax: 206-764-2022;
E-mail: ann.ohare@va.gov
Copyright 䊚 2009 by the American Society of Nephrology
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Figure 1. Change in eGFR over a 2-yr period among members of
an elderly community cohort. (Source: Hemmelgarn BR, et al.:
Kidney Int. 69: 2155–2161, 2006.) This material is copyrighted by
the ISN.

fined as treatment with chronic dialysis or transplant) is beyond
dispute. Rates of progression to ESKD among patients with different levels of eGFR vary substantially with age.9,10 Although
eGFR is an excellent predictor of who will progress to ESKD
among patients of all ages, there are large differences in the absolute risk of ESKD among patients of different ages with similar
levels of eGFR, with older patients being less likely to progress to
ESKD at any given level of eGFR.9 –11 This phenomenon likely
reflects a number of different factors including a greater competing risk of mortality in older patients, slower rates of progression
among older patients with advanced CKD, and age differences in
acceptance or receipt of chronic dialysis when indications arise.
Mortality rates among elderly people with CKD are much
higher than among their younger counterparts.2,3 Consequently,
many older patients with CKD will not survive long enough to
progress to the point where they need dialysis. Furthermore, as
described above, CKD is often either slowly progressive or nonprogressive in the elderly. Thus, at any given level of renal function, there are large differences between younger and older patients in the most common clinical outcomes. For example,
among younger members of a national cohort of VA patients,
progression to ESKD was a more likely outcome than death
among those with relatively high levels of eGFR (e.g., ⬍45 ml/min
per 1.73 m2 for those 18 to 44 yr of age). However, among older
patients, death was a more likely outcome than ESKD even among
those with very low levels of eGFR (e.g., ⬍15 ml/min per 1.73 m2
for those 65 to 84 yr of age) (Figure 2). Patients 85 yr and older
were more likely to die than to reach ESKD at all levels of eGFR.
Thus, among the vast majority of older persons with CKD, even
when this is quite advanced (i.e., eGFR 15 to 29 ml/min per 1.73 m2),
death is a more common outcome than progression to ESKD.

ysis are nevertheless elderly.9 In fact, patients 75 yr and older
currently represent one of the fastest growing contingents of
the ESKD population, most likely reflecting both population
aging and the high overall prevalence of CKD in the elderly. 12
Thus, a critical challenge for health systems and providers caring for older patients with CKD lies in identifying the relatively
small proportion, but large absolute number, of older patients
with CKD who are at greatest risk for progressive loss of renal
function and ultimate need for dialysis.
In general, relatively little is known about what predicts
more rapid loss of renal function in elderly patients with CKD
and whether risk factors are similar in older and younger patients. Male gender is a strong risk factor for progression of
kidney disease in the general population, and this may also be
the case in the elderly. For example, among an elderly Canadian cohort, rate of progression was greater in men than in
women.7 African-American race is a strong risk factor for progression of renal disease in the general population. However, a
study of patients with incident ESKD suggested that the risk of
ESKD related to African-American race may be greatest in
middle age.13 To date, the effect of age on the relationship
between race and progression has not been studied prospectively. Similarly, although hypertension is a prototypical risk
factor for progression of renal disease in the overall population, the association of hypertension with progression of renal
disease may be attenuated at older ages.14 Diabetes seems to be
a risk factor for progression of CKD in older patients as it is in
younger patients, although it is unclear whether the strength of
this association is the same in patients of different ages.7
Level of proteinuria shows some promise as a marker for
clinically significant outcomes in elderly patients with CKD.
The presence of microalbuminuria and macroalbuminuria has
been shown to be associated with mortality in a variety of different populations, including patients with and without diabe-

RISK FACTORS FOR PROGRESSION IN THE ELDERLY

Although older patients are less likely to progress to ESKD than
their younger counterparts with similar levels of renal function, most patients who progress to the point of needing dial2
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Figure 2. Relationship between age, eGFR, and risk of death in
relation to risk of ESKD. (Source: O’Hare AM, et al.: J Am Soc
Nephrol 18: 2758 –2765, 2007.) Copyright 䊚2007 American Society of Nephrology.
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tes.15–25 Several recent studies have shown an additive risk of
death among those with microalbuminuria and a low
eGFR.26 –29 One of these studies specifically confirmed the
presence of this association in the elderly.26 Hallan et al.26 described the relationship between eGFR and urinary albuminto-creatinine ratio among 9709 participants in the Hunt II
study, a large-scale Norwegian general health survey. Among
patients with a similar level of eGFR, mortality risk increased
with increasing level of urinary albumin excretion. However,
mortality risk increased with falling eGFR only in those with
microalbuminuria and not among those with lower levels of
urinary albumin excretion. Of note, these associations were
present both among those younger and older than 70 yr. These
findings suggest that urinary albumin measurement may be
helpful in identifying the subset of older persons with very
moderate reductions in eGFR (e.g., 45 to 60 ml/min per 1.73
m2) who are at greatest risk for mortality. To date, no information is available on the prognostic significance of urinary protein excretion for progression to ESKD in the elderly, but numerous studies in younger cohorts have identified proteinuria
as a risk factor for progression of renal disease.
Perhaps more valuable than knowing whether an older person with CKD has traditional risk factors for progressive renal
disease may be an understanding of what the course of that
person’s renal functional decline has been to date (Figure 1).
Regardless of the underlying etiology and presence or absence
of known risk factors for progression, information on a patient’s past trajectory of renal function may help to predict how
their renal function will change in the future, whether this is
likely to occur in a predictable fashion, and under what circumstances progression is most likely to occur (e.g., hospitalization). Even if the course of an older patient’s prior trajectory
of renal function is found to be variable, making it difficult to
accurately predict future trends, it may still be helpful for the
patient and provider to be aware of this uncertainty.

CLINICAL ASSESSMENT OF THE OLDER PATIENT
WITH CKD

Because heterogeneity increases with age, perhaps the only
statement that can be made with any certainty about the assessment and management of older patients with CKD is that a
single approach is unlikely to be appropriate for all older patients. However, there may be some general differences in the
ideal emphasis of the assessment of CKD in older and younger
patients related to general differences in the expected course of
CKD at different ages.
The cornerstone of the evaluation of all patients with CKD
is assessment of risk for future adverse events (e.g., progression
of renal disease, mortality, cardiovascular events, complications of CKD). Because so many older patients with CKD do
not progress to the point of needing dialysis, assessment of
each patient’s risk for progressive disease and likelihood for
requiring dialysis in relation to the competing risk of death can
American Society of Nephrology

be very important in shaping future management decisions.
However, making this distinction represents one of the major
challenges to clinicians caring for older patients with CKD. As
discussed earlier, although traditional risk factors such as diabetes, hypertension, and black race are potentially important
predictors of progression in the elderly as they are in younger
patients with CKD, few studies have examined the importance
of these risk factors in the elderly. While not specifically studied, if prior records exist, it may simply be more helpful in
many instances to review each patient’s prior trajectory of renal function to determine whether their CKD is rapidly progressive, slowly progressive, or nonprogressive.
Although primary renal disease processes can manifest at all
ages (e.g., glomerulonephritis, polycystic kidney disease, lupus
nephritis), in many elderly people, CKD may function more as
a marker for a variety of other comorbid conditions (e.g., atherosclerosis, diabetes, and hypertension). Furthermore, the
presence of CKD in an older person may reflect the cumulative
end result of a variety of different known and unknown processes that have occurred during the course of that patient’s
lifetime. Thus, in many elderly patients, the future course of
CKD may have more to do with that person’s overall health,
level of comorbidity, and level of renal reserve than with progression of a single underlying renal disease process (as is more
likely to be the case in younger people with CKD). Related to
this, it may be more difficult to predict the future trajectory of
renal functional decline in older compared with younger patients if this will primarily reflect events and disease processes
that impact the kidney only indirectly.
Although, in general, identifying the underlying etiology of
CKD is often viewed as a critical first step in patient assessment,
in many older patients, it may not be possible to come up with
a single etiology for their CKD. However, much depends on
the clinical presentation. In older as in younger patients, an
aggressive diagnostic work up to uncover the underlying etiology of CKD has the potential to provide important information on prognosis and help guide management when a single
dominant renal process is suspected. For example, if an older
patient experiences rapid loss of renal function in the setting of
heavy proteinuria and active urinary sediment, the results of a
renal biopsy and serologic work up might provide critical information that could change management and alter prognosis.
However, for many older patients with CKD, particularly in the
absence of proteinuria, active urinary sediment, and rapid progression, a single unifying diagnosis may not be possible. In these
situations, rather than trying to come up with a definitive diagnosis, it may be more helpful to view the diagnostic evaluation of
CKD as an opportunity to rule out potentially reversible processes
that are common at older ages (e.g., obstructive uropathy, renal
artery stenosis, medication-induced interstitial nephritis).
Because the burden of comorbidity is so high in many older
patients with CKD, it is also critically important in managing
older patients with a low eGFR to weigh the clinical significance of this finding in relation to other comorbid conditions
that might be present in a given patient.7,9 If these other coAmerican Society of Nephrology
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morbid conditions are more likely to impact overall health and
quality of life, interventions to slow progression of CKD
should perhaps not be prioritized to the same extent as these
other comorbid conditions. On the other hand, if the patient
has few comorbid conditions and CKD is their primary clinical
problem, a stronger focus on efforts to diagnose and manage
progressive CKD may be very appropriate, particularly if their
CKD is clearly progressive or they have risk factors for progression such as proteinuria.

CONCLUSION

Among patients with similar levels of eGFR, clinical outcomes
vary substantially by age. In general, older patients are more
likely than their younger counterparts to have a low eGFR but
are less likely to experience progression to ESKD. At the same
time, older patients represent the largest and fastest growing
contingent of the ESKD population. Therefore, the main challenge in managing older patients with CKD is to identify the
small proportion but large number who are most likely to
progress to ESKD and who may benefit the most from aggressive efforts to diagnose and treat their underlying renal disease.

TAKE HOME POINTS
• A growing number and proportion of all patients initiating chronic
dialysis are 75 yr and older
• Most older patients who meet criteria for CKD are much more likely to
die before they reach ESKD; this is true even for older patients with
severe reductions in eGFR
• It is often difficult to know which subset of older patients with CKD will
progress to ESKD
• Most older patients who meet the criteria for CKD have other health
conditions
• The importance of interventions to slow progression of CKD should be
weighed against other, perhaps competing, health priorities
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REVIEW QUESTIONS: RATE OF DECLINE IN EGFR
AND CLINICAL EVALUATION OF THE ELDERLY
WITH A LOW EGFR
1. An 86-yr-old woman in good health with no comorbidities is
found to have an eGFR of 54 ml/min per 1.73 m2 on routine
testing. Three months later, her eGFR is 55 ml/min per 1.73
m2. Urine testing shows an albumin to creatinine ratio of 12
mg/g, and her urinalysis is bland. Her primary care physician
asks you whether a renal consultation is needed. Which of the
following do you think is the most appropriate response to his
or her question?
a. At this point, probably little to gain from renal consultation; however, would make sure all her medications are
appropriately dosed and reasonable to follow serum creatinine to make sure her eGFR does not fall markedly
b. Would recommend seeing the patient for thorough review
of possible causes for her chronic kidney disease and appropriate management
c. Would recommend checking for complications of chronic
kidney disease and seeing the patient at least annually in
nephrology for management of any complications of
chronic kidney disease she might develop
d. Would recommend referral to nephrology with consideration for renal biopsy to identify the underlying cause of
this patient’s chronic kidney disease
2. A 72-yr-old woman has an eGFR of 25 ml/min per 1.73 m2 that
has been stable for 5 yr. Her albumin to creatinine ratio is 21
mg/g and her urinalysis is bland. Her hematocrit is 35, her
calcium is 9 mEq/L, phosphorus is 4 mEq/L, and parathyroid
hormone is 120 mEq/L. Her serum potassium is 5.0 mEq/L.
Every day she takes Lisinopril 40 mg, amlodopine 10 mg, lasix
40 mg, and a multivitamin. In the past, she used nonsteroidal
agents heavily but discontinued these about 5 yr ago when she
found out about her kidney disease. Which of the following do
you regard the most appropriate next step?
a. Make sure that all her medications are appropriately dosed
and advise her to consult her pharmacist any time a new
medication is started to make sure it is not nephrotoxic and
is appropriately dosed
b. Discuss dialysis treatment modality with a view for sending
her for vascular access placement if she starts hemodialysis
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c. See her back monthly for surveillance for the complications
of chronic kidney disease
d. Avoid potassium-containing foods
3. An 85-yr-old man has an eGFR of 25 ml/min per 1.73 m2, an
albumin to creatinine ratio of 9000 mg/g, hematuria with dysmorphic red blood cells, normal complements, negative
ANCA, anti-GBM, hepatitis serologies, UPEP and SPEP, and
an ANA of 1:80. In the last year, his eGFR has gone from 65 to
25 ml/min per 1.73 m2. In the past and as recently as 1 yr ago,
his urinalyses showed no proteinuria on dipstick. He is feeling
very fatigued and listless compared with usual and has not
been able to do his usual daily 3-mile walk. Which do you
think is the most appropriate next step?
a. Refer the patient for a renal biopsy to identify the underlying cause of his renal disease
b. Start the patient on an ACE inhibitor
c. Discuss dialysis modality and send the patient for vascular
access placement if they choose hemodialysis
d. Discuss end of life issues and hospice placement given the
patient’s poor prognosis
4. A new patient comes to see you. She is a 78-yr-old nondiabetic
woman with an eGFR of 30 ml/min per 1.73 m2 that has decreased from 40 ml/min per 1.73 m2 in the last year. She has an
albumin to creatinine ratio of 1000 mg/g. She is on amlodopine for hypertension. Her BP today is 170/80 mmHg. She
comes into your office quite upset because she got lost on her
way to clinic and actually forgot where she was. This is the first
time this has ever happened to her. Her vital signs are otherwise stable and her blood sugar is 110 mg/dl. What should be
the first priority for her care?
a. Review her urinalysis to determine whether she needs a
biopsy
b. Obtain a serologic work up to identify the cause of her
proteinuria
c. Talk with her primary care provider and review her medical
record to determine whether she has any underlying cognitive issues to determine whether she needs an acute neurologic evaluation
d. Start her on an ACE inhibitor
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Chapter 6: Limitations of Various Formulae and Other
Ways of Assessing GFR in the Elderly: Is There a Role
for Cystatin C?
Devraj Munikrishnappa
Department of Internal Medicine, The Nephrology Division, St. Louis University School of Medicine, St. Louis,
Missouri

GFR is the best index available to assess kidney
function in disease and in health in an individual. It
is 120 to 130 ml/min per 1.73 m2 in young, healthy
adults, and it decreases by about 0.8 ml/min per
1.73 m2 per year after 40 yr of age. However, it is
important to note that, in the Baltimore Longitudinal Study on Aging, about one third of the patients
that were followed did not have a decrease in GFR
with aging.
The GFR cannot be measured directly in an individual. Therefore, it is assessed using either exogenous markers or endogenous markers in their
steady states as shown in Table 1.

MEASURING GFR USING EXOGENOUS
MARKERS

The direct methods in the general population and
in elderly persons are riddled with a number of
problems (Table 1). Therefore, except in rare situations such as in a prospective kidney donor with
borderline GFR for eligibility, these methods are
not used in clinical practice.

METHODS OF GFR ESTIMATION USING
ENDOGENOUS MARKERS
Serum Creatinine (Scr)

GFR estimation based on serum creatinine alone is
not an ideal method, especially in elderly persons
because it is influenced by a number of variables
such as age, gender, muscle mass, diet, and medications that block creatinine’s tubular secretion. For
example, despite reductions in GFR to ⬍60 ml/min
per 1.73 m2, there may not be a significant increase
in creatinine in the elderly persons with decreased
muscle mass. On the other hand, if the muscle mass
American Society of Nephrology

and diet are stable, serum creatinine could be used
for monitoring GFR more closely. In general, a
change in serum creatinine ⬎15% is likely to indicate a significant fall in GFR in an individual patient
rather than being caused by simple biologic and analytical variations. Table 1 shows other limitations
of Scr.
Creatinine Clearance

Creatinine clearance as measured from a 24-h urine
collection can be used to measure GFR, but it is vital
to remember the high likelihood of inaccurate collection, especially in some elderly people with cognitive impairment or the bed bound. It is important, therefore, to check for adequacy of urinary
collection before interpretation of clearance. The
collection is said to be adequate if the creatinine
excretion is 20 to 25 mg/kg per day in a young
healthy man and if it is 15 to 20 mg/kg per day in a
young healthy woman. In elderly people, adequacy
is similarly checked because it is assumed that the
muscle mass (and hence creatinine generation) and
renal function decline simultaneously with age.
Caution must, therefore, be used if this assumption
cannot be made in individual instances. If this
method is used in the setting of acute renal failure
or rapidly changing serum creatinine, it is necessary
to measure an average from simultaneous serial serum creatinine values during urine collection. Creatinine clearance systematically overestimates GFR
because of tubular secretion of creatinine. The 24-h
urine collection for the estimation of GFR has been
shown by many studies to not be any more reliable,
Correspondence: Devraj Munikrishnappa, Department of Internal Medicine, The Nephrology Division, St. Louis University
School of Medicine, 1402 South Grand, St. Louis, MO 63104.
E-mail: dev28@yahoo.com
Copyright 䊚 2009 by the American Society of Nephrology
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Table 1. Methods of determining GFR and their limitations
Method of Determining GFR
Using exogenous markers: GFR can be
measured as the urinary or plasma
clearance of an ideal filtration
marker or of alternative exogenous
markers

Limitations
Ideal filtration marker: inulin clearance

Gold standard: for GFR assessment but is
difficult to use in routine practice

Alternate exogenous markers to inulin:

Expensive, less widely available and complex
tests

Iohexol
Cr EDTA
125
I-iothalamate, 99mTc-DTPA
Serum creatinine (Scr)
51

Using endogenous markers:
endogenous markers, such as serum
creatinine or serum cystatin C can
be used to estimate GFR from their
serum levels if they are in a steady
state.1 The estimation equations
using these endogenous markers
adjust to other variables in an
attempt to improve accuracy of
estimation of GFR from these
markers.

Serum cystatin C
Measured urinary clearance using
creatinine

Serum creatinine-based estimation
equations:
1. CG formula
2. MDRD formula
Estimation of GFR from combined serum
creatinine and cystatin C–based
equation

2
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Factors influencing Scr:

(1) Creatinine production: e.g., muscle mass,
ingested cooked meat, protein restriction
(2) creatinine filtration: with age, excretion
decreases resulting in underestimation of
GFR
(3) creatinine secretion:
(i) because of tubular secretion, tends to
overestimate GFR by about 10%,
increasing significantly as GFR declines
(ii) cimetidine, trimethoprim inhibit secretion
(4) Creatinine assay:
(i) Calibration bias: large variations between
laboratories in calibration of the creatinine
assays may lead to differences in
interpretation of values
(ii) Factors influencing assay methods-Jaffè
reaction based assays-glucose, ketones,
bilirubin, cephalosporins and enzymatic
method- flucytosine
(5) Extrarenal elimination may be increased
with decreasing GFR (degradation of
creatinine by intestinal bacteria)
See below
Prone to errors, unpleasant, inconvenient
and adequacy of urinary collection needs
to ascertained prior to interpretation. The
limitations of Scr also applies to this
method.
See below

Recently published—experience limited
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and frequently less reliable, than serum creatinine-based equations. However, in individuals with variation in dietary intake
(e.g., vegetarian diet, creatine supplements) or muscle mass
(e.g., amputation, malnutrition, muscle wasting), as is seen in
many elderly persons, this may be a preferred method because
many of these factors are not specifically taken into account in
prediction equations. Table 1 shows other limitations.
Creatinine clearance (CCr) can be calculated if values for
urine creatinine concentration (UCr), urine flow rate (V), and
plasma creatinine concentration (PCr) are known:

C cr⫽(UCr ⫻ V)/PCr
For the creatinine clearances to be comparable among individuals of different sizes, it is often corrected to that of an averagesized person, which is 1.73 m2 and expressed as ml/min per
1.73 m2. If the sizes are extreme, Ccr should be corrected for
their actual body surface area as follows:

Corrected Ccr ⫽ 共Ccr ⫻ 1.73)/Actual body surface area
GFR Estimation by Serum Cystatin C

Cystatin C is an endogenous substance like creatinine but is
constitutively produced by all nucleated cells, freely filtered,
reabsorbed, and catabolized by the kidney. Most studies have
shown that serum cystatin C levels correlate better with GFR
than does serum creatinine alone, especially at higher levels of
GFR. Its physiologic role is that it is a cysteine proteinase inhibitor with important roles in extracellular proteolysis, immune modulation, and antibacterial and antiviral activities.
Some in vitro studies have indicated that cystatin C may be
affected by some stimuli such as steroids and transforming
growth factor ␤. Additionally, cystatin C was thought to be
either less influenced or not influenced at all by certain demographic factors such as age, race, gender, or muscle mass compared with serum creatinine in reflecting GFR until recently.
There are now emerging data showing that it is, in fact, influenced by some of these factors. For instance, a recent study,
although not necessarily focusing entirely on elderly people,
with subjects with a mean age of 52 yr, concluded that cystatin
C was 9% lower in women and 6% higher in blacks for a given
GFR2,3. Similarly, another recent study that reported population distributions of cystatin C in the United States using sera
samples from the Third National Health and Nutritional Examination Survey noted that abnormal cystatin C was more
prevalent with increasing age from 1% in the 20- to 40-yr-old
group to ⬎50% in persons over age 80 yr of age within each
demographic subgroup.3,4 However, the definition of abnormal cystatin C levels was chosen as the 99th percentile distribution among 20 to 40 yr olds, without hypertension or diabetics. Although it is plausible that cystatin C rises with age for
the reason that there is, in general, a decline in kidney function
as noted after the age of 40 yr, it is equally plausible that it could
be elevated in the elderly, at least partly, for reasons that are
related to the primary function of cystatin C, for example, imAmerican Society of Nephrology

munity-related reasons, and not for reasons related to the kidney.
Tables 2 and 3 show factors likely to influence cystatin C
levels and limitations, respectively.5

GFR ESTIMATION FROM SERUM CREATININEBASED EQUATIONS

The two most commonly used equations to estimate GFR are
serum creatinine based: Cockcroft-Gault (CG) and the Modification of Diet in Renal Disease (MDRD) equations. Essentially, compared with serum creatinine, these equations increase the accuracy of estimated GFR (eGFR) to the measured
GFR by accounting for variables such as age and weight in the
former equation and age, gender, and race in the latter one.
CG Equation

This is one of the most widely used equations, even among
elderly people, although it was originally derived from mostly
younger subjects, with only a 4% female representation.6 The
main intention of the equation was to predict creatinine clearance instead of GFR, and hence, it was validated against measured creatinine clearance. Creatinine clearance, as we know,
overestimates GFR; therefore, the CG equation that estimates
creatinine clearance should also overestimate GFR. However,
studies indicate that it actually underestimates GFR in the elderly, especially at higher GFRs. According to one study, for
instance, both the MDRD and CG equations underestimated
GFR in hospitalized older individuals, but CG did so more
than MDRD.7 Nevertheless, most of the estimated values using
this equation (a median of 75%) were within 30% of measured
GFR, which was acceptable for good clinical decision making
and superior to serum creatinine alone. Table 4 shows additional limitations.
The CG equation is as follows:

For men: CrCl 共ml/min兲 ⫽ 兵关共140 – Age in共yr兲兴
⫻ Weight共kg兲其/SCr共mg/dl兲 ⫻ 72
where CrCl is creatinine clearance and SCr is serum creatinine.
For women, the above equation should be multiplied by
0.85.
In cases of persons of extreme weights, some have used lean
body mass, whereas others have used correction of the eCrCl to
average body surface area.
Table 2. Factors considered to influence cystatin c levels
Serum Cystatin C
Level
Elevated
Reduced

Factors
Hypothyroidism, steroid use,
Rheumatoid arthritis
Hyperthyroidism
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Table 3. Advantages and limitations of cystatin C in GFR estimation
Advantages

Limitations

Possible role as an alternative to serum creatinine or its estimation
equations in elderly people prone for muscle mass variation and
hence, creatinine generation
Possible role as an alternative to serum creatinine or its estimation
equations in identifying elderly persons with early decline in
GFR
Serum cystatin C–based GFR estimates were closely comparable
to MDRD (abbreviated) estimates and an equation combining it
with serum creatinine, age, sex and race yielded the best
possible estimates of GFR

Normal range not defined, method of measurements are
not standardized for clinical practice
The test is neither widely used nor easily available at this
time and has higher cost compared to serum
creatinine
Possible increase in its extra-renal excretion in renal
insufficiency

Conflicting studies regarding factors influencing its
ability to estimate GFR

MDRD Equation

The original equation was derived from a study of 1628 middle-aged, nondiabetic, chronic renal insufficiency patients that
used a directly measured GFR by urinary clearance of 125IIothalamate.8 It has several advantages over the CG equation
including providing an estimate of GFR rather than creatinine
clearance, and in addition, a greater percent of these estimates
are within the clinically useful range for decision making: 90%
of the MDRD based estimates were within 30% of the measured GFR compared with about 75% of CG-based estimates.
However, the MDRD equation also has several limitations including that it is less accurate at levels above 60 ml/min per 1.73
m2. Consequently, it may lead to misdiagnosis and misclassification of CKD in individuals with mild renal insufficiency.1,9
Table 4 shows additional limitations.
There have been some validation studies of the MDRD
equation in elderly people concluding that is it is better than
the CG equation.10 –12 The most widely used form of MDRD in
elderly people is the four variable version or the version that
was abbreviated from the original six variable version (shown
below). This is especially advantageous for elderly people compared with the CG formula or the creatinine clearance mea-

surement, because it only requires serum creatinine, age, gender, and race, but not weight or any urine collections.
Differences in calibration of creatinine assays between laboratories can lead to differences in GFR estimation and thus is an
important limitation of estimation equations in general. The
four-variable MDRD was therefore re-expressed in 2005 (as
shown below) for use with creatinine methods calibrated to the
reference assay method. It is important to note that laboratories without calibrations of their serum creatinine assays calibrated to the reference method, the isotope– dilution mass
spectrometry (IDMS) method, should report eGFR using the
original four-variable MDRD study equation, recognizing it is
less accurate, especially at higher levels of GFR.13
In recent years, many laboratories in the United States
started reporting, along with the serum creatinine, MDRDbased eGFR values in routine chemistry laboratories and, in
some instances, with separate values for African Americans
and non-African Americans. However, if the value of eGFR is
⬎60 ml/min per 1.73 m2, no specific values are mentioned but
reported simply as ⬎60 ml/min per 1.73 m2. As mentioned
above, this is because of a lack of precision of estimation at
higher levels of GFR. If the specific value ⬎60 ml/min per 1.73

Table 4. Limitations of CG and MDRD equations
Equations
Both CG and MDRD equations

Limitations
Renal or extrarenal conditions affecting steady
state of creatinine in plasma
Interference with creatinine’s assay
Variations in muscle mass or diet

CG equation
MDRD equation
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Calibration bias
Values not adjusted for body surface area
Reliability and accuracy decreased in extremes
of GFR
Lack of validation studies in some ethnic groups
Dosing of drugs for renal impairment patients
was widely published based on creatinine
clearance even before the origin of MDRD
and is not adapted for it yet
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Examples
Initially in ARF, when the serum creatinine is
fluctuating or a recovering frail cachectic
elderly person
Ketones, glucose, medications such as
cephalosporins interfering with assay
Extremes of body mass, pure vegetarian diet
or protein-rich diet or amputees
Loss of precision in obese individuals
Healthy adults, dialysis patients
Some Asian ethnic groups
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m2 is needed for some reason, one can use the web-based
MDRD calculators to find it.
A pertinent point here is, in case of elderly people, if such an
estimate of GFR is in the range of 60 to 89 ml/min/1.73 m2 and
these individuals have no known kidney damage markers, it is
unclear whether all of the reduced GFR is attributable to agerelated decline or part of it is caused by existing kidney disease
that the current kidney damage markers are unable to identify.
According to NHANES III data, about 75% of persons older
than 70 yr of age may have a GFR ⬍90 ml/min per 1.73 m2 and
approximately 25% may have a GFR of ⬍60 ml/min per 1.73
m2. There are no good studies investigating such subsets of
elderly persons with decreased GFR but without identifiable
evidence of kidney disease with respect to their long-term outcomes. Nevertheless, the NKF-KDOQI recommendation for
elderly persons with eGFR in the range of 60 to 89 ml/min per
1.73 m2 without any kidney damage markers is to assess for
CKD risk factors, screen for kidney damage markers, and carry
out interventions to decrease risk of kidney injury.
The six variable MDRD equation is as follows:

GFR ⫽ 170 ⫻ 共SCr兲⫺0.999 ⫻ (Age)⫺0.176
⫻ 0.762 共if patient is female)

CONCLUSION

GFR is the best index available to assess kidney function. Except in situations such as drug dosage adjustment and in some
cases of offering transplant options, practically, the change in
GFR is more important than the absolute cut-off value. Although novel methods such as cystatin C– based ones are explored, GFR estimation is still largely creatinine based. As such,
we are faced with a number of limitations, especially in elderly
persons, because the variables affecting creatinine tend to be
more pronounced because of comorbid conditions. Currently,
MDRD is the most widely used method to estimate GFR in
elderly persons. However, other methods may be preferred in
certain situations, for example, in extremes of weight, using the
24-h collection for creatinine clearance. Caution needs to be
exercised to ascertain that the serum creatinine is stable while
using any of the estimation methods. Future studies in this
field is very important and should focus on issues such as the
elderly subset of patients with decreased GFR but no identifiable markers of kidney damage and novel methods of assessing
kidney function by attempting to directly assess nephron mass
and function instead of expanding the pool of estimation equations.

⫻ 1.18 共if patient is black兲 ⫻ 共BUN兲⫺0.170 ⫻ (Alb)0.318
TAKE HOME POINTS

where BUN is blood urea nitrogen and Alb is albumin.
The abbreviated version or four variable version of the
MDRD equation (ml/min per 1.73 m2) is as follows:

GFR ⫽ 186 ⫻ 共SCr兲⫺1.154 ⫻ 共Age兲⫺0.203
⫻ 0.742 共if patient is female兲 ⫻ 1.212 共if patient is black兲
The re-expressed MDRD equation (abbreviated version; ml/
min per 1.73 m2) after IDMS-traceable calibration is as follows:

GFR ⫽ 175 ⫻ 共SCr兲⫺1.154 ⫻ 共Age兲⫺0.203
⫻ 0.742 共if patient is female兲 ⫻ 1.212 共if patient is black兲

• All of the currently available methods of estimation of GFR have several
limitations in the elderly persons as in the general population
• Serum creatinine and GFR estimation equations can be applied only
when creatinine is stable
• Age-related decline in GFR may not always occur as noted in Baltimore
Longitudinal Study on Aging and in some elderly persons it may be
difficult to differentiate age-related decline from chronic kidney disease
• The MDRD method is currently the most widely used method of estimation in the elderly persons
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REVIEW QUESTIONS: LIMITATIONS OF VARIOUS
FORMULAE AND OTHER WAYS OF ASSESSING GFR
IN THE ELDERLY: IS THERE A ROLE FOR CYSTATIN C?
1. An active, 87-yr-old African-American female resident from a
nursing home develops pneumonia requiring prolonged hospitalization and complicated by diarrhea. She returns to the
nursing home on a common oral antibiotic for one more week
duration in addition to metronidazole. She is noticeably weak,
frail, and has lost significant weight. A chemistry panel obtained on her return to the nursing home shows a creatinine of
1 mg/dl, which is an increase of 0.1 mg/dl from the previous
one obtained at the nursing home before her hospitalization.
The facility pharmacy consultant reviews the antibiotic dose
and recommends a significant decrease in dosage. Presuming
the consultant made the right recommendation, what is the
most likely explanation warranting a decrease in the dose?
a. Mild decline in kidney function
b. Mild increased creatinine
c. Significant loss of muscle mass and kidney function
d. Pharmacist is likely incorrect
2. A robust, healthy elderly person 72 yr of age with no medical
condition comes to your nephrology clinic. He inquires if the
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family needs to start planning for him to be initiated on dialysis
anytime soon. On reviewing the records, you conclude that his
eGFR is approximately 82 ml/min per 1.73 m2 based on
MDRD without any known risk factors for kidney disease.
Which of the following statements is true?
a. eGFR by MDRD is less accurate at GFR above 60 ml/min
per m2
b. Periodic follow-up for risk factor assessment recommended
c. MDRD is currently the most widely used equation for
eGFR in elderly persons
d. All of the above
e. None of the above
3. The following statements are true of cystatin C in the elderly
except:
a. serum cystatin C likely correlates better with GFR than
does serum creatinine alone in a frail elderly with mild
kidney dysfunction
b. Increased tubular secretion compared with creatinine
c. Steroids may influence its level
d. Age and muscle mass may also influence its level according
to some studies
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Chapter 7: Decline of Renal Function in Normal Aging,
Role of Oxidants/Inflammation: When Does It Begin:
Is It Inevitable, Preventable, or Treatable?
Helen Vlassara,* Luigi Ferrucci,† James Post,‡ and Gary Striker§
*Division of Experimental Diabetes and Aging, Department of Geriatrics, Mount Sinai School of Medicine, New
York, New York; †Longitudinal Studies Section, Baltimore Longitudinal Study of Aging, Clinical Research Branch,
National Institute on Aging, National Institutes of Health, Bethesda, Maryland; ‡Department of Nephrology, Bronx
Medical Center, Division of Nephrology, Mount Sinai School of Medicine, New York, New York; and §Division of
Nephrology, Department of Medicine, and Division of Experimental Diabetes and Aging, Department of Geriatrics,
Mount Sinai School of Medicine, New York, New York

This chapter will include two large longitudinal, observational studies of renal function changes in normal aging, a smaller cross-sectional and interventional
study focusing on oxidants and inflammation, and a
consideration of the causes of decreased function in
aging in both animal models and aging normal humans. We chose to focus on oxidant stress (OS) and
inflammation because they increase in aging and are
thought to both underlie aging-related diseases, including decreased kidney function. Importantly, it is
now possible to reduce OS and inflammation in
both normal adults and patients with chronic kidney disease (CKD). Therefore, if OS and inflammation are critical in the pathogenesis of reduced renal
function in aging, and progression in CKD, it is
incumbent on the renal community to recognize/
reduce their levels as a part of normal care or in the
construction of clinical trials aimed at reducing CKD
or cardiovascular disease (CVD). Finally, increased
OS and inflammation may reduce the ability of the
aging person to sustain metabolic or physical stress.

LONGITUDINAL, OBSERVATIONAL
STUDIES OF RENAL FUNCTION IN ADULTS
The Baltimore Longitudinal Study of Aging

The Baltimore Longitudinal Study of Aging
(BLSA), the first continuing scientific examination
of human aging, was started in 1958 and has been an
important source of information on the aging kidney.1 In 1976, the BLSA confirmed the previously
postulated progressive decline of renal function
with aging, using age-adjusted standards for creatinine clearance (CrCl).2 The BLSA data were
American Society of Nephrology

unique for two reasons: (1) both cross-sectional
and longitudinal observations were used in the prediction and (2) only individuals considered healthy,
based on strict, standard criteria, were selected for
these analyses. Reports on the longitudinal studies
only used data from BLSA participants followed for
at least 10 yr and who had five or more serial measures. Overall, the longitudinal data analysis confirmed the cross-sectional observations, although
the accelerated decline of kidney function with age
was more accentuated and statistically significant.
The estimated average annual change in CrCl was
⫺0.26 ml/min per 1.73 m2 in the age group 20 to 39
yr and became 1.51 ml/min per 1.73 m2 after the age
of 80 yr.3 A study of water restriction confirmed
that older BLSA participants have impaired response of renal tubules to change in plasma osmolality associated with impaired sodium homeostasis,
previously reported in smaller studies.3 Although
these data are a widely cited reference for kidney aging,
they have some intrinsic limitations. First, they
were estimated from men only. Second, the number
of very long-lived individuals (⬎85 yr of age) was
quite small. Third, while BLSA participants were
selected to be “healthy,” the diagnostic technology
available at that time may have not detected subclinical cardiovascular and kidney disease. This is
important because the distinction between agingrelated renal changes and progressive renal insufficiency are associated with a different prognosis.
Correspondence: Helen Vlassara, MD, Division of Experimental
Diabetes and Aging, Department of Geriatrics, Mount Sinai
School of Medicine, 1 Gustave Levy Place, New York, NY 10029.
Copyright 䊚 2009 by the American Society of Nephrology
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Nevertheless, the findings of the BLSA remain the best description of the course of renal function with aging. Ongoing research in the BLSA has added studies of renal function in
women and will consider genetic and environmental factors
that affect renal function with aging. Perhaps one of the most
important findings of the BLSA for future research was that
kidney function varied between persons at all ages, and when
declines with aging were noted, they occurred at substantially
different rates. In some individuals with an accelerated decline
in CrCl, the presence of undetected, subclinical diseases could
not be excluded. Indeed, Rowe et al.3 showed that in restricting
the analysis to individuals without diabetes or any degree of
hypertension, the decline was much less accentuated. Perhaps
more important for nephrologists is the fact that some BLSA
participants showed periods of 5 yr or even 10 yr without a significant decline of renal function. Although the number of these
individuals was small and few were older than 70 yr of age, they
challenge the notion that the decline of kidney function with
age is unavoidable and calls for further investigation (Figure 1).
Despite the reduction of CrCl in many adults with aging,
serum creatinine remains relatively stable and, in observational studies of older individuals, is only slightly correlated
with age. A change in body composition, especially the crude
and relative decline of muscle mass, may partly explain this
finding since skeletal muscle is the major source of creatinine
production. Therefore, some suggest that information on lean
body mass, such as those that can be gathered by dual-energy
x-ray absorptometry (DEXA), could be used to modify the
CrCl estimating equation. This was applied to a representative
aging population in Italy, the InCHIANTI study, and used an
estimating equation that included information on grip
strength, a surrogate of muscle mass; however, the improvement in prediction was small and of questionable clinical
value, and no other study that includes information on muscle
mass/strength has been validated in large samples.
The InCHIANTI Study

Longitudinal data from this study addressed the question of
whether measured and estimated CrCl in older individuals is a
200
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RENAL FUNCTION, INFLAMMATION, AND OS IN
NORMAL AGING ADULTS: ROLE OF DIETARY
ADVANCED GLYCATION ENDPRODUCTS
Advanced Glycation Endproducts

The pro-oxidants considered in this chapter are representatives of pro-oxidants in general and belong to a common class
of compounds referred to as advanced glycation endproducts
(AGEs). AGEs form spontaneously between sugars and the
amino groups of proteins lipids and nucleic acids.6 They are
highly reactive, generating reactive oxygen species (ROS) and
inflammation responses both intracellularly and extracellularly. While it has generally been thought that AGEs are principally derived from cellular metabolism, it is now widely appreciated that a large part of the total oxidant burden derives
from the diet in normal adults and in chronic diseases, such as
CKD and diabetes.7–17
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Figure 1. Representative subjects from the Baltimore Longitudinal Study of Aging, who did not show a significant decline in
measured creatinine clearance values over a period of several years.
2

significant predictor of mortality4 (Figure 2). The 24-h creatinine clearance (CrCl)-, Cockcroft-Gault (C-G)-, and Modification of Diet in Renal Disease (MDRD)-derived equations
(full and simplified) were calculated at enrollment
(1998 –2000), and all-cause mortality and cardiovascular mortality were prospectively ascertained by Cox regression over a
6-yr follow-up. Participants with CrCl 60 to 90 ml/min per
1.73 m2 and CrCl ⬍60 ml/min per 1.73 m2 were, respectively,
1.70 (95% CI: 1.02 to 2.83) and 1.91 (95% CI: 1.11 to 3.29)
times more likely to die over the follow-up compared with
those with CrCl ⬎90 ml/min per 1.73 m2. Using the C-G
equation, the group with values ⬍60 ml/min per 1.73 m2
had a significantly higher all-cause mortality compared with
those with values ⬎90 ml/min per 1.73 m2 (HR: 2.59, 95%
CI: 1.13 to 5.91). Interestingly, classification based on the
MDRD formulae did not provide any significant prognostic
information for mortality. A possible interpretation of these
differences is that C-G includes information on chronological
age, whereas the MDRD formulae do not directly include age.
Although the data from the BLSA and InCHIANTI studies
indirectly suggested that the age-associated decline of CrCl
may have little effect on health and mortality in the absence
of other disease, the presence of even small amounts of proteinuria (microalbuminuria) is associated with an increased
risk of CVD.5
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AGEs react with cell surface receptors, which mediate opposite
responses. One receptor (AGER1) lowers OS and inflammatory reactions,18 –20 whereas another (RAGE) mediates increases in these parameters.9,21–23 Both receptors are driven by
the ambient levels of ligand (AGEs) in normal, healthy subjects. Serum AGEs, often bound to small peptides, are filtered
by the kidneys and AGEs. They can also be metabolized to
inactive molecules and excreted in the renal tubules.
American Society of Nephrology
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Figure 2. Comparisons of different methods of calculating GFR in the InCHIANTI study individuals with respect to predictions of
survival. Note that there was considerable variation in the predictive value of the various equations, suggesting that additional factors
may have to be considered in the aging population.

Oxidant Stress and Inflammation in Normal Adults
From Early to Late Adulthood

Many studies have shown that oxidant stress and inflammation generally increase with aging; however, few have considered adults older than 75 yr old.2,24 When we studied a normal
cohort residing in New York that included older adults, we
found that there was considerable heterogeneity between individuals (Figure 3).14 Although, on average, there is an increase
in oxidant stress and inflammation in aging, this was not a
universal finding in the normal population. For instance, although there was an overall increase in carboxymethyl lysine
(CML; Figure 3A) and methylglyoxal (MG; Figure 3B), there
was a substantial number of older individuals who had normal
levels (upper limit of normal for CML ⫽ 12 to 15 and MG ⫽
1.0). There was an inverse correlation between CML levels and
estimated GFR (eGFR; MDRD; Figure 3C), but, as with the
BLSA, there was a number of normal adults that did not show

a decrease in eGFR with aging (Figure 3C, inset). Nonetheless,
urinary excretion of AGEs was significantly lower in older
adults, consistent with a lower intake.

SOURCES OF PRO-OXIDANTS IN ADULTS

Generally speaking, the amount of pro-oxidants in food increases when food is cooked at high heat and without water.25,26 We find that the way the food is cooked, rather than the
composition of the diet, is the critical factor in the amount of
oxidants in the food (Table 1). For instance, meat cooked with
water (steamed or boiled) has a much lower AGE content than
broiled meat. In addition, in food that is cooked in the presence
of lipids at high temperature (as in fries), the amount of AGEs
is markedly increased. Additional ways to reduce oxidant for-
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Figure 3. Data from a cross-section of subjects without obvious concurrent disease. (A) Serum carboxymethyllysine, (B) serum
methylglyoxal, and (C) serum CML versus eGFRCr (inset, eGFRCr versus age). Note that the slope of the curves in A and B is largely
driven by the large range in CML and MG levels in the aged. The eGFRCr values in the aged also show a large spread.
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Table 1. Thermally modulated
odulated AGE
GE content
ontent in common
ommon foods
oods
Regular Diet
et (U/mg)

Low AGE Diet
iet

5367

STEWED

2000

Chicken: broiled

5245

STEWED

1011

Salmon:

broiled

1348

RAW

Potato:

fried

1522

STEAMED

Beef:

broiled

502
17

The levels of AGEs in most foods, not only red meats, depend
largely on the method of cooking (see potato). Data are
shown as CML-immunoreactivity, based on ELISA.

mediators and oxidant stress (Figure 5A). Those who maintained their normal diet had a stable or a modest increase in OS
and inflammation. However, the energy intake remained constant in the two groups. Importantly, this intervention was
done in normal subjects at their own home, they continued to
prepare their usual types of foods, and they did not require
extensive supervision to maintain adherence to the recommended cooking methods. Since this intervention turned out
to be practical and economical, it may be applicable to the
general population. The length of time required to uncover
A

∆%

Healthy Participants on a Low-AGE Diet

40

20

Studies in Normal Adults

0

6
mg/l

400

200
0

4
2

0

5
10
15
sAGE (U/ml)

20

0

*

12
8
4

<15.4 >23
<15.4 >23
Dietary AGEs (Eq/day)

Geriatric Nephrology Curriculum

8-i
so
AG
ER
1
RA
GE
p6 s
6 hc
VC
AM
TN -1
F␣
dA
GE
dC
al

sC
ML
sM
G

*

CKD Patients on a Low-AGE Diet

*

60
∆%

AGER1

40

20
0
-20

*

-40

*

16

Figure 4. Correlations of serum levels of AGEs and levels of
oxidants markers of inflammation. (A) Serum levels of AGEs directly correlate with markers of lipid oxidation (8-isoprostanes). (B)
Those subjects who consumed lower levels of AGEs had lower
serum levels of hsCRP and TNF␣. hsCRP, high-sensitivity C-reactive protein; TNF, tumor necrosis factor; sAGE, serum advanced
glycation factor.
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Generally, the adult, healthy population maintains a constant
level of oxidant intake at any given period of life, and this
intake directly correlates with serum AGEs14(Figure 4A). Although this has not been extensively analyzed in the CKD population, many of the same principles are likely to apply.
Namely, adults have constant habits for cooking and order
foods cooked in similar ways in restaurants. Surprisingly, it
appears that this behavior can be readily modified. We enrolled
adults in the highest tertile of consumption of AGEs among
normal subjects of all ages (Figure 4B), randomly divided them
into two groups, and followed them for 4 mo.27 One group
maintained their normal cooking methods and food types. The
second was provided with instructions on how to cook the
food that they normally eat so that the formation of AGEs
would be lowered. Two results were noted: first, there was a
substantial reduction in the amount of AGEs consumed by the
subjects who modified their food preparation methods. Second, this intervention was associated with an approximate decrease of 30 to 60% in the amount of circulating inflammatory

∆%

MODIFYING OXIDANT INTAKE

*

mation in foods include marinating with acidic substances (tomatoes, red wine, vinegar, lemon juice, etc.).

Figure 5. The influence of a reduction of the intake of AGEs on
the blood levels of AGEs, measures of OS and inflammation, and
AGE receptors. (A) After a 4-mo period on a low-AGE diet (⬃50%
reduction), the levels of serum markers of OS, inflammation, and
AGE receptors were all substantially reduced, whereas calorie
intake remained essentially unchanged. (B) After a 4-wk period on
a low-AGE diet, CKD 2– 4 patients had a similar reduction of
markers of OS and inflammation. Note that whereas RAGE levels
were reduced by the dietary intervention, AGER1 levels returned
to normal levels.
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significant changes in OS and inflammation using this simple
dietary maneuver was found to be much shorter (4 mo) than
we had anticipated. In addition, both glucose and insulin levels, two indicators of the metabolic syndrome, were coordinately lowered in the normal subjects consuming a diet with
lower AGEs content. It is important to note that the decrease in
the AGEs content of the diet was, on average, only approximately 30 to 40%. This suggests that the normal diet often
contains a sufficiently large amount of oxidants that the antioxidant systems are saturated. Importantly, a modest reduction in oxidant intake can reduce OS and inflammation in
normal adults. Thus, the diet may underlie the high OS found
in normal aging.
Modifying the Levels of Oxidants and Inflammation in
Patients With CKD

Somewhat surprisingly, the high baseline levels of OS and inflammation in patients with CKD also responded to a similar
reduction in dietary AGE intake.27 A 4-wk low-AGE dietary
diet was given to patients with stage 2 to 4 CKD [using food
prepared by the general clinical research center (GCRC)]. Both
OS and inflammation were reduced, paralleling the percent
change reached in healthy adults (Figure 5B). This result suggests that the reduced excretion of oxidants in patients with
CKD may be amenable to treatment without drugs and could
be both practical and economical. It remains to be seen in
larger longitudinal studies whether this reduction results in
improved cardiac, renal, or central nervous system (CNS) outcomes in aging and chronic diseases.

FACTORS INFLUENCING THE REMOVAL OF PROOXIDANTS AND REDUCTION OF INFLAMMATION
IN NORMAL AGING AND IN PATIENTS WITH CKD

As noted above, AGEs react with cell surface receptors that
mediate opposite responses. AGER1 reduces both OS and inflammation, whereas RAGE promotes OS and inflammatory
reactions. Both receptors are driven by the ambient levels of
ligand (AGEs) in healthy subjects. Thus, the levels of both receptor types were decreased when the levels of oxidants in the
diet were lowered (Figure 5A). While AGER1 levels have been
shown to be decreased in patients with CKD,10,18,20,28 a reduction in the dietary load of oxidants resulted in restoration of
AGER1 levels to near normal values in these patients (Figure
5B). This surprising result must be verified in larger studies,
but it further supports the view that OS and inflammation may
be amenable to reduction in CKD patients without drugs. The
take-home message from these studies is that oxidants in the
diet directly lead to increased serum levels of inflammatory
mediators and OS, but this process can be interrupted by simply changing the methods of processing and/or cooking the
usual foods consumed by adults. Importantly, the same outcomes may also be seen in CKD patients.
American Society of Nephrology

INFLAMMATION/OXIDANT STRESS IN PATIENTS
WITH CKD AND NEUROLOGIC SYMPTOMS

It is well known that adults with elevated oxidant stress and/or
inflammation have an increased risk of aging-related diseases:
CVD, Alzheimer’s disease (AD), atherosclerosis, stroke, CKD,
and diabetes.29 –33 The time at which the increased risk begins is
not known, but the above data suggest that an increase in the
risk factors can begin in young adulthood in the normal population. There has been increasing evidence for a kidney—
cognition connection or a renocerebral syndrome. Moderate
CKD defined as an eGFR of 30 to 59 ml/min per 1.73 m2 has
been associated with poor baseline cognitive function and an
increased risk for cognitive decline in both elderly and young
populations versus those with an eGFR ⱖ60 ml/min per 1.73
m2.34 –36 The impaired cognition in patients with CKD seems
to be related to the severity of renal disease and is more severe
in those receiving hemodialysis.36 In patients receiving outpatient hemodialysis, cognitive impairment, defined as mini
mental state examination (MMSE) ⱕ 24, has a prevalence reported to range from 30 to 60%.37,38 Milder forms of cognitive
impairment have also been reported in 34% of outpatient hemodialysis patients compared with age-, gender-, and comorbidity-matched controls.39
Patients with CKD have a high prevalence of subclinical
subcortical white matter damage on neuroimaging and a high
incidence rate of stroke.40,41 These findings are likely related to
a high burden of traditional and nontraditional vascular risk
factors in these patients including hypertension, diabetes, hyperlipidemia, elevated oxidative stress, and elevated inflammatory state. Since positive outcomes in patients with advanced
CKS and receiving HD require adherence to complex treatment regiments, identification of neurocognitive deficits that
may be a prodrome to later vascular dementia may provide an
opportunity to slow the progression of cognitive decline and
provide a method to identify modifiable factors associated with
early cognitive decline. The effect of antihypertensives, statins,
ARB/ACE inhibitors, antioxidants, and modifiers of inflammation on the high prevalence of cognitive impairment and
stroke in this population are potential areas of future research.

UPTAKE OF DIETARY AGES IN HEALTHY ADULTS
AND PATIENTS WITH EARLY DIABETIC
NEPHROPATHY

Healthy adults exposed to diets with a low or high content of
AGEs show rapid absorption of AGEs, resulting in a spike in
serum levels, followed shortly thereafter by an increase in the
content of AGEs in the urine (Figure 6A).14 Those fed a diet
rich in AGEs had higher peak serum and urine AGE levels than
those fed a low-AGE diet. However, the levels rapidly returned
to baseline.
Two groups of patients with diabetes, with either micro- or
macroalbuminuria and either a normal or only slightly reGeriatric Nephrology Curriculum
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Figure 6. The levels of AGEs in the serum and urine of normal
subjects and patients with CKD after eating a meal with either a
low or high AGE content. (A) The levels of serum AGEs and urine
rapidly rose in normal subjects, varying directly with the amount
of AGEs in the diet. (B) Patients with diabetes and either microalbuminuria or proteinuria, with relatively preserved renal
function, showed higher baseline levels of AGEs, higher and
more prolonged peak levels, and a smaller increase in urine AGE
levels.

duced eGFR, were given either a standard or AGE-rich meal
(Figure 6B). Their responses to a regular meal were quite different.10 Namely, the baseline levels of AGEs were higher than
normal, and the high peak serum levels were maintained for a
prolonged period. Note that these changes were present in diabetics that had either a normal or only slightly reduced eGFR
and that urinary excretion of AGEs was also diminished. These
data suggest that the kidney responds to increased oxidant
stress and inflammation by reducing the excretion of AGEs.
The data also suggest that AGEs may be actively excreted by the
tubules and filtered at the glomerulus.28,42

DRUGS AND THE REDUCTION OF PRO-OXIDANT
MOLECULES (AGES)
Vitamins and Other Dietary Supplements

In general, the results of trials of a wide range of oral antioxidants have largely been disappointing.43– 46 However, none
of these studies included an attempt to control baseline levels
of OS and inflammation. If our data apply to the general population (Figure 3),14the great variation in the baseline levels of
oxidants may partly explain these results. This conclusion is
supported by the fact that many studies have shown that the
Mediterranean Diet, which is low in AGEs, is associated with
low levels of OS and inflammation and seems to have beneficial
effects on general health.47,48
Anti-AGE/Oxidant Products

Two drugs have been tested for their ability to reduce the levels
of AGEs in clinical trials. The focus has been on diabetics in
6

both cases. Aminoguanidine was the first to be developed and
tested in animals and then in patients.49 This drug interferes
with the generation of AGEs intracellularly. It did not meet the
required outcome of decreasing the rise in serum creatinine by
50% in a single trial.50 The second drug, a vitamin B6 analog,
pyridoxamine, has long been used in the treatment of hyperoxaluria and has few side effects. It serves to block the early
glycation derivatives after the formation of Schiff bases and is
also a chelator. In a phase 2 clinical trial, it reduced proteinuria
in diabetic patients with progressive renal disease.51
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Rodent food contains a relatively large amount of oxidants
because of the increased temperature used in its preparation,
zzespecially that amount needed to pelletize the granular product. The significance of increased oxidants in the diet becomes
clear when comparing kidney and heart lesions in mice given
isocaloric diets prepared with standard heating (high-AGE
diet) or with less heating during manufacture (low-AGE diet).
Namely, both kidney and cardiovascular lesions were markedly reduced, and lifespan was significantly extended in mice
given the low-AGE diet.7,8 To determine if the inflammation
and OS was caused by the AGEs in the diet, we added a specific
AGE to a low-AGE diet. Adding methylglyoxal (MG) led to an
increase in both OS and inflammation in the serum, paralleling
standard mouse chow.8 The only other major intervention that
reduces OS and inflammation, prevents CKD and CVD in aging, and prolongs life is caloric restriction.52 It is not clear
whether the beneficial effects of calorie restriction are caused
by a 40 to 60% reduced energy intake, since reduction of food
intake concomitantly restricts the intake of oxidant by the
same amount. Therefore, we designed experiments in which
mice were pair-fed the regular diet throughout their lifetime
(which has a high AGE content) and compared them with mice
fed a calorie-restricted diet (40% decrease in food) and mice
fed the same calorie-restricted diet that had a high content of
AGEs, prepared with an additional heating step. At sacrifice in
late life, the kidney lesions were largely prevented in the calorie-restricted mice, and the heart was essentially normal. However, mice given either of the high AGE diets had sclerotic
cardiac and renal lesions. The two high AGE diets (normal
mouse chow and calorie restricted, high AGE) were also associated with a decreased life span. These findings suggest that
the beneficial effects of calorie restriction may be partly explained by the concomitant reduction in oxidant intake.

CONCLUSIONS

CrCl declines, on average, with aging even in individuals without clinical kidney disease. Although this decline occurs in
most, a small number of individuals maintain intact renal
function up to a very old age, raising the issue that a decline
American Society of Nephrology

may not be obligatory. Furthermore, the handling of oxidants
by the kidney may be suppressed before a decline in eGFR. One
problem in the assessment of renal function in aging is the lack
agreement among nephrologists and geriatricians about which
of the currently available formulae to calculate GFR is most
appropriate in normal aging. This topic awaits further study.
In addition, there is currently no biomarker allowing determination of whether impaired renal function in an older individual is cuased by “normal” aging or the effect of some factor(s)
as yet unidentified. A study of oxidant stress and inflammation
and the role of current high-AGE diets in altering kidney function(s) may also be a fruitful area for future investigation, since
there are economical and efficient interventions that reduce
oxidant stress and inflammation in both normal adults of all
ages and patients with CKD.

TAKE HOME POINTS
• Oxidants in the diet directly lead to increased serum levels of inflammatory mediators and OS
• This process can be interrupted by simply changing the methods of
processing and/or cooking the usual foods consumed by adults
• The same outcomes may also be seen in patients with CKD
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REVIEW QUESTIONS: DECLINE OF RENAL
FUNCTION IN NORMAL AGING AND ROLE OF
OXIDANTS/INFLAMMATION: WHEN DOES IT BEGIN
AND IS IT INEVITABLE, PREVENTABLE, OR
TREATABLE?
1. Which of the following are true?
a. CrCl remains normal with aging in most persons
b. Most of the estimates of CrCl give the same results in aging
c. CrCl, on average, decreases with age
d. CrCl may remain in the normal range in some individuals
2. Which of the following statements about oxidants are true?
a. The levels of serum oxidants increases with age, on average
b. The levels of oxidants vary among individuals depending
on dietary intake
c. The levels of serum oxidants correlates with CrCl
d. The sources of serum oxidants includes the diet
3. Choose the two best answers to describe the effect (s) of decreasing oxidant intake in CKD patients.
a. Decreasing oxidant intake in healthy adults has no influence on inflammation
b. Decreasing oxidant intake in healthy adults reduces inflammation
c. Decreasing oxidant intake reduces the levels of RAGE
(pro-oxidant), and increases the levels of AGER1 (antioxidant)
d. Decreasing oxidant intake in patients with diabetic nephropathy reduces the levels of RAGE (pro-oxidant), and
increases the levels of AGER1 (anti-oxidant).
4. Choose the two best answers from the three statements below.
a. Serum AGE levels are paralleled by urinary excretion of
AGEs in normal adults
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b. Serum AGE levels are unaffected by dietary intake in diabetics with nephropathy
c. AGE excretion in patients with diabetic nephropathy is
increased diabetics with normal renal function compared
with normal adults
d. AGE excretion in patients with diabetic nephropathy is
decreased diabetics with normal renal function, compared
to normal adults
e. AGE excretion in patients with diabetic nephropathy in
diabetics is impaired only when eGFR is ⬍80 ml/min
5. Choose the correct statement from the following statements.
a. Reducing AGEs in the diet has been shown to reduce
markers of vascular injury in humans
b. The reduction of oxidants in humans has not proven to be
possible, at present
c. Reducing the levels of oxidants in the diet of patients with
diabetic nephropathy rapidly results in normalization of
the levels of oxidants in the blood
d. Reducing the levels of oxidants in the diet of patients with
diabetic nephropathy results in normalization of the excretion of AGEs
6. Which of the following statements are false.
a. Anti-oxidant vitamins have been shown to reduce oxidants in controlled clinical trials
b. Drugs that control the formation of AGEs have been conclusively shown to reduce diabetic nephropathy in controlled clinical trials
c. The “Mediterranean Diet” has been shown to be associated with reduced serum levels of oxidants and inflammation
d. The content of oxidants in the diet, rather than the energy
intake, has been shown to be critical to reducing organ
damage in experimental studies
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Chapter 8: Kidney Disease in Elderly Diabetic Patients
Mark E. Williams and Robert C. Stanton
Renal Section, Joslin Diabetes Center, Boston, Massachusetts

Diabetes is a major health issue affecting the aging
US population: epidemiologic studies show an increased prevalence of diabetes with aging. The reported incidence of diabetes in the elderly US population is at least 10 to 17%, caused by factors such
as obesity, decreased activity, insulin resistance, and
increased oxidative tissue damage. The prevalence
of metabolic syndrome also increases with age and
is frequently complicated by hypertension and
chronic kidney disease (CKD). With further advances in the treatment of diabetes, longer lifespan
is leading to more diabetes-related complications.
Kidney disease secondary to diabetes has an increased prevalence in the geriatric population,1
which comprises the fastest-growing subgroup of
CKD and end-stage kidney disease (ESKD) in the
United States. About one third of older diabetic individuals have microalbuminuria,2 and an equal
fraction have depressed kidney function. However,
CKD care of the elderly diabetic patient remains
underemphasized, and nephrology consultation remains underused. Clinical guidelines for type 2 diabetes in the elderly do not address CKD, and
guidelines for diabetic CKD have not distinguished
age groups.3

KIDNEY FUNCTION IN THE ELDERLY
DIABETIC PATIENT

Renal blood flow and GFR diminish over time in
elderly persons, minimized by a rise in the filtration
fraction.4 In older diabetic patients, the decrease in
kidney mass, particularly from the renal cortex, and
the histologic changes of diabetic nephropathy are
compounded by advanced vascular changes.5 The
term “concealed renal failure” has been applied to
elderly patients with normal serum creatinine but
decreasing GFR.6,7 The Modification of Diet in Renal Disease (MDRD) is increasingly used in the
United States and has been found to be accurate in
diabetic kidney disease.8 A recent study of 160 diabetic patients reported that the MDRD equation
American Society of Nephrology

has better accuracy than the Cockroft formula in
moderate and severe kidney function.9 Pathologically, the aging kidney may be associated with
changes of basement membrane thickening and
mesangial expansion that are also key histologic
features of diabetic glomerulopathy.1 Global glomerulosclerosis affecting the kidneys of elderly persons may relate to hyperperfusion, also observed in
diabetes. However, studies of the diagnosis and
prevalence of diabetic kidney disease in the elderly
are lacking. Thus, there could be a higher prevalence of unusual presentations of diabetic kidney
disease (e.g., decreased GFR without albuminuria).10 Nondiabetic glomerular syndromes present
more commonly in geriatric patients because of
conditions such as vasculitis, amyloidosis, paraproteinemia, membranous glomerulopathy, and antiglomerular basement membrane (GBM) disease.
Another factor that needs to be considered in elderly persons is the existence of renal artery stenosis
caused by atherosclerotic disease.

TREATMENT

The standard therapy of diabetic kidney disease is
the triad of blood glucose control, BP control, and
administration of angiotensin converting enzyme
inhibitors (ACEIs) or angiotensin receptor blockers
(ARBs). The goals that have been established
through many clinical studies are a hemoglobin A1c
of ⬍7%, a BP of ⬍130/80 (with weak data supporting a lower systolic goal if proteinuria persists), and
reduction of total urine protein to ⬍500 mg/g of
creatinine or of urine albumin to ⬍300 mg/g of
creatinine. Although these goals have been vali-

Correspondence: Mark Williams, Renal Section, Joslin Diabetes
Center, One Joslin Place, Boston, MA 02215. Phone: 617-7322477; E-mail: mark.williams@joslin.harvard.edu
Copyright 䊚 2009 by the American Society of Nephrology
Geriatric Nephrology Curriculum

1

dated in a young to middle-aged population, they have not
been tested in the elderly diabetic population.
Management of blood glucose level has been shown to be
of major importance in patients with type 1 and type 2 diabetes mellitus in the prevention of complications. Recently
the ADVANCE study11 showed that tight control of blood
glucose (glycated hemoglobin of 6.5 versus 7.3%) led to a
21% reduction in the incidence of diabetic nephropathy
over a 5-yr period. The average age of the participants of this
study was 66 yr old. In addition, an update to the UKPDS
study on type 2 diabetic patients was recently published12
and showed that, although there was a loss of difference in
the glycated hemoglobin between the conventional and intensive treatment group over time, there were still significant benefits in cardiovascular outcomes and death rates for
the original intensive treated group. Taken together, these
results showed that tight glucose control in diabetic patients
is important in preserving kidney function in an age range
(54 to 73 yr) that will be relevant to the geriatric population.
BP control may be the most important factor in slowing
progression of renal disease. For example, the Systolic Hypertension in the Elderly Program evaluated the effects of systolic
hypertension, the most common pattern in elderly patients. A
cohort of 2181 patients who were in the placebo arm of the
study was examined to see the relationship between BP and
decline in kidney function.13 In general, the systolic BP ranged
from 160 to 200 and the diastolic BP from 70 to 90 mmHg. The
results showed that systolic hypertension (and not diastolic
hypertension) strongly correlated with declining renal function.
Because diabetic elderly patients are clearly at higher risk for significant decreases in BP, physicians caring for patients with diabetic kidney disease need to be aware of these to prescribe drugs
appropriately and to determine how low to push the BP. Of note,
a recently published follow-up of the UKPDS study on effects of
BP on any diabetes-related outcome was not maintained unless
the decrease in BP was maintained chronically.14
Third is the use of ACEIs and ARBs in diabetic elderly patients. These drugs slow progression of diabetic kidney disease
in both type 1 and type 215,16 diabetic patients. The acknowledged current standard of care is to start an ACE-I or ARB in
any patient with microalbuminuria or overt proteinuria. However, a recent study showed that many elderly patients are not
being prescribed ACEI or ARBs,17 presumably because of concerns over lack of benefit or untoward effects of ACE inhibitors
and ARBs such as hyperkalemia and decreased GFR. No study
has focused exclusively on the role of ACEI/ARBs in elderly
persons, but considering their utility in other studies, some of
which included elderly patients, it is reasonable to prescribe
them at this time pending further studies. Both ACE inhibitors
and ARBs will decrease GFR modestly, particularly initially. In
general, if the drop is ⬍30% and the GFR subsequently remains stable, therapeutic benefit is achieved. To monitor significant changes in potassium or GFR, it is routine to check
potassium and serum creatinine 1 wk after starting or changing
these medicines.
2
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A principal outcome goal of these interventions is reduction
of proteinuria.18 –20 A recent study explored the association of
microalbuminuria in patients with and without hypertension
and diabetes in a group that was 65 yr of age and older.21 The
results showed that there was a close correlation of microalbuminuria and cardiovascular disease, inflammatory markers
(such as C-reactive protein), and systolic BP with increasing
age. A variety of other factors including anemia affects the care
of the elderly patient with diabetic nephropathy.22 There is a
danger of polypharmacy or confusion in the proper intake of
prescribed medications. There may be significant cost limitations for elderly patients because of fixed income or rules of
healthcare insurance coverage. As with ACEI/ARBs, there is an
increased concern for side effects of medications. Thus, all of
these factors should be taken into account when deciding on a
particular treatment regimen. Unfortunately, epidemiologic
studies suggest that elderly patients with CKD are not being
referred for specialty care. In a report of mostly male patients
with an average age of 66 yr, CKD, and diabetes over a 3-yr
period from 2000 to 2002,23 the authors estimated GFR using
the MDRD formula. In the nearly 10,000 patients evaluated,
almost one half of the patients had CKD. Of these, only 7.2%
were referred to a nephrologist for care.

END-STAGE KIDNEY DISEASE

Although the number of elderly adults with diabetes has
increased dramatically over the past two decades, it is far
surpassed by their increase in ESKD, because of several factors including the willingness of providers to proceed with
renal replacement therapy. A recent observational study of
the US Renal Data System, for example, reported on octogenarians (78,419) and nonagenarians (5577) initiating dialysis between 1996 and 2003.24 There was an average annual increase of about 10% in dialysis initiation in these very
elderly patients. The most recent USRDS report indicates
that incident rates of patients reported with diabetic ESKD
and ⬎75 yr old almost doubled between 1996 and 2006, the
most recent year with data available, and prevalence rates
have more than doubled.25
Little attention has been paid to this population in existing
guidelines. In elderly persons, mortality rates worsen with kidney disease more than in other groups. In the general US population, persons 75 to 79 yr of age have an expected remaining
life duration of 10.4 yr; for the elderly patient with ESKD, it is
2.6 yr,26 and in the presence of diabetes, at least 25% less.
Unique challenges include the high number of comorbid conditions, including ischemic coronary disease, congestive heart
failure, and peripheral vascular disease. Cardiovascular disease
develops in ⬎90% of elderly diabetic patients before starting
dialysis. Cognitive and psychiatric disorders, malnutrition,
poor compliance, postdialysis hypotension, and dialysis access
failure are common problems. ADA and other clinical practice
guideline recommendations acknowledge differences in the
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risks and benefits of glycemic control among individuals. Because uncontrolled hyperglycemia produces fluid overload or
other problems such as decreased cognition, nocturia, incontinence, and impaired cognition, treatment is indicated. However, geriatric patients with ESKD may be less likely to benefit
from long-term glycemic control in general and more likely to
suffer from hypoglycemia. The elderly patient is at higher risk
for drug-associated hypoglycemia. Nonetheless, monitoring
glycemic control in diabetic ESKD remains far below recommended levels for hemoglobin A1c testing and prescription of
diabetic test strips.27
Annual ESKD mortality risk in the elderly population is
almost 50% and is higher for very elderly persons. Survival
data for elderly diabetic patients are seldom reported separately.24 Regarding choice of dialysis modality, one clinical
study of USRDS patients from 1987 to 1989 comparing the
mortality with treatment assignment (hemodialysis or peritoneal dialysis) suggested that the higher mortality risk with
peritoneal dialysis (PD) patients was accentuated in diabetic
and older patients.28 Diabetic ESKD is the highest risk group
for cardiac death. Diabetes and ESKD are both precursors to
accelerated vascular calcification, involving coronary arteries, and are associated with poorer outcomes from percutaneous coronary interventions and coronary bypass surgery.
Elderly diabetic patients with ESKD will also be at high risk
for operative management of left main or multivessel disease, in which case medical therapy might be preferred.
ESKD costs for diabetic patients exceed those for nondiabetic patients by 15 to 30%.25

TRANSPLANTATION

At a time when the maximum age of kidney patients considered for transplantation continues to increase, the growing
numbers of elderly diabetic patients with CKD/ESKD raises
significant questions regarding the appropriateness of kidney
transplantation. The number of elderly patients on waiting lists
for kidney transplantation began to increase in the 1990s, and
transplant outcomes in elderly patients improved over a 15-yr
period.29 Concerns about limited life expectancy, high comorbidity rates, and relative organ shortages persist. The proportion of transplanted patients with diabetes is much lower
(23%) than the percent of patients on dialysis who have diabetes. Both elderly patients and those with diabetic ESKD are
more likely to be considered for expanded kidney donor lists.
Older recipients are more likely to die with a functioning graft,
decreased initial function, and delayed graft function.30 A retrospective analysis of 5667 kidney transplant candidates ⱖ70
yr old using the Scientific Registry of Transplant Recipients
database was recently reported.31 Between 1990 and 2004, 2078
received a deceased donor kidney transplant and 360 received a
living donor transplant. Mortality risk for those transplanted
were compared with candidates remaining on the transplant
list. Findings of 41% lower long-term mortality risk and better
American Society of Nephrology

survival in elderly patients transplanted compared with those
on the waiting list were especially true for elderly diabetic patients (53% reduction).

TAKE HOME POINTS
• Diabetes is the most common etiology of CKD/ESKD in the elderly
• Therapeutic trials of diabetic CKD/ESKD in elderly patients and guideline recommendations are insufficient
• Optimal management of diabetic CKD/ESKD in elderly patients may
involve heightened risks and must take into account their increased
mortality rates
• Increased number of elderly patients are being managed with dialysis,
and some may benefit from a kidney transplant compared with remaining on dialysis
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None.
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REVIEW QUESTIONS: KIDNEY DISEASE IN ELDERLY
DIABETIC PATIENTS
1. The number of elderly diabetic patients with CKD/ESKD is
increasing because of all of the below EXCEPT
a. Increasing rates of metabolic syndrome patients
b. Higher referral rates for specialty care
c. The overall risk of CKD increased with age
d. Age-related loss of kidney function
2. Evaluation of the elderly diabetic patient with kidney disease
must take into consideration all EXCEPT
a. Histologic changes of diabetic glomerulopathy and aging
b. Progression may occur independent of albuminuria

American Society of Nephrology

c. Increase in nondiabetic glomerular syndromes
d. Increased incidence of renovascular disease
e. Reliance on validated measure of eGFR in the MDRD
equation
3. Data regarding therapy for diabetic CKD indicate that
a. Tight glycemic control is valuable and carries minimal risk
b. Mild initial loss of GFR does not require cessation of ACEI
therapy
c. Diastolic BP control is more important than systolic control
d. ACEI/ARBs are overused in this population
e. There should be minimal concern about medication side
effects
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Chapter 9: Drug Dosing and Renal Toxicity in the
Elderly Patient
Ali J. Olyaei* and William M. Bennett†
*Division of Nephrology and Hypertension, Oregon Health and Science University, Portland, Oregon; and
†
Northwest Renal Clinic, Legacy Good Samaritan Hospital Transplant Services, Portland, Oregon

Aging is a natural process of human development
and is characterized by a progressive loss of physiologic and reproductive functions.1,2 Despite significant advances in the fields of human physiology,
pharmacology, and pathology, as well as medical
and clinical interventions, aging continues to be a
significant risk factor and strong predictor of morbidity and mortality.
Geriatric patients, while accounting for 15% of
the population, use 30% of all prescription drugs
prescribed in the United States. By 2020, ⬎50 million people will be over 65 yr of age and account for
25% of the US population (Figure 1). It is estimated
that by 2030, the population of individuals over 65
yr of age will increase by four-fold, and this age
group is the fastest growing segment of the US population. This increase will add to healthcare costs
and strengthen the economic tsunami that our
country is facing today.3,4
Chronic kidney disease (CKD) is a common and
progressive condition that continues to rise in the
United States.5–7 Limited data exist regarding drug
use in elderly patients with CKD. Proven therapies
are often underused in the geriatric population. For
example, recent data indicated that aggressive management of hypertension may be beneficial in older
patients.8,9 However, most physicians hesitate to
treat older patients more aggressively. This is, in
part, because of a high risk of drug– drug interactions, adverse drug reactions, and lack of clinical
data in this population. Monitoring the medications used in older adults and identifying drug interactions and adverse events are crucial. Drug therapy management in older adults is challenging, and
many factors related to normal aging, disease states,
and lifestyle should be considered before initiation
of pharmacotherapy (Figure 2).10,11
In a recent study, Qato et al.12 documented that
91% of older adults regularly use one prescription
drug and ⬎50% use five or more prescriptions per
American Society of Nephrology

day (Figure 3). These numbers are significantly
higher for patients with CKD, including those undergoing kidney dialysis. In the elderly, new-onset
adverse drug reactions are commonly mistaken by
healthcare providers as a new-onset disease or morbidity related to aging.13 Approximately 15 to 45%
of older adults develop moderate to severe forms of
memory impairment from medication use.14 This
cognitive impairment may position older adults at a
higher risk of overdose or nonadherence compared
with the rest of the population.15 In addition, older
adults with kidney disease are cared for by a variety
of healthcare providers such as nephrologists, cardiologists, general practitioners, and pharmacists
and may lack good continuity of care. Medication
reconciliation is still a major problem in this era of
the electronic medical record. Failure to disclose a
complete list of current medications taken to each
provider because of cognitive impairment may
have a profound impact on potential risk of drug–
drug interactions or disease– drug interactions.16
The overall incidence of adverse drug reactions
is three- to ten-fold higher in older adults with kidney disease compared with those without CKD.17
The incidence of adverse drug reactions correlates
exponentially with renal function.18 Most drugs
and/or their metabolites are excreted renally
through glomerular filtration. The overall size,
mass, and effective area of filtration decreases with
increasing age.19,20 These morphologic changes increase the risk for drug and/or active metabolite accumulation in older patients with kidney disease.
After the age of 50, the number of nephrons progressively declines from approximately ⬎1,000,000
Correspondence: Ali J. Olyaei, PharmD, BCPS, Associate Professor of Medicine, Division of Nephrology and Hypertension, Oregon Health Sciences University, 3314 SW US Veterans Hospital
Road, Portland, OR 97201. Phone: 503-494-8007; Fax: 503-4942994; E-mail: olyaeia@ohsu.edu
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Figure 1. Estimated population of individuals (%) over 65 yr of
age by 2100 in the United States.

Disease-related

Figure 3. Altered pharmacokinetics.

to ⬍500,000. In addition, up to 35% of nephrons show clinically important evidence of sclerosis.21
Drug dosing in CKD has been reviewed extensively in other
review papers.17,18 This chapter will examine how aging and
physiologic changes secondary to aging effect drug elimination
and provide general dosing guidelines. However, it is very important to mention that very few drugs and clinical interventions have been well studied in older adults, particularly those
with CKD. Older adults are in general underrepresented in
most clinical studies. Most studies exclude patients over 65 yr
of age, and few studies allow the inclusion of nursing home
patients.
In an important study, Lindeman et al.22 showed that a decrease in renal GFR occurs during the aging process but much
less than previously perceived. These alterations in renal function are largely clinically insignificant and have a limited effect
on the life of adult patients without comorbid conditions.
Many investigators have discovered small artery fibrosis and
decreased renal blood flow after four decades of life. Decreased
renal blood flow can happen independent of cardiac output or

cardiovascular disease as one ages. Increased renal nerve activity, increased production and release of angiotensin II, decreased local prostaglandins, and increased release of endothelin may contribute to vasoconstriction and decreased renal
blood flow during later stages of life.23,24 A higher incidence of
vascular disease, hypertension, diabetes, and smoking and a
high protein diet are common among older adults in industrialized nations and may further distress renal function. In the
Unites States, approximately 65% of older adults have a diagnosis of hypertension.25 Hypertensive nephropathy accounts
for 25% of all ESRD that requires dialysis. These pathologic
processes independent of aging alter drug absorption, protein
binding, volume of distribution, and elimination.26
The GFR is closely correlated with renal drug elimination
and is useful in determining dosage adjustments.27 The agedependent alterations to renal anatomy and physiology in
older adults make the kidneys more susceptible to environmental and pathologic nephrotoxins. To avoid toxicity in older
patients with kidney disease, the drug dosage should be ad-
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groups: ⬎1 drug, ⬎5 drugs, and ⬎10 drugs.
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Table 1. Agents to be avoided or used with caution in patients with CKD
Class

Examples

Antibiotics
Antifungals
Antivirals
Anticoagulants
Cardiac drugs
Opioids
Psychotropics/anticonvulsants
Hypoglycemic drugs
Drugs for gout
Others

Aminoglycosides, vancomycin, sulfamethoxazole
Amphotericin B
Foscarnet, indinavir, cidofovir
Low molecular weight heparins, warfarin
Digoxin, sotalol, ACE-I, ARB, DRIs
Morphine, meperidine, prophoxyphene
Amisulpride, gabapentin, lithium, levetiracetam, topiramate, vigabatrin
Metformin, glyburide, insulin
Allopurinol, colchicine
Methotrexate, penicillamine, nonsteroidal anti-inflammatory drugs

ACE-I, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers; DRI, direct renin inhibitor.

justed according to estimated creatinine clearance. There are a
number of methods to estimate creatinine clearance; however,
the most commonly used method is the Cockcroft-Gault
method. There are a number of limitations when using the
Cockcroft-Gault method in older patients. The production
and elimination of creatinine decreases with age.26 This may
overestimate renal function and mask the early stage of renal
dysfunction. In older adults, the use of Modification of Diet in
Renal Disease (MDRD) may provide a better estimate of renal
function. Some drugs may increase the metabolic load by increasing creatinine production and/or urea production (e.g.,
glucocorticoids and androgens). Some agent may also interfere
with creatinine tubular secretion (e.g., cimetidine and trimethoprim). Ketosis, hyperbilirubinemia, and some cephalosporins may influence the measurement of plasma creatinine
and cause renal function assessment inaccurate when serum
creatinine is used.
Considering these limitations, estimating renal function is
difficult in the elderly population. However, the use of the
Cockcroft-Gault method is the safest and most effective approach for dosage adjustments in patients with renal impairment.

both prescription and nonprescription, should be obtained to
identify potential nephrotoxins or interacting medications. A
thorough medication history should be obtained to identify
drug allergies or intolerances and previous adverse drug reactions. Body mass index (BMI) and ideal body weight (IBW)
should be calculated using the following formulas: BMI ⫽
weight in kilograms divided by height in meters squared; IBW(men) ⫽ 50.0 kg ⫹ 2.3 kg for every 2.5 cm over 152 cm; and
IBW(women) ⫽ 45.5 kg ⫹ 2.3 kg for every 2.5 cm over 152 cm.
Volume status, both intracellular and extracellular, should
be assessed frequently. Shifts in extracellular fluid volume may
change the volume of distribution of many drugs. Patients with
dehydration have a higher predisposition to drug toxicity. In
older adults, total body volume decreases by 10 to 15%. Muscle
atrophy, reduced tissue perfusion, and increase in fat content
change the volume of distribution of most hydrophilic agents.
The plasma concentration of drugs with a narrow therapeutic
window and small volume of distribution (aminoglycosides,
lithium) may alter considerably with any change in extracellular fluids. Coexisting hepatic dysfunction may alter protein
binding, volume of distribution, and intravascular volume and
necessitate further dosage modification.28
Step 2: Renal Function Assessment

APPROACH TO DOSAGE ADJUSTMENT IN OLDER
ADULTS

Most guidelines recommend drug dosing adjustments in older
adults with or without renal disease. The following recommendations provide a simple approach for healthcare providers
and attempt to reduce the risk of drug toxicity and improve
pharmacotherapeutic efficacy. However, patient-specific factors, comorbid condition, drug interactions, and healthcare
insurance coverage should be considered and monitored during therapy.19
Step 1: Medical History and Physical Examination

A complete medical history should be obtained, and a physical
exam should be performed. The etiology and duration of renal
dysfunction should be determined and defined as acute or
chronic whenever possible. A review of current medications,
American Society of Nephrology

The Cockcroft-Gault formula is a simple and widely used
method to estimate GFR. A 24-h creatinine clearance (Clcr) is
an approximation of GFR, and it is practical and useful for
estimating renal function in drug dosage modification in patients with stable renal dysfunction. In patients with acute kidney injury, rising serum creatinine, and low urine output, creatinine clearance should be assumed to be generally ⬍10 ml/
min. The Cockcroft-Gault formula includes the variables of
age (yr), IBW (kg), and serum creatinine (Scr) (mg/dl) and
calculates the Clcr (ml/min): Clcr ⫽ (140 ⫺ age) ⫻ IBW/72 ⫻
Scr (the result should be multiplied by 0.85 for women).
Use of Iohexol is a new method to estimate GFR but is
currently being used only in the clinical research setting. Iohexol provides a more accurate measurement of renal function
without exposing the patient to radiolabeled material. Finally,
the MDRD study recently reported a new formula to estimate
renal function. This method provides a more accurate estimaAmerican Society of Nephrology
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Table 2. Therapeutic drug monitoring
Drug Name
Aminoglycosides
(conventional dosing)

Gentamicin, tobramycin,
amikacin

Aminoglycosides (24-h
dosing) gentamicin,
tobramycin, amikacin
Carbamazepine

Therapeutic Range

When to Draw Sample

Gentamicin and
tobramycin:
Trough: 0.5–2 mg/L

Trough: immediately before
dose
Peak: 30 min after a 30- to
45-min infusion

Peak: 5–8 mg/L
Amikacin:
Peak: 20–30 mg/L
Trough: ⬍10 mg/L
0.5–3 mg/L

4–12 g/ml

Cyclosporin

150–400 ng/ml

Digoxin

0.8–2.0 ng/ml

Lidocaine

1–5 g/ml

Lithium

Acute: 0.8–1.2
mmol/L

Phenobarbital

Chronic: 0.6–0.8
mmol/L
15–40 g/ml

Phenytoin

10–20 g/ml

Free phenytoin
Procainamide NAPA (nacetyl procainamide) a
procainamide metabolite

1–2 g/ml
4–10 g/ml

Trough: 4 g/ml

Quinidine

Peak: 8 g/ml
10–30 g/ml
1–5 g/ml

Sirolimus

10–20 ng/dl

Tacrolimus (FK-506)

10–15 ng/ml

Theophylline p.o. or
Aminophylline i.v.
Valproic acid (divalproex
sodium)
Vancomycin

15–20 g/ml
40–100 g/ml
Trough: 5–15 mg/L

Peak: 25–40 mg/L

4
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How Often to Draw Levels
Check peak and trough with third dose
For therapy less than 72 h, levels not necessary.
Repeat drug levels weekly or if renal function
changes

Obtain random drug level
12 h after dose

After initial dose. Repeat drug level in 1 wk or if
renal function changes

Trough: immediately before
dosing
Trough: immediately before
dosing
12 h after maintenance
dose

Check 2–4 days after first dose or change in
dose
Daily for first week and then weekly.
5–7 d after first dose for patients with normal
renal and hepatic function; 15–20 d in
anephric patients

8 h after intravenous
infusion started or
changed
Trough: before a.m. dose
at least 12 h since last
dose

Trough: immediately before
dosing
Trough: immediately before
dosing

Check 2 wk after first dose or change in dose.
Follow-up level in 1–2 mo
5–7 d after first dose or after change in dose

Trough: immediately before
next dose or 12–18 h
after starting or changing
an infusion
Draw with procainamide
sample

Trough: immediately
next dose
Trough: immediately
next dose
Trough: immediately
next dose
Trough: immediately
next dose
Trough: immediately
next dose
Trough: immediately
dose

before
before
before

Daily for first week and then weekly.

before
before

Check 2–4 d after first dose or change in dose

before

With third dose (when initially starting therapy,
or after each dosage adjustment). For therapy
⬍72 h, levels not necessary. Repeat drug
levels if renal function changes

Peak: 60 min after a 60-min
infusion
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tion of renal function in patients with low muscle mass, high
protein intake, or geriatric populations and is subject to less
artifact interference. In dialysis patients, with a residual renal
function, the residual renal function may to a large extent contribute to the elimination of drugs and their active metabolites.
The effect of residual renal function on drug elimination in
dialysis patients with urine output ⬍500 ml/d is very difficult
to estimate. Residual renal function decreases over time and is
usually ⬍5 ml/min after 1 yr on hemodialysis.
Step 3: Loading Dose Determination

For most drugs, the loading dose should not be adjusted. In
patients with normal renal function, steady-state drug concentration is reached after approximately five half-lives. The halflife of drugs that are excreted renally may be significantly prolonged in patients with CKD. To rapidly achieve a therapeutic
plasma concentration, a loading dose should be administered.
However, when the volume of distribution is altered secondary
to CKD, a smaller loading dose may be required for some
agents. For example, in dialysis patients, the loading dose of
digoxin should be reduced by 25 to 50% to avoid toxicity.
Although routine plasma concentration monitoring of digoxin
is not necessary in patients with normal renal function, in dialysis patients and patients with a history of hypokalemia, the
plasma concentration should be monitored very closely.29 The
loading dose can be calculated as follows to achieve a desirable
plasma concentration: LD ⫽ Vd (L/kg) ⫻ IBW (kg) ⫻ [Cp],
where Cp is the desired plasma concentration (mg/L).
Step 4: Maintenance Dose Determination

The maintenance of drugs that are primarily eliminated unchanged through the kidneys should be modified in patients
with CKD. Dosage modification in older adults with kidney
disease can be accomplished by dose reduction, dosing interval
prolongation, or both methods. For drugs whose clinical efficacy correlates with adequate peak concentrations (aminoglycosides, cephalosporins), the dosing interval should be adjusted. For agents whose efficacy correlates with area under of
the curve or a rapid rise in plasma concentration correlate with
toxicity, the dosage interval should be prolonged. In general,
for most drugs, a combined approach using both the dose reduction and interval prolongation methods is often used. This
method provides a constant plasma drug concentration without increasing the risk of toxicity from high peak or trough
levels.30 Finally some medications should be avoided or be
used with caution in patients with CKD (Table 1).
Step 5: Drug Level Monitoring

Despite dosage adjustments and prolongation dosage interval,
drug toxicity is a common problem in older adults with CKD.
Because of inter- and intraindividual pharmacokinetic variabilities, comorbid conditions, and drug interactions, therapeutic drug monitoring (TDM) is important in older patients
with renal impairment. The diagnostic value of TDM relies on
correct interpretation of plasma drug concentrations. It is imAmerican Society of Nephrology

portant to know the exact dose given, the route of administration, time of administration, and time since the last dose. Peak
levels are meaningful for only few drugs. Peak drug levels represent the highest drug concentration achieved after initial
rapid distribution. For most drugs, trough levels are obtained
immediately before the next dose, represent the lowest serum
concentration, and predict drug toxicity. For most drugs,
TDM is not available and could be very costly. TDM should be
used only for drugs in which plasma concentrations correlate
with toxicity or efficacy. It is important to mention that, even
with TDM, drug toxicities can not always be avoided. For example, aminoglycoside antibiotics can accumulate in tissues
such as the inner ear and renal tubules. Aminoglycoside toxicity can occur after a single dose or in some cases without associated high plasma concentrations. Clinical practitioners must
incorporate ongoing clinical assessment and TDM simultaneously. Assessment of adverse drug reactions is important
even when drug levels are within the established therapeutic
range. Finally, in older adults with kidney disease, protein
binding is altered significantly. For highly protein-bound
drugs, the free fraction can be elevated significantly, whereas
the total plasma concentration is within therapeutic range.
Most assays do not distinguish between free and proteinbound drug in the plasma. An increase in unbound drug is
common in patients with renal failure. For example, a dialysis
patient with albumin of ⬍2 g/dl and phenytoin level of 6 mg/L
could experience phenytoin toxicities while phenytoin levels
are within the therapeutic range (therapeutic level: 10 to 20
mg/L). Free phenytoin levels provide better therapeutic drug
monitoring in older patients with renal impairment.31,32 Table
2 summarizes the therapeutic drug monitoring parameters in
renal insufficiency for drugs in which monitoring of levels is
routinely recommended.

TAKE HOME POINTS
• Review patients past medical history and medication profiles for any
possible drug– drug interactions
• For GFR ⬍50 ml/min, renally excreted drugs should be adjusted according to the renal function
• Dosage modification can be accomplished by dose reduction, dosing
interval prolongation, or both methods
• If needed, consider therapeutic drug monitoring (TDM) in older patients with renal impairment

DISCLOSURES
None.
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REVIEW QUESTIONS: DRUG DOSING AND RENAL
TOXICITY IN THE ELDERLY PATIENT
1. Of the following, which would be of important consideration
in assessing renal function in older patients?
a. Serum creatinine
b. Weight and muscle mass
c. Urine output
d. All of the above
2. Drug–drug interaction occurs as a result of:

American Society of Nephrology

a.
b.
c.
d.

Pharmacokinetic and pharmacodynamic properties of the drugs
Intended therapeutic indication
Both a and b
Neither a nor b

3. The elderly are subject to a greater risk of ADR and DDIs
because:
a. Comorbidity
b. Alter pharmacokinetics
c. Seen by a number of health care providers
d. All of the above
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Chapter 10: Glomerular Disease in the Elderly
Christine K. Abrass
Department of Medicine, Division of Gerontology and Geriatric Medicine, University of Washington School of
Medicine, Seattle, Washington

APPROACH TO AND UNIQUE FEATURES
OF GLOMERULONEPHRITIS IN ELDERLY
PERSONS

of the benefit of diagnosis and appropriate intervention.

Recognition, diagnosis, and management of glomerular disease in elderly persons have several
unique challenges. Reductions in GFR are common
in individuals over the age of 75. Because this so
often occurs in the setting of aging nephropathy,
hypertension, or vascular disease, other intrinsic
kidney diseases are not considered in the differential diagnosis. Aging nephropathy is characterized
by loss of GFR of approximately 1.7 ml/min per
year1; thus, renal function seems to be stable over a
several year window of time. However, this can represent a significant loss of renal function over the
final 30 yr of life. Within a short time frame, any
change in renal function should indicate the possibility of an alternative diagnosis. When prior measures of renal function are not available, estimation
of GFR using the Cockcroft-Gault formula or another formula that takes into account age and an
assumed serum creatinine of 0.8 mg/dl will allow
calculation of a rough estimate of age-adjusted
GFR. Should the measured eGFR be substantially
below that predicted on the basis of age alone, other
diagnoses should be considered. Using analysis of
large databases, O’Hare et al.2,3 have shown that aging nephropathy per se is not usually associated with
proteinuria. Because many of these individuals
have not been subjected to renal biopsy, the actual
pathology is unknown; however, some have argued
that the absence of proteinuria excludes significant
pathology. Based on these arguments, the presence
of proteinuria or active urinary sediment should be
considered as evidence of renal disease other than
age-associated reduction in GFR,4,5 and the possibility of glomerulonephritis (GN) should be considered. Despite these caveats, urinary abnormalities and reductions in GFR are frequently
erroneously attributed to aging per se and not pursued further, thus depriving the elderly individual

GENDER-, ETHNIC-, AND AGE-RELATED
DISPARITIES IN HEALTHCARE
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Studies continue to show that underrepresented
minorities, women, and elderly persons are provided standard care and included in clinical trials at
rates below those for white men6,7; however, these
same groups have higher rates of certain diseases
and worse outcomes. This relatively poorer prognosis argues for a more aggressive approach. Given
that women make up a steadily higher proportion
of the elderly population with each year of increasing age, disparities in approach to their care is even
more relevant in this age group. With any given
disease, women lose renal function at a slower rate
than men until after menopause when this benefit is
lost. Recognition of changes in risk factors and incidence of specific forms of GN throughout the
lifespan is critical to resolving health disparities.

URINARY PROTEIN EXCRETION IN
ELDERLY PERSONS

Standard teaching often taught that urinary protein
excretion increases with age. Because these concepts were developed based on studies of subjects
living in nursing homes, it was thought that these
data reflected disease, often urinary tract infection,
and thus were thought not to be relevant to the
elderly population at large. Subsequent studies8
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showed that healthy elderly subjects generally do not have proteinuria; however, in those who do, there is significant loss of
renal function over 5 yr of follow-up. Recent studies have
shown that rates of albuminuria in community-dwelling elderly subjects increase with age and may reach 37% in individuals over the age of 80.9 As in other age groups, the presence of
albuminuria shows increased risk for dementia,9 hypertension,
cardiovascular disease, and progressive renal disease. Based on
these findings, proteinuria in elderly individuals should be
viewed as an indicator of renal disease and a predictor of other
disorders that have implications for diagnosis, therapy, and
outcomes. These findings are somewhat difficult to reconcile
with epidemiologic database studies such as those reported by
O’Hare et al., which indicate that elderly individuals with GFR
⬍60 ml/min usually do not have proteinuria. Additional studies are needed to clarify the nature and natural history of aging
nephropathy per se; but all studies indicate that, when proteinuria is present, specific diagnoses are usually identified on biopsy and outcomes are poorer.

RENAL BIOPSY IN ELDERLY PERSONS

Despite the frequency of urinary abnormalities and reductions in GFR among elderly individuals, only 15% of renal
biopsies are from individuals over the age of 65 and even
fewer are in individuals over the age of 75. As a result, very
few data are available that inform our understanding of GN
in elderly individuals.5 The limited number of biopsies in
the face of high rates of proteinuria suggests that many older
individuals with kidney disease are not provided a specific
diagnosis or offered disease-specific treatments to slow the
rate of progression. It is well documented that inflammatory symptomatology and thus clinical manifestations are
blunted in elderly persons, which leads to atypical presentations even for common diseases. This also can contribute
to missed or delayed diagnosis in this age group. Nephrotic
syndrome is often misdiagnosed as congestive heart failure.
As elderly individuals with nephrotic syndrome had focal
sclerosis (FSGS; 23%), minimal change disease (MCD;
19%), and membranous nephropathy (MN; 15%), therapeutic intervention would be expected to modify their outcomes. Among those individuals with an acute nephritic
syndrome, most had pauci-immune, MPO-ANCA positive,
crescentic GN, whereas the remainder had acute interstitial
nephritis.10 One study focused on individuals over the age of
80 (3% of the biopsies in their series).11 Similar to the previous study, with advanced age, the majority of individuals
had crescentic GN, whereas only 15% had MN. IgA nephropathy and lupus nephritis were uncommon in all series.12 Even in the very old, 40% had a treatable entity identified, and in the remainder, prognostic information was
attained and potentially harmful empiric therapy was
avoided. Elderly persons who are treated respond similarly
to younger individuals. All published studies of biopsy in
2
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elderly subjects show a low rate of complications and identification of treatable forms of kidney disease; however,
rates of biopsy in elderly individuals continue to be low.
This raises the possibility that more biopsies should be done
in elderly persons. Indications for renal biopsy are shown in
Table 1.

POSTINFECTIOUS GLOMERULONEPHRITIS

The most common organism associated with acute proliferative glomerulonephritis is Group A streptococcus. This entity
is uncommon in adults, and in general, its incidence is declining in the developed world. A recent review13 of 86 cases
showed a mean age of 56 yr, with 34% being over the age of 64.
Unlike what occurs in children, as many as 38% had an underlying disorder associated with immunocompromise. Complete remission occurred in slightly more than one half of all
patients and was less likely in those with pre-existing renal
disease or illnesses associated with immunocompromise.
Among individuals with pre-existing diabetic glomerulosclerosis, remission was rare and rapid progression to end-stage
kidney disease (ESKD) often followed. Thus, outcomes seem
to be worse in elderly persons.
No studies have addressed the incidence or outcomes in
older individuals with postinfectious GN caused by organisms
other than Group A streptococcus. Given the frequency of
pneumococcal pneumonia and other infections in elderly individuals, infections that are associated with postinfectious GN
less often in younger individuals may contribute a higher proportion in elderly persons.

LUPUS NEPHRITIS

Lupus is generally a disease of women of child-bearing age;
however, 10 to 20% occurs in older individuals including those
over the age of 65. Arthritis, fever, serositis, sicca symptoms,
Raynaud’s syndrome, lung disease, and neuropsychiatric
symptoms are more common in elderly patients, whereas malar rash, discoid lupus, and GN are less common. Serologic
manifestations include ANA, anti-Ro, and anti-La, whereas
anti-DNA is less common. When lupus with or without nephritis occurs in elderly individuals, diagnosis is often delayed.
When present, lupus nephritis should be treated the same as in
younger subjects.14
Table 1. Indications for consideration of renal biopsy in
the elderly
GFR reduced to a degree greater than predicted for age alone
Acute change in GFR
Proteinuria
Active urinary sediment
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MINIMAL CHANGE DISEASE

As many as 15 to 20% of older individuals with nephrotic syndrome will have MCD.10,11 Their response to treatment is comparable to younger age groups; thus, they should be treated.
Risk for development of diabetes and infection is somewhat
greater in elderly than in younger individuals, but untreated
individuals of all ages have a high rate of infection-associated
death. Among adults with nephrotic syndrome, MCD disease
occurs more often in the elderly than younger adults, and in
this age group, it is often misdiagnosed as congestive heart
failure.

to improved outcomes. Delays in diagnosis and initiation of
therapy are uniformly associated with poor outcomes; thus,
recognition of this cause of acute change in renal function in
contrast to other forms of acute kidney injury is essential. In all
studies reported, this form of crescentic GN is the only one that
is relatively unique to elderly persons. Many studies have documented changes in immune function with age, particularly in
innate immunity17; however, these alone have not provided
insights into the unique risk that elderly individuals have for
developing this form of GN.

MANAGEMENT OF NEPHROTIC SYNDROME IN
ELDERLY PERSONS
FOCAL AND SEGMENTAL GLOMERULOSCLEROSIS

Current evidence shows that this pathologic pattern is a heterogeneous group of diseases, and focal areas of scarring can
occur in a variety of diseases including aging nephropathy. The
idiopathic form of FSGS typically presents with proteinuria
and reduced GFR in young adults, and it is likely caused by a
variety of gene mutations. This form of GN is relatively uncommon in elderly persons and is not thought to result from
pre-existing gene mutations; however, this has not been conclusively examined.

The most important first step in the management of nephrotic
syndrome in elderly persons is to recognize that edema, shortness of breath, and cardiomegaly are caused by nephrotic syndrome rather than congestive heart failure. Once the etiology
of nephrotic syndrome has been defined, this should be the
primary guide for therapy.18 Older individuals may be sensitive
to diuretics and develop prerenal azotemia; thus, they require
cautious dosing and careful follow-up.

USE OF IMMUNOSUPPRESSIVE AGENTS IN ELDERLY
PERSONS
MEMBRANOUS NEPHROPATHY

In adults of all ages, membranous nephropathy is the most
common cause of nephrotic syndrome; however, the incidence
is greatest in individuals 40 to 60 yr of age. After age 60, multiple myeloma and amyloidosis become much more common
than in younger age groups, and thus, make up 15 to 20% of
nephrotic syndrome in older individuals. Because MCD is similarly more common in elderly than younger adults, membranous nephropathy accounts for only 15% of elderly individuals
with nephrotic syndrome. Treatment approaches and outcomes are similar in older and younger individuals.15 Although
the incidence of cancer increases with age, there is no evidence
that MN and cancer are linked in elderly persons other than by
coincidence.

With aging, fat as a proportion of lean body mass increases,
and hepatic clearance and renal function diminish. Each of
these factors influences drug pharmacokinetics; thus, drug
doses may need to be adjusted in elderly persons. Although
there are no data specifically looking at outcomes or modified
therapies in elderly individuals per se, most treatment studies
indicate that elderly persons fair favorably compared with
younger age groups in frequency of response rates and complications. Based on limited data, recommendations are to select
and tailor therapy in the elderly using the same criteria as for
younger individuals. Preserving renal function even when the
risk of progression to ESKD is not a concern will facilitate
treatment of and reduce side effects and complications of all
other health related issues in the elderly.

CRESCENTIC GLOMERULONEPHRITIS

CONCLUSIONS

Pauci-immune, MPO-ANCA positive, crescentic glomerulonephritis is the most common form of GN in elderly persons,
and its incidence steadily increases with increasing age. Untreated, this form of GN progresses rapidly to ESKD. Differences in the forms of vasculitis and implications for therapy
were recently reviewed by Jennette and Falk.16 Individuals with
this disease can have a significant and sustained remission with
appropriate therapy; thus, recognition of this disorder in elderly individuals, with prompt biopsy and treatment, is critical

Although GN is relatively uncommon in elderly individuals, it
does occur. Because treatment response rates and complications are comparable for individuals in all age groups, elderly
persons will benefit from diagnosis and treatment using the
same criteria for biopsy and intervention as in younger individuals. This recommendation is particularly justified given
that ANCA-positive, pauci-immune, crescentic GN is the most
common form of GN in elderly individuals, and left untreated,
this disease rapidly leads to ESKD. Furthermore, following
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progression to ESKD, outcomes in elderly persons are quite
poor; thus, interventions that slow the rate of progression are
of particular benefit. To improve outcomes in elderly persons,
more studies that include elderly subjects are needed. To
achieve this goal, biases that exclude elderly subjects from standard care and research protocols need to be modified.

4.
5.
6.
7.

TAKE HOME POINTS
• Aging nephropathy contributes to increased risk for cardiovascular
disease and frailty
• Proteinuria and sudden changes in GFR indicate the presence of kidney
disease
• Elderly persons should be evaluated and treated using the same criteria
as in younger individuals
• Pauci-immune, crescentic GN is a disease of elderly persons

8.
9.
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REVIEW QUESTIONS: GLOMERULAR DISEASE IN
THE ELDERLY
1A.An 85-yr-old man is seen with complaints of joint pains caused
by osteoarthritis. Before starting an NSAID, you measure his
creatinine. It is 1.2 mg/dl. His estimated GFR is:
a. 100 ml/min
b. 75 ml/min
c. 45 ml/min
d. 25 ml/min
1B. Is his eGFR equal to or different from what you expect would
based on his age alone?
a. Equal to
b. Better than
c. Worse than
2. Proteinuria is a normal consequence of the aging process?
a. True
b. False
3A.A male person presents with a 4-wk history of progressive ankle and periorbital edema. Urinalysis reveals 4⫹ protein and
no blood. SCr is 1.2 mg/dl. Which of the following is the most
likely diagnosis if the individual is 10 yr old?
a. Minimal change disease
b. Membranous nephropathy
c. Lupus nephritis
d. Amyloidosis
e. Focal and segmental glomerulosclerosis
3B. Which of the following is the most likely diagnosis if the individual is 45 yr old?
a. Minimal change disease
b. Membranous nephropathy
c. Lupus nephritis
d. Amyloidosis
e. Focal and segmental glomerulosclerosis
3C.Which of the following is the most likely diagnosis if the individual is 80 yr old?
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a.
b.
c.
d.
e.

Minimal change disease
Membranous nephropathy
Lupus nephritis
Amyloidosis
Focal and segmental glomerulosclerosis

4A.A female presents complaining of increasing fatigue, slight ankle edema, headaches, dark colored urine, and morning nausea of 3-wk duration. Urinalysis reveals 2⫹ protein, 3⫹ blood,
granular, and red cell casts. SCr is 2.6 mg/dl. If she is 8 yr old,
which of the following is the most likely diagnosis?
a. Pauci-immune crescentic glomerulonephritis
b. Postinfectious glomerulonephritis
c. Lupus nephritis
d. Acute cystitis
e. Membranous nephropathy
4B. If she is 24 yr old, which of the following is the most likely
diagnosis?
a. Pauci-immune crescentic glomerulonephritis
b. Postinfectious glomerulonephritis
c. Lupus nephritis
d. Acute cystitis
e. Membranous nephropathy
4C.If she is 83 yr old, which of the following is the most likely
diagnosis?
a. Pauci-immune crescentic glomerulonephritis
b. Postinfectious glomerulonephritis
c. Lupus nephritis
d. Acute cystitis
e. Membranous nephropathy
5. Treatment responses in individuals with glomerulonephritis
are dependent on diagnosis and therapy. These principles of
treatment and the response rates are comparable in elderly and
younger individuals.
a. True
b. False
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Chapter 11: Hypertension, Chronic Kidney Disease,
and the Elderly
Ann M. O’Hare
Department of Medicine, University of Washington and Staff Physician, VA Puget Sound Healthcare System, Seattle,
Washington

The major goals of lowering BP in patients with
chronic kidney disease (CKD) include reduction of
mortality, cardiovascular events, and slowing progression. Key considerations in the management of
hypertension include selection of a target BP and
selection of agents used to attain the chosen target.
This chapter outlines key considerations in applying current guidelines for the management of BP to
older patients with CKD.

BP TARGETS

Many clinical practice guidelines recommend a
lower than usual BP target for patients with CKD.
For example, the Kidney Disease Outcomes Quality
Initiative (KDOQI) recommends a target BP of
⬍130/80 mmHg for all patients with CKD, which is
defined as an eGFR ⬍60 ml/min per 1.73 m2 or
“kidney damage” (specified as microalbuminuria
or macroalbuminuria for patients with diabetes).
Citing KDOQI, the seventh report from the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure
(JNC 7) also recommends a target BP of ⬍130/80
mmHg for all patients with CKD defined as an
eGFR ⬍60 ml/min per 1.73 m2 or protein-to-creatinine ratio ⱖ200 mg/g.1 A target BP ⬍130/80
mmHg is also recommended by the American Diabetes Association (ADA) and by JNC 7 for all patients with diabetes.
Despite the consistency of guideline recommendations for lower than usual BP targets in patients
with CKD, these recommendations are based on
opinion rather than the results of randomized controlled trials. Few trials have shown that treatment
to lower than usual BP targets slows progression of
CKD or reduces other clinically significant outcomes in patients with CKD (Table 1). On the other
hand, available evidence also suggests that treating
American Society of Nephrology

to lower than usual BP targets is not associated with
an increased risk of adverse outcomes.

BP TARGETS IN THE ELDERLY

In applying this recommendation to the elderly, it is
worth noting that none of the trials used to support
the safety of lower than usual BP targets in patients
with CKD enrolled any participants older than 75
(Table 1). Thus, the safety of treating to a lower than
usual BP level in older patients with CKD is not
known. Indeed, in the very elderly (e.g., 85 yr or
older), observational data showed that there is a Jshaped relationship between BP and survival and
that optimal BP may be higher than in younger people.2,3 Although a number of trials have specifically
examined the effect of BP lowering on nonrenal
outcomes in the elderly, and in many instances have
shown a benefit, these trials have tended to target a
higher than usual (rather than lower than usual or
even usual) BP.2,4 –7
In pursuing a lower than usual BP target in an
older person, it is important to assess the importance to that patient of the implicit goals of this
intervention (e.g., slowing progression of CKD and
reducing cardiovascular risk) as well as the potential harms. For a variety of reasons, it is likely that
for many patients who meet criteria for CKD, the
risk-to-benefit ratio of BP lowering may differ from
that in younger patients. First, CKD in the elderly is
often slowly progressive or nonprogressive, and the
risk of progression to end-stage kidney disease
(ESKD) is lower for older than for younger patients
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Table 1. Trials examining the effect of blood pressure lowering on progression of CKD by diabetic status
Blood Pressure
Targets
Diabetes
Estacio et al.23 and
Schrier et al.24
Lewis et al.25
UKPDS26
No diabetes
Ruggenenti et al.27
Wright et al.28
Klahr et al.29*

Outcome

DBP ⬍ 75 versus
80–89
MAP ⬍ 92 versus
100–107
⬍150/85 versus
⬍180/105

No difference in
progression
No difference in
progression
No difference in
progression

DBP ⬍ 90 versus
130/80
MAP 102–107 versus
ⱕ92 (125/75)
MAP ⱕ107 versus ⬍92

No difference in
progression
No difference in
progression
No difference in
progression

Subgroup or Secondary
Analyses

Reduced risk of
microalbuminuria at 6 yr

Trend toward greater benefit in
patients with proteinuria
Secondary analysis showed
greater benefit in patients
with greater degrees of
proteinuria

Age Inclusion
Criteria (yr)

Mean
Age (yr)

40–74

59.5

18–40

37

25–65

56

18–70

54

18–70

54.6

18–70

52

*The MDRD study had different blood pressure targets based on age and required a MAP ⱕ 107 (equivalent to 140/90) for patients 18 to 60 yr of age and
MAP ⱕ 113 for patients ⱖ61 yr of age (equivalent to 160/90) or low blood pressure ⬍92 (125/75) for patients 18 to 60 yr of age and MAP ⱕ 98 mmHg
(equivalent to 145/75) for patients ⱖ61 yr of age.
DBP, diastolic blood pressure; MAP, mean arterial pressure.

with similar levels of eGFR.8,9 Thus, there may be less to be
gained from slowing progression if this is slow to begin with. It
is also not clear that mortality risk for most elderly patients
with a low eGFR is any higher than for their age peers with a
“normal” eGFR.10,11 The majority of older patients who meet
criteria for CKD have very moderate reductions in eGFR (e.g.,
45 to 59 ml/min per 1.73 m2). For many of these patients, the
relative and absolute risk of death may be no greater than for
patients of the same age whose eGFR falls in the normal
range.10,11 Thus, it is not even clear that reducing mortality risk
provides a compelling rationale for a lower than usual BP in
many older patients with an eGFR ⬍60 ml/min per 1.73 m2.
Second, it is not clear that slowing progression of CKD is always the most meaningful goal of anti-hypertensive therapy in
older patients with a low eGFR.9,12Their risk for other outcomes such as cardiovascular events, disability, and cognitive
insufficiency is often much higher than that for ESKD. CKD in
the elderly rarely occurs in the absence of other comorbid conditions.9,13 The presence of multiple comorbid conditions in
older patients with CKD may complicate the management of
CKD by creating potentially conflicting or competing treatment goals. Third, the potential harms of BP lowering may be
greater in the elderly. Most elderly patients with CKD have
isolated systolic hypertension. Thus, theoretically, treatment
of their systolic hypertension may have the unintended effect
of lowering diastolic pressure to suboptimal levels, leading to
impaired perfusion during diastole. Orthostatic hypotension is
also more common in the elderly and may be aggravated by
treatment to lower than usual BP targets. Finally, elderly patients, particularly those who are frail, may be more likely to
experience injury as a result of an episode of hypotension.
In summary, in deciding whether to target a lower than
usual BP in older patients who meet criteria for CKD, the cli2
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nician must consider each individual patient’s likelihood of
experiencing progressive loss of renal function and mortality
in relation to their age peers and in the context of their risk for
other (perhaps competing) health outcomes and their risk for
adverse events as a result of BP lowering.

CHOICE OF AGENTS

In addition to lowering BP, progression of CKD can probably
also be slowed by reducing proteinuria.14 For this reason, angiotensin-converting enzyme inhibitor (ACEI) and angiotensin II receptor antagonists (ARBs) are considered first-line
agents for patients with CKD in a number of different clinical
practice guidelines. KDOQI recommends that these agents be
prescribed for patients with diabetic CKD (defined as an eGFR
⬍60 ml/min per 1.73 m2 or micro- or macroalbuminuria) and
for those with nondiabetic proteinuric CKD, even in the absence of hypertension.1,15,16 Based on recommendations from
KDOQI and a subset of trials referenced in KDOQI, JNC 7
identifies CKD, defined as an eGFR ⬍60 ml/min per 1.73 m2 or
a protein-to-creatinine ratio ⱖ200 mg/g, as a compelling indication for the use of ACEI or ARB.

CHOICE OF AGENTS IN THE ELDERLY

In applying these guidelines to the management of older patients with CKD, it is important to note that many of the key
studies supporting these recommendations did not include
participants older than 70.17–19 Nevertheless, a subgroup analysis among participants older than 65 enrolled in the RENAAL
trial, a trial among type II diabetics with macroalbuminuria,20
American Society of Nephrology

Losartan was similarly renoprotective in these older participants as it was in the overall study population, suggesting that
this agent is equally efficacious in elderly patients with albuminuria. Like RENAAL, most trials of ACEI and ARB in patients with CKD that are cited in contemporary guidelines explicitly or implicitly selected for proteinuria. However, the trial
that enrolled by far the largest number of older participants
with CKD (the Antihypertensive and Lipid Lowering to Prevent Heart Attack or ALLHAT) did not select for proteinuria
(because level of urinary protein was not ascertained at baseline or follow-up).21 Participants in ALLHAT with an eGFR
⬍60 ml/min per 1.73 m2 had a mean age of 70.8 yr and had a
similar risk of ESKD regardless of whether they received an
ACEI, thiazide diuretic, or calcium channel blocker. This was
true both overall and for the subset with diabetes. This study
certainly raises the question of whether ACEI confer greater
protection against renal outcomes in elderly patients with
CKD unselected for proteinuria.
Furthermore, similar principles apply to choice of agent as apply to BP targets in the management of hypertension in elderly
patients with a low eGFR. Use of ACEI and ARB is recommended
for the management of hypertension in CKD based on the ability
of these agents to slow progression, which for reasons outlined
above, may not always represent the most patient-centric goal of
therapy. In older patients who meet criteria for CKD, the goals of
anti-hypertensive therapy in many instances should perhaps be
directed at other outcomes such as cardiovascular events, cognitive insufficiency, disability, and mortality if these pose a greater
risk to the patient than progression of kidney disease. Changing
the goals of anti-hypertensive therapy may in some instances permit greater flexibility in choice of anti-hypertensive regimen.22
The potential burden of using an ACEI or ARB must also be factored into the decision as to whether to prescribe these in preference to other agents. Prescription of ACEI and ARB in patients
with CKD mandates careful monitoring for acute renal failure
and hyperkalemia often requiring extra laboratory testing and
clinic visits after initiation of these agents and after any change in
dose. In addition, administration of these agents in patients with
CKD often requires dietary modification and chronic administration of ion-exchange resins, and can also limit the use other medications that also raise serum potassium (e.g., spironolactone).15
Thus, in deciding whether to treat an older patient with CKD with
an ACEI or ARB to slow progression of CKD, the clinician should
consider whether the patient has proteinuria, whether their CKD
is clearly progressive, whether they have other health concerns or
priorities that might make another anti-hypertensive agent preferable, and whether the additional burden that these agents may
impose are justified and acceptable to the patient.

CONCLUSION

Current guidelines for BP targets and choice of anti-hypertensive agents in patients with CKD are age neutral. Although
these guidelines may be appropriate for many older patients
American Society of Nephrology

with CKD, because of the complexity of medical decision making in the elderly, age differences in the clinical implications of
CKD, and the high burden of other comorbidities in older
patients with CKD, strict adherence to guidelines for the management of hypertension may not always represent the most
patient-centric approach.

TAKE HOME POINTS
• Be aware that there is little evidence to support current guidelines for
the management of BP in chronic kidney disease in the elderly because
most trials did not include participants older than 70
• Realize that older patients with a low eGFR often have a variety of other
comorbidities and competing treatment goals and that optimization of
BP, particularly if the primary goal is slowing progression of CKD, may
not always be the most important treatment priority for an individual
patient
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Bulpitt CJ, de Leeuw PW, Dollery CT, Fletcher AE, Forette F, Leonetti
G, Nachev C, O’Brien ET, Rosenfeld J, Rodicio JL, Tuomilehto J,
Zanchetti A: Randomised double-blind comparison of placebo and
active treatment for older patients with isolated systolic hypertension.
The Systolic Hypertension in Europe (Syst-Eur) Trial Investigators.
Lancet 350: 757–764, 1997
7 Dahlof B, Lindholm LH, Hansson L, Schersten B, Ekbom T, Wester PO:
Morbidity and mortality in the Swedish Trial in Old Patients with
Hypertension (STOP-Hypertension). Lancet 338: 1281–1285, 1991*
8. Hemmelgarn BR, Zhang J, Manns BJ, Tonelli M, Larsen E, Ghali WA,
Southern DA, McLaughlin K, Mortis G, Culleton BF: Progression of

Geriatric Nephrology Curriculum

3

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

4

kidney dysfunction in the community-dwelling elderly. Kidney Int 69:
2155–2161, 2006*
O’Hare AM, Choi AI, Bertenthal D, Bacchetti P, Garg AX, Kaufman JS,
Walter LC, Mehta KM, Steinman MA, Allon M, McClellan WM, Landefeld CS: Age affects outcomes in chronic kidney disease. J Am Soc
Nephrol 18: 2758 –2765, 2007
O’Hare O’Hare AM, Bertenthal D, Covinsky KE, Landefeld CS, Sen S,
Mehta K, Steinman MA, Borzecki A, Walter LC: Mortality risk stratification in chronic kidney disease: one size for all ages? J Am Soc
Nephrol 17: 846 – 853, 2006
Raymond NT, Zehnder D, Smith SC, Stinson JA, Lehnert H, Higgins
RM: Elevated relative mortality risk with mild-to-moderate chronic
kidney disease decreases with age. Nephrol Dial Transplant 22: 3214 –
3220, 2007
Eriksen BO, Ingebretsen OC: In chronic kidney disease staging the use
of the chronicity criterion affects prognosis and the rate of progression. Kidney Int 72: 1242–1248, 2007
Gullion CM, Keith DS, Nichols GA, Smith DH: Impact of comorbidities
on mortality in managed care patients with CKD. Am J Kidney Dis 48:
212–220, 2006
Bakris GL: Slowing nephropathy progression: focus on proteinuria
reduction. Clin J Am Soc Nephrol 3(Suppl 1): S3–S10, 2008
K/DOQI: Clinical practice guidelines on hypertension and antihypertensive agents in chronic kidney disease. Am J Kidney Dis 43: S1–
S290, 2004
KDOQI: Clinical practice guidelines and clinical practice recommendations for diabetes and chronic kidney disease. Am J Kidney Dis 49:
S12–154, 2007
Agodoa LY, Appel L, Bakris GL, Beck G, Bourgoignie J, Briggs JP,
Charleston J, Cheek D, Cleveland W, Douglas JG, Douglas M, Dowie
D, Faulkner M, Gabriel A, Gassman J, Greene T, Hall Y, Hebert L,
Hiremath L, Jamerson K, Johnson CJ, Kopple J, Kusek J, Lash J, Lea
J, Lewis JB, Lipkowitz M, Massry S, Middleton J, Miller ER 3rd, Norris
K, O’Connor D, Ojo A, Phillips RA, Pogue V, Rahman M, Randall OS,
Rostand S, Schulman G, Smith W, Thornley-Brown D, Tisher CC, Toto
RD, Wright JT Jr, Xu S; African American Study of Kidney Disease and
Hypertension (AASK) Study Group: Effect of ramipril vs amlodipine on
renal outcomes in hypertensive nephrosclerosis: a randomized controlled trial. JAMA 285: 2719 –2728, 2001
Lewis EJ, Hunsicker LG, Bain RP, Rohde RD: The effect of angiotensinconverting-enzyme inhibition on diabetic nephropathy. The Collaborative Study Group. New Engl J Med 329: 1456 –1462, 1993
Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, Ritz E,
Atkins RC, Rohde R, Raz I; Collaborative Study Group: Renoprotective
effect of the angiotensin-receptor antagonist irbesartan in patients
with nephropathy due to type 2 diabetes. New Engl J Med 345:
851– 860, 2001

Geriatric Nephrology Curriculum

20. Winkelmayer WC, Zhang Z, Shahinfar S, Cooper ME, Avorn J, Brenner
BM: Efficacy and safety of angiotensin II receptor blockade in elderly
patients with diabetes. Diabetes Care 29: 2210 –2217, 2006*
21. Rahman M, Pressel S, Davis BR, Nwachuku C, Wright JT Jr, Whelton
PK, Barzilay J, Batuman V, Eckfeldt JH, Farber M, Henriquez M, Kopyt
N, Louis GT, Saklayen M, Stanford C, Walworth C, Ward H, Wiegmann
T: Renal outcomes in high-risk hypertensive patients treated with an
angiotensin-converting enzyme inhibitor or a calcium channel blocker
vs a diuretic: a report from the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT). Arch Intern Med
165: 936 –946, 2005*
22. Blood Pressure Lowering Treatment Trialists’ Collaboration, Turnbull
F, Neal B, Ninomiya T, Algert C, Arima H, Barzi F, Bulpitt C, Chalmers
J, Fagard R, Gleason A, Heritier S, Li N, Perkovic V, Woodward M,
MacMahon S: Effects of different regimens to lower blood pressure on
major cardiovascular events in older and younger adults: meta-analysis of randomised trials. BMJ 336: 1121–1123, 2008
23. Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N, Schrier
RW: The effect of nisoldipine as compared with enalapril on cardiovascular outcomes in patients with non-insulin-dependent diabetes
and hypertension. New Engl J Med 338: 645– 652, 1998
24. Schrier RW, Estacio RO, Esler A, Mehler P: Effects of aggressive blood
pressure control in normotensive type 2 diabetic patients on albuminuria, retinopathy and strokes. Kidney Int 61: 1086 –1097, 2002
25. Lewis JB, Berl T, Bain RP, Rohde RD, Lewis EJ: Effect of intensive
blood pressure control on the course of type 1 diabetic nephropathy.
Collaborative Study Group. Am J Kidney Dis 34: 809 – 817, 1999
26. UKPDS: Tight blood pressure control and risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ 317: 703–713, 1998
27. Ruggenenti P, Perna A, Loriga G, Ganeva M, Ene-Iordache B, Turturro
M, Lesti M, Perticucci E, Chakarski IN, Leonardis D, Garini G, Sessa A,
Basile C, Alpa M, Scanziani R, Sorba G, Zoccali C, Remuzzi G; REIN-2
Study Group: Blood-pressure control for renoprotection in patients
with non-diabetic chronic renal disease (REIN-2): multicentre, randomised controlled trial. Lancet 365: 939 –946, 2005
28. Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J,
Cheek D, Douglas-Baltimore JG, Gassman J, Glassock R, Hebert L,
Jamerson K, Lewis J, Phillips RA, Toto RD, Middleton JP, Rostand SG;
African American Study of Kidney Disease and Hypertension Study
Group: Effect of blood pressure lowering and antihypertensive drug
class on progression of hypertensive kidney disease: results from the
AASK trial. JAMA 288: 2421–2431, 2002
29. Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW, Striker
G: The effects of dietary protein restriction and blood-pressure control on
the progression of chronic renal disease. Modification of Diet in Renal
Disease Study Group. New Engl J Med 330: 877– 884, 1994

American Society of Nephrology

REVIEW QUESTIONS: HYPERTENSION, CHRONIC
KIDNEY DISEASE, AND THE ELDERLY
1. An 83-yr-old woman with osteoporosis and cataracts but no
other health problems has a stable eGFR of 55 ml/min per 1.73
m2, an albumin to creatinine ratio of 22 mg/g, and a BP of
135/85 mmHg. She is not taking any BP medications. Which of
the following BP management strategies do you think is most
appropriate.
a. Start an ACE inhibitor with a goal BP ⬍130/80 mmHg
b. Start a thiazide with a goal BP ⬍130/80 mmHg
c. Encourage her to follow a low sodium diet
d. Do nothing
2. A 95-yr-old man with diabetes, an eGFR of 24 ml/min per 1.73
m2, and 5 g/d of proteinuria that is presumed to be caused by
diabetic nephropathy has a BP of 170/85 mmHg and a pulse of
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60. His serum potassium is 4.5 mEq/L and his urine sediment
is bland. He has no other comorbidities and lives independently. He is taking amlodopine 10 mg, lasix 40 mg, and metoprolol 25 mg twice daily. His primary care provider sends him
to you for advice on how to manage his BP. The patient is
already following a low sodium diet and walks daily. Which of
the following strategies do you think is most appropriate.
a. Start an ACE inhibitor and see him back in 1 to 2 wk for
follow-up on his serum creatinine and potassium
b. Start minoxidil or hydralazine
c. Leave well alone because this is a normal BP for his age and
adding another BP medication may cause more harm than
good
d. Start an ACE inhibitor and an ARB for control of both BP
and proteinuria and see him back in 1 to 2 wk for follow-up of his serum creatinine and potassium
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Chapter 12: Cardiovascular Disease in the Elderly With
Kidney Disease
Wolfgang C. Winkelmayer
Renal Division and Division of Pharmacoepidemiology and Pharmacoeconomics, Brigham and Women’s Hospital
and Harvard Medical School, Boston, Massachusetts

Heart disease constitutes the leading cause of death
in the United States. Age is an important, albeit
nonmodifiable, risk factor for cardiovascular disease in the general population, as well as in patients
with chronic kidney disease (CKD). The prevalence
of chronic ischemic heart disease in men and
women ⱖ65 yr of age in the United States in 1995
was 83 per 1000 men and 90 per 1000 women.
Among those ⱖ75 years of age, the prevalences
were 217 per 1000 for men and 129 per 1000 for
women. Increasing evidence has accumulated that
elderly individuals with cardiovascular disease can
benefit greatly from several aspects of secondary
prevention.1
Kidney disease has been shown to be an important determinant of cardiovascular disease,2,3 and
patients with CKD should be regarded a “highest
risk” group for cardiovascular disease, irrespective
of levels of traditional cardiovascular disease
(CVD) risk factors (http://www.kidney.org/professionals/kdoqi/guidelines_ckd/p7_risk_g15.htm).
Furthermore, several cardiovascular risk factors are
increasingly prevalent with declining kidney function.4 Interestingly, the Framingham Risk Score is
only poorly predictive for CVD in patients with
CKD, and standard factors only account for a small
proportion of the observed risk in these patients.5
Finally, older age is an important determinant of
kidney function (as indicated by its representation
in the Modification of Diet in Renal Disease
(MDRD) estimation equation for GFR6). It has
been estimated that more than a third of US individuals over age 70 have CKD Stages 3 to 5 and the
prevalence is increasing over time.7 One can postulate that the older individual with CKD is at the
highest risk of CVD, and even more so if additional
comorbid conditions including diabetes (DM), hypertension, obesity, and other vascular disease are
present. Indeed, among adults over age 67, 2-yr cardiovascular mortality was 10% for those without
diagnosed CKD or diabetes but 30% for those with
American Society of Nephrology

CKD and 32% for those with both CKD and diabetes.8
Ample information is available on the epidemiology of cardiovascular disease in older individuals
and its relationship with kidney function, including
key prospective studies in elderly individuals such
as the Cardiovascular Health Study. In a prospective study of traditional and novel cardiovascular
risk factors, diabetes, hypertension, smoking, low
physical activity, left ventricular hypertension, and
nonuse of alcohol were all predictors of subsequent
cardiovascular mortality, whereas high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, triglycerides, and obesity
were not associated with such risk.9 None of the
novel cardiovascular risk factors that were tested
were independently associated with cardiovascular
mortality, including C-reactive protein and anemia
among others. Of note, homocysteine and phosphorus were not evaluated in that study, and the
other negative associations need to be interpreted
in light of the relatively low power of this study.
Table 1 provides a list of established and novel cardiovascular risk factors in patients with CKD.
In contrast, little evidence has been generated on
the efficacy and safety of standard curative or preventive cardiovascular interventions in patients
with CKD. Most landmark trials have explicitly excluded patients with CKD,10,11 and similarly, older
subjects were also barred from participation in
most of these trials. These two independent phenomena jointly explain the particular evidence vacuum for the population of older adults with CKD.
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Table 1. Cardiovascular risk factors in CKD (established or proposed, selection)
Traditional Risk Factors

Novel Risk Factors, Some CKD-related

Older age
Male gender
White race
Higher blood pressure
Higher LDL-cholesterol
Lower HDL-cholesterol
Diabetes mellitus/impaired glucose tolerance
Tobacco use
Physical inactivity
Menopause
Psychosocial stress
Family history of cardiovascular disease

Decreased kidney function
Proteinuria
Renin-angiotensin-system activity
Extracellular fluid overload
Higher phosphorus concentration
Hyperparathyroidism
Vitamin D deficiency
Dyslipidemia
Anemia
Malnutrition
Inflammation
Oxidative stress
Infection
Higher homocysteine
Thrombogenic factors

Modified and updated from Sarnak and Levey.35

The fundamental question is whether evidence can be extrapolated to older patients with CKD from trials that effectively
excluded those patients or contained only few such patients?
Or should we require that specific trials be conducted in this
relatively small segment of the population? Alternatively,
should we require that prespecified and sufficiently powered
tests for interaction of drug efficacy with age and kidney function be planned and conducted? Although it would be desirable to inform more evidence-based practice in geriatric nephrology, it is unlikely that such information will become
available on a larger scale anytime soon. Only recently, studies
were conducted, at the very least, that specifically focused on
the older population.12 Additional top-level evidence has been
made available from post hoc analyses of individual or pooled
data from randomized trials. The vast majority of the evidence
on cardiovascular risk interventions in older patients with
CKD, however, has come from retrospective pharmaco-epidemiologic studies, often with serious methodological limitations. The following aims to provide evidence on a selected
number of cardiovascular risk factors and interventions in elderly patients with CKD: lipid disorders and lipid-lowering
therapy, C-reactive protein and inflammation, homocysteine,
as well as hyperphosphatemia and use of phosphate binders.
Other risk factors are covered in other chapters of this curriculum, notably diabetes and proteinuria, hypertension, and
anemia.

CARDIOVASCULAR RISK FACTORS IN CKD
Traditional Risk Factors

Lipids.
Although HDL-cholesterol, LDL-cholesterol, and triglycerides
were not associated with cardiovascular mortality in the Cardiovascular Heath Study, the wide confidence limits of these
estimates are compatible with substantial risk increases associated with these factors. In the general population, hyperlipid2
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emia is clearly accepted as an important cardiovascular risk
factor, and medical treatment, predominantly with statins, is
well established for both primary and secondary cardiovascular prevention. Cardiovascular prevention with statins has also
been studied in a trial dedicated to the older population. In the
PROspective Study of Pravastatin in the Elderly at Risk (PROSPER) trial, patients aged between 70 and 82 yr were enrolled
and compared with placebo. Treatment with 40 mg of pravastatin per day conferred a 15% reduction in the risk of the
primary combined cardiovascular endpoint (fatal or nonfatal
myocardial infarction or stroke) and a 19% reduction in the
secondary endpoint of fatal or nonfatal myocardial infarction.
These risk reductions were found to be in line with those found
in trials of younger patients. In a post hoc analysis of data from
three pravastatin trials, it was found that statins were also efficacious in reducing cardiovascular outcomes in patients with
CKD Stage 3.13 The mean age in this study was 65.7 yr. Although an interaction test with age was not conducted in this
analysis, it is probably safe to assume that lipid-lowering treatment using statins is also efficacious in older patients with
CKD. The optimal dose of specific agents or any preferred lipid
targets, however, is not clearly established. Statins were also
efficacious in reducing cardiovascular events in kidney transplant patients.14 Whether statins are also efficacious in patients
on hemodialysis is unclear. At the very least, chronic dialysis
patients with diabetes did not benefit from statin treatment in
a large randomized trial.15 Further evidence can be expected in
the near future when the results from the large Study of Heart
and Renal Protection (SHARP) trial will be released.
Smoking and Physical Activity.
Smoking is a strong cardiovascular risk factor in the elderly,
and smoking cessation reduces overall morbidity and mortality rates in patients with myocardial infarction (MI) and coronary artery bypass graft surgery, including those older than 70
yr.16,17 Furthermore, smoking is a risk factor for progression of
kidney disease. Although specific studies of smoking cessation
American Society of Nephrology

in elderly patients with CKD or ESRD are lacking, smoking
cessation counseling seems to be a prudent approach in this
population. Similarly, physical activity has been shown to be
associated with CVD in older adults with CKD,9 but trials supporting specific interventions are not available in that population.
Novel Risk Factors

C-Reactive Protein.
C-reactive protein (CRP) is an acute-phase protein and has
evolved as a major cardiovascular risk factor in the general
population and in other subpopulations. CRP is higher, on
average, in older individuals, and some studies have also shown
that CRP concentrations tend to be higher in patients with
CKD. In a study of patients with CKD Stages 3 and 4 enrolled in
the MDRD study, CRP was positively associated with mortality
from any cause. Elevated concentrations of this marker were
also independently associated with a doubling in cardiovascular mortality.18 Similarly, CRP was associated with mortality in
kidney transplant recipients.19 Most recently, therapeutic approaches to lowering CRP and to reduce cardiovascular mortality through it have become available. The recently published
Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) enrolled patients with normal lipid concentrations and no history of
cardiovascular disease, but elevated CRP concentrations.20
Rosuvastatin 40 mg lowered CRP concentrations by 37% and
reduced the risk of a composite cardiovascular endpoint by
44%. Although one half of the enrolled patients were older
than 66 yr, ⬍25% of patients had an estimated GFR ⬍60 ml/
min per 1.73 m2. Thus, the applicability of these results to
older patients with CKD is uncertain, but subsequent
subgroup analysis by kidney function can certainly be expected.
Homocysteine.
Homocysteine is a sulfur-containing amino acid that occupies
an important role in 1-carbon metabolism and nucleotide synthesis. Both age and reduced kidney function are important
determinants of total homocysteine plasma concentrations.
Elevated homocysteine, in turn, has been shown to be a powerful cardiovascular risk factor in the general population, as
well as in the elderly and in patients with diabetes. In kidney
disease, this association is less clear: an association with mortality has been shown in kidney transplant recipients21 but was
absent in patients enrolled in the MDRD study, although the
confidence intervals in this study were rather wide.22 It is well
established that high-dose vitamin therapy with folic acid, pyridoxine (vitamin B6), and/or cyanocobalamin (vitamin B12)
can reduce plasma homocysteine concentrations quite significantly, especially in patients with kidney disease. Several large
randomized trials were conducted, and their results were expected with great enthusiasm and hope. The findings, however, were sobering. The majority of these trials showed no
beneficial effect on cardiovascular outcomes.23 Thus, theraAmerican Society of Nephrology

peutic lowering of homocysteine using vitamin therapy cannot
be recommended.
Phosphorus.
Serum phosphate has evolved as a recent risk factor for allcause and cardiovascular mortality and morbidity. The prevalence of hyperphosphatemia increases with decreasing kidney
function. It is an important therapeutic goal to maintain a
normal phosphorus concentration and a normal calciumphosphate product, but dietary measures are often insufficient
to achieve these goals. Phosphate binders have become important tools to maintain phosphate control in patients with ESRD
but are also used in patients with CKD who are not on dialysis.
An ongoing debate has focused on the preferred choice of
phosphate binder and calcium-containing binders have been
associated with an increased risk of vascular and valvular calcification in dialysis patients. The largest randomized trial of
calcium-containing phosphate binders versus sevelamer, a calcium-free binder, showed no differences in the prespecified
endpoint of all-cause or cardiovascular mortality.24 An interaction with age was found, however, in that, among patients
older than 65 yr, sevelamer conferred a significant reduction in
mortality. Because these results arose from subgroup analyses
with the possibility of a false-positive result from multiple testing, these findings need to be interpreted with caution.

DIAGNOSIS OF ACUTE CORONARY SYNDROMES

One important issue with coronary artery disease in older patients with CKD is the fact that it is harder to diagnose than in
younger patients free from CKD. Noninvasive tests seem to
have different sensitivities and specificities in patients with
CKD than in the general population. For example, ST-elevation myocardial infarction is considerably less likely in patients
with CKD compared with patients without it.25 Patients with
CKD are less likely to present with arm, shoulder, or chest pain
or pressure, or with diaphoresis, but more likely complain of
cough or dyspnea.26 Standard laboratory markers such as creatine kinase and its myocardial subfraction and troponins are
frequently and intermittently elevated in patients with kidney
disease.27–29 Thus, diagnosing acute coronary syndromes in
older patients with CKD can be challenging at times and further research on improved diagnostic tests or algorithms in this
subgroup of patients is warranted.

USE OF ACUTE AND CHRONIC CARDIOVASCULAR
INTERVENTIONS

Numerous studies have shown that older individuals are less
likely to receive recommended medications, both in cardiovascular disease and in other diseases and disorders. Such treatment bias has sometimes been termed “Ageism.” Similarly,
Chertow has coined the term “Renalism” based on the obserGeriatric Nephrology Curriculum
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vation that patients with kidney disease also were less likely to
receive standard therapies compared with others without kidney disease but of similar age. Again, at the intersection of
Ageism and Renalism, older individuals with kidney disease
are least likely to receive recommended interventions and
treatments. For cardiovascular disease, this has been observed
for acute coronary interventions as well as for chronic treatments for secondary prevention including statins, ␤-blockers,
aspirin, and inhibitors of the rennin-angiotensin system25,30 –33
(see Wetmore and Shireman for a comprehensive review of
this literature.34). It is unclear on what basis such discrimination occurs: the lack of available evidence in this specific population group? Perceived futility in a population of assumed
low benefit in light of the naturally shortened lifespan? Costeffectiveness considerations in that older patients with CKD
may not live long enough to reap the benefits from chronic
preventive treatment? Presence of multiple comorbid conditions that may diffuse focus on cardiovascular care? Probably
all of the above contribute. Further research is necessary to
provide the evidence needed and focused integrative curricula
such as this geriatric nephrology effort are necessary to improve the care and outcomes of this very vulnerable population
of older patients with CKD.

TAKE HOME POINTS
• Most established cardiovascular risk factors are also predictive in older
patients with CKD
• Sparse information is available on the efficacy of interventions in older
patients with CKD
• The best evidence is available for secondary cardiovascular prevention
with statins, although the optimal lipid targets are not known
• BP and diabetes control also seem to confer benefit in older patients
with CKD
• Most of the evidence is from observational studies, with associations
that do not necessarily reflect causal relationships
• Underuse of curative and preventive therapies is prevalent in older
patients with CKD
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REVIEW QUESTIONS: CARDIOVASCULAR DISEASE
IN THE ELDERLY WITH KIDNEY DISEASE
1. What individuals have frequently been excluded from participation in large cardiovascular efficacy trials?
a. Older individuals
b. Patients with advanced kidney disease or on dialysis
c. Both
d. Neither
2. The efficacy of statins in the secondary prevention of cardiovascular events has been shown in which populations?
a. Patients with mild to moderate chronic kidney disease
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b. Patients on hemodialysis
c. Older individuals
d. All of the above
3. Most cardiovascular risk factors in the general population appear to be also operational in older patients with chronic kidney disease
a. True
b. False
c. Uncertain. While several cardiovascular risk factors have
been confirmed in older patients with CKD, others were
not probably because of limited statistical power
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Chapter 13: Vascular Disease in the Elderly
Nobuyuki Bill Miyawaki* and Paula E. Lester†
*Division of Nephrology and †Division of Geriatrics, Winthrop University Hospital, Mineola, New York

PHYSIOLOGIC EFFECTS OF AGING ON
BLOOD VESSEL ELASTICITY AND
COMPLIANCE

The aging process is commonly associated with increased vascular rigidity and decreased vascular
compliance. This process reflects the accumulation
of smooth muscle cells and connective tissue in the
walls of major blood vessels. Endothelial cells and
smooth muscle cells constitute most of vessel wall
cellularity and the remainder of the wall is composed of extracellular matrix including collagen
and elastin. Although aging has minimal effect on
the muscular tunica media layer thickness, aging
leads to profound progressive thickening of the tunica intima layer comprised of endothelial cells and
an extracellular matrix. In addition, with aging,
there is a thinning and separation of individual elastin lamellae, as well as an increase in the collagen
matrix.1
The age-related vascular rigidity and decreased arterial compliance leads to progressive increase in systolic BP, with 25% of patients over 75 yr of age suffering from isolated systolic hypertension.2 Healthy
elderly patients without hypertension also show a
modest increase in peripheral vascular resistance and
only a modest related increase in systolic BP.2 Dilation
and stiffening of the proximal aorta and its major
branches including the brachiocephalic, carotid, and
subclavian arteries occur to a greater extent than the
peripheral arteries with aging. This also blunts the carotid baroreceptor sensitivity and increase the risk of
end organ damage to the kidneys, heart, and brain.1,2
It is important to keep in mind that the presence of
pre-existing hypertension and accelerated atherosclerosis intensify the vascular pathology discussed to a far
greater extent.

stiffening of medium and large arteries lined with
atheromatous plaques. The progressive accumulation of atherosclerotic plaque continues with aging
and often remains silent until lesions reach a critical
stenotic threshold or rupture, leading to diminished organ perfusion. Arterial stiffening also leads
to an increase in pulse wave velocity and an enhancement in central aortic systolic pressure.3 The
increased waveform velocity allows the backward
reflective wave to return earlier back to the heart.
The resulting increases of the left ventricular myocardial load and the loss of coronary perfusion at
the onset of diastole may potentiate myocardial
ischemia.3
Common ailments in the elderly including diabetes, dyslipidemia, hypertension, obesity, and cigarette smoking can accelerate the process. Although
the exact mechanisms have yet to be elucidated,
multiple factors including genetics, advanced glycation endproducts, and oxidative stress likely contribute to the pathogenesis of accelerated atherosclerosis.

EFFECTS OF AGING, ATHEROSCLEROSIS,
AND HYPERTENSION ON THE KIDNEYS

Renal blood flow declines with aging at a magnitude
of 6 ml/min per year, with a proportionately larger
reduction in cortical blood flow than medullary
flow.2 GFR also declines with aging albeit at a slower
rate of 1 ml/min per year. It is unclear if this change
is caused by the aging process alone or is also attributable to hypertension and arteriosclerosis. It is estimated that as much as 26% of all end-stage kidney
disease (ESKD) in the United States is related to
hypertensive arteriolar nephrosclerosis. This num-

EFFECTS OF ATHEROSCLEROSIS ON
AGING
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Atherosclerosis is characterized by the progressive
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ber is expected to grow as the population of the United States
continues to age.4 Furthermore, it is estimated that 10% of all
ESKD is caused by renal artery stenosis.5,6 The ESKD incidence
from renovascular disease has increased in parallel with the
advancing age of the general population in the United States.6
Numerous causes of vascular insult to the kidneys exist as
listed in Figure 1. When classified anatomically by arterial vessel size, the vascular diseases can be subdivided to those affecting (1) the microscopic vessels in the kidney, (2) arterioles, and
(3) the main renal arteries. We will focus here on the predominant forms of vascular insult to the kidneys seen with aging:
hypertensive nephrosclerosis, arteriolar hyalinosis, and atherosclerotic renal artery stenosis.
Microscopic Vascular Disease in the Kidney With
Aging: Nephrosclerosis

As systemic hypertension worsens, an increase in renal vascular resistance and a progressive decrease in effective renal
plasma flow are observed. Although the GFR is relatively maintained, serious renal impairment may occur in as many as 20%
of essential hypertensive patients.
With aging, the total number of functioning glomeruli decrease by 30 to 50% as the percentage of sclerotic or abnormal
glomeruli increases.4 Under ischemic insult from vascular disease, the glomeruli in renal cortex show wrinkling of the capillary basement membrane followed by thickening, collapse,
and global sclerosis. The initial ischemic changes are reversible.
However, with the appearance of hyaline in the capsular space,
the process proceeds to complete glomerular obsolescence. In
the deeper juxtamedullary areas, direct channels between afferent and efferent arterioles are formed that leads to the formation of aglomerular arterioles. These vascular lesions are
usually distributed in a focal, irregular fashion throughout the
renal cortex and result in ischemic changes that follow a similar
pattern of distribution. However, if the vascular lesions are
severe and generalized, the entire kidney may undergo ischemic atrophy.
There are several histologic changes seen with aging. Secondary tubular atrophy, thickening of tubular basement membranes, and interstitial fibrosis occur. Renal tubules decrease in
number. Additionally, the proximal tubules decrease in volume and length, whereas the distal tubules form diverticula
because of alterations in intrarenal vasculature.

Vascular Insult to Kidneys
Hypertensive nephrosclerosis
Atherosclerotic renal artery stenosis
Fibromuscular dysplasia induced renal artery stenosis
Renal artery thrombosis
Polyarteritis nodosa
Microscopic polyangiitis
Microangiopathic hemolytic anemia
Scleroderma
Atherosclerotic embolic disease to the kidneys
Figure 1. Causes of vascular injury to kidneys.
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Intrarenal Arterioles and Interlobular Arteriolar
Disease: Arterial Hyalinosis

Aging, hypertension, and arteriosclerosis all affect the arterioles in the kidney parenchyma causing afferent and efferent
arteriolar atrophy.4 Microcirculatory adaptive changes to the
glomerular mass also occur, including impaired autoregulation with preglomerular vasodilatation. This is associated with
structural and functional hypertrophy of the intact nephrons
leading to glomerular hypertension, albuminuria, and further
glomerular sclerosis.4 The histologic changes include hyperplastic elastic arteriosclerosis present in the interlobular arteries, intimal thickening, reduplication of the lamina elastica interna, and mild hyalinization.4 The development of
hyperplastic elastic and/or hyaline arteriolosclerosis leads to a
reduction in renal blood flow along with progressive ischemic
changes observed in the cortical glomeruli and renal tubules.4
Main Renal Artery Disease: Atherosclerotic Renal
Artery Stenosis

Renal artery stenosis (RAS) may be defined as the presence of
cross-sectional arterial luminal narrowing, which may or may
not have any significant hemodynamic effects. Atherosclerotic
renal artery stenosis leads to an occlusion at the ostium and the
proximal third of the renal arteries. Variability in criteria used
to define RAS based on anatomical luminal narrowing exist
but atherosclerotic RAS often becomes clinically significant
only when the arterial cross-sectional luminal diameter is reduced by 70%.6 Hemodynamically significant stenosis leads to
parenchymal ischemia, atrophy, and loss of kidney function.
The exact prevalence of atherosclerotic RAS is unclear, but
it has been consistently shown that the risk increases with older
age. Based on autopsy series estimates, when renal artery stenosis is defined as a 50% or greater reduction in luminal diameter, it is present in 27% of patients in their sixties and 62% of
patients 70 years of age and older.6 The presence of aortic and
peripheral arterial disease increases the chance of coexisting
atherosclerotic renal arteries.
This ischemic insult leads to histologic changes in multiple levels. Patchy tubular necrosis and tubular atrophy are
prominently seen, in addition to focal areas of collagenous
filling of Bowman’s space and patchy peritubular leukocyte
and mononuclear infiltrates. Glomerular atrophy with
wrinkling of glomerular capillary tuft and thickening and
duplication of Bowman’s capsule is also found. Of note, the
often concurrent extension of atherosclerotic disease into
the major branches of intrarenal arterioles can lead to the
ischemic glomerular and tubular changes noted above even
in the absence of hemodynamically significant main renal
artery stenosis.
In response to the chronic vascular ischemic change, cortical blood flow is redistributed to the deeper corticomedullary
circulation that further attenuates the GFR.6 Clinical correlate
data suggest that approximately 30 to 60% of patients with
atherosclerotic ischemic renal disease progressively worsen
their stenosis and kidney function in a relatively short duration
American Society of Nephrology

of 6 months to 3 years.6 Total occlusion may take place in
excess of 10% of patients during the same duration of followup.6
Diagnosis of Atherosclerotic Renal Artery Stenosis.
The presence of atherosclerotic RAS can lead to progressive
renal insufficiency from ischemic nephropathy as outlined
above. It also can lead to or exacerbate the underlying essential
hypertension. No clinical signs are pathognomonic. However,
such symptoms and signs as the onset of hypertension after the
age 50 yr, abdominal bruit, the presence of atrophic kidney,
recurrent flash pulmonary edema or the occurrence of acute
renal failure after initiation of angiotensin converting enzyme
inhibitor (ACEi) or angiotensin receptor blocker (ARB) may
suggest the presence of renal artery stenosis. Additionally, progressive renal insufficiency in a patient with diffuse atherosclerosis may raise the level of clinical suspicion.
If adequate clinical suspicion warrants the work-up, the diagnosis must be confirmed by anatomical or functional correlation. Several diagnostic modalities with their respective benefits and limitations are listed in Figure 2. Although an
angiogram of the renal arteries is still considered as the gold
standard, it has low utility as a screening tool because of its
invasive nature and the risks of cholesterol emboli. Renal artery Doppler and renal scintigraphy are limited by lower sensitivity. Computed tomographic (CT) angiogram requires the
use of intravenous contrast, which has inherent risks of contrast nephropathy. Magnetic resonance arteriography (MRA)
was once considered as the panacea to this diagnostic dilemma
but recent concerns of nephrogenic systemic fibrosis in patients with CKD have diminished the enthusiasm for this modality.
Diagnosis of Intrarenal Arteriolar Disease and Ischemic Nephrosclerosis.
The aforementioned imaging modalities including MRA and

CT angiogram are poor in visualization of intrarenal arterioles.
Renal Doppler ultrasound with concurrent measurement for
resistive index (RI) can be used to indirectly assess the blood
flow within the renal parenchyma. An RI reading of 0.8 or
greater may signify the presence of intrarenal arteriolar disease.
In patients with progressive CKD without a clear explanation,
a renal biopsy may be required for definitive diagnosis of ischemic nephrosclerosis if the clinical situation warrants.
Treatment of Atherosclerotic Renal Artery Stenosis.
Not all cases of documented RAS need to be corrected because
some patients will have no clinical sequela. However, RAS may
lead to ischemic nephropathy with progressive CKD or it may
exacerbate hypertension. Variable outcomes of percutaneous
transluminal renal angioplasty (PTRA) with stents for the
treatment of hypertension from RAS are reported depending
on patient selection and the criteria used to show its efficacy.
Nonetheless, it is rare for PTRA to cure hypertension.7 Better
outcomes can be expected from treatment of ischemic nephropathy from atherosclerotic RAS with PTRA. Improvement and/or stabilization of progressive renal failure is seen in
approximately two thirds of the patients undergoing this procedure.7 The elderly can benefit equally from PTRA, and age
alone should not discourage the procedure.8 Ultimately, a decision to intervene must always be carefully weighed against
the procedure related risks, including cholesterol emboli, renal
arterial subintimal dissection, and renal artery thrombosis, because aggregate complication rates may be in excess of 9%.7,9

THERAPEUTIC IMPLICATIONS

Elderly patients require a specialized approach in the management of vascular disease. Careful drug dosing is needed because of their often diminished GFR. The carotid baroreflex
response is often blunted, and vasodilator antihypertensive

Imaging Modality
Doppler Ultrasound

Benefits
• Non-invasive
• No intravenous contrast

MRA with IV gadolinium

• High resolution nearangiogram
• High sensitivity and
specificity for RAS
• 95% negative predictive
value
• Gold standard
• CO2 angiography may be
used in patients with CKD
• Positive predictive value as
high as 92% under ideal
conditions
• Minimally invasive

CT angiogram

Angiogram of Renal Arteries

Nuclear Renal Scan
(ACEI Renal Scintigraphy)

Limitations
• Operator dependent with potential
compromised accuracy
• Lower sensitivity than MRA
• Risk of NSF
• Not suitable with AICD/PPM
• Risk of CIN
• Radiation exposure
• Invasive with potential risks of
cholesterol emboli
• Lower sensitivity, especially in
patients with CKD
• May need further confirmation by
above modality

Figure 2. Imaging modalities available for evaluation of renal artery stenosis.10
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medications may lead to dizziness and orthostatic hypotension. Physicians also must be aware of the manifestations of
vascular disease when forming the differential diagnosis on
hypertension and CKD. Additionally, clinicians must assess
elderly patients for their understanding and ability to comply
with the treatment regimen because older patients may not be
taking the correct doses of medications because of cognitive
impairment, visual challenges, swallowing difficulty, or inability to afford the medication.

• It is estimated that 10% of all ESKD is caused by renal artery stenosis
• Improvement and/or stabilization of progressive kidney disease is seen
in approximately two thirds of the patients undergoing PTRA; the
elderly can benefit equally from PTRA and age alone should not discourage the procedure

CONCLUSIONS
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TAKE HOME POINTS
• Effect of aging on baroreceptor reflex may profoundly increase the
orthostatic side effect profile of antihypertensive vasodilators
• As much as 26% of all ESKD in the United States is related to hypertensive arteriolar nephrosclerosis
• As much as 62% of patients over 70 may suffer from RAS and the risk
increases with aging
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REVIEW QUESTIONS: VASCULAR DISEASE IN THE
ELDERLY
1. Age related changes in vasculature may lead to the following:
a. An increases in systolic BP and vascular rigidity only if
there is an underlying history of hypertension
b. A continued decline in the total number of functional glomeruli, contributing to losses in GFR
c. Hypertensive arteriolar nephrosclerosis responsible for
75% of all end-stage kidney disease in the United States
d. Labile BP and increased orthostatic effects of vasodilators
caused by carotid receptor hypersensitivity
2. In a patient with suspected renal artery stenosis, which of the
following statements is considered true:
a. Renal artery stenosis should be identified on an imaging
study and always be corrected by stents or surgery whenever present
b. Hypertension is usually curative after correction of renal
artery stenosis with stents
c. All complication risks associated with renal artery stenting are
trivial
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d. Renal artery stenosis likely accounts for 10% of all endstage kidney disease cases
e. Magnetic Resonance Imaging (MRI) with IV gadolinium
is safe for patients with advanced chronic kidney disease
and allows for high resolution imaging otherwise unavailable
3. Advancing age will:
a. Diminish the likelihood that renal artery stenting will be
beneficial in the treatment of ischemic nephropathy and
should be discouraged
b. Enhance the side-effect profile of vasodilator antihypertensive medications, such as dizziness and orthostatic hypotension
c. Often lead to increased risks of renal artery stenosis; the
presence of abdominal bruit and acute pulmonary edema
are pathognomonic for renal artery stenosis and should
always be evaluated
d. Increase the risks for renal artery stenosis and hypertension from fibromuscular dysplasia
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Chapter 14: Bone Disease and Calcium Abnormalities
in Elderly Patients With CKD
Harmeet Singh
Division of Nephrology, Brody School of Medicine, Greenville, North Carolina

An 81-yr-old African-American woman with endstage kidney disease (ESKD) who has been on hemodialysis for 10 yr seeks a consultation with you.
Her primary physician obtained a dual-energy xray absorptiometry (DEXA) scan and asked her to
discuss the results with her nephrologist for further
management. She is diagnosed with osteoporosis
based on her T-scores of ⫺5.1 (AP spine), ⫺4.1 (left
femoral neck), and ⫺5.4 (left total hip). Her last
dialysis laboratory results show serum calcium is
10.7 mg/dl, intact parathyroid hormone (PTH) is
207 pg/ml, phosphorus is 5.7 mg/dl, and alkaline
phosphatase (ALP) is 122 IU/L. She receives paricalcitol 5 mg intravenously on hemodialysis three
times per week.
Chronic kidney disease (CKD)-related bone disease is known as renal or uremic osteodystrophy. It
is associated with derangements in bone and mineral metabolism that leads to abnormal regulation
of calcium, phosphorous, vitamin D, and PTH. It
encompasses a spectrum of conditions that are classified based on bone biopsy findings including osteitis fibrosa (high turnover disease), mixed uremic
osteodystrophy, osteomalacia (low turnover disease), and adynamic bone disease. KDIGO (kidney
disease: improving global outcomes) has proposed
to define CKD-related bone and mineral metabolic
abnormalities in the context of a systemic disorder
called CKD–mineral and bone disorder (CKDMBD).1
Osteoporosis is a condition characterized by low
bone mass leading to reduced bone strength and an
increased risk of fractures. Hip, spine, and wrist are
most commonly affected. The WHO definition of
osteoporosis is based on bone mineral density
(BMD) measurements. The NIH consensus statement refers to osteoporosis as a skeletal disorder
characterized by compromised bone strength predisposing to increased risk of fracture.
Osteoporosis and renal osteodystrophy may coexist in elderly patients with CKD, which makes the
American Society of Nephrology

issue problematic to define. Osteoporosis in CKD is
only a part of the constellation of metabolic bone
problems. Therefore, its diagnosis and management may differ from general population. Bones
are more severely affected in CKD than that from
normal aging. In a patient with renal osteodystrophy, there is the potential for low BMD to coexist
with an enormous range of functional abnormalities. These range from high turnover bone lesions in
patients with uncontrolled hyperparathyroidism to
severely reduced bone remodeling activity in patients with adynamic bone disease. This is in contrast to the non-CKD patient with osteoporosis
where bone remodeling is not severely affected.

IMPACT ON QUALITY OF LIFE

Patients with CKD-MBD and osteoporosis are associated with increased risk of fractures and are at a
high risk of cardiovascular disease.2 The overall incidence of hip fractures among dialysis patients is
about four-fold higher than that expected for general population. The risk is increased in both men
and women.3 Fractures may limit ambulation, leading to loss of independence and chronic pain,
thereby decreasing quality of life. Mortality risk in
dialysis patients with hip fracture is twice that of
patients without hip fracture.4 Women who are 65
yr of age and older and have moderate renal dysfunction (eGFR ⬍ 60 ml/min per 1.73 m2) are also
at an increased risk of hip fractures.5 In addition to
the traditional risk factors, several risk factors for
low BMD have been identified in the CKD population such as renal osteodystrophy, ethnicity, transplant status, and duration of dialysis.6
Correspondence: Harmeet Singh, Division of Nephrology, Brody
School of Medicine, 2355 W. Arlington Boulevard, Greenville, NC
27834. E-mail: singhha@ecu.edu
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EVALUATION

Assessment of bone strength in an elderly patient with CKD is
complex. The initial evaluation of CKD-related bone and mineral disorders should include serum biomarkers and noninvasive imaging. Bone histomorphometric analysis might be
needed in some cases. Bone strength is represented by two
main features: bone density and bone quality. Bone density can
be measured using several different radiologic techniques, but
bone quality is difficult to assess because it depends on architecture, turnover, and mineralization. Correlation of BMD
with bone histology is poor.
Serum Biomarkers

Surrogate markers of bone metabolism such as serum intact
PTH, calcium (preferably ionized), phosphorus, alkaline
phosphatases, and bicarbonate levels should be obtained initially. High intact PTH levels may correlate with high turnover
bone disease. The optimal target level for intact PTH in CKD is
not known.

diagnostic test for determining the type of bone disease associated with CKD is iliac crest bone biopsy with double tetracycline labeling and bone histomorphometric analysis. Bone histology shows information about turnover, mineralization, and
volume and may be helpful in guiding therapy. Bone biopsy is
not performed routinely in clinical practice because it is invasive, available in limited centers, and requires special expertise
and an experienced pathologist for interpretation. However, it
should be considered in patients with Stage 5 CKD who have
(1) fractures with minimal or no trauma (pathologic fractures); (2) intact plasma PTH levels between 100 and 500
pg/ml (11.0 to 55.0 pmol/L; in CKD Stage 5) with coexisting
conditions such as unexplained hypercalcemia, severe bone
pain, or unexplained increases in bone alkaline phosphatase
activity; and (3) suspected aluminum bone disease, based on
clinical symptoms or history of aluminum exposure.2 Bone
biopsy should be strongly considered before starting bisphosphonate therapy in patients with Stage 5 CKD.

TREATMENT
Noninvasive Imaging

Several imaging tools are available to assess bone health including DEXA scan, quantitative computed tomography (qCT),
and heel ultrasound. The value of BMD in evaluation of CKDrelated bone disease is not well established.
DEXA scan is most commonly used to assess bone mass. It
can only detect overall density but not quality of the bone.
According to WHO definition, a T-score of ⫺2.5 is defined as
osteoporosis. The extension of this definition to groups other
than postmenopausal Caucasian women is controversial. Because of vascular and extraskeletal calcifications in CKD, the
interpretation may be affected by artifacts. However, it is commonly used because of low cost, accuracy, and wide availability. The distal radius may be the preferred site in CKD patients.7 KDOQI recommends use of DEXA to measure BMD in
patients with fractures and in those with known risk factors for
osteoporosis.
Quantitative CT

Information regarding use of qCT in assessing BMD in patients with CKD is limited. It has the advantage of distinguishing outer dense cortical bone from inner spongy trabecular
bone. Hyperparathyroidism leads to sclerotic thickening of
trabecular bone with increased BMD but stimulates resorption
in cortical bone with significant reductions in BMD. Thinning
of the cortical bone results in increased risk of fractures. A
small study has reported association of radius cortical parameters with fractures in hemodialysis patients. qCT is more expensive than DEXA and results in greater exposure to radiation.8
Bone Biopsy

It remains the gold standard for diagnosis of renal osteodystrophy and assessment of bone architecture. The most accurate
2
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Whether the standard agents used for osteoporosis in general
population can be applied to patients with CKD is unclear. The
management of osteoporosis includes addressing modifiable
risk factors and using pharmacologic agents.
(1) Smoking cessation is strongly recommended. Excess alcohol consumption should be avoided.
(2) Exercise: Moderate weight-bearing physical activity has
been associated with improvement in bone density and reduction in risk of hip fractures. However, in older women, the
benefit is modest.
(3) Calcium and vitamin D requirements: Vitamin D deficiency is common in older adults especially during winter. It
may be related to reduced synthesis, inadequate intake, dietary
restrictions, and inactive lifestyle in dialysis patients. 25(OH)Vitamin D deficiency is associated with increased iPTH levels,
reduced BMD, and increased rate of hip fractures. The extrarenal effects of vitamin D are also receiving increasing attention. Low 25(OH)vitamin D levels may be associated with increased risk of cardiovascular events in patients with peritoneal
dialysis (PD)9 and higher risk of myocardial infarction in
men.10 The optimal serum 25(OH)vitamin D concentration
needed to maintain bone health has not been established. Calcium and vitamin D supplementation has been reported to
result in small improvement in hip bone density. It did not
significantly reduce hip fractures but increased the risk of kidney stones.11 In CKD Stages 3 and 4, KDOQI recommends
maintaining 25(OH)vitamin D levels above 30 ng/ml by supplementation with ergocalciferol. In CKD Stages 3 to 5, total
elemental calcium intake including dietary and calcium based
binders should not exceed 2000 mg/d. The National Osteoporosis Foundation recommends a daily calcium intake of 1200
mg and vitamin D intake of 800 to 1000 IU/d for adults 50 and
older.
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(4) Role of bisphosphonates: Bisphosphonates are effective
in treating osteoporosis, but their use in CKD Stages 4 and 5 is
controversial. No data are available that proves that bisphosphonates reduce risk of fractures in dialysis patients with osteoporosis. Use of bisphosphonates in CKD has been linked to
nephrotic syndrome, acute renal failure, and progressive renal
disease. It is imperative to make a correct diagnosis before
treatment is initiated because bisphosphonates are not indicated in adynamic or osteomalacic bone disease. Bone biopsy is
recommended before using bisphosphonates. Alterations in
calcium, phosphorous, vitamin D deficiency, and hyperparathyroidism should be addressed before starting bisphosphonates. Bisphosphonates have been used in the setting of renal
transplant to prevent bone loss in the posttransplant period. In
small studies, alendronate, risedronate, clodronate, and ibandronate have been shown to be safe to use in CKD. Some authors recommend using bisphosphonates for short periods of
time (2 to 3 yr) in the CKD population, although there is no
evidence that it will result in reduction of fractures.12
(5) Calcitonin: Calcitonin binds to osteoclasts and inhibits
bone resorption. It has a low side effect profile and can be given
intranasally. It could help protect bone mass when used along
with calcium and vitamin D supplementation, especially in the
posttransplant population.13
(6) Estrogen/progestin therapy has fallen out of favor because of increased risk of breast cancer, stroke, and thromboembolism. It may be an option in women who are not able to
tolerate other forms of treatment.
(7) Selective estrogen receptor modulators (SERM): In a
subgroup analysis, raloxifene was associated with a greater increase in spine BMD, a reduction in vertebral fractures, and no
effect on nonvertebral fractures compared with placebo. It was
safe to use in women with osteoporosis and mild to moderate
CKD over the 2- to 3-yr observation period.14 Some SERMs
may increase the risk of deep venous thrombosis (DVT) and
pulmonary embolism. Therefore, these agents should be
avoided in women with active or history of DVT. They may
also increase the risk of death caused by stroke in postmenopausal women with coronary heart disease. More information
is needed on long-term safety and efficacy of these agents in
CKD.
(8) Cinacalcet: It is a calcimimetic that increases the sensitivity of calcium-sensing receptors in the parathyroid gland to
calcium, thereby playing a role in regulation of PTH levels. It
helps in improving bone histology, reducing bone turnover,
and reducing fibrosis in patients with secondary hyperparathyroidism. Some studies indicated that it may lower the risk of
parathyroidectomy, fracture, and cardiovascular hospitalization.15 Side effects include gastrointestinal intolerance and hypocalcemia, which may lead to seizures.
(9) Anabolic agents: A new class of anti-osteoporosis drugs are
now available that stimulate bone formation. A subgroup analysis
of patients with mild to moderate CKD included in the fracture
prevention trial showed that teriparatide significantly increased
lumbar spine and femoral neck BMD. Adverse effects included
American Society of Nephrology

hypercalcemia and increased uric acid levels.16 Safety data in dialysis patients or severe renal insufficiency are not available.
The above case shows difficult real-life situations faced by
clinicians where no guidelines are available to recommend definitive treatment strategies. If this patient develops bone pain
and pathologic fractures, bone biopsy could be considered.
Some authors have suggested careful use of low-dose bisphosphonates in this situation, although data are extremely limited.
A bone biopsy should be obtained to rule out adynamic disease
before considering treatment with bisphosphonates. Conservative measures including mild weight-bearing exercise,
smoking cessation, and avoiding alcohol should be encouraged. Fall prevention risk assessment and counseling should be
provided.

CONCLUSION

Age-related bone loss is an important part of assessment in the
growing aging dialysis and CKD population. Osteoporosis and
renal osteodystrophy may coexist in the elderly CKD population,
making diagnosis and management complicated. The DEXA scan
is most commonly used to diagnose osteoporosis. Management
of osteoporosis includes addressing modifiable risk factors and
pharmacologic approaches. Patients with CKD are at greater risk
for osteoporosis than general population. Osteoporotic fractures
have significant morbidity and negative impact on quality of life.
More data are needed to address the optimal management of
mineral and bone disorders in the elderly.

TAKE HOME POINTS
• Bone disease in elderly persons with CKD is complicated by co-existence of renal osteodystrophy and osteoporosis
• Patients with CKD-MBD and osteoporosis are at increased risk of
fractures and higher risk of cardiovascular disease
• Hip fractures in dialysis patients is associated with doubling of mortality
• Bone biopsy is the gold standard for diagnosis of renal osteodystrophy
and assessment of bone architecture
• Although bisphosphonates are increasingly being used in the post renal
transplant setting for prevention of bone loss, there is no evidence that
it results in reduction of incidence of fractures
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REVIEW QUESTIONS: BONE DISEASE AND CALCIUM
ABNORMALITIES IN ELDERLY PATIENTS WITH CKD
1. Incidence of hip fractures among dialysis patients compared
with general population is about
a. Two-fold
b. Four-fold
c. Six-fold
d. Eight-fold
2. Risk of mortality in dialysis patients from hip fracture compared with those without hip fracture is
a. Not affected
b. Doubled
c. Tripled
d. Quadroupled
3. Bone strength is a function of bone density and quality; the
best test for the assessment of bone quality is
a. DEXA scan
b. Quantitative CT
c. Bone biopsy
d. Serum intact PTH
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4. Which of the following statements is false
a. Calcitonin has been shown to protect bone mass in post
transplant patients when used along with bisphosphonates, calcium and vitamin D
b. SERMs increase the risk of DVT and thrombosis therefore
should not be used in patients with active or history of
DVT
c. Some studies indicate that Cinacalcet may lower the risk of
parathyroidectomy, fracture and cardiovascular hospitalization
d. A subgroup analysis of the patients with mild to moderate
CKD included in fracture prevention trial showed that
treipartide significantly increased lumbar spine density
and femoral neck BMD
5. Bisphophonates are increasingly being used in the posttransplant setting. Bisphosphonates
a. Reduce incidence of fractures in the posttransplant period
b. Reduce posttransplant bone loss
c. Can be safely used in failed transplant patients who return
to dialysis
d. Can potentally benefit patients with adynamic bone disease
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Chapter 15: Anemia in the Elderly With CKD
Julio C. Vijil Jr
Section of Nephrology, University of Illinois at Chicago, Chicago, Illinois

Anemia is a common sequela of chronic kidney disease (CKD). As GFR declines, the risk of anemia
increases, particularly when the GFR is ⬍60 ml/min
per 1.73 m2.1 Anemia is also common in the geriatric population, with a prevalence of ⬎10% in patients greater than 65 yr old (Figure 1).2 This poses a
significant challenge in the diagnosis and management of elderly patients with anemia who have concurrent CKD. The following review discusses the
definition, diagnosis, management, and outcomes
of anemia in elderly patients with CKD.

lower Hg levels must always be considered when making the diagnosis of anemia. These include altitude of
residence, smoking status, normal fluctuations in
plasma volume, and other patient-centered factors.
These are not routinely considered when Hg concentration is reported by clinical laboratories, which typically only correct for age and sex. In addition, reference ranges for Hg may vary from laboratory to
laboratory across all subjects. Thus, results of Hg testing must always be interpreted in the full context of
the individual patient.

DEFINITION OF ANEMIA IN THE ELDERLY

CAUSES OF ANEMIA IN THE ELDERLY

Defining normal hemoglobin levels in the elderly
population is important for purposes of establishing a diagnosis and monitoring treatment effects
and outcomes. In 1968, an expert panel from the
World Health Organization recommended normal
hemoglobin (Hg) levels be ⬎13.0 g/dl for men and
⬎12.0 g/dl for nonpregnant women.3 Although the
accuracy of these definitions has been called into
question, more recent population-based studies,
including NHANES III and the Kaiser-Scripps database, have been relatively consistent with the proposed levels.2,4
As previously mentioned, anemia is quite common
in the elderly population. Using the WHO definition
of anemia, NHANES III data have shown that the
prevalence of anemia in subjects ⱖ65 yr old is
⬎10.6%, significantly higher than that of the general
population. However, when present in the elderly,
anemia tends to be mild. From the NHANES III data,
⬍3% of subjects 65 yr of age and older had an Hg
⬍11.0 g/dl. Whether these modestly lower values of
Hg correlate with poorer outcomes is not known.
Attention should be paid to racial and ethnic differences and other patient-centered factors in anemia
prevalence in the elderly as well. Data from NHANES
III showed that, among individuals 65 yr of age and
older, African Americans have a higher prevalence of
anemia (Figure 2).2 Other factors that contribute to

Because of the increased prevalence of lower Hg levels
in the geriatric population, as well as increased risk of
comorbidities leading to anemia, determining the
cause of anemia can be challenging, especially in the
face of CKD. Determining whether CKD is the cause
of anemia, whether there is another explanation, or
perhaps whether there are several etiologies of anemia
has important implications for treatment and thus
should be investigated rigorously before simply beginning therapy with an erythropoietic stimulating agent
(ESA). Below is a discussion of the diagnosis of anemia
in the elderly with CKD.
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CKD AND ERYTHROPOIETIN PRODUCTION

Anemia attributable to CKD was suspected in approximately 8% of all anemia cases in the elderly,
according to NHANES III. Furthermore, some
studies have shown lower than expected erythropoietin (Epo) levels for the degree of anemia in ge-
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Figure 1. Prevalence of anemia in the United States
by age (NHANES III). Prevalence of WHO-defined anemia (hemoglobin ⬍13.0 g/dl for males and ⬍12.0 g/dl
for nonpregnant females) in the United States, by age
and sex. NHANES III, Third US National Health and
Nutrition Examination Survey; WHO, World Health Organization. Data from first two phases of NHANES III,
1988 –1994. (Reprinted from Steensma DP, Tefferi A:
Anemia in the elderly: how should we define it, when
does it matter, and what can be done? Mayo Clin Proc
82: 958 –966, 2007).16

riatric patients. Some have theorized that the elderly have a
decreased ability to produce Epo in response to hypoxia or that
there is decreased hypoxia-sensing in the kidney with increasing age and thus a higher Epo requirement to maintain the
same Hg level.5,6 However, one study has shown that normal,
healthy elderly individuals have the capacity to produce adequate Epo in response to phlebotomy.7 Whether this translates
into an ability to maintain Epo production and Hg levels in the
setting of chronic blood loss or other perturbations in Hg concentration is not known. Thus, to date, there is no solid evidence that the elderly have a decreased ability to produce Epo
when kidney function is normal.
One possible explanation for the observation of lower than
expected Epo levels is that CKD may be present to some degree
in some elderly subjects despite the results of GFR estimating
equations. This may be because of the fact that the equations to
estimate GFR are suspect in the elderly as the population of
subjects in the studies used to create these equations did not
include very elderly patients. Second, the correlation of estimated GFR to renal endocrine function is not as well studied in
the elderly. For the general population, anemia caused by CKD
can present as early as eGFR of about 60 ml/min per 1.73 m2.
Whether this relationship between eGFR and Epo production
is similar for the elderly population is not known. Therefore,

eGFR alone cannot be used reliably to exclude anemia of CKD
in the geriatric population.

NUTRITIONAL ANEMIA

Inadequate nutrition is a common problem in the elderly. Iron
deficiency, both nutritional and because of chronic blood loss,
accounts for most cases of nutritional anemia, representing
about one third of anemia cases in the elderly in the NHANES
III cohort. Diagnosis of iron deficiency should be made with
free iron, total iron binding capacity, and ferritin levels. As is
the case in the general CKD population with iron deficiency,
ferritin levels are not reliably low because of chronic inflammation and thus should not be used to exclude iron deficiency
anemia. Similarly, mean corpuscular volume (MCV) is not
always low in CKD, despite iron deficiency anemia, so a normal MCV should not exclude the diagnosis. Based on early
studies, an iron/total iron binding capacity (TIBC) ratio ⱕ16%
or a serum ferritin ⬍12 ng/ml is necessary to make the diagnosis of iron deficiency anemia.8,9
Other causes of nutritional anemia must be investigated in
the elderly also. Particularly, folate and B12 deficiencies are
more frequently present than in the general population. One
study found that ⬎10% of the elderly had borderline or low B12
levels.10 As was the case with iron deficiency, one must be careful not to exclude the diagnosis of B12 or folate deficiency solely
by MCV when concurrent CKD is present.

MALIGNANCY

Figure 2. Prevalence of anemia in the United States by race and
ethnicity. Prevalence of WHO-defined anemia in US patients 65 yr
of age or older, by self-declared racial or ethnic group. NHANES
III, Third US National Health and Nutrition Examination Survey;
WHO, World Health Organization. Data from NHANES III, 1988 –
1994. (Reprinted from Steensma DP, Tefferi A: Anemia in the
elderly: how should we define it, when does it matter, and what
can be done? Mayo Clin Proc 82: 958 –966, 2007).16
2
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The elderly are at increased risk for malignancy. Several types
can cause anemia and must be considered whenever an elderly
patient presents with anemia. The two most important categories are gastrointestinal (GI) malignancies and hematologic
malignancies. GI malignancies lead to chronic blood loss and
iron deficiency anemia, so stool testing for occult blood should
be considered. However, colonoscopy should be considered
even if the stool for occult blood is negative in the presence of
an unexplained iron deficiency anemia in an elderly patient
with CKD.
American Society of Nephrology

Hematologic malignancies in general can cause anemia because of disruption of hematopoiesis in the bone marrow. Two
that have a particular predilection for elderly patients are myelodysplastic syndrome (MDS) and multiple myeloma. Both
diseases have peaks in the seventh decade of life and can be
insidious in onset, with only subtle laboratory findings to point
to the diagnosis. Several studies have shown that MDS is probably underdiagnosed in this population and may account for a
significant number of cases of anemia in the elderly that do not
have an identifiable cause.11 Multiple myeloma can also be
easily missed in the workup of a patient with anemia. Thus, an
elderly patient with CKD and anemia, in most cases, should be
screened for the presence of paraproteins.

APPROACH TO DIAGNOSIS OF ANEMIA IN THE
ELDERLY

Initial evaluation of anemia in the elderly should include a
review of the complete blood count, including red blood cell
morphology and parameters such as MCV. Worrisome findings on the peripheral blood smear should prompt consideration of referral to Hematology. Abnormal MCV should be
worked up appropriately (e.g., high MCV warrants folate, B12,
and homocysteine levels, consideration of alcohol or medications, liver or thyroid disease).
A normal MCV should not completely rule out either high
or low MCV causes of anemia, although their diagnosis is less
likely. Renal function should be estimated to determine the
possibility of anemia caused by renal disease. Concomitant
iron deficiency must always be evaluated in the face of CKD
and worked up if present. An appropriately elevated Epo level
with normal iron studies should prompt referral to Hematology to investigate for hematologic malignancies. If the workup
of an elderly CKD patient’s anemia has not yielded a diagnosis
at this point, consideration should be given to obtaining an
Epo level because, as previously discussed, relative Epo deficiency may be present in the elderly even with near “normal”
eGFR.

TREATMENT AND OUTCOMES

After treating any underlying nutritional deficiencies noted
earlier, and with persistent anemia, one should consider therapy for anemia of CKD. The mainstays of treatment are ESAs
and iron. ESAs have been shown to be effective in raising Hg
levels appropriately in the elderly.12 Concomitant iron deficiency being frequently present in this group, iron supplementation is commonly part of treatment. Several formulations of
oral iron are available for consideration. In some patients with
CKD, oral iron is ineffective in raising available iron stores,
especially in the elderly who frequently show poorer GI absorption of iron.13 Such patients may benefit from the introduction of intravenous iron. Although the ability of these
American Society of Nephrology

agents to raise Hg levels is documented, the benefits of raising
the Hg are still somewhat murky.
Most studies documenting the benefit of anemia treatment
have been conducted in ESRD patients, whereas there are fewer
studies in predialysis patients with CKD. Most of these studies
have had a reasonable number of subjects ⱖ65 yr of age, so
results may be generalizable to the geriatric population to some
degree. Improvement in health-related quality of life
(HRQOL), cognition, left ventricular mass, and decreased
need for transfusions have been documented in the general
ESRD population, and it is reasonable to believe that the same
benefits would be conferred on the elderly ESRD population.
The benefits of anemia treatment in predialysis CKD are more
controversial. Although a few studies have shown higher
HRQOL, lower left ventricular mass, and a possible decrease in
progression of CKD in those subjects treated for anemia, the
evidence is not strong, and no study has shown a survival advantage to treatment.
When reviewing the benefits of anemia therapy, one question that remains is: What level of Hg should be targeted? At
this point, the target Hg level for individuals with CKD is not
agreed on, particularly for the elderly. Two recent studies have
cast doubt on the goal of targeting normal Hg levels. The Correction of Hemoglobin and Outcomes in Renal Insufficiency
(CHOIR) trial was a randomized study of predialysis patients
with CKD and anemia. One group was targeted to an Hg of
13.5 g/dl, whereas another group was targeted to an Hg of 11.3
g/dl.14 Average subject age was about 66 yr old. Achieved Hg
for the higher Hg group was actually lower, just below 13 g/dl.
There was increased risk of one of the primary or secondary
outcomes in the higher Hg group compared with the lower Hg
group, with no benefit in HRQOL (Figure 3). The Cardiovascular Risk Reduction in Early Anemia Treatment with Epoetin
Beta (CREATE) also studied higher Hg level in predialysis patients with CKD.15 No benefits were shown in the group targeted to higher Hg, although excess risk of events was not statistically significant in this study. Mean age of subjects in
CREATE was about 59 yr old.
This excess mortality with the use of ESAs is of particular
importance in the elderly population with CKD. This is because the elderly are at higher risk of having the comorbidities
associated with the vascular events that occurred more frequently in the higher Hg groups. Thus, when treating anemia
of CKD in the elderly, one should not aim for high Hg levels,
especially if the patient has a history of any kind of vascular
disease, pro-thrombotic state such as malignancy, or poorly
controlled hypertension. Based on the results of the two studies
mentioned previously, the evidence supports restoring Hg levels to a level between 10.0 and 12.0 g/dl.

CONCLUSION

The diagnosis and workup of anemia in an elderly patient with
CKD is, in the end, the same as for any patient. However,
American Society of Nephrology
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Figure 3. Primary and secondary endpoints for higher versus lower Hg groups in the CHOIR Study. Kaplan–Meier estimates of the
probability of the primary composite endpoint and secondary endpoints of individual components— hospitalization for congestive
heart failure (CHF) without renal replacement therapy (RRT), myocardial infarction, stroke, and death. (Reprinted from Singh AK, Szczech
L, Tang KL, et al.: Correction of anemia with epoetin alfa in chronic kidney disease. N Engl J Med 355: 2085–2098, 2006).14

epidemiologic information and special diagnostic considerations must be taken into account since the elderly are more
likely to have a concomitant cause of anemia in the face of
CKD. Treatment with ESAs is effective, and iron supplementation, initially oral but intravenous if ineffective, should be
considered in the regimen given the frequency of iron deficiency in these individuals. When choosing a target Hg level, it
is important to remember that higher Hg levels may be associated with increased cardiovascular and thrombotic events. The
elderly are at risk for conditions that raise the risk of these
events, so anemia must be treated judiciously. A target Hg of
10.0 to 12.0 g/dl is an acceptable target based on available evidence.

TAKE HOME POINTS
• Anemia in the elderly with CKD is often multifactorial, with iron deficiency being common
• Special consideration must be given to diagnoses common in this
population, including GI blood loss and hematologic causes (MDS,
multiple myeloma)
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• ESAs and iron supplementation are effective in treating anemia of CKD
in this population
• Hg should be targeted to a level between 10.0 and 12.0 g/dl
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REVIEW QUESTIONS: ANEMIA IN THE ELDERLY
WITH CKD
1. According to NHANES III data, the prevalence of anemia in
persons ⱖ65 yr of age is approximately:
a. 1%
b. 5%
c. 10%
d. 20%
2. The most common cause of anemia in the elderly is:
a. Nutritional anemia (including iron deficiency)
b. Chronic kidney disease
c. Occult malignancy
d. Hematologic abnormalities (including myelodysplastic
syndrome)
3. Which of the following is true regarding erythropoietin (Epo)
production in the elderly?
a. In patients with normal kidney function, Epo production
is decreased in the elderly compared with the nonelderly
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b. In elderly patients, estimated GFR correlates better with
Epo production than in nonelderly patients
c. One study has shown that normal, healthy, elderly subjects
could not produce adequate Epo in response to phlebotomy
d. To date, there is insufficient evidence to conclude that the
elderly have a diminished capacity to produce Epo in response to anemia
4. Which potential benefit of ESA therapy for predialysis CKD
patients has NOT been demonstrated in any study to date?
a. Decreased mortality
b. Decreased left ventricular hypertrophy
c. Decrease in progression of CKD
d. Increase in health-related quality of life
5. Results of the CHOIR and CREATE trials support a target Hg
level less than:
a. 10 g/dl
b. 11 g/dl
c. 12 g/dl
d. 13 g/dl
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Chapter 16: Disorders of Serum Sodium Concentration
in the Elderly Patient
Michael F. Michelis
Division of Nephrology, Lenox Hill Hospital, New York, New York

HYPONATREMIA

Disorders of serum sodium concentration are the
most common electrolyte abnormalities seen in the
geriatric population.1 Furthermore, the development of serum sodium abnormalities is associated
with increased morbidity and mortality in affected
patients.2 Often, however, the severity of the primary process contributing to the development of
the abnormal serum sodium is responsible for the
unsatisfactory outcome. The most common disorder of serum sodium concentration in the geriatric
population is hyponatremia. Factors contributing
to the development of hyponatremia in the elderly
include age-associated decreases in GFR and free
water clearance, as well as sodium losses from decreased activity of the renin-angiotensin-aldosterone system and increased activity of natriuretic
hormones. The latter, however, may reflect the
early development of fluid retention as may occur
with excessive sodium intake from processed foods
or subclinical cardiac disease. In addition, studies
have suggested increased vasopressin activity in
some elderly patients.
Patients in outpatient settings exhibit hyponatremia in about 5% of those tested, with occurrence
rates increasing to as high as 20% in hospitalized
geriatric patients and 30% in patients seen in intensive care units.3 The most common cause of hyponatremia in this population involves abnormalities
of secretion of the pituitary hormone arginine vasopressin (AVP), also called antidiuretic hormone
(ADH).
Clinical Diagnosis

Successful evaluation of serum sodium abnormalities in the elderly depends on obtaining a careful
history especially noting reports of weight loss that
can be associated with neoplastic disease, changes
in the level of daily activities that can be associated
with endocrine abnormalities, and medication hisAmerican Society of Nephrology

tory that can produce information implicating
drugs that facilitate sodium excretion or stimulate
AVP secretion. In addition, a thorough physical examination, including orthostatic BP changes, is essential for the accurate determination of the patient’s body fluid status. This determination may be
especially difficult in elderly patients who may have
chronic changes in skin turgor that are more associated with aging than they are with the state of
hydration.
Laboratory Diagnosis and Therapy

When the history and physical are completed, assessment of laboratory data are essential (Figure 1).
First, a plasma osmolality must be obtained to
ensure that one is dealing with hypo-osmolar hyponatremia. Normo-osmolar hyponatremia as can
occur with certain compounds such as mannitol,
which can also cause hyperosmolality in normonatremic patients, and hyperosmolar hyponatremia
caused by hyperglycemia must be ruled out. Furthermore, other serum studies are important to decide whether levels of substances such as blood urea
nitrogen and uric acid are elevated and thereby consistent with volume depletion or whether these levels seem to be diluted as would be seen with water
excess occurring in the syndrome of inappropriate
antidiuretic hormone secretion (SIADH). Finally,
urine sodium concentration and urine osmolality
must be measured to ascertain the endocrine and
renal responses to the hypo-osmolar state.
In dehydrated patients, levels of urine sodium
can be considered low (i.e., sodium conservation)
when the spot urine sodium concentration is ⬍20
mEq/L; in older patients, where sodium conservation may be limited,4 levels up to 30 mEq/L may also
Correspondence: Michael F. Michelis, Director, Division of Nephrology, Lenox Hill Hospital, 100 East 77th Street, New York, NY
10075. E-mail: mfmich@ix.netcom.com
Copyright 䊚 2009 by the American Society of Nephrology
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HYPONATREMIA (DIFFERENTIAL DIAGNOSIS)

Confirm Hypoosmolality

Volume Assessment (Physical Examination)
and Urine Sodium Measurement

Hypovolemia

Euvolemia

Urine Na
<20-30 mEq/L

Urine Na
>20-30 mEq/L

Vomiting
Diarrhea
Pancreatitis

Addison’s Disease
Polycystic Kidneys
Bicarbonaturia
Diuretic Use

Edema

Urine Na
>30 mEq/L
SIADH
Diuretic Use - Water Replacement
Endocrine Deficiency

Urine Na
<20 mEq/L
Congestive Heart Failure
Cirrhosis
Nephrotic Syndrome
Hypoalbuminemia

Figure 1. Hyponatremia (differential diagnosis).

be considered indicative of some degree of conservation of
sodium. These urine sodium levels will often be associated with
urine osmolality values at least 1.5 times that of the plasma,
suggesting attempts at water conservation in response to fluid
deficits. Such patients generally respond to the replacement of
intravascular volume with normal saline. Patients who appear
dehydrated but who have elevated urine sodium levels (⬎30
mEq/L) often have urine osmolalities closer to that of the
plasma levels and should be considered to have renal salt wasting in the face of intravascular volume contraction. They
should also be treated with normal saline while attempts to
diagnose the underlying abnormality are made. Various formulas such as the Adrogué-Madias formula (Figure 2) have
been used in an attempt to predict the increase in serum sodium that can occur when various concentrations of sodium
replacement therapy are employed.5 If more or less than 1 L of
replacement fluid is used, the change in serum sodium will
vary directly in proportion to the amount of fluid administered.
When patients appear to be fluid overloaded or edematous,
they may have one of several edema-forming states, including
congestive heart failure, nephrotic syndrome, and cirrhosis.
The poor renal perfusion associated with any of these states is
generally associated with urine sodium concentrations in the
lower ranges (⬍20 to 30 mEq/L) and a tendency to urine osmolalities closer to that seen in the plasma. These disorders are
ADROGUÉ-MADIAS FORMULA

Infusate sodium concentration –
Patient serum concentration
Change in serum sodium concentration with 1L of infusate =
Total body water + 1L

Figure 2. The Adrogué-Madias Formula for the prediction of the
change in serum sodium that can occur following intravenous
sodium replacement therapy.
2
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generally treated by addressing the primary underlying abnormality and using diuretic regimens.
In elderly hyponatremic patients who appear euvolemic
and have elevated urine sodium concentrations (⬎20 or 30
mEq/L) and elevated urine osmolalities suggesting inappropriate water retention, a diagnosis of SIADH is often made.6 Here
it is important to rule out endocrine abnormalities such as
hypoadrenalism and hypothyroidism. In addition, a careful
search for drugs that stimulate AVP or facilitate the effects of
AVP in the kidney should be undertaken. If these considerations are eliminated from diagnostic possibilities, the patient
should be evaluated for other causes of SIADH. Table 1 lists
some of the commonly associated central nervous system disorders, tumors, and drugs associated with inappropriate AVP
secretion. Certain drug therapies such as SSRIs may pose a
special risk for the development of hyponatremia in the elderly, especially those who are older and smaller in body size.7
Table 1. Common causes of SIADH
Central nervous system disease
Trauma
Stroke
Infection
Tumor
Intracranial bleeding
Neoplasms
Lung
Pancreas
Prostate
Throat
Lymphoma
Drugs
SSRIs
Carbamazepine
Opiates
Cyclophosphamide
Mirtazapine
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If primary causes of the syndrome SIADH cannot be immediately eliminated, patients should be treated with therapies
that can reverse the hyponatremia.8 In patients with a history
with confounding factors such as the possible prior use of diuretic agents, a trial of normal saline administration may be
used. In patients with severe hyponatremia, i.e., serum sodium
concentrations ⬍110 mEq/L, it may be appropriate to use
multiple 100-ml intravenous aliquots of hypertonic (3%) saline to improve the serum sodium levels to avoid more serious
complications of hyponatremia such as seizures or profound
coma. In patients with serum sodium concentrations in the
111- to 120-mEq/L range, therapies may include lesser
amounts of hypertonic saline, and greater reliance on fluid
restriction and agents that interfere with AVP effect, such as
demeclocycline and the new AVP receptor antagonists. With
lesser degrees of hyponatremia, i.e., serum sodium 121 to 129
mEq/L, fluid restriction, demeclocycline, and AVP receptor
antagonists can be used.
Other approaches to hyponatremia include saline infusions
and furosemide being used to replace existing hypotonic intravascular fluid with fluid of a higher sodium concentration. In
hyponatremic patients with central nervous system disease, cerebral salt wasting should be ruled out. This disorder is associated with natriuretic peptide responses as well as AVP effect,
sodium loss, and signs of volume deficit and should be treated
with volume replacement. These hyponatremic patients often
exhibit unusually high urine sodium concentrations.

conservative manner. Current recommendations are that serum sodium should not increase ⬎12 mEq/L over a 24-h period and no more than 18 mEq/L over a 48-h period.
Complex Clinical Syndromes

Finally, complicated situations have been described in which
patients are hyponatremic and seem to have excess AVP activity as well as sodium depletion syndromes.10 On attempts at
correction with saline, including hypertonic saline, patients
may exhibit a response in which volume correction shuts off
AVP secretion and causes a profound water diuresis with rapid
increases in the serum sodium concentration and a tendency
toward too rapid correction. When this occurs, reversal therapy may be required with the administration of free water
and/or AVP (usually as the AVP agonist desmopressin). In
addition, patients on drugs that stimulate AVP secretion may
have the effects of these drugs wear off during the period that
therapies are undertaken, also resulting in unexpectedly rapid
correction.
Conclusion

Disorders of serum sodium, especially hyponatremia, are common in the geriatric population and often are related to excess
vasopressin secretion. A trial of saline administration may be
considered before standard approaches to therapy that now
include vasopressin blocking drugs. Complex clinical syndromes often occur and may be related in part to drugs associated with inappropriate vasopressin secretion.

New Therapies

Over the last several years, a new class of drugs has been studied
that specifically block the effect of AVP on the collecting tubule. One such drug that has been approved by the FDA for
clinical use, conivaptan, belongs to the group of drugs called
vasopressin receptor antagonists (vaptans), because they block
the binding of AVP to the AVP V2 receptor on the renal tubule.9 Conivaptan has been approved for use in hospitalized
patients in an intravenous preparation, and it has been approved for therapy of both euvolemic hyponatremia (e.g., SIADH) and hypervolemic hyponatremia (e.g., heart failure).
Conivaptan is rapidly acting and can be given as an intravenous bolus, which can be followed by 1 d to as many as 4 d of
intravenous infusion. Frequent monitoring of the results of intravenous therapy should be done during the phase of active correction, with serum sodium measurements every 4 to 6 h during the
first day, perhaps two to three times a day during the second day,
and less frequently during the subsequent 2 d. With lesser degrees
of hyponatremia, it is still unclear what the specific indications for
therapy are, and what the benefits of changes in the level of hyponatremia may be, but it has been suggested that central nervous
system function and gait stability may be adversely affected by
even mild to moderate degrees of chronic hyponatremia.
Rate of Correction

Acute hyponatremia should be treated more aggressively,
whereas chronic hyponatremia should be addressed in a more
American Society of Nephrology

HYPERNATREMIA

Hypernatremia is a common occurrence in elderly patients.2
The issues relating to the development of an increased serum
sodium can involve deficient free water intake, abnormal regulation of AVP secretion, decreased renal responsiveness to
AVP secretion, and finally free water losses that are associated
with inadequate replacement.
Clinical Diagnosis

The evaluation of elderly patients with hypernatremia starts
with a careful history. Details in the history that are important
involve decreases in weight, decreases in intake either because
of lack of interest or availability, and history from caretakers
about types of fluids and types of nutritional additives used
and/or laxative use. Physical examination would involve the
assessment of volume status, with particular attention to the
degree of BP decrease in cases where severe hypernatremia is
associated with significant hypotension.
Laboratory Diagnosis and Therapy

Hypernatremia can be defined as a serum sodium concentration greater than the normal level, which is usually considered
up to 145 mEq/L. In general, patients with hypernatremic
states can be segregated by their measured urine osmolality.
Geriatric Nephrology Curriculum
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The ratio of urine osmolality to plasma osmolality is useful in
defining AVP responses. Also, as in the hyponatremic patient,
assessment of spot urine sodium concentration will be helpful
to discern the type of hypernatremic state that has developed
(Figure 3).
Variable but low urine osmolalities and variable urine sodium concentrations can be seen with central diabetes insipidus depending on the extent of the lesion, sodium intake, and
intravascular volume status. Central diabetes insipidus may be
associated with varying degrees of AVP deficiency, which can
be the result of a variety of intracerebral lesions (Table 2).
Water deprivation tests with clinical follow-up and AVP
administration can be used to help diagnose central versus
nephrogenic diabetes insipidus. Measurement of plasma AVP
levels can also be useful to differentiate central from nephrogenic diabetes insipidus.1 Patients with more isotonic urine
and urine sodium concentrations that tend to be elevated, ⬎20
to 30 mEq/L, can have disorders associated with osmotic diuresis, diuretic therapy, and other instances of renal dysfunction where endocrine and renal responses cannot offset fluid
and sodium losses, which are mandated by osmolar excretion
or renal disease. Urine osmolalities that are clearly higher than
measured plasma osmolality and urine sodium levels ⬍20 to
30 mEq/L generally are associated with endocrine and renal
responses to extreme fluid losses. This can be seen with decreased thirst or water availability or gastrointestinal losses
such as vomiting and diarrhea and lack of water replacement
particularly in warm environments as may be seen in a nursing
home situation. Hypernatremia in the elderly is commonly
associated with fluid loss, limitation in urinary concentrating
ability, intravascular volume depletion, and inadequate replacement caused by decreased thirst, limited mentation, limited fluid availability, and/or inadequate fluid prescription.
Central nervous system disorders associated with lack of
AVP secretion are treated with intravenous or oral dilute fluid
and, as needed, AVP replacement therapy. Patients with nephHYPERNATREMIA (DIFFERENTIAL DIAGNOSIS)

Urine Osmolality

Table 2. Cerebral lesions that can affect hypothalamic
function
Trauma
Infection
Tumors
Hystiocytosis
Vascular abnormalities

rogenic disorders should be initially approached therapeutically
by avoiding, if present, the agent or agents associated with resistance to the effects of AVP. Additional therapy for nephrogenic
diabetes insipidus can include decreases in the intravascular volume with a mildly restricted sodium diet and thiazide diuretics.
Rate of Correction

In general, water deficits are calculated using a standard formula (Figure 4), and physicians are generally advised to correct
half of the deficit over the first 24 h.
Patients in shock must be treated aggressively with rapid
volume replacement with normal saline. Once the patient
shows a normal BP, hypotonic replacement can be performed
at a more moderate rate. This replacement may consist of hypotonic saline, dextrose, and water with careful monitoring of
serum glucose or oral water administration. Rare cerebral lesions that damage or eliminate osmoreception can result in
unusual clinical syndromes in which volume expansion results
in significant water diuresis and hypernatremia.11 As with hyponatremic states, water deficits are more rapidly replaced in
more acute conditions and more slowly replaced when the patients are relatively asymptomatic and the condition has existed for some time. Too rapid dilute replacement therapy can
be associated with the development of cerebral edema.12 Central nervous system function should be monitored carefully.
Conclusion

Physiologic changes associated with aging and lack of mobility
may facilitate the development of hypernatremia in elderly patients. Careful history and laboratory evaluation are essential
to determine the correct diagnosis and can include measurement of plasma vasopressin levels. Calculation of water deficits
will assist in developing a sound therapeutic plan and avoid
improper rates of correction.
CALCULATION FOR H2O DEFICIT
(70 kg Patient x 50% Total Body Water Factor for Older Patient) = 35L
NL TBW 35L X NL SNa 140 mEq/L = Present Body Water
Present SNa (e.g. 160 mEq/L)
Present Body Water = 30.6L
Deficit = 4.4L

Hypotonic
Urine

Isotonic or Mildly
Hypotonic Urine

Hypertonic
Urine

UNa Variable

UNa >20-30 mEq/L

UNa <20-30 mEq/L

Complete or Partial
Central Diabetes Insipidus
Nephrogenic Diabetes Insipidus

Osmotic Diuresis
Renal Disease
Diuretics

GI Losses
Skin Losses
Burns
Decreased Thirst

Figure 3. Hypernatremia (differential diagnosis).
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NL = Normal
TBW = Total Body Water
SNa = Serum Sodium

Figure 4. The calculation for H2O deficit in an elderly hypernatremic patient is outlined.
American Society of Nephrology

TAKE HOME POINTS
• Differential diagnosis of hyponatremia should be performed with confirmation of hypoosmolality by means of measurement of plasma osmolality
• After volume assessment is attempted, spot urine sodium levels should
then be evaluated to separate salt conserving and salt losing states
• Urine osmolality will further aid in assessing whether appropriate responses to the plasma dilution are occurring
• Therapy should proceed in a manner formulated to avoid too rapid or
overcorrection
• Hypernatremia may be preventable in controlled situations such as a
nursing home by avoiding warm environments and excess protein in
the diet, and provision of adequate hydration
• Normal saline may be required as initial therapy for hypotensive, hypovolemic, hypernatremia
• Standard measurements including plasma osmolality, urine osmolality,
and spot urine sodium concentration will help in the differential diagnosis
• Too rapid correction or overcorrection should be avoided

2.

3.

4.
5.
6.
7.

8.

9.

DISCLOSURES
None.

REFERENCES

10.

11.
12.

*Key References
1. Verbalis JG, Berl T: Disorders of water balance. In: Brenner & Rector’s

American Society of Nephrology

The Kidney, 8th Ed., edited by Brenner BM, Philadelphia, Saunders
Elsevier, 2008, pp 459 –504*
Arinzon Z, Feldman J, Peisakh A, Zuta A, Berner Y: Water and sodium
disturbances predict prognosis of acute disease in long term care frail
elderly. Arch Geront Geriatr 40: 317–326, 2005
Miller M: Hyponatremia and arginine vasopressin dysregulation:
mechanisms, clinical consequences, and management. J Am Geriatr
Soc 54: 345–353, 2006*
Epstein M, Hollenberg NK: Age as a determinant of renal sodium
conversation in normal man. J Lab Clin Med 87: 411– 417, 1976
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REVIEW QUESTIONS: DISORDERS OF SERUM
SODIUM CONCENTRATION IN THE ELDERLY
PATIENT
1. Hyponatremia is common in elderly patients. Which of the
factors listed is not a common cause for its development?
a. Central nervous system disease
b. Neoplasm
c. Living in warm climates
d. Antidepressant drug therapy
e. Endocrine disorders
2. Diagnostic evaluation of hyponatremic patients include measurement of:
a. Serum osmolality
b. Urine sodium level
c. Urine osmolality
d. Serum BUN and uric acid level
e. All of the above
3. SIADH can result from the use of SSRIs. What would be appropriate therapy in such a patient?
a. Discontinue the drug
b. Water restriction
c. Use a diuretic which works on the Loop of Henle
d. Use a vasopressin blocking drug
e. All of the above
4. A patient has a serum sodium level of 116 mEq/L. Hypertonic
saline infusion is started. In 6 h, the serum sodium level is 126
mEq/L. Which treatment would be least appropriate?

6
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a. Change to normal saline infusion
b. Stop the hypertonic saline infusion
c. Administer a quantity of free water and consider vasopressin therapy
d. Increase the frequency of serum sodium measurements
e. Closely observe the patient for CNS changes
5. Which factor would not contribute to the development of hypernatremia in elderly patients?
a. Sodium intake
b. Immobility
c. Careful control of environmental temperature
d. Drug therapy
e. Decreased alertness
6. What fluid or fluids would be first choice for a patient with
hypernatremia and hypotension?
a. 1/2 normal saline
b. Dextrose and water alternating with normal saline
c. Normal saline
d. Dextrose and water alternating with 1/2 normal saline
e. Dextrose and water
7. A patient with hypernatremia has an elevated plasma vasopressin level, hypertonic urine, and urine sodium level ⬍20
mEq/L. The most likely diagnosis would be:
a. Fluid losses via the skin or GI tract
b. Complete central diabetes insipidus
c. Osmotic diuresis with increased dietary protein
d. Excess diuretic use
e. Abrupt discontinuation of SSRI use
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Chapter 17: Fluid Balance Disorders in the Elderly
Myron Miller
Department of Medicine, Johns Hopkins University School of Medicine, and Division of Geriatric Medicine,
Department of Medicine, Sinai Hospital of Baltimore, Baltimore, Maryland

Disorders of fluid balance are common in the elderly and often are caused by age-related alterations
in urinary tract function, which can present clinically as urinary frequency, nocturia, and incontinence. Among the factors predisposing to the development of these clinical disturbances are aging
changes in the renal and hormonal systems that
control water and sodium excretion along with
changes in the reservoir function of the bladder1
(Table 1). This chapter will examine the effect of
aging on the systems involved in urine formation
and consider how these changes interact with those
of bladder function and lead to urinary frequency,
nocturia, and incontinence.
In young, healthy persons there is a circadian
pattern to urine production in which nighttime
urine flow rate is less than daytime flow rate. In
association with the normal aging process, there is
an increase in nocturnal production of urine, so
that nighttime urine flow rate equals or exceeds
daytime production rate.2 When of sufficient magnitude to result in nocturia, this change has been
termed nocturnal polyuria syndrome.
The establishment of a circadian rhythm of urine
flow takes place during childhood, generally between the ages of 2 to 5 yr. In normal children with
a mean age of 7 yr, daytime rate of urine production
is two to three times that of the nighttime period.
Delay or failure of the circadian rhythm to develop
during childhood is associated with the presence of
nocturnal enuresis. In adulthood, the ratio of daytime to nighttime urine production is usually
greater than 2:1, so that about 25% or less of daily
urine output occurs during sleep. Typical urine
production rates are approximately 70 to 80 ml/h
during the waking period and 30 to 40 ml/h during
sleep. This circadian pattern seems to be linked to
the day-night sleep pattern. The circadian pattern
of urine flow is paralleled by similar rhythms of renal plasma flow and GFR. The circadian pattern is
maintained in healthy persons until around age 60
yr when a shift to a greater proportion of urine proAmerican Society of Nephrology

duction to the nighttime period becomes evident.
With further increase in age, there is often reduction in the ratio of day to night urine flow to the
point that nighttime flow rates become equal to or
exceed daytime rates. Despite the change in circadian pattern of urine excretion, total urine production per 24 h is not affected.3

ARGININE VASOPRESSIN SECRETION

Arginine vasopressin [AVP; antidiuretic hormone
(ADH)] is the major hormone responsible for the
regulation of urine formation. The magnocellular
supraoptic and paraventricular nuclei of the hypothalamus where AVP is synthesized do not seem to
undergo age-related degenerative changes with either morphologic features of cell destruction or decline in cell hormone synthetic ability or hormone
content.
There is some controversy regarding the influence of normal aging on daytime blood AVP levels.
A number of studies have indicated that, under
basal conditions, daytime plasma AVP concentration is not affected by increasing age. In contrast,
several other studies have reported increased basal
plasma AVP levels in healthy elderly persons. Further adding to controversy are reports that healthy
elderly subjects have daytime plasma AVP concentrations that are significantly lower than in young
subjects.
In healthy adults, there is a diurnal release of
AVP into the circulation with peak blood concentration occurring during the hours of sleep. This
rhythm seems to be linked to the wake-sleep cycle

Correspondence: Myron Miller, MD, Director, Division of Geriatric Medicine, Department of Medicine, Sinai Hospital of Baltimore, 2401 West Belvedere Avenue, Baltimore, MD 21215.
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Table 1. Physiologic changes of aging associated with
increased urine production
Age-associated impaired renal concentrating capacity
Resistance to AVP action, i.e., “acquired partial nephrogenic
diabetes insipidus⬙
Impaired sodium conservation
Decreased nocturnal AVP secretion
Decreased renin-angiotensin-aldosterone secretion
Increased atrial natriuretic hormone secretion

rather than to time of day. The circadian rhythm becomes established during childhood and delay in its maturation is often
associated with enuresis. With advanced age, there seems to be
blunting of the nocturnal phase of AVP secretion so that daytime and nighttime blood levels of the hormone are similar.4,5
In contrast, elderly persons may have greater response of
AVP secretion to several stimuli than younger persons. The
plasma AVP response to intravenous hypertonic saline infusion in healthy elder subjects (age 54 to 92 yr) is almost double
that of the younger subjects, suggesting that aging results in
increased osmoreceptor sensitivity. Studies using water deprivation, intravenous metoclopramide, or cigarette smoking as
stimuli for AVP secretion have also shown a similar age-related
enhancement of response. In contrast, the stimulation of AVP
release by BP reduction or upright posture seen in young persons did not occur in elderly subjects, indicating an age-related
impairment of volume/pressure mediated AVP release most
likely related to impaired baroreceptor function.

RENAL WATER LOSS

In association with normal aging, there is a decline in renal
concentrating capacity. After 24 h of dehydration, there is a
progressive decline in maximal urine osmolality with increasing age. This effect of aging persists even after correction for the
age-related decline in GFR. The decline in renal concentrating
ability of the aging kidney is not caused by an inadequate response of AVP to the stimulus of water deprivation but rather
to impaired renal tubular response to AVP. Thus, aging can be
considered to lead to the development of an acquired form of
partial nephrogenic diabetes insipidus. Age-associated increased excretion of urea can also contribute to increased urine
excretion through its osmotic effect. Under conditions of adequate intake of fluid, these changes may result in no apparent
clinical consequence other than mild increase in urine flow
rate, but the elderly person who has restricted fluid intake may
be unable to adequately reduce urine formation and therefore
be at increased risk of dehydration.

RENAL SODIUM LOSS

Normal aging is associated with impaired ability of the kidney
to retain sodium. In very old persons, sodium reabsorption in
2
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the thick ascending loop of Henle is impaired and can contribute to both sodium loss and to impaired tonicity in the renal
medulla. After the administration of an acute water load with
consequent expansion of intravascular volume, there is an exaggerated natriuresis in elderly individuals compared with
younger subjects. An excess of sodium excretion with increasing age has been described in patients with mild hypertension.
The ability of the aged kidney to conserve sodium in response
to salt restriction is sluggish. Restriction of dietary sodium intake to 10 mEq/d resulted in a half-life for reduction of urinary
sodium excretion of 17.6 h in young individuals in contrast to
30.9 h in old subjects. The tendency to sodium wasting in elderly persons can lead to natriuresis with an accompanying
obligatory osmotic diuresis, especially when individuals are in
the recumbent position.

RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

The ability of the kidney to conserve sodium is partly dependent on the actions of the renin-angiotensin-aldosterone system, a system affected by the normal aging process.6,7 Healthy
older individuals (age 62 to 70 yr) who consume a normal
amount of dietary sodium have lower levels of both plasma
renin activity and aldosterone in the supine position than
young healthy persons age 20 to 30 yr. After the combined
stimuli of low dietary sodium intake and upright posture,
plasma renin activity and aldosterone concentration increase
in both age groups, but the mean values achieved are significantly lower in the elderly persons group. Decreased conversion of inactive to active renin may be at least partially responsible for the reduction in active renin concentration in elderly
persons. The age-related decrease in plasma renin results in
decreased aldosterone production by the adrenal gland. Age
itself does not affect the ability of the adrenal gland to synthesize and secrete aldosterone because stimulation of the adrenal
by corticotropin infusion results in similar increases of both
plasma cortisol and aldosterone in young and elderly subjects.
It is likely that the age-related reduction in aldosterone concentration is one of the factors associated with impaired renal
sodium conserving ability in elderly persons. There does not
seem to be an effect of age on renal tubular responsiveness to
aldosterone.

ATRIAL NATRIURETIC HORMONE

ANH may be a significant factor in mediating the altered renal
sodium handling of the elderly. Through its action on the kidney, it produces natriuresis and obligatory diuresis. A number
of studies have shown that ANH concentration in the blood is
increased with aging. Mean basal plasma ANH levels were fivefold higher in elderly male nursing home residents than in
young normal men.
In addition, the intravenous infusion of normal saline reAmerican Society of Nephrology

sulted in an exaggerated rise in plasma ANH concentration in
the elderly persons group. Several other studies involving
healthy elderly persons have also established that basal plasma
ANH concentration is increased and that stimuli that can increase intracardiac pressure result in a greater rise of plasma
ANH in elderly persons than in the young. There is evidence
that the renal response to ANH may also be greater in elderly
persons. The natriuretic response to a bolus injection of ANH
has been observed to be larger in older persons with a mean age
of 52 yr than in younger persons with a mean age of 26 yr.
ANH has been shown to interact with the renin-angiotensin-aldosterone system. High levels of ANH suppress renal renin secretion, plasma renin activity, plasma angiotensin II,
and, as a consequence, plasma aldosterone. Even minimal increases of ANH within the physiologic range produced by
slow-rate intravenous infusion of ANH are capable of inhibiting angiotensin II-induced aldosterone secretion, providing
support for the functional impact of the increased ANH levels
in elderly persons. ANH can also suppress plasma aldosterone
by a direct effect on aldosterone secretion. Thus, ANH may be
an important contributor to age-related impaired renal sodium conserving ability, and concomitant water loss, both
through its direct natriuretic effect and through ANH-induced
suppression of aldosterone secretion.8
The above studies clearly establish that normal aging is accompanied by increased urine excretion during the nighttime
period of sleep. There are multiple physiologic changes in renal
water and sodium conserving mechanisms and in the hormonal systems governing water and sodium regulation. The
effect of these changes is to alter the diurnal rhythm of urine
excretion in the direction of nighttime diuresis (Table 2).

AGING EFFECTS ON BLADDER RESERVOIR
FUNCTION

In healthy adults, 24-h urine production is usually in the range
of 1000 to 1500 ml and bladder capacity generally ranges from
approximately 400 to 750 ml. This is associated with a daytime
voiding frequency of four to five times in men and five to six
times in women and with rare voiding during normal periods
of sleep. There is a suggestion that voiding frequency increases
with age, especially in men. With advancing age, there is a
progressive increase in the prevalence of urgency, most commonly caused by detrusor instability. The prevalence of urTable 2. Typical parameters related to circadian water
excretion in healthy young and elderly adults*
Young

Urine volume (ml/h)
Urine osmolality (mosm/kg)
Plasma AVP (pg/ml)
Plasma ANH (pg/ml)

NOCTURNAL POLYURIA SYNDROME

The constellation of increased nocturnal urine production and
consequent nocturia with its associated effects on disruption of
sleep has been termed the nocturnal polyuria syndrome.3,9,10
Several definitions have been used in characterizing individuals as having nocturnal polyuria: (1) urine output during sleep
ⱖ33% of total 24-h volume; (2) nighttime urine flow rate ⱖ0.9
ml/min; and (3) 7:00 p.m. to 7:00 a.m. urine volume ⱖ50% of
total 24-h volume. A number of clinical states have been associated with the development of nocturnal polyuria (Table 4).
In persons with nocturnal polyuria, there is an absence of
diurnal change in plasma AVP concentration. Both urinary
frequency and hourly urine volume are greater at night in older
persons with nocturnal polyuria syndrome and, in these individuals, functional bladder capacity is lower at night with an
approximate volume of 200 ml. Patients with nocturia have
significantly lower urine osmolality at night. Both plasma AVP
and angiotensin II are lower at night in patients with nocturnal
polyuria, and plasma ANP levels have been found to be higher.4,5 Both the nocturnal decrease in AVP and the nocturnal
rise in ANP seem to be responsible for the high nighttime urine
flow and resultant nocturia. In association with reduction in functional bladder volume, the clinical consequence is nocturia.
Nocturnal Polyuria in Multiple System Atrophy

Multiple system atrophy (MSA) is a central nervous system
degenerative disease that most commonly occurs in older
persons. It affects many areas of the central nervous system
and has central autonomic insufficiency or Shy-Drager syndrome as one its components. Patients with central autonomic insufficiency have been observed to excrete large
amounts of urine when recumbent at night, and this nocTable 3. Association between nocturnal urine flow rate,
bladder volume, and nocturnal urinary frequency in healthy
young and elderly adults*

Elderly

Day

Night

Day

Night

75
700
1.1
19

35
830
2.0
17

50
510
1.9
40

70
450
1.3
55

*Data show typical values based on literature and/or author’s experience.
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gency increases to 40 to 49% in men from the fifth to seventh
decades and to 40 to 50% in women in their fifth decade and
beyond. In institutionalized elderly persons with incontinence,
72% were found to have detrusor instability. The clinical consequence of detrusor instability is decline in functional bladder
volume so that small urine volumes result the sensation of full
bladder and the initiation of bladder contractions leading to an
increase in the frequency of voiding during the day and at night
(Table 3).

Nighttime urine flow rate (ml/h)
Time in bed (h)
Nighttime urine production (ml)
Bladder capacity (ml)
Number of voids during sleep period

Young

Elderly

35
8
280
400
0

70
8
560
200
2

*Data show typical values based on literature and/or author’s experience.
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Table 4. Clinical states associated with nocturnal polyuria
syndrome
Nocturnal polyuria syndrome
Primary enuresis in children
Normal aging
Multiple system atrophy
Alzheimer’s disease
Spinal cord injury
Other causes of increased nocturnal urine production
Edematous states
CHF
Renal disease
Hepatic disease
Venous insufficiency
Osmotic diuresis
Diabetes mellitus
Diuretics
Impaired renal concentrating ability
Renal disease
Hypokalemia
Hypercalcemia
Increased fluid intake
Iatrogenic
Primary polydipsia

turnal dieresis is associated with marked decrease in nocturnal AVP production with a resultant diabetes insipidus-like
nocturnal diuresis. Treatment of MSA patients who have
nocturnal polyuria with the AVP analogs DDAVP (desmopressin) or lysine vasopressin has resulted in reduction of nocturnal polyuria and improvement in the orthostatic hypotension
that is part of the syndrome and worsened by the polyuria-caused
intravascular volume depletion.
Nocturnal Polyuria in Alzheimer’s Disease

The synthesis of AVP by hypothalamic neurons is not affected
in patients with Alzheimer’s, but AVP release into the circulation is impaired so that AVP concentration in the blood has
been reported to be lower in patients with Alzheimer’s disease
than in comparably aged persons with normal cognitive function. In patients with Alzheimer’s disease, there is loss of nocturnal AVP secretion and an accompanying reversal of daynight urine production and nocturnal polyuria. Both the
decrease in daytime AVP release and the loss of nocturnal secretion put patients with Alzheimer’s disease at increased risk
for fluid loss and dehydration. Clinically, this can be expressed
by the high prevalence of nocturia and both daytime and nighttime urinary incontinence in patients with Alzheimer’s disease.
Detrusor instability is commonly present in patients with Alzheimer’s disease. The combination of high nighttime urine
production, decreased functional bladder volume, and cognitive impairment can readily explain why ⬎80% of institutionalized patients with Alzheimer’s disease have urinary incontinence. When there is impaired mobility as well, the underlying
factors are likely to result in near 100% presence of incontinence (Table 5).
4
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Table 5. Factors predisposing patients with Alzheimer’s
disease to nocturia and urinary incontinence
Decreased urine concentrating ability
Decreased plasma AVP and loss of circadian rhythm
Increased nocturnal urine flow rate
Decreased functional bladder volume (detrusor instability)
Diminished perception of bladder fullness
Diminished appropriate toileting behavior
Diminished mobility

Other clinical conditions that may be associated with
increased nocturnal urine production include edematous
states such as congestive heart failure, renal and hepatic
disease, and peripheral venous insufficiency, where edema
fluid may be mobilized when individuals are in the recumbent position. Osmotic diuresis, as occurs in patients with
poorly controlled diabetes mellitus and after administration
of diuretic drugs, can also lead to increased nocturnal urine
flow. Although uncommon in elderly persons, high fluid
intake states, as may be seen in patients with primary polydipsia or in individuals who ingest large fluid volumes in the
belief that doing so is beneficial, can cause nocturnal polyuria.

THERAPY OF NOCTURNAL POLYURIA SYNDROME
Hormonal

The demonstration of reduced daytime and/or nocturnal AVP
secretion in patients with nocturnal polyuria suggests that hormone replacement therapy with AVP or its potent antidiuretic
analogs may be beneficial in reversing the syndrome.11–13
Short-term treatment with 20 g of intranasal DDAVP for 2
wk results in a 25 to 40% reduction of nocturnally voided urine
with a corresponding reduction in nocturnal frequency. Prolonged treatment for 2 mo with 40 g of DDAVP daily has
shown a sustained response and a decrease in nocturnal urgency and incontinence.
Intranasal doses of DDAVP ranging from 10 to 40 g
daily were capable of producing a 10 to 50% reduction in
nocturnal urine volume in Alzheimer’s disease patients with
nocturnal incontinence. Long-term treatment of these patients with 10 g DDAVP daily has been observed to result
in restoration of nighttime continence in some individuals
(Table 6).
The use of DDAVP in the treatment of the elderly patient
with nocturia and nocturnal polyuria may be associated with
adverse effects because of water retention, especially when
DDAVP is administered in the intranasal form, with as many
as 20% of treated patients developing hyponatremia. Thus, use
of DDAVP for treatment of nocturnal polyuria should be limited to the oral preparation. In addition, DDAVP effect may be
limited by age or disease-associated impairment of renal concentrating response.
American Society of Nephrology

Table 6. Treatment of nocturnal polyuria syndrome
Hormone replacement: DDAVP (desmopressin)
Intranasal: 20–40 g
Oral: 0.1–0.4 mg
Anticholinergic agents (detrusor antispasmodics)
Oxybutynin: 2.5–5 mg, bid to qid
Oxybutynin xl: 5–30 mg once daily
Tolteradine: 2–4 mg once daily
Solifenacin: 5–10 mg once daily
Darifenacin: 7.5–15 mg once daily
Trospium: 20 mg, bid
Imipramine: 1 mg/kg body weight orally at 8:00 p.m.

CONCLUSIONS

Aging is associated with changes in the renal and hormonal
systems involved in the conservation of water and sodium. As a
consequence, there is increase in nocturnal urine production.
Concurrent age-related changes occur in the reservoir function of the bladder. The combination of increased urine production at night and decrease in functional bladder volume
results in the development of nocturnal urinary frequency and
predisposes to the development of urinary incontinence. Diminished AVP secretion in patients with Alzheimer’s disease
puts this population at even greater risk for nocturia and incontinence and the risk is further magnified by diminished
perception of bladder fullness and/or impaired mobility. The
availability of easily administered hormone replacement in the
form of intranasal or oral DDAVP opens the possibility that for
some patients there may be an effective intervention available
to reduce nocturia and urinary incontinence and the clinical
consequences associated with these disorders.

TAKE HOME POINTS
• Renal and hormonal changes of normal aging can result in increased
nocturnal urine production in healthy elderly persons
• Functional bladder volume is often decreased in elderly persons
• Increased nocturnal urine production and decreased functional bladder
volume predispose to nocturia and urinary incontinence
• Decreased nocturnal AVP production puts patients with Alzheimer’s
disease at high risk for nocturia and incontinence
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• DDAVP may be an effective intervention in management of nocturia
and incontinence in some elderly persons
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REVIEW QUESTIONS: FLUID BALANCE DISORDERS
IN THE ELDERLY
1. All of the following are normal changes of aging that can lead
to increased urine production except which one:
a. Acquired resistance to the action of antidiuretic hormone
b. Increased atrial natriuretic hormone secretion
c. Increased nocturnal antidiuretic hormone secretion
d. Impaired renal sodium conservation
e. Decreased renin-angiotensin-aldosterone secretion
2. A 73-yr-old male gives a history of nocturia twice nightly for
the past 3 yr. Your initial evaluation should include all of the
following except which one:
a. Digital rectal examination
b. Asking the patient to complete and bring in a 3-d voiding
diary
c. Taking a careful history of all prescription and nonprescription medications taken

6
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d. Initial laboratory studies to include serum electrolytes and
calcium, first voided morning urine specimen for osmolality
e. Referral to a urologist for possible cystoscopy
3. An 83-yr-old woman with dementia attributed to Alzheimer’s
disease is seen for a history of worsening urinary incontinence.
All of the following findings are likely to be present except
which one:
a. Urine volume from 7:00 p.m. to 7:00 a.m. is greater than
urine volume from 7:00 a.m. to 7:00 p.m.
b. Maximum bladder capacity is likely to be ⬎500 ml
c. Plasma level of atrial natriuretic hormone (ANH) will be
higher than the level in normal persons in the 25 to 50 yr
age range
d. Urine osmolality in a first voided morning urine specimen
is likely to be ⬍700 mOsm/kg
e. A risk of a therapeutic trial with DDAVP is the development of hyponatremia
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Chapter 18: Acute Kidney Injury in the Elderly
Mitchell H. Rosner
Division of Nephrology, University of Virginia Health System, Charlottesville, Virginia

Acute kidney injury (AKI), as defined by the precipitous decline in GFR, is frequently encountered in
the elderly. The effect of advancing age in decreasing renal reserve and the associated comorbid conditions of elderly patients increase the risk for the
development of AKI. Although studies describing
the incidence of AKI in this population are difficult
to compare because the definitions of AKI vary dramatically from study to study, it is clear that the
elderly are at the highest risk for the development of
AKI. Indeed, Feest et al.1 showed that there is a
three- to eight-fold, progressive, age-dependent increase in the frequency of development of community-acquired AKI in patients older than 60 yr of
age. The mean age of patients with AKI has increased by 5 to 15 yr over the past 25 yr.2 Groeneveld et al.3 showed that the age-related yearly incidence of AKI rose from 17 per million in adults
under age 50 yr to 949 per million in the 80 to 89 yr
age group. Although all causes of AKI are encountered in this age group, the frequency of prerenal
and postrenal etiologies is especially prevalent in
the elderly.4 Furthermore, elderly patients are more
frequently subjected to invasive procedures and exposure to multiple (and possibly nephrotoxic)
medications and to radiocontrast agents, all of
which increase the risk for AKI.

STRUCTURAL AND FUNCTIONAL
ALTERATIONS IN THE AGED KIDNEY

In the absence of a specific disease, the kidney undergoes age-dependent structural and functional
alterations leading to a significant decrease in renal
mass, functioning nephron numbers, and baseline
kidney function.5 Under normal conditions, these
changes can be functionally compensated for by adaptations in renal hemodynamics to maintain a sufficient GFR. However, in the setting of pathophysiologic challenges, the older kidney lacks sufficient
functional reserve and is more likely to develop
clinically relevant damage.6 Although it has been
American Society of Nephrology

proposed that parenchymal loss in the aging kidney
directly confers a higher susceptibility to acute
damage, this is not supported by experimental data
in which the reduction in renal mass surprisingly
protected against ischemia/reperfusion injury in a
5/6 nephrectomy model.7 Thus, cellular and molecular alterations that occur with aging may be more
important than simply a loss in nephron numbers.
Lameire et al.8 showed that, in combination with
dehydration, a disturbance in autoregulatory defense mechanisms that would normally preserve
GFR and renal blood flow can, in the elderly kidney,
lead to ischemia and AKI. One hypothesis links
blunted nitric oxide (NO) production in the elderly
kidney to an increased risk for AKI.9 For example,
studies in a rat model of gentamicin-induced AKI
show that an increased glomerular NO production
seems to protect renal function through its vasodilatory effects.10 When old and young animals are
treated with equivalent doses of gentamicin, older
animals show more severe AKI that correlates with
a blunted stimulation in NO production.10 Miura et
al.11 have also hypothesized that, in addition to alteration autoregulation, aging tubular cells may be
more vulnerable to ischemic damage because cellular antioxidant defenses decline with age as well as
the fact that tubular cells have alterations in metabolism that render them more susceptible to injury
(such as an accelerated rate of ATP depletion caused
by mitochondrial alterations).

CAUSES OF AKI IN THE ELDERLY

In the elderly, AKI is often iatrogenic and multifactorial. Elderly patients show the same spectrum for
the causes of AKI as the general population. HowCorrespondence: Mitchell H. Rosner, Division of Nephrology,
University of Virginia Health System, Box 800133, Charlottesville,
VA 22908. Phone: 434-924-2187; Fax: 434-924-5848; E-mail:
mhr9r@virginia.edu
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ever, specific differences in the incidences and presentation
make this group unique. For example, elderly patients are
more likely to have received multiple concurrent insults that
result in AKI.
Prerenal AKI

Prerenal AKI is the second most common cause of AKI in the
elderly, accounting for nearly one third of cases.12 The main
cause of prerenal AKI is decreased perfusion to the kidney.
Although many of the causes of renal hypoperfusion can be
reversed with adequate fluid replacement, others progress to
acute tubular necrosis (ATN). Interestingly, the evolution to
ATN occurs more frequently in the elderly than in younger
patients.4 Decreased perfusion to the kidney can develop from
decrease in cardiac output or effective circulating volume (sepsis, cirrhosis, nephrotic syndrome) or hypovolemia (gastrointestinal losses, bleeding, diuretic use, poor oral intake).
Dehydration is a common occurrence in the elderly, affecting nearly 1% of hospital admissions in the elderly.13 Risk factors for dehydration include acute febrile illnesses, polypharmacy (diuretics, laxatives, drugs that decrease appetite or level
of consciousness), and being bedridden. These patients often
present in AKI with significant hypernatremia and, if untreated, the condition has a very high mortality rate.14
It may be difficult to make the diagnosis of hypovolemic
AKI in the elderly because the clinical signs and symptoms of
dehydration (such as tachycardia, skin tenting) are unreliable.
Furthermore, the traditional urinary parameters for differentiating prerenal from intrinsic renal failure may simply reflect
age-related disturbances in tubular handling of sodium and
water as well as drug effects (diuretics). Thus, a high degree of
suspicion for prerenal etiologies must be entertained, and a
cautious trial of fluid therapy may be warranted. Because of the
high incidence of urinary incontinence, a foley catheter should
be placed to closely monitor urine output.

RENAL AKI

Numerous intrarenal causes of AKI can affect the elderly, of
which ATN is the most common. An exhaustive description of
these causes is beyond the scope of this chapter; however, those
causes that are more specifically relevant to the elderly population are discussed below.
Renovascular Diseases

This group of etiologies includes any cause of acute obstruction of the renal vasculature. Thus, cholesterol embolization
after intravascular procedures or surgery or rarely acute renal
artery thrombosis may lead to this syndrome of AKI. Elderly
patients, by virtue for their increased burden of atherosclerotic
vascular disease and increased need for invasive procedures,
are at heightened risk.

2
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Hemodynamically Mediated AKI

Direct interference with the protective autoregulatory mechanisms of renal blood flow and GFR may precipitate AKI. Drugs
commonly prescribed to the elderly and known to impair renal
autoregulation or to interfere with the vasodilatory capacity
include nonsteroidal anti-inflammatory agents (NSAIDs), angiotensin-converting enzyme inhibitors (ACEi). and angiotensin receptor antagonists (ARB).
Well-known risk factors for NSAID-induced AKI include
age ⬎60 yr, atherosclerotic cardiovascular disease, pre-existing
chronic kidney disease (CKD), and renal hypoperfusion states
(sodium depletion, diuretic use, cirrhosis, congestive heart
failure, hypotension, volume depletion).15 In one study,
NSAIDs accounted for 15.3% of all cases of drug-induced AKI
but accounted for ⬎25% of cases in those age ⬎65 yr.16 It
should be recognized that there is little evidence of NSAIDs
impairing renal function in otherwise healthy elderly individuals.
In the elderly, the frequency of AKI secondary to ACEi has
been estimated to vary between 6 to 38%.17 In part, this may be
to the greater incidence of significant renovascular disease in
the elderly (either bilateral renal artery stenosis, or unilateral
stenosis in a solitary functioning kidney).
Acute Tubular Necrosis

Acute tubular necrosis is the most frequent cause of AKI in the
elderly, with an incidence ranging from 25 to 87%.18 The insults that lead to this condition include nephrotoxins (aminoglycosides, radiocontrast agents), pigment-induced (rhabdomyolysis), and ischemia (sepsis, surgery). In older patients
with ATN, several chronic premorbid conditions such as congestive heart failure, hypertension, and diabetes predispose to
the development of severe tubular injury. Elderly patients
more frequently undergo significant cardiovascular surgery
(aortic aneurysm repair, bypass surgery) that is associated with
a high risk for ATN. Elderly patients are more susceptible to
serious infections and the development of sepsis and multisystem organ failure. In this setting, the development of AKI requiring dialysis has an attendant mortality of ⬎80%.19
Prevention of ATN requires careful attention to baseline
GFR. In the elderly, serum creatinine values may appear normal yet be associated with a significant decline in GFR. This
reliance on serum creatinine as a marker of renal function can
easily lead to inappropriate dosing of antibiotics and other
nephrotoxins. Thus, use of either the Cockroft-Gault or
Modification of Diet in Renal Disease (MDRD) equation to
estimate renal function is mandatory. When available, preventative strategies such as intravenous hydration before radiocontrast administration should be undertaken.20
Acute Interstitial Nephritis

Elderly patients are at increased risk secondary to the large
number of medications that they may be taking. This may include herbal supplements and other over-the-counter medications. Given the complex comorbidities of elderly patients, it
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may be difficult to make the diagnosis of acute interstitial nephritis (AIN) as the cause of AKI, and renal biopsy may be
required.
Glomerulonephritis

Elderly patients have a higher incidence of p-anti-neutrophil
cytoplasmic antibody (ANCA) and anti-glomerular basement
membrane (GBM) associated with rapidly progressive glomerulonephritis (RPGN).21 Although the same principles apply to
treatment of older adults with RPGN as with younger individuals, caution in the use of immunosuppressant medications
such as corticosteroids, cytotoxic drugs, and plasmapheresis is
warranted given a much higher risk of opportunistic infections
and complications. The relative risk of death is 5.3 times higher
in patients ⬎60 yr compared with younger patients after aggressive immunosuppression in the treatment of RPGN.22
However, because of the potential for reversing AKI in some
forms of glomerulonephritis, one should not hesitate to perform a renal biopsy if indicated. The procedure does not carry
a higher risk in the elderly.23 However, the presence of significant glomerulosclerosis and arteriosclerosis in biopsy tissue
may render the interpretation of histologic findings more difficult.

POSTRENAL AKI

In two major series, the incidence of postrenal obstructive AKI
was 7.9 and 9% in patients over 65 and 70 yr, respectively.1,4
The obstruction may be either intrinsic or extrinsic and can
occur at any level of the urinary tract. Among the causes of
lower urinary tract obstruction, the most common in males is
prostatic enlargement caused by benign prostatic hypertrophy
or carcinoma. The second most common cause in males is
urethral stricture disease often secondary to trauma. In females, the most common cause of postrenal failure is ureteral
obstruction caused by pelvic malignancy (invasive carcinoma
of the cervix). An uncommon cause of obstruction seen in the
elderly is caused by an inflammatory aortic aneurysm and can
be identified through proper imaging studies.
All elderly patients presenting with AKI require urethral
catheterization and ultrasonography to identify possible obstructive etiologies. False-negative ultrasonography is usually
only seen in those with very early obstruction or in those patients with significant retroperitoneal fibrosis that encases the
ureters and renal pelvis preventing dilation.

LABORATORY EVALUATION OF AKI IN THE
ELDERLY

The laboratory evaluation of AKI in the elderly patient is no
different than for other patients. Attention to the history and
physical examination is critical in narrowing the differential
diagnosis to potential etiologies and to specific laboratory or
American Society of Nephrology

imaging tests. As stated above, given the high prevalence of
obstructive causes for AKI in this group, ultrasonography is
mandatory. Microscopic examination of the urine for cellular
elements, casts, and crystals is also mandatory and can lead to a
proper diagnosis in a rapid, efficient manner. The finding of
pigmented granular casts in the urine is indicative of tubular
damage and supports the diagnosis of ATN. The appearance of
red blood cell casts in the urine indicates active glomerular
damage (glomerulonephritis) and warrants consideration of
whether a renal biopsy should be performed. Urine electrolytes, urine eosinophils, and serologic testing for glomerulonephritis should be used when appropriate. There are no specific
caveats for the elderly patient in this regard.

TREATMENT OF THE ELDERLY WITH AKI

In general, the treatment of AKI in the elderly follows the same
principles as for the general population. However, the decision
to initiate dialytic support in the very elderly with multiple
comorbidities and a very poor prognosis may be difficult. This
is especially true for those individuals with significant baseline
renal impairment where the likelihood of renal recovery may
be low. The decision to initiate dialysis in these patients requires a coordinated discussion with family members, consulting physicians and other care providers.

PREVENTION OF AKI IN THE ELDERLY

Given the morbidity and mortality associated with AKI, preventative strategies are clearly important. Tables 1 and 2 list
both general preventative strategies and exposure-specific
strategies that can be used in patients at risk for AKI.
Table 1. General approaches for the prevention of AKI
Avoidance of nephrotoxins
Recognition of potential nephrotoxic agents
Recognition of high risk patients and clinical settings
Avoidance of concomitant use of multiple nephrotoxins
Use of lowest dose and for shortest time possible
If applicable, monitoring of drug dose
Frequent monitoring of renal function
Maintain euvolemia
Minimization of nosocomial infection
Extracellular fluid expansion
(maintain good urine output, stable hemodynamics)
Avoid agents that impair renal blood flow autoregulation
(NSAIDS, ACE inhibitors, ARBs)
Pharmacologic interventions if applicable
Use of computer surveillance systems
Identify high risk patients and medications
Determine correct dose for GFR
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Table 2. Examples of specific renal protective strategies
Exposure
Radiocontrast agents

Aminoglycoside
antibiotics
Tumor lysis (uric acid)
Ethylene glycol
ingestion
Rhabdomyolysis
Methotrexate
Acyclovir
Calcineurin inhibitors
Amphotericin B

Strategy
Intravenous hydration (normal saline)
Intravenous sodium bicarbonate (?)
N-acetylcysteine
Vitamin C
Iso-osmolar contrast
Once-daily dosing
Monitoring of drug levels
Allopurinol/rasburicase
Intravenous hydration/urine alkalinization
Ethanol/fomepizole

• Elderly patients are at higher risk for the development of AKI
• Specific hemodynamic, metabolic, and molecular changes lead to increased susceptibility to injury in the aged kidney
• Certain causes of AKI are more common in the elderly: postrenal
obstructive disease, ischemic ATN, and hemodynamically mediated
AKI
• Multiple etiologies are often operative in the development of AKI
• Diagnostic and therapeutic issues in AKI are no different for the elderly
patient as for the general population
• The outlook for renal recovery is likely impaired in the elderly patient

DISCLOSURES
Hemodialysis
Intravenous hydration/urine alkalinization⫾
mannitol
Intravenous hydration/urine alkalinization
Intravenous hydration
Monitor drug levels ⫾ calcium-channel
blockers
Use of lipid formulation

RECOVERY OF RENAL FUNCTION AND PROGNOSIS
OF AKI IN THE ELDERLY

A recent systematic review and meta-analysis of recovery of
kidney function after AKI in the elderly has shown that recovery after AKI is approximately 28% less likely to occur when
the patient is older than 65 yr.24 Whether these results are
caused by the effects of advanced age on the kidney itself or the
increased number of comorbidities (including baseline CKD)
in the elderly is not certain. Long-term recovery is also less
likely and it is believed that AKI in elderly more often results in
CKD.24 The lower likelihood of renal recovery in the elderly
may be due to the effects of aging to impair the capacity for
kidney repair.25 The capacity for renal epithelial cell proliferation declines with aging as does the function of progenitor and
stem cells that are critical for tubular repair.25
Several other individual studies have not been able to show
that age is specifically associated with impaired renal recovery.18 Thus, in the individual patient, it may not be clear if age
is an independent predictor of a poor prognosis and other
comorbid conditions may play a more important role in driving the risk for poor outcomes.26

CONCLUSIONS

For numerous reasons, elderly patients are at higher risk for the
development of AKI, and certain causes of AKI are more commonly seen in this group. In fact, there are more often multiple
etiologies of AKI in this age group. Diagnostic approaches to
AKI should focus on the most likely etiologies. Because of multiple factors, the likelihood of complete renal recovery is impaired in this group.
4
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None.
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REVIEW QUESTIONS: ACUTE KIDNEY INJURY IN
THE ELDERLY
1. Which one of the following statements is true?
a. Serum creatinine in the elderly patient (age ⬎65 yr) is an
accurate reflection of GFR and can be used to predict the
risk for acute kidney injury
b. Aggressive immunosuppression for elderly patients with
glomerulonephritis is associated with a five-fold higher
risk of death than in younger patients
c. Acute interstitial nephritis is less commonly seen in elderly
patients than in younger cohorts.
d. The likelihood of complete renal recovery after acute kidney injury in the elderly is similar to that in the general
population
e. The diagnostic ability of granular, pigmented casts for
acute tubular necrosis is poor in the elderly patient
2. A 76-yr-old male presents to the emergency department with
complaints of lethargy and fatigue. Laboratory work reveals a
serum creatinine of 6.5 mg/dl, blood urea nitrogen of 104 mg/
dl, and serum electrolytes are within normal limits. Recent
history reveals that he just began furosemide 40 mg daily for
complaints of dyspnea on exertion. Prior laboratory work 1 wk
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ago was notable for a serum creatinine of 1.9 mg/dl (baseline
value). Which one of the following steps is indicated in the
further evaluation of acute kidney injury in this patient?
a. Renal biopsy
b. Urine electrolytes and calculation of fractional excretion
of sodium
c. Urgent initiation of hemodialysis
d. Intravenous hydration with normal saline at a rate of 500
ml/h
e. Placement of a foley catheter and urgent renal ultrasound
3. Which statement regarding recovery of renal function after
acute kidney injury in the elderly is correct?
a. The prognosis for renal recovery in the elderly is similar to
that of the general population
b. Renal function never recovers to baseline after an episode
of acute kidney injury in the elderly
c. The capacity for renal epithelial cell proliferation declines
with aging as does the function of progenitor and stem
cells that are critical for tubular repair
d. Elderly patients with acute kidney injury have a 60%
higher rate than the general population of requiring longterm dialysis
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Chapter 19: Nocturia in Elderly Persons and Nocturnal
Polyuria
Dean A. Kujubu
Department of Medicine, UCLA School of Medicine, Kaiser Permanente Los Angeles Medical Center, Los Angeles,
California

Nocturia is defined by the International Continence Society as the interruption of sleep one or
more times at night to void.1 Although nocturia is
relatively uncommon among younger adults, by 80
yr of age, the prevalence rises to 80 to 90% in both
men and women.2 The presence of nocturia disrupts sleep, leading to daytime somnolence, depressive symptoms, cognitive dysfunction, and a reduced sense of well being and quality of life.3
Moreover, nocturia is associated with an increased
risk morbidity and even mortality.4,5

PATHYPHYSIOLOGY

Although it is commonly assumed that nocturia in
the elderly is primarily a urologic problem, such
thinking is inaccurate. The pathophysiology of nocturia in the elderly involves the complex interplay of
several factors.6 Age-related changes in the urinary
system and in renal function occur. Sleep itself has
effects on renal function. Sleeping patterns and
sleep architecture change with aging. Finally, disease states and medications may affect the urinary
system, sleep architecture, and renal function.
Common causes of nocturia in the elderly are listed
in Table 1.

SYNDROME OF NOCTURNAL POLYURIA

Nocturnal polyuria is a syndrome where the usual
day to night ratio of urine production is altered.7 In
patients with nocturnal polyuria, ⬎33% of the total
daily urine output occurs at night, although the
daily total urine output remains normal. A careful
voiding diary, incorporating measurements of
voided volumes, is essential to make the diagnosis.
Common causes of nocturnal polyuria are listed in
Table 2.
American Society of Nephrology

Conditions such as congestive heart failure, nephrotic syndrome, autonomic neuropathy, and venous insufficiency lead to interstitial edema formation during the day. Mobilization of the
accumulated interstitial fluid while recumbent results in nocturia. Obstructive sleep apnea is associated with excessive atrial natriuretic peptide production. Neurologic dieases, such as Alzheimer’s
disease and Parkinson’s disease, are associated with
alterations in the diurnal secretory pattern of neurohormones, such as natriuretic peptides and antidiuretic hormone. Patients with chronic kidney disease are unable to maximally concentrate their
urine and often must void at night.
In many cases, the cause of nocturnal polyuria is
undefined. In idiopathic nocturnal polyuria, Asplund and Aberg8 suggested that anti-diuretic hormone (ADH) levels, which are typically elevated
during sleep, are abnormally low in these individuals. This finding is not universally seen, however,
particularly among women.9 Furthermore, a relative nocturnal deficiency of ADH fails to explain the
altered diurnal excretion patterns of sodium and
nonelectrolyte solutes that occur among these individuals. In some individuals with nocturnal polyuria, diurnal variation in GFR is absent or even reversed, such that creatinine and sodium excretion
rates are higher at night than during the day.10 Some
investigators suggest that these increases are associated with higher night-time BP or the “nondipping” phenotype.11
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School of Medicine, Kaiser Permanente Los Angeles Medical
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Table 1. Common causes of nocturia in the elderly
Bladder dysfunction
Bladder outlet obstruction (caused by, for example, benign
prostatic hyperplasia)
Severe detrusor dysfunction/large residual urine volume
Detrusor overactivity
Urinary tract infection
Decreased functional bladder capacity
Bladder tumor or bladder stones
Pelvic floor laxity (caused by, for example, cystocoele, uterine
prolapse)
Excessive nocturnal urine production
Edema-forming states (e.g., congestive heart failure, nephrosis)
Obstructive sleep apnea
Neurodegenerative conditions (e.g., Parkinson’s disease,
Alzheimer’s disease)
Diabetes mellitus and diabetes insipidus
Hypokalemia and hypercalcemia (causing nephrogenic diabetes
insipidus)
Drugs (diuretics, calcium channel blockers, caffeine, alcohol,
SSRI)
Chronic kidney disease
Autonomic neuropathy and venous stasis
Excessive fluid intake
Idiopathic nocturnal polyuria (possibly caused by deficient
nocturnal ADH secretion)

EVALUATION

The evaluation of a patient with nocturia is outlined in Table 3.
A careful history and physical examination provide clues to the
etiology of nocturia. A weakened urinary stream, hesitancy,
and a sense of incomplete voiding suggest bladder outlet obstruction. Frequency, urgency, and bladder spasms suggest
bladder irritation, perhaps caused by infection. Gross hematuria might indicate a bladder tumor or stones. The presence of
concurrent diseases and the use of medications such as diuretics, calcium channel blockers, and selective serotonin reuptake
inhibitors (SSRIs), and habits such as excessive intake of fluids,
alcohol, and caffeine are also important to note.
On physical examination, orthostatic vital signs should be
assessed. Evidence of edema-forming states, including venous
insufficiency, should be sought. Abdominal examination and a
careful genitourinary examination should be performed to detect prostatic enlargement in men, pelvic floor laxity in
women, bladder outlet obstruction—as manifest by a large
postvoid residual urine volume— or evidence of neurologic
Table 2. Causes of the syndrome of nocturnal polyuria
Congestive heart failure
Obstructive sleep apnea
Nephrotic syndrome
Autonomic neuropathy
Chronic kidney disease
Venous insufficiency
Neurologic diseases (Parkinson’s disease, Alzheimer’s disease)
Idiopathic
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Table 3. Evaluation of nocturia in the elderly
History: including medications, comorbid conditions
Physical examination: orthostatic vital signs, complete exam
including abdominal and genitourinary exams
Laboratory studies: electrolytes, calcium, renal function, glucose,
urinalysis
Other studies: post void residual volume, urinary flow studies,
voiding diary
Other studies to be considered: urine culture, polysomnogram,
24-h ambulatory blood pressure monitor, urodynamic evaluation

deficits related to the sacral nerve roots, including sensory deficits, poor sphincter tone, or absent anal wink reflex.
Initial laboratory testing should include assessment of renal
function, blood glucose and electrolytes, serum calcium, and
urinalysis (incorporating microscopic examination of the
urine). If symptoms suggest infection, a urine culture should
be obtained. Urinary flow rate and postvoid residual urine volume should also be assessed. The patient should be requested
to keep a careful voiding diary for 3 d. The volume and time of
each void, as well as whether or not the voiding episode disrupted sleep, should be noted. If bladder dysfunction or bladder outlet obstruction is suspected, detailed urodynamic evaluation may be indicated. A polysomnogram may be indicated
if symptoms suggest obstructive sleep apnea. A 24-h ambulatory BP recording can be considered to ascertain the presence
of nondipping at night.

TREATMENT OF NOCTURIA IN THE ELDERLY

Treatment for nocturia in the elderly is outlined in Table 4.
Simple maneuvers, such as reducing fluid intake for 6 h before
recumbency, are usually not successful. Compression stockings, phototherapy, and pelvic floor exercises can be tried.
Phototherapy is thought to reset the normal circadian rhythm
Table 4. Treatment of nocturia in the elderly
Nonpharmacologic
Reducing fluid intake 6 h before recumbency
Reduce caffeine and alcohol intake
Dried fruit
Compression stockings
Biofeedback, bladder/pelvic floor exercises
Phototherapy
Continuous positive airway pressure (for obstructive
sleep apnea)
Neuromodulation
Pharmacologic
Alpha adrenergic blockers, 5-␣-reductase inhibitors
Estrogen creams, hormone replacement
Nonsteroidal anti-inflammatory agents
Melatonin
Imipramine
Anticholineric agents
Loop diuretics
Desmopressin
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that is disrupted in patients with nocturia. Continuous positive
airway pressure for obstructive sleep apnea improves nocturia
in anecdotal cases.
Double-blind, placebo-controlled studies have been performed examining various pharmacologic measures in the
treatment of nocturia. Most of the studies are small and are of
short-term duration. The administration of loop diuretics
timed 6 to 10 h before recumbency, which induces a mildly
hypovolemic state, can be tried but is usually not successful.
The most extensive studies have been performed using desmopressin, a synthetic analog of anti-diuretic hormone. Multicenter, double-blind, placebo-controlled trials of oral desmopressin in both men and women have shown a reduction in
nocturnal voiding among patients with nocturnal polyuria
during a 10- to 12-mo follow-up.12 Adverse effects— headache, nausea, dizziness, and peripheral edema—were seen in
⬍5 to 10% of cases. Hyponatremia was seen in 14% of patients
but was asymptomatic and mild in most cases. Although adverse effects seen in these trials were few, several anecdotal
cases of severe symptomatic hyponatremia with desmopressin
have since been reported especially when used in the elderly. In
December 2007, the FDA issued a warning on the use of desmopressin.13
In those who fail pharmacologic therapy, electrical neuromodulation of the sacral nerves using either transcutaneous or
implantable electrodes has been used in patients with detrusor
overactivity with some success.14
CONCLUSIONS

Nocturia in the elderly is a common condition associated with
increased morbidity and mortality. Nocturia results from the
complex interplay of age-related changes in the urinary system,
renal function, sleeping patterns, concurrent disease states,
habits, and medications. Appropriate treatment requires identifying the correct underlying pathophysiologic cause of nocturia in a given patient. The syndrome of nocturnal polyuria, a
frequent cause of nocturia among the elderly, may result from
decreased nocturnal secretion of antidiuretic hormone. Several treatments options are available for nocturia in the elderly,
depending on the underlying cause.
TAKE HOME POINTS
• Nocturia is a common condition in individuals ⬎60 yr old and is associated with morbidity and mortality
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•
•
•
•

Voiding diaries are essential for diagnosis
Consider alternative diagnoses
Management of nocturia is frequently nonsurgical
Several therapeutic options are available
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REVIEW QUESTIONS: NOCTURIA IN ELDERLY
PERSONS AND NOCTURNAL POLYURIA
1. Which of the following is most correct regarding nocturia in
the elderly?
a. The majority of cases are due to urologic issues
b. It disrupts quality of life but has no effects on morbidity or
mortality
c. Its prevalence increases to 80 to 90% among those 80 yr old
and older
d. Chronic kidney disease is associated with decreased urine
output
2. Which of these is NOT associated with nocturia in the elderly?
a. Detrusor overactivity
b. Hypercalemia
c. Neurodegenerative conditions
d. Syndrome of inappropriate antidiuretic hormone
3. Which of the following is most correct regarding the syndrome
of nocturnal polyuria?
a. Oral loop diuretics taken 6 to 10 h before recumbency
reduce nocturnal urinary frequency
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b. Nocturnal antidiuretic hormone secretion is decreased in
all cases
c. Oral desmopressin is both ineffective and potentially dangerous
d. Continuous positive airway pressure (CPAP) may help
obstructive sleep apnea but has no effect on nocturnal
polyuria
4. All of the following are causes of the syndrome of nocturnal
polyuria EXCEPT:
a. Congestive heart failure
b. Venous insufficiency
c. Autonomic dysfunction
d. Acute use of nonsteriodal anti-inflammatory drugs
5. All of the following treatment options have been used for nocturia in the elderly EXCEPT:
a. Neuromodulation
b. Phototherapy
c. Biofeedback
d. Calcium channel blockers
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Chapter 20: Hemodialysis in Elderly Patients
Seth Wright
Beth Israel Deaconess Medical Center, Boston, Massachusetts

When dialysis was a scarce resource worldwide, patients of advanced age were often excluded. However, this has changed dramatically. Hemodialysis
(HD) of elderly patients has become routine, just as
selected nonagenarians and centenarians now undergo invasive procedures such as coronary bypass
or valve repair. As a consequence of the aging of the
dialysis population, new issues have emerged. HD
in elderly and very elderly patients has important
differences from younger patients, and an understanding of these issues is critical in effectively guiding their care.
Before summarizing the available data, there is
an important caution that applies to many studies
describing elderly patients. Until recently, many
studies used a cut-off of 65 yr old (or even younger)
as a definition of elderly, grouping all patients over
that age. However, the medical and social issues are
clearly very different for a patient in her late 60s in
comparison to another in her late 90s. Attention to
the age of the study group is important when considering how study results might apply to an individual patient.

EPIDEMIOLOGY

Older patients are now the rule rather than the exception in HD. According to USRDS data from
2006, nearly one half of incident dialysis patients in
the United States are senior citizens, with the median age at dialysis initiation at 64.4 yr old.1 Furthermore, the elderly are the fastest-growing group
of incident dialysis patients, meaning that this median age will continue to increase.2,3 Nearly all of
these elderly patients employ HD, with only 3 to 5%
using peritoneal dialysis (PD).
The rapid growth in this population will presumably be accompanied by a rise in per-patient
dialysis expenditures, because costs for HD in a person over 65 yr average 10 to 35% more than for a
person under 65.
American Society of Nephrology

WHAT IS THE LIFE EXPECTANCY OF
ELDERLY HD PATIENTS?

Unsurprisingly, mortality is considerably higher for
elderly patients on dialysis than for elderly patients
who are not. For example, the actuarial life expectancy of a 75-yr-old patient on dialysis is approximately 3 yr, as opposed to 11 yr for one not on
dialysis.1 A Canadian database study from the late
1990s found that patients older than 75 had survival
at 1 and 5 yr of 69.0 and 20.3%, respectively, after
HD initiation.4 For the very old, such as those 90 yr
and older when starting dialysis, survival is ⬍50%
at 1 yr.3
However, it is important to note that survival is
influenced strongly by comorbidities such as vascular disease and cardiac disease. Once these are taken
into account, the age of elderly patients is not an
independent risk factor for increased mortality in
some models.5 This is consistent with the approach
that the characteristics of an individual patient are
more important than numerical age. Dialysis
should not be withheld on the basis of age alone if
otherwise appropriate.

WHEN SHOULD HD BE INITIATED IN THE
ELDERLY AND WHAT MORTALITY BENEFIT
DOES IT CONFER?

The ideal timing of dialysis initiation for slowly progressive chronic kidney disease (CKD) in the elderly
is not known, and this is likely to remain uncertain
given the impossibility of randomization. For now,
there are no criteria that are specifically tailored for
elderly patients. In practice, elderly patients are actually started at a higher level of remaining kidney
function than younger patients, although selection
Correspondence: Seth Wright, Beth Israel Deaconess Medical
Center, 330 Brookline Avenue, DA 517, Boston, MA 02215. Email: swright3@bidmc.harvard.edu
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bias and errors in estimating GFR presumably confound this.6
In addition, as time goes on, the trend is for elderly patients to
be initiated at earlier and earlier stages of kidney dysfunction.3
This will likely complicate comparisons between studies because some of these new patients being started on dialysis
would have died before starting dialysis in prior years.
There are no randomized trials to assess the benefit of HD in
the elderly once initiated. It is reasonable to conjecture that the
benefit of dialysis might be limited when the risk of death from
other causes is high. One registry study found that older patients with advanced CKD were more likely to die than to have
dialysis, although it is unclear how many declined dialysis.7
Another study in the United Kingdom followed a cohort of
elderly patients who were offered dialysis when estimated GFR
fell below 15 ml/min per 1.73 m2. The patients who accepted
dialysis lived longer than those who declined it, but notably
this difference was not found in those who had the highest
comorbidities.8 Selection bias and small sample size prohibit
general conclusions from this study.

HOW DOES HD COMPARE WITH PD IN ELDERLY
PATIENTS?

As noted, only about 4% of elderly dialysis patients in the
United States use PD. The rationale for this is not clear, because
the proportion is much higher in other countries. Quality of
life and mortality seem to be about the same between HD and
PD in this age group in several studies,9,10 although selection
bias may confound this and others have found that subgroups
(such as diabetics) may do better with HD.11 A recent study
reported poorer long-term survival among older patients on
PD than on HD. However, this study defined old rather liberally as ⬎60 yr of age, and differences between modalities only
appeared several years after initiation.12
Overall, differences are not likely to be large. PD is likely an
underused modality13 and should still be offered freely to elderly patients. This topic is discussed in more detail in a separate chapter.

WHAT IS THE OPTIMAL VASCULAR ACCESS
STRATEGY?

There are several concerns regarding vascular access in the elderly, particularly that applying guidelines designed for the
general population may lead to unnecessary procedures.14 As
in younger patients, the observation remains that catheters are
definitely associated with higher mortality than other types of
access. Unfortunately, the data on other aspects of vascular
access in elderly patients are conflicting, with studies not
reaching consensus on the preferred location or type of access.
This topic is discussed in more detail in a separate chapter.
2
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WHAT FACTORS INFLUENCE QUALITY OF LIFE FOR
ELDERLY PATIENTS ON HD?

Independent of mortality, quality of life is an important factor
in decisions regarding HD in elderly patients. One survey
found that most elderly patients would elect dialysis if offered
but that relief of symptoms was a major goal rather than survival alone.15 Overall, patients on HD rate their quality of life as
poorer than age-matched controls.16 This difference may be
particularly dramatic for the elderly, who are at more risk of
intradialytic hypotension17 and may be more exhausted by a
dialysis session. These issues do not mean that dialysis is contraindicated in elderly patients, but they are factors that need to
be weighed in decisionmaking.
Traveling to an HD unit can be extremely time consuming,
especially if independent driving is no longer an option. Furthermore, patients who depend on public or ambulance transportation rather than a car have poorer quality-of-life measures18 and survival. Home HD addresses this issue but is
relatively rare.
Overall, the prevalence of functional impairment is high in
elderly dialysis patients. Patients on HD have a higher incidence of cognitive impairment than similarly aged patients
with less severe CKD.19,20 Almost all have some sort of functional disability.21 Of particular concern is a lack of independent mobility, which is associated with a higher death rate.3
Hospitalization rates are high, with approximately 2 hospitalizations/yr; however, this is not appreciably different from
that seen in younger dialysis patients,1 although the duration of
stay may be longer.

WITHDRAWAL FROM HD

Sometimes HD in elderly patients is initiated with the understanding that it is a time-limited trial. Even if this is not the
case, elderly HD patients are in general quite ill, and consideration should be given to the possibility of a short lifespan. It is
worth noting that being on HD is associated with poor outcomes after cardiopulmonary resuscitation: in one series, only
8% of dialysis patients receiving CPR survived to hospital discharge and only 3% were alive 6 mo later.22
About 30% of patients aged 75 and over withdraw from
their dialysis at the end of life.1 On the other hand, withdrawal
may not be required even when undergoing palliative care.
Medicare hospice benefits apply to patients who continue on
HD as long as the imminent cause of death is nonrenal, although the details of availability vary locally.23,24

TAKE HOME POINTS
• The elderly dialysis population is growing, and nearly all use HD as a
modality
• HD is not substantially different from PD in outcomes and both should
be offered
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• The mortality benefit of initiating HD is likely reduced in patients with
the most comorbidities
• Life expectancy is short for many elderly patients after dialysis initiation,
but this varies widely and is based more on comorbidities than on
numerical age

10.

11.

DISCLOSURES
None.
12.

REFERENCES
*Key References
1. U.S. Renal Data System: USRDS 2008 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States. Bethesda, MD, National Institute of Diabetes and Digestive
and Kidney Diseases, 2008*
2. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS: Prevalence of
chronic kidney disease and decreased kidney function in the adult US
population: Third National Health and Nutrition Examination Survey.
Am J Kidney Dis 41: 1–12, 2003
3. Kurella M, Covinsky KE, Collins AJ, Chertow GM: Octogenarians and
nonagenarians starting dialysis in the United States. Ann Intern Med
146: 177–183, 2007*
4. Jassal SV, Trpeski L, Zhu N, Fenton S, Hemmelgarn B: Changes in
survival among elderly patients initiating dialysis from 1990 to 1999.
CMAJ 177: 1033–1038, 2007
5. Couchoud C, Labeeuw M, Moranne O, Allot V, Esnault V, Frimat L,
Stengel B; for the French Renal Epidemiology and Information Network (REIN) registry: A clinical score to predict 6-month prognosis in
elderly patients starting dialysis for end-stage renal disease. Nephrol
Dial Transplant (in press)*
6. U.S. Renal Data System: USRDS 2000 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States. Bethesda, MD, National Institute of Diabetes and Digestive
and Kidney Diseases, 2000
7. O’Hare AM, Choi AI, Bertenthal D, Bacchetti P, Garg AX, Kaufman JS,
Walter LC, Mehta KM, Steinman MA, Allon M, McClellan WM, Landefeld CS: Age affects outcomes in chronic kidney disease. J Am Soc
Nephrol 18: 2758 –2765, 2007*
8. Murtagh FE, Marsh JE, Donohoe P, Ekbal NJ, Sheerin NS, Harris FE:
Dialysis or not? A comparative survival study of patients over 75 years
with chronic kidney disease stage 5. Nephrol Dial Transplant 22:
1955–1962, 2007
9. Lamping DL, Constantinovici N, Roderick P, Normand C, Henderson L,
Harris S, Brown E, Gruen R, Victor C: Clinical outcomes, quality of life,

American Society of Nephrology

13.

14.

15.

16.

17.
18.

19.
20.

21.
22.
23.
24.

and costs in the North Thames Dialysis Study of elderly people on
dialysis: a prospective cohort study. Lancet 356: 1543–1550, 2000
Selgas R, Cirugeda A, Fernandez-Perpén A, Sánchez-Tomero JA, Barril G, Alvarez V, Bajo MA: Comparisons of hemodialysis and CAPD in
patients over 65 years of age: a meta-analysis. Int Urol Nephrol 33:
259 –264, 2001
Winkelmayer WC, Glynn RJ, Mittleman MA, Levin R, Pliskin JS, Avorn
J: Comparing mortality of elderly patients on hemodialysis versus
peritoneal dialysis: a propensity score approach. J Am Soc Nephrol
13: 2353–2362, 2002
McDonald SP, Marshall MR, Johnson DW, Polkinghorne KR: Relationship between dialysis modality and mortality. J Am Soc Nephrol 20:
155–163, 2009
Harris SA, Lamping DL, Brown EA, Constantinovici N; North Thames
Dialysis Study (NTDS) Group: Clinical outcomes and quality of life in
elderly patients on peritoneal dialysis versus hemodialysis. Perit Dial
Int 22: 463– 470, 2002
O’Hare AM, Bertenthal D, Walter LC, Garg AX, Covinsky K, Kaufman
JS, Rodriguez RA, Allon M: When to refer patients with chronic kidney
disease for vascular access surgery: should age be a consideration?
Kidney Int 71: 555–561, 2007
Ahmed S, Addicott C, Qureshi M, Pendleton N, Clague JE, Horan MA:
Opinions of elderly people on treatment for end-stage renal disease.
Gerontology 45: 156 –159, 1999
Evans RW, Manninen DL, Garrison LP Jr, Hart LG, Blagg CR, Gutman
RA, Hull AR, Lowrie EG: The quality of life of patients with end-stage
renal disease. N Engl J Med 312: 553–559, 1985
Davenport A: Intradialytic complications during hemodialysis. Hemodial Int 10: 162–167, 2006
Moist LM, Bragg-Gresham JL, Pisoni RL, Saran R, Akiba T, Jacobson
SH, Fukuhara S, Mapes DL, Rayner HC, Saito A, Port FK: Travel time to
dialysis as a predictor of health-related quality of life, adherence, and
mortality: the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Am J Kidney Dis 51: 641– 650, 2008
Kurella M, Chertow GM, Luan J, Yaffe K: Cognitive impairment in
chronic kidney disease. J Am Geriatr Soc 52: 1863–1869, 2004
Murray AM, Tupper DE, Knopman DS, Gilbertson DT, Pederson SL, Li
S, Smith GE, Hochhalter AK, Collins AJ, Kane RL: Cognitive impairment in hemodialysis patients is common. Neurology 67: 216 –223,
2006
Cook WL, Jassal SV: Functional dependencies among the elderly on
hemodialysis. Kidney Int 73: 1289 –1295, 2008
Moss AH, Holley JL, Upton MB: Outcomes of cardiopulmonary resuscitation in dialysis patients. J Am Soc Nephrol 3: 1238 –1243, 1992
Wright AA, Katz IT: Letting go of the rope–aggressive treatment,
hospice care, and open access. N Engl J Med 357: 324 –327, 2007
Thompson KF, Bhargava J, Bachelder R, Bova-Collis R, Moss AH:
Hospice and ESRD: knowledge deficits and underutilization of program benefits. Nephrol Nurs J 35: 461– 466, 2008

Geriatric Nephrology Curriculum

3

REVIEW QUESTIONS: HEMODIALYSIS IN ELDERLY
PATIENTS
1. Hemodialysis initiation in the elderly:
a. Generally occurs at a later stage of kidney disease (lower
eGFR) than in younger patients
b. Has leveled off in rate, after an increase over the last 10 yr
c. Is being started earlier (i.e., at higher eGFRs) than in the
past
d. Is governed by specific KDOQI guidelines covering this
age group
2. Elderly patients on hemodialysis:
a. If over 90 yr old, are likely to survive less than 1 yr
b. If 75 or older, on average live 3 yr
c. Have life expectancy governed more strongly by comorbidities than by numerical age
d. Have life expectancies much less than elderly patients not
on dialysis
e. c and d
f. All of the above
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3. Regarding quality of life and disabilities for the elderly on hemodialysis:
a. Hemodialysis is associated with a high incidence of cognitive dysfunction
b. Approximately 15% of elderly hemodialysis patients have
some sort of functional disability
c. Travel time to dialysis centers is not associated with decreased quality-of-life ratings
d. Hospitalization rate is approximately double that of nonelderly dialysis patients
4. Which of the following is true for elderly patients?
a. Hemodialysis is associated with shorter survival than peritoneal dialysis in observational studies
b. More than 95% of elderly patients use hemodialysis as
their dialysis modality in the United States
c. Unlike in younger patients, catheters are not associated
with worsened mortality compared with other access types
d. Dialysis must be discontinued for a patient to be eligible
for hospice
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Chapter 21: Vascular Access for Hemodialysis in the
Elderly
Seth Wright and John Danziger
Beth Israel Deaconess Medical Center, Boston, Massachusetts

All types of hemodialysis access are potentially
problematic in elderly persons. Fistulas or grafts
can be difficult to initiate because of atherosclerosis
and prior vascular damage and additionally pose a
risk of causing distal ischemia. In patients with
heart failure, the extra cardiac load of an arteriovenous shunt might raise concern. Last, in some
cases, the maturity time for a fistula may exceed the
lifespan of the patient, and therefore, placing one
exposes the patient to a procedure for no benefit.
Although catheters are simpler to initiate, elderly
patients are also at higher risk of death from infection or other complications associated with them
than are younger patients.

EPIDEMIOLOGY AND BACKGROUND

Despite these disadvantages, most elderly patients
treated for end-stage kidney disease (ESKD) in the
United States are on hemodialysis and therefore require one of these options. This situation has arisen
because there are limited alternatives. For one, renal
transplantation in patients over 65 is relatively uncommon. Furthermore, peritoneal dialysis is rarely
used in the elderly in the United States, representing
only about 4% of the dialysis patients over 70. This
tiny rate is far less than in other countries and likely
represents underuse, but it is nevertheless continuing to decrease.
The vast majority of these accesses are central
venous catheters: for patients over 75, the rate of
catheter use is nearly 85% at the time of dialysis
initiation. One study examining dialysis patients 65
to 75 and ⬎75 yr of age found that even 3 mo after
starting dialysis, two thirds were still using a catheter.1
KDOQI recommendations for vascular access
do not differentiate between younger and older patients, so under the current “fistula first” approach—including the advent of quality measures
American Society of Nephrology

that promote fistulas—the rate of fistula placement
in the elderly has been rising. It is uncertain whether
this approach will improve long-term patient survival or morbidity. There is some evidence that
more aggressive fistula placement is being accompanied by a greater failure rate.2 Despite this general
trend, it is important to keep in mind that KDOQI
also advises tailoring the vascular access options for
the individual patient.3 As will be detailed below,
this is particularly important for the elderly patient
in whom the risk/benefit balance of interventions
may be less well defined.
Before exploring the issues of vascular access for
elderly patients in more detail, there is one important caveat. The definition of “elderly” is not consistent among various studies, making comparisons
difficult. Most studies have used 65 yr old as a cutoff. However, this is somewhat unsatisfying, because the issues facing a patient in his or her 60s may
be quite different from those facing an octogenarian. Only recently have some studies begun to examine differences specifically in the “older old.”

WHAT IS THE PREFERRED ACCESS IN AN
OLDER PATIENT?

There are no randomized trials to answer this question definitively. Older patients have shorter life expectancies and more comorbidities, so one might
speculate that there is less opportunity to realize a
benefit from a fistula. However, the limited data
available from observational studies show a mortality pattern that favors fistulas in the elderly, just as
in younger patients. Specifically, in patients over 67
yr old, fistulas are associated with lower death rates
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than grafts or catheters, with catheters having by far the worst
outcome (HR 1.70).4 This implies that fistulas are preferred,
but it is difficult to draw firm conclusions because these are
observational data. It is likely that fistula placement is also
acting as a marker that identifies healthier patients. Furthermore, these data reflect only the situation in which a fistula has
already been placed, has matured, and is being used for access.
The lack of prospective data makes it difficult to offer definitive
practice guidelines. With that as a caveat, however, existing
clinical data can still provide guidance to help choose the appropriate access for elderly patients.

WHAT IS THE NATURAL HISTORY OF A NEWLY
CREATED FISTULA IN AN OLDER PATIENT?

One approach to better understand this question is to examine
the natural history of each kind of access. Some studies suggest
that age is a risk factor for a nonmaturing fistula. The REDUCE-FTM I study found that age ⬎65 doubled the risk of
nonmaturity within 6 mo of placement,5 perhaps not surprisingly given the higher rates of atherosclerotic disease in older
patients. A recent large meta-analysis reached similar conclusions, suggesting that elderly patients were 70% more likely to
have failure of fistulas at 1 yr compared with younger patients.6
This meta-analysis has been criticized for including studies
with variable age cut-offs, although in practice these findings
do not seem to have been driven by any particular study.
However, other studies suggest that there is no difference in
fistula survival in the elderly. A recent large retrospective cohort study of patients referred for fistulas, dividing patients
into ages ⬍65, 65 to 79, and ⱖ80 yr, found no difference between any of the age groups in fistula patency at 1 yr.7 It should
be noted that the overall fistula success rate in this study was
low, with only 50% of patients actually using their access at 1 yr
without major revision, but nevertheless, this suggests that age
is not an important factor.
How can we resolve these conflicting studies? Because there
was no randomization, all of these studies only included patients in whom fistulas were placed. Furthermore, there may
have been variable aggressiveness on the part of surgeons and
referring physicians that may have affected outcomes. In support of the latter is the observation that the death rates reported
were lower than for dialysis patients in general, suggesting
some selection bias.
Overall, it seems that under some circumstances fistulas
work just as well in selected elderly patients as in younger patients. However, this is not a universal finding, and the balance
of the evidence suggests that elderly patients contemplating a
fistula should be prepared for a somewhat lower success rate
and a longer time to maturity. Independent of differences between age groups, even in the best circumstances there is a
moderate likelihood that a fistula will not be working 1 yr after
placement, which may affect a recommendation to a patient
2
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who has a short life expectancy or who is averse to invasive
procedures.

IF IT IS TO BE PLACED, WHERE SHOULD THE
FISTULA BE LOCATED?

This is also a matter of current debate. In younger patients,
there is a preference for a distal-to-proximal fistula placement,
with the intent being to preserve long-term dialysis options.
However, an elderly patient with multiple comorbidities may
not live long enough for the exhaustion of dialysis sites to be
relevant. Because there have been some studies showing that
the most distal location (radiocephalic) has a lower success rate
in the elderly than brachiocephalic fistulas (e.g., 81 versus 66%
patency at 1 yr), the possibility of starting with an upper-arm
fistula has been raised.6,8 However, there are conflicting studies
that find no difference between locations in elderly patients,7
and in the absence of consensus, no firm conclusion can be
drawn.
A reasonable approach is to have a low threshold for attempting an upper arm fistula in an elderly patient if the radiocephalic site is complicated and life expectancy is not likely to
be limited by the need for multiple dialysis sites.

ARE GRAFTS ASSOCIATED WITH DIFFERENT
OUTCOMES THAN FISTULAS?

In the general dialysis population, fistulas are currently preferred over grafts on the basis of patency and complication
issues. However, in elderly patients specifically, one observational study failed to find a difference between fistulas and
grafts in rates of intervention or mortality.9 Another observational study found a modest mortality benefit associated with
fistulas over synthetic grafts (mortality HR 1.16) but not over
autologous vein grafts.4
Therefore, it seems that fistulas are still the first choice in
elderly patients but that grafts may be an acceptable alternative
when obstacles arise. The combination of an overall shortened
expected life survival in elderly compared with younger patients further challenges the notion of fistula before graft. In
addition, the ability to use grafts soon after placement minimizes the duration of catheter exposure, potentially decreasing
the infectious risks. These considerations might suggest a strategy of a more liberal use of grafts in elderly patients. However,
such an approach remains untested.

WHAT MEDICATIONS IMPROVE THE PATENCY RATE
OF GRAFTS OR FISTULAS?

There are no trials that address this in elderly patients in particular. In the general population, contrary to what might be
assumed, the use of antiplatelet agents or anticoagulants for
American Society of Nephrology

other medical purposes has not been found to be associated
with improved access patency and is likely applicable to the
elderly as well.10 Furthermore, given the high risks associated
with anticoagulation in the elderly, there is little support for
anticoagulation solely for maintenance of a vascular access.

IS CONGESTIVE HEART FAILURE A
CONTRAINDICATION TO A GRAFT OR FISTULA?

Looking at all patients, the rate of high-output congestive heart
failure (CHF) is increased in patients with fistula blood flows
⬎2 L/min, particularly with an upper arm fistula.11 However,
in dialysis patients ⬎65 yr old and with diagnosed heart failure,
the death rate from cardiac causes was not higher in those with
a fistula compared with a catheter. Although this is observational, this suggests that in general the diagnosis of heart failure
should not prevent a fistula from being considered.12

WHAT IS THE ROLE OF A CENTRAL VENOUS
CATHETER?

As noted, catheters are associated with higher mortality in elderly patients, and from a medical standpoint should be
avoided when there are alternatives. However, observationally,
they are by far the most common access type in this group,
indicating a gap between this principle and actual practice.
One issue is that there seem to be considerable obstacles in
transitioning from catheters to more permanent types of access. One study showed that the chance of graduating from a
catheter to a fistula or graft within 90 d is half as great in patients over 70 yr old compared with those under 50.1
This may be related to the increased difficulty of developing
a usable alternative in these patients. However, this could also
be driven by provider or patient opinion that there is limited
usefulness of placing an arteriovenous fistula in the face of
other life issues. Given the clear advantage of the fistula over
the catheter even in the elderly, this medical rationale should
be reserved for cases where the certainty of short survival is
high.
It is important to keep in mind that, from the patient perspective, catheters have the advantage of being the least invasive procedure. This may be relevant to decisions regarding
aggressiveness of care. For example, a catheter may be the preferred initial access for an older patient who wishes to have a
time-limited trial of dialysis before deciding whether to continue indefinitely.

CONCLUSIONS

A high proportion of elderly persons use catheters rather than
grafts or fistulas despite the observation that catheters are associated with worse outcomes in this population. Fistulas may
American Society of Nephrology

be assumed to be superior to grafts, although this has not yet
been shown definitively in the elderly, and either could be acceptable depending on the individual. There is likely reduced
fistula maturity and patency compared with younger populations, but this may not apply to selected patients. Given the lack
of randomized trials, there is not—and likely will not be—a
consensus on how the algorithm of developing access should
be different for elderly patients. The data above suggest some
important differences from younger patients but are not yet
established enough to make general recommendations. Overall, the most important principle is to keep in mind that individualizing vascular access is also part of the current national
recommendations as well.

TAKE HOME POINTS
• No randomized trials exist to definitively resolve the question as to the
best type of dialysis access in the elderly
• Choices of dialysis access must be made in consideration of many
factors
• In appropriately selected patients, arteriovenous fistulae may be expected to work as well in the elderly as in a younger population
• Given the shorter expected life span in those elderly patients who have
multiple comorbidities, arteriovenous grafts may be reasonable
• Anticoagulants and antiplatelet agents are not recommended in the
elderly if the sole purpose is to improve access patency
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REVIEW QUESTIONS: VASCULAR ACCESS FOR
HEMODIALYSIS IN THE ELDERLY
1. KDOQI guidelines regarding vascular access in the elderly include:
a. A recommendation that fistulas be avoided in elderly patients with peripheral vascular disease
b. A recommendation that fistulas not be placed in patients
with a life expectancy under 1 yr
c. An exception to the target goals of fistula placement rates
(⬎65%) for elderly persons
d. No specific recommendations
2. Regarding fistula placement in the elderly:
a. Radiocephalic fistulas have consistently shown the same outcomes as upper extremity fistulas and should be preferred
b. Using a graft rather than a fistula has been universally shown
to be associated with higher mortality in elderly persons
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c. Survival of fistulas has been consistently shown to be
shorter in elderly persons
d. The use of anticoagulants or antiplatelet agents in this
population is not encouraged for the sole purpose of
maintaining fistula patency
3. Hemodialysis catheter use in the elderly
a. Is associated with an increased risk of infection and hospitalization in this age group, but not mortality, when compared with other access
b. Is the most common type of access upon initiation, and
transition to other types of access is at lower rates than
in younger patients
c. Represents the preferred access for patients carrying the
diagnosis of heart failure
d. Is rarely preferred by patients if all options are explained,
because there are few advantages
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Chapter 22: Peritoneal Dialysis in Elderly Patients
Seth Wright and John Danziger
Beth Israel Deaconess Medical Center, Boston, Massachusetts

The issue of whether—and how—to implement
peritoneal dialysis (PD) in elderly patients is increasingly important given the rapid growth of this
dialysis population. PD has some particular advantages and disadvantages in the elderly. Furthermore, these advantages and disadvantages are not
always fully understood by medical providers. Not
only is a better understanding of PD in elderly patients relevant for patient autonomy, medical outcome, and comfort, but there are systemic implications for cost and education as well.

BACKGROUND AND EPIDEMIOLOGY

In the United States, PD is used less frequently in
elderly patients than in younger patients, and the
rate is declining. In recent USRDS data, 12% of patients ages 20 to 55 were on PD, whereas only 4% of
dialysis patients ⬎75 yr of age used this modality.1
This contrasts strikingly with other countries. In
France, PD is dominant in elderly patients, with
more than one half of all PD patients being ⬎70 yr
old. In Hong Kong, 80% of all dialysis patients are
on PD, with a median age of 62. The United Kingdom and Canada are intermediate, with 17 and
12% of incident elderly dialysis patients treated
with PD.2
The cost of PD is generally less than that of hemodialysis (HD).3 Because elderly patients are the
fastest-growing segment of the dialysis population,
their relatively infrequent use of PD has financial
implications.
The reasons for the wide variation in use of PD in
elderly patients are multifactorial, including financial, resource availability, and cultural issues. However, a particular concern is that unfamiliarity of
providers with the use of PD in elderly patients
leads to a self-perpetuating cycle of underuse. This
is especially of note because, given the opportunity,
many elderly would elect PD. It is not always an
option; in one study, it was considered contraindicated for medical or social reasons in about one half
American Society of Nephrology

of patients older than 65 yr. However, if there was
not a contraindication, one third of elderly patients
elected to start PD rather than HD.4 Elderly patients
on PD can do quite well: the 2- and 5-yr survival of
patients over 65 yr of age in Hong Kong was reported to be 88 and 56%, respectively.5
In comparing PD and HD, one should keep in
mind that data quality is limited by the inability to
randomize patients. The larger prospective cohort
studies such as the NTDS have subject numbers in
the hundreds, whereas registry studies are larger but
presumably are confounded by selection bias. Furthermore, all comparisons are complicated by varying definitions of what age constitutes “elderly.”
Most use ⬎65 as a cut-off, whereas others use 70 or
higher.

PHYSIOLOGY OF PD IN ELDERLY
PATIENTS

The fundamental physiology of PD is not age dependent; a rich capillary plexus brings blood into
the peritoneum and filtrate flows across the peritoneal membrane into the dialysate. However, there
are several physiologic considerations unique to elderly patients that may affect clinical outcomes.
Emerging data suggest that peritoneal mesothelial
cells change during the aging process and may be
more prone to inflammation. Whether this observed proinflammatory profile in elderly patients
actually has clinical significance remains untested at
this point.
In addition to possible age-related changes in the
peritoneal membrane, elderly patients have a
higher incidence of intestinal pathology, including
diverticulosis, bowel perforation, and constipation.
All of these can affect the underlying physiology of
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the membrane, as well as the functionality of the peritoneal
catheter. In addition, many elderly patients have undergone
previous abdominal surgeries, which will increase the risk of
adhesions and potential abdominal wall leaks.
GENERAL CONSIDERATIONS IN CHOOSING PD
VERSUS HD

Both PD and HD pose challenges for elderly patients. PD requires an appropriate living situation, some degree of mobility
and vision, a peritoneum not disrupted by prior surgeries, and
the ability to learn and independently perform a daily medical
technique. Although many elderly can accomplish this, for
very elderly patients (⬎80 yr old), ⬎60% may require assistance.6 However, PD has the advantage of being physiologically gentle and can be performed at home.
HD requires less technical participation, but there can be a
substantial cost in time spent in the procedure and traveling to
dialysis units, especially if transportation assistance is needed.
The dialysis procedure can also be particularly exhausting for
elderly patients. Furthermore, vascular access can be difficult
in this population.
DOES SELECTING PD VERSUS HD AFFECT
MORTALITY IN ELDERLY PATIENTS?

Because of the inability to randomize, this question has not
been definitively answered, and studies have had conflicting
results. However, in general, mortality is similar. In one case,
the NTDS prospectively followed 125 patients in the United
Kingdom over the age of 70 who were initiating dialysis. Although this was not randomized, nearly one half (44%) started
PD, indicating that assignment to PD was fairly liberal. The
HD and PD groups had the same rates of hospitalization and
death.7
From databases, the REIN study in France found that elderly PD patients as a whole did as well as HD patients, although perhaps slightly worse once unplanned HD starts (who
were presumably more ill) were discounted. Finally, one US
database review found that death rates for nondiabetic patients
over 65 without other comorbidities were slightly lower on PD
than on HD, whereas the reverse was true for diabetics with or
without comorbidities in the same age group.8 These data need
to be generalized with caution because these were registry studies and the effect sizes were not large.
Overall, it seems that on the basis of mortality outcome
alone, there is no compelling reason to either avoid or select
PD in elderly patients.
ARE THERE DIFFERENCES IN INFECTION RATES
BETWEEN ELDERLY AND YOUNG PATIENTS ON PD?

There have been conflicting data, with studies showing both
2
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higher and lower peritonitis rates, as well as showing both a
negative and a neutral effect of having visiting assistance. Overall, the data do not show a consistent difference. For example,
a recent study found that, in comparing incident patients over
65 versus under 65, all of whom were performing their own
care, there was no difference in the probability of being peritonitis free for 12 mo (76.6 versus 76.5%).9 When peritonitis
does occur, several studies have found different proportions of
causative organisms than are seen in younger patients. However, these studies are not consistent in their findings, and
there is no recommendation for different empiric treatment on
this basis. Interestingly, there is evidence that exit site and tunnel infections are less common in elderly patients, perhaps because of less vigorous activity.6

IS THERE A DIFFERENCE IN QUALITY OF LIFE
BETWEEN HD AND PD FOR ELDERLY PATIENTS?

In younger patients, PD is often associated with a better quality-of-life rating than HD, although this is likely in part because
of self-selection. There are limited data specifically in older
patients, but overall, elderly patients report the same quality of
life whether on HD or PD.10 Of course, PD may be particularly
appropriate for individual patients who place a high value on
independence or who would prefer to dialyze at night.

IS THERE A NUTRITIONAL CONSEQUENCE TO PD?

In general, elderly patients on any kind of dialysis have poor
nutritional status. The data comparing PD to HD are scant, but
there is no clear evidence that nutritional status is poorer in the
elderly PD patients despite potential protein losses in the effluent.6

WHAT IS AVAILABLE TO ASSIST ELDERLY PATIENTS
ON PD? WHO CAN HELP?

There are a number of devices designed to accommodate physical disabilities, some of which might apply to the elderly. For
example, there are devices to help “spike” PD fluid bags automatically, and there is a desk-mounted clamp that allows onehanded operation of the transfer set. There are also magnifying
devices that can be adapted to assist with the process.
However, often the elderly will require personal assistance
as well, especially if there are cognitive deficits. Commonly,
this support is provided by a family member, and this can
impose a considerable burden on the caregiver. One study
found that caregivers spent an average of 56 h/wk in care of
elderly PD patients. Although this was less than the time reported for caregivers of elderly HD patients requiring assistance, several markers of quality of life were lower for the PD
caregivers.11
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This burden can perhaps be simplified by the common
practice of using automated cyclers, which do not have a higher
technique failure rate in the elderly. In addition, in some circumstances, a community nurse may visit twice daily to connect and disconnect an automated cycler, a practice known as
assisted automated PD. Although the availability of this varies,
it could dramatically expand the range of candidates for PD.
One center in Denmark with aggressive PD enrollment reported good success in starting patients over 65 on PD, with
approximately one half overall using assisted automated PD.
This included nearly 50% unplanned starts, i.e., patients who
required initiation of dialysis less than 9 d after PD catheter
placement. The ability to start dialysis initially on PD is important, because patients tend to stay with their initial mode of
dialysis.12
When a patient is not at home but instead in an assisted
living facility, there may still be PD options, although these are
rare. Staff turnover limits the training for PD among nursing
staff, but it is available in some facilities.

CONCLUSIONS

Contrary to general assumption, there is no dramatic difference in clinical outcomes in elderly patients who are on PD
versus those on HD. Furthermore, quality of life seems to be at
least as good. Although the available information may be affected by selection bias, these conclusions remain even in cohorts that have a high use of peritoneal dialysis, indicating that
they may nevertheless be generalizable.
Nevertheless, rates of PD in the elderly are very low in the
United States, implying underuse. The elderly already tend to
have less predialysis care and a greater need for urgent dialysis
starts, both factors that tend to increase the initial use of HD
over PD. It is important for nephrologists to recognize this
disparity and guard against assumptions on the basis of age
that would prevent advocating for PD. Particularly for patients
valuing the PD lifestyle, PD should be offered to the elderly
among their dialysis options.

TAKE HOME POINTS
• PD is rare and probably underused in elderly patients in the United
States

American Society of Nephrology

• There is no substantial mortality difference between PD and HD in
elderly patients
• Quality of life is not reported to be different between elderly patients
on PD compared with HD
• Infection rates are not higher in elderly versus younger PD patients
• Assistants or commercially available devices may make PD more accessible to some elderly patients
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REVIEW QUESTIONS: PERITONEAL DIALYSIS IN
ELDERLY PATIENTS
1. Peritoneal dialysis in the elderly:
a. Is associated with a higher mortality than hemodialysis
b. Is associated with a higher rate of peritonitis than in
younger patients, especially gram-negative organisms
c. Should be considered primarily for patients who have no
vascular access options for hemodialysis
d. Unlike in younger patients, is not associated with improved quality of life ratings when compared with hemodialysis
2. The proportion of elderly dialysis patients using peritoneal
dialysis in the United States:
a. Is about 12% and has been stable over the last 10 yr
b. Is about 10%, which is similar to most other countries
c. Is about 5%, but rising as adaptive technologies and home
care make it more accessible despite functional impairment
d. Is about 4% and falling
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3. Peritoneal dialysis in the elderly is:
a. The preferred modality in some countries
b. Desirable, but felt to be contraindicated nearly 90% of the
time by medical or social assessment
c. Is rarely selected by elderly patients to whom it is offered
because of the logistical difficulties it entails
d. Has been shown to be a poor choice as a means of initiating
dialysis unless the initiation is planned several months in
advance
4. Peritoneal dialysis is:
a. Available by law in the United States in all nursing homes
where hemodialysis is offered
b. Associated with better ratings of caregiver quality of life
than is seen in caregivers of patients on hemodialysis, although this may largely be because of self-selection
c. May be associated with lower rates of tunnel infection than
in younger patients
d. Associated with substantially poorer nutritional status
than hemodialysis in elderly patients, presumably because
of protein losses in the effluent
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Chapter 23: Assisted Peritoneal Dialysis in Elderly
Persons
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Peritoneal dialysis (PD) utilization is on the decline
in many regions around the world. There are multiple potential contributors, but the role of barriers
to self-care PD in an aging population is likely an
important factor to consider. Providing home care
assistance to support elderly persons on PD may
help to overcome these barriers and increase the
number of individuals that can be safely treated in
the home. This chapter will cover the following issues: (1) what is home care assisted PD (HCAPD);
(2) who is a candidate for HCAPD; (3) what are the
logistical considerations when providing HCAPD;
(4) how do patient outcomes on HCAPD compare
with other dialysis modalities; and (5) is HCAPD a
cost-effective therapy?

DEFINING ASSISTANCE

Providing assistance to PD patients involves identifying and training an individual other than the patient to perform dialysis-related tasks. These tasks
may include connecting the patient to a cycler, setting up the cycler, disconnecting from a cycler, or
performing continuous ambulatory peritoneal dialysis (CAPD) exchanges. Spouses or other family
members, paid caregivers, or visiting health care
professionals in the home can provide assistance.
Assisted PD can also be provided by staff in other
settings including rehabilitation centers, retirement
homes, nursing homes, and complex continuing
care facilities. The reliance of PD patients on others
for assistance in the home is often underappreciated and is borne out by studies showing that married individuals are more likely to receive PD and
that patients who live alone are less likely to be
treated by this modality. Evidence from the French
PD Registry suggested that one in five patients required some form of assistance.1 In the French exAmerican Society of Nephrology

perience, 8% of patients were assisted by family
members and 14% received regular visits by home
care nurses. For the remainder of this chapter, we
will focus on the role of assistance provided by visiting home care nurses in the management of the
elderly persons with end-stage kidney disease
(ESKD). This specific form of assistance is
HCAPD.2
HCAPD can be a valuable form of therapy for a
number of reasons. First, the offer of home care
support can provide reassurance to elderly persons
and their families when considering PD as a treatment option. In this way, assistance may act as an
incentive to some individuals to choose PD regardless of whether it is actually required. Second,
HCAPD is a form of ongoing training or mentoring
that allows patients to gain confidence performing
PD-related tasks in a supervised setting. Cognitive
impairment is common in the elderly dialysis population and may make it difficult for patients to
learn what they need to know to perform PD independently during a traditional training program.
With ongoing home care support and education by
nurses, some patients eventually reach a point over
weeks to months to feel comfortable enough to
graduate to self-care PD. Third, HCAPD can act as
a bridge therapy in individuals performing self-care
PD who develop an intervening illness that makes it
temporarily difficult to continue on PD. These individuals can be provided with home care support
for as long as is required. The support can then be
withdrawn as indicated when the patient recovers.
In those that develop permanent barriers to self-
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care dialysis, the provision of home care assistance can mean
averting PD technique failure. If assistance was not available,
these patients would be forced to switch to in-center hemodialysis (HD). Fourth, HCAPD can function as a form of respite
care for families or friends who are providing assistance to
loved ones. If they are experiencing provider burnout and need
a break, or would like to travel, home care nurses can temporarily provide much needed support to the patient. Elderly
persons may not choose PD because they do not want to burden their families, and the availability of HCAPD can alleviate
this concern. In addition, family members that wish to maintain employment but assist with PD when they are available
can be supported with additional visits from a home care nurse
during the work week. Finally, HCAPD can provide chronic
assistance to elderly persons that have permanent mental or
physical disabilities. This subgroup is the most resource intensive and requires the most care but represents only a portion of
the spectrum of patients treated with HCAPD. This is important to remember when considering the economic and logistical impact of providing home care assistance to patients in a
dialysis program.

IDENTIFYING CANDIDATES FOR ASSISTED PD

In our program, all new dialysis patients and imminent starts
are identified, assessed by a multidisciplinary team (physician,
nurse, and social worker), and discussed at a weekly multidisciplinary meeting. This process facilitates the identification of
important contraindications and barriers to PD therapy, including those that may not be well documented in the medical
history (Figure 1). We define contraindications as a condition
that make the patient ineligible for PD, in the judgment of the

PD ineligible
because of barrier(s)
22%

PD eligilble with no
barriers
9%

LOGISTICS OF PROVIDING ASSISTANCE

PD ineligible
because of medical
contraindication(s)
13%
PD eligible with
barriers
56%

Figure 1. This figure shows that only 13% of incident dialysis
patients at Sunnybrook Health Sciences Centre had contraindications to PD therapy, whereas barriers were very frequent, even in
those considered eligible for PD. The median age of patients
evaluated was 73 yr.
2
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medical team, regardless of available assistance in the home.
Conditions that are frequently cited by the medical team as
contraindications to PD in our ongoing study include morbid
obesity, extensive abdominal scarring, ileostomies, colostomies, ileal conduits, gastric tubes, abdominal aneurysms, hernias, colitis, large polycystic kidneys, or other miscellaneous
abdominal conditions.3–5 Contraindications are somewhat
subjective and likely vary among programs and physicians. It is
not clear whether contraindications as defined above are more
common in elderly persons.
Barriers on the other hand make self-care PD difficult and
do seem to be more common in elderly persons.3–5 They can be
classified as physical, cognitive, psychologic, or social. Physical
barriers include decreased vision, strength, manual dexterity,
or mobility. Cognitive barriers include dementia, psychiatric
conditions, learning disabilities, or language barriers. Psychologic barriers include fear of lack of supervision, fear of isolation in the home, or feeling generally overwhelmed by the possibility of performing of home dialysis. In our incident ESKD
population with a mean age of 68 yr, the most common barriers were decreased strength (22%), decreased manual dexterity
(22%), decreased vision (23%), immobility (8%), decreased
hearing (7%), and anxiety (16%). Because barriers are more
common in elderly persons, HCAPD patients are significantly
older than self-care PD patients are. For example, in the French
registry, the mean age of assisted patients was 72.6 yr old compared with 51.1 yr old for self-care PD patients.1
If there are no contraindications to therapy and patient barriers have been discussed, the patient’s residence is reviewed
and the supports available in the home to assist with dialysis are
identified. Social barriers are residences that are either unstable
(no permanent residence, unclean or unsafe residence) or ones
that do not easily permit PD often because of rules and regulations (retirement homes, nursing homes). Considering all
these factors, the team makes a final judgment as to whether a
patient is eligible for PD. Acutely ill patients and patient with
complex social circumstances often require discussion at multiple meetings until these issues are resolved. If a patient
chooses PD, barriers are often clarified during the training period when the patient attempts to perform self-care. If home
care assistance is required to overcome them, it is arranged.

To provide HCAPD, the region where it will be available must
first be defined, and a critical mass of nurses in that region
must be trained. The density of the population, the number of
patients requiring assistance that live within a region, and the
travel distance between patients are important to consider.
Our program was created in the city of North York, Canada,
which is a borough in the Greater Toronto Area. North York
has a population of approximately 600,000 people, and, at the
time, our program served a prevalent PD population of about
80 patients. We worked with a single home care agency to train
American Society of Nephrology

20 to 25 nurses to provide up to two visits per days, 7 d/wk to
patients that required assistance. Training was conducted by
the home care agency educator, the PD nurses in our regional
dialysis center, and the PD vendor. Nurses were taught to assess PD patients, disconnect patients from cyclers, set-up cyclers, and perform CAPD exchanges. Assistance was provided
liberally at the inception of the program so that recently
trained nurses were able to develop and maintain their skills.
Visiting nurses reviewed patients with the PD staff in the regional program every week by telephone. Our PD nurses did
not regularly supervise the visiting nurses in the patient’s
home, although studies from the French registry suggest it may
reduce peritonitis rates.1
There are additional considerations. Whenever possible, we
tried to match patients with a single nurse that would provide
consistent care. We also had to make sure that home care visits
were not missed and that patients and families knew whom to
contact in the event that this did occur. It was also helpful if
most patients were capable of disconnecting themselves from a
cycler in the event of an emergency or a missed visit. This
provides some flexibility for nursing staff as well because they
can set up the cycler whenever is convenient during the day and
return for an abbreviated visit at night to connect the patient
for the evening. At the start of the program, we elected to use
registered nurses exclusively for home care visits. Now, registered practical nurses and health care aids are also employed to
provide assistance at the discretion of the visiting registered
nurse. They primarily provide care to medically stable patients
who have permanent physical barriers to PD (e.g., cannot lift
bags on to cycler).

The introduction of HCAPD has meant that we have expanded
eligibility for PD.1 By offering HCAPD, we are treating individuals in the home that would not have been candidates for
PD otherwise. As a result, it is important to track outcomes in
these patients to ensure that this therapy is being provided
safely. Relevant outcomes include patient survival, technique
survival, peritonitis rates, and rates of hospitalization (Table
1).
Well-designed studies that are adequately powered to examine outcomes in HCAPD patients are currently lacking.
However, preliminary evidence suggests that this population
may have a relatively high rate of adverse events. HCAPD pa-

tients tend to be older and have a higher burden of comorbid
illness (age range in published studies 72.6 to 77.1 yr; Charlson
comorbidity index score 7.0 and 4.3 for HCAPD and self-care
PD, respectively).1,6,7 Risk adjustment is important in studies
comparing HCAPD to other treatment modalities to account
for these differences in case-mix severity but has been incompletely done to date.
Povlsen and Ivarsen7 found lower patient and technique
survival with HCAPD compared with self-care PD after adjustment for age, comorbidity (median number of conditions),
and a limited set of baseline laboratory variables (urea, creatinine, albumin). The patient survival for autonomous PD and
assisted PD was approximately 83 and 70%, respectively (data
not reported, estimated from survival curves). In our unadjusted analysis, HCAPD was associated with a death rate of 0.12
per patient-year, which is on par with other modalities.1 The
limited evidence available to date makes it difficult to draw any
conclusions about patient and technique survival among patients on HCAPD or how it compares to traditional, self-care
PD.
It is unclear whether rates of peritonitis are higher on
HCAPD. Verger et al.1 performed an unadjusted analysis that
showed higher peritonitis-free survival in HCAPD patients
compared with individuals assisted by family members (70 versus 54%; P ⫽ 0.04). However, this difference disappeared if
visiting home care nurses had closer supervision. The actual
peritonitis rates reported in the study were not statistically different between the two groups, although the trend was toward
a higher rate in HCAPD patients (one episode every 36 mo
versus one episode per 45 mo).
There is also conflicting evidence concerning rates of hospitalization in HCAPD. In a study by Lobbedez et al.,6 31 of 36
assisted PD patients were hospitalized within 15 mo of starting
dialysis. This resulted in a hospitalization rate of 4.8 admissions per patient-year and a total of 45.6 hospital days per
patient-year. We reported much lower rates of hospitalization
in HCAPD patients (1.4 admissions per patient-year; mean of
23.5 hospital days per patient-year) that were similar to selfcare PD and in-center HD.1
In summary, the evidence that is currently available does
not allow any firm conclusions about the risk of important
adverse events in HCAPD patients or how they compare with
traditional dialysis modalities. Well-designed, adequately
powered studies are required to address this issue. In the meantime, assisted PD patients should be considered a higher-risk
population and should be monitored carefully.

Table 1. Summary of outcomes in HCAPD reported in the
literature

ECONOMIC CONSIDERATIONS

PATIENT OUTCOMES ON ASSISTED PD

Outcome

Result

Technique survival
Peritonitis rate, one episode
Hospitalizations
Hospital days
Patient survival

58–86% at 1 yr
One episode per 28–36 mo
1.4–4.8 per patient-year
23.5–45.6 per patient-year
83% at 1 yr

American Society of Nephrology

There has been a concern among some that HCAPD is not a
cost-saving therapy. It has been argued that the incremental
cost associated with providing home care visits eliminates the
savings traditionally associated with PD compared with incenter HD.8 A recent review of European HCAPD programs
Geriatric Nephrology Curriculum

3

estimated that the cost of assisted PD ranged from €5356 to
€18,200 for automated peritoneal dialysis (APD) [or continuous cycling peritoneal dialysis (CCPD)] and from €7280 to
€23,400 for CAPD.9 These estimates were based on the reimbursement formula in each country for assisted PD rather than
the actual cost of providing care. More importantly, these calculations assumed that all HCAPD patients received the maximum number of home care visits available them. In practice,
this is not the case. In fact, we showed the average assisted
patient only required 5.8 visits/wk in our program, resulting in
an incremental cost of approximately $12,000 dollars per PD
patient, per year (assuming a cost of $50 per home care visit).
This would suggest that HCAPD is still cost saving compared
with in-center HD. An additional consideration is that expanding HD capacity involves a significant capital investment
to build or renovate new dialysis units that is not required to
expand PD capacity. This has generally not taken into account
in costing studies, but is a relevant consideration for healthcare
payers. Better information about the relative effectiveness of
HCAPD compared with traditional dialysis therapies is
needed. If outcomes on HCAPD are shown to be equivalent or
better, a properly conducted cost-effectiveness analysis would
be a valuable contribution to the literature. However, cost effectiveness is not the only consideration when deciding
whether to fund HCAPD. Countries may choose to fund it as a
chronic disease management strategy because it is viewed as a
way to maintain the independence of elderly persons receiving
dialysis and to reduce the reliance on in-center HD.
CONCLUSION

Assistance allows elderly persons with barriers to self-care PD
an opportunity to be offered a home-based dialysis modality.
The level of assistance required to adequately support elderly
PD patients and their families is highly variable. Patients do not
always require the maximal number of visits, and support may
often be temporary. We outlined several important logistical
considerations when starting a program of HCAPD. Successful
programs need to develop a rigorous process for identifying
appropriate candidates, train and monitor a critical mass of
home care nurses, and track the outcomes of patients treated
with this form of therapy. It is likely that HCAPD is a costsaving strategy relative to traditional, in-center HD, but further work is need to better detail the economic considerations
for programs and payors.
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TAKE HOME POINTS
• Home care assistance may increase the number of elderly persons that
are candidates for PD by helping to overcome barriers to self-care
• A rigorous multidisciplinary assessment can help to identify important
barriers to self-care PD in elderly persons and to determine the need
for home care assistance
• There are a number of logistical issues to consider when starting a
program of HCAPD including the training of a critical mass of home
care nurses in each region and providing them with supervision and
support
• Well-designed, adequately powered studies are needed to further
evaluate important patient outcomes on HCAPD and to determine the
cost-effectiveness of this therapy relative to traditional modalities
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REVIEW QUESTIONS: ASSISTED PERITONEAL
DIALYSIS IN ELDERLY PERSONS
1. Patients may be provided assistance for peritoneal dialysis
from:
a. Spouses or common-law partners
b. Sons or daughters
c. Paid caregivers
d. Home care nurses
e. All of the above
2. The best person or group to identify patients who are candidates for home care assisted peritoneal dialysis is to
a. Physician
b. Predialysis nurse
c. Multidisciplinary team
d. Home care nurse
e. Funding agency

American Society of Nephrology

3. The majority of individuals with ESRD starting chronic dialysis are:
a. Ineligible for PD because of contraindications to PD
b. Ineligible for PD because of barriers to self-care PD
c. Eligible for PD and have no barriers to self-care PD
d. Eligible for PD but have barriers to self-care PD
e. Other
4. The cost of home care assisted PD:
a. Is primarily determined by the use of CAPD in the PD
population
b. Is primarily determined by the maximum number of visits
available to the PD population
c. Is primarily determined the mean number of visits provided to the PD population
d. Is greater than in-center HD
e. Does not permit the use of registered nurses

Geriatric Nephrology Curriculum

5

Chapter 24: Renal Transplantation in the Older Adult
Erica L. Hartmann
Abdominal Organ Transplant Program, Department of Internal Medicine-Nephrology, Wake Forest University Health
Sciences, Winston-Salem, North Carolina

BACKGROUND

Many patients once thought too high risk for renal
transplantation, including those with advancing
age, are now routinely transplanted. Although the
number of patients younger than 50 yr of age added
to the waiting list for kidney transplantation has
remained relatively static during the last decade, in
the age group over 65 yr, both the number of patients newly placed on the waiting list and the number of patients transplanted have tripled in the same
time frame.1 Accordingly, persons over age 65 made
up approximately 16% of both the waiting list and
of kidney transplant recipients in 2006 compared
with only 8% in 1997. Despite tremendous growth,
this only represents a small fraction of kidney transplants in an age distribution that makes up one half
of incident dialysis patients.

PATIENT AND GRAFT SURVIVAL WITH
RENAL TRANSPLANTATION

Kidney transplantation is the treatment modality of
choice for people with ESRD. Several single-center
studies have shown that kidney transplantation is
safe and successful in older recipients. In suitable
older candidates, renal transplantation improves
patient survival over remaining on dialysis. Although renal transplantation more than doubles
the expected lifetime of an older person with ESRD
(Table 1), the remaining life years only reach about
one half of that expected in people of the same age.
Kidney allograft survival in older transplant recipients is often comparable to that of younger patients
when the survival analysis is censored for death (i.e.,
a patient who dies with a functioning graft is not
viewed as a graft failure).
Longitudinal registry studies of mortality have
examined the survival benefit of transplantation by
comparing long-term dialysis patients who remained on the transplant waiting list with those
American Society of Nephrology

who received a transplant from a deceased donor.
Wolfe et al.2 evaluated ⬎46,000 patients listed between 1991 and 1997, comparing survival by age
groups, but the older age group was limited to patients who were 60 to 70 yr of age because transplantation was infrequent in people over age 70
during the study period. Older transplant recipients
were shown to have an improved cumulative survival rate after the first posttransplant year. Their
projected life span increased by 4 yr, and the longterm risk of death decreased by 61%.
Although waiting times and comorbidity have
increased since the study of Wolfe et al., it seems
that renal transplantation in older adults still has
acceptable results. In a more recent study using national registry data, Rao et al.3 showed that even
patients over the age of 70 derive a survival benefit
with transplantation. In the long term (18 mo after
transplant), the relative risk (RR) of death was 56%
lower for transplant patients versus waiting list patients (P ⬍ 0.0001). The survival benefit was impressive in those with diabetes or hypertension as a
cause of their kidney failure; in these patients, the
RR of death with a transplant dropped by 47 and
44% (P ⬍ 0.0001).

MORTALITY IN OLDER RENAL
TRANSPLANT CANDIDATES/RECIPIENTS

The continued growth in the overall number of
people registered on the renal transplant waiting list
has led to a parallel increase in waiting times for
older patients, increasing the odds that older patients will die before receiving a transplant. Older
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Table 1. Life expectancy by age group
Age Group
(yr)

General US
Population

Dialysis

Transplant

60–64
65–69
70–74
75–79

21
17.2
13.8
10.8

4.6
3.9
3.3
2.8

12.7
10.6
8.9
7.4

Source: USRDS 2007 Annual Data Report.

candidates who wait years for a deceased donor are at a marked
disadvantage compared with younger patients because of their
poorer baseline health at onset of ESRD, rapid changes in
health on dialysis, and higher mortality on the waiting list.
Patient age and duration of dialysis affect a transplant candidate’s risk of death. A patient over age 64 who is expected to
wait 5 yr for a deceased donor organ has about a 50% chance of
dying before being transplanted. Furthermore, older patients
have higher rates of postoperative mortality; therefore, the
time to which patient survival exceeds remaining on dialysis
for older transplant recipients is significantly longer than for
younger recipients.

COMORBIDITY IN OLDER RENAL TRANSPLANT
CANDIDATES

Along with the aging of the dialysis population has come a
higher degree of medical complexity in renal transplant candidates. Not surprisingly, a higher burden of comorbidity measured by the Charlson Comorbidity Index has been associated
with increased perioperative and long-term mortality in older
renal transplant recipients in the United States and Canada. A
US registry study4 of nearly 40,000 kidney transplant recipients
(approximately 9000 ⱖ60 yr of age) examined the impact of
increased age and comorbidities on 1-yr patient survival by
including the type of donor organ (younger versus older deceased donors) and early organ function (immediate versus
delayed function) in the analysis. The overall 1-yr mortality
rate was 10.5%, which substantially increased in recipients of
an older donor kidney with comorbidities, from 16% in diabetics to 42.3% labeled as having chronic obstructive pulmonary disease. Despite an increased burden of comorbidities, it
seems that the overall survival of older transplant recipients
has improved from 1990 to 1999. Regardless of multiple studies evaluating the impact of comorbidities on outcomes, no
Table 2. Special issues to consider in older transplant
candidates and recipients
Cardiovascular disease
Infection/malignancy risk
Psychosocial factors
Immune function
Physical function
Cognition
Patient expectations/quality of life

2
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concrete predictors exist to inform clinicians which patients
will not benefit from transplant.

PATIENT SELECTION FOR TRANSPLANTATION

Interested older ESRD patients who lack medical or surgical
contraindications should be referred for a renal transplantation evaluation. Each transplant program develops its own
written criteria for determining a patient’s suitability for placement on the waiting list or transplantation. Therefore, one
should become familiar with centers that have greater expertise
or comfort in transplanting older people.
Developing more selective criteria for candidate listing
among older candidates has been advocated by some in the
transplant community to reduce the number of patients on the
list with marginal potential gain from transplant. Unfortunately, there currently are no valid screening criteria that accurately predict which patients will have minimal gain from renal
transplantation.
The most recent US clinical practice guidelines5 do not set
an absolute age limit for evaluating potential renal transplant
candidates. As more high-risk patients are placed on the waiting list, the process of evaluating and maintaining candidacy
consumes increasing resources. The standard pretransplant
evaluation is heavily weighted on cardiovascular risk assessment and malignancy screening. The current approach acknowledges that social support and patient expectations must
be addressed6; however, guidelines are not concrete. Physicians are encouraged to use their best judgment when deciding
candidacy for older candidates and to assess potential candidates on an individual basis.
The Canadian consensus guidelines on eligibility for kidney
transplantation7 recommend that careful consideration of the
current waiting time for a deceased donor kidney and the older
patient’s expected survival beyond that period should be considered when deciding whether or not to proceed with wait
listing or transplantation in older patients. Although there are
little data to support the assessment of physical function or
nutrition in the decision-making process, the Canadian guidelines extrapolate data from other disease states that suggest that
poor functional capacity or malnutrition might be associated
with an increased risk of death on the waiting list or after transplantation. Additionally, cognitive function should be evaluated because it affects the ability to adhere to a complex posttransplant regimen. The trajectory of cognition in older adults
after transplantation is unclear. Although many of the assessments mentioned are not routine, there are some data supporting incorporating such assessments in the future.

WAITING LIST STATUS

It is important to recognize that, although the total number of
candidates on the kidney transplant waiting list continues to
American Society of Nephrology

grow, the number of active patients on the kidney transplant
waiting list has stabilized, and the number of inactive patients
on the waiting list has rapidly expanded.1 The number of patients over age 65 yr on inactive status (registered on the waiting list but will not be called in for transplant) quadrupled
from 2002 to 2006, representing 17% of the inactive waiting list
at the end of 2006. This finding coincides with an Organ Procurement and Transplantation Network (OPTN) policy implemented in November 2003 that allows inactive candidates
to accrue points for waiting time for the entire duration of time
they are listed. Although this policy acknowledges that a person’s health is a dynamic process, it underscores the need for
the primary nephrologist to be aware of a patient’s status on
the waiting list so that they may communicate with the transplant center when an individual’s health status changes because older patients may have a limited window for successful
transplantation. Likewise, timely communication with the
transplant center may help prevent unsuitable candidates from
being transplanted. Both the US and Canadian guidelines emphasize that the medical fitness of older waitlisted patients be
reviewed on a regular basis.

DONOR OPTIONS

The median waiting time for a standard deceased donor kidney
for a recipient over age 65 is nearly 4 yr, which is compounded
by the reality that an older person’s medical suitability may
decline faster on the waiting list than younger patients. Better
donor organs are associated with lower death rates after renal
transplantation. The majority of patients over age 65 yr receive
standard donor kidneys, followed by live donors, and last, expanded donors. In an effort to expand the donor pool, two
trends have emerged: the increased utilization of both older
deceased and older living donors for older recipients.

EXPANDED CRITERIA DONORS

The 2002 Expanded Criteria Donor (ECD) policy was a formal
attempt by the transplant community to maximize the use of deceased donor kidneys that had been recovered for transplantation,
in part by decreasing the discard rate of older donor kidneys. An
expanded criteria donor is any deceased donor over age 60 or a
deceased donor over age 50 with two of the three following criteria: serum creatinine ⬎1.5 mg/dl at the time of procurement,
death from cerebrovascular accident, or history of hypertension.
Despite a 70% increased risk of graft failure compared with a reference group of younger ideal donor kidneys, recipients of ECD
kidneys are still expected to have a survival benefit over remaining
on dialysis. The ECD policy has increased access to transplantation, primarily for patients over age 50 yr, who receive the majority of ECD organs. Although the ECD policy is viewed as successful, it must be recognized that some believe that such policies
unfairly direct less desirable kidneys to older people. An ongoing
American Society of Nephrology

challenge is to establish which patients will benefit the most from
these kidneys; however, benefit analyses suggest that older patients have the most to gain when receiving an ECD reduces the
waiting time to transplant. The time spent waiting for a standard
deceased donor kidney varies widely by region of the country.
OLDER LIVING DONORS

Because many older recipients will not live long enough to
receive a deceased donor kidney transplant, another donor option that deserves special mention is the use of older living
kidney donors. Living donation in the elderly has grown to the
point that people over age 60 now receive over one third of live
donor transplants. Recipients of older living donor kidneys
have lower graft survival than younger living donor recipients
but have superior patient and graft survival compared with all
deceased donor options.
DECISION ABOUT DONOR TYPE

Kidneys from younger and healthier donors are associated
with lower death rates but require longer waiting times. Schold
and Meier-Kriesche8 examined whether certain patient groups
would benefit from being transplanted sooner with an ECD
versus delaying transplant in favor of possibly receiving a better
donor kidney. In separate analyses, the authors estimated the
expected survival for transplanted patients with short (⬍2 yr)
versus longer durations (2 to 4 yr) of pretransplant dialysis. For
patients over 65 yr old, the life expectancy for ECD recipients
with ⬍2 yr on dialysis was 5.6 yr, which was comparable to
both Standard Criteria Donor (SCD) (5.3 yr) and living donor
recipients (5.5 yr) after 4 yr of pretransplant dialysis. This is yet
another study emphasizing the need for timely transplantation
in older transplant candidates because the survival benefit of a
standard or live donor kidney transplant seems to be negated
by longer waiting times on dialysis before receiving a kidney
transplant. Shifting of ECD kidneys to older patients shortly
after they are placed on the waiting list and SCD kidneys to
younger patients may therefore be the most efficient resource
utilization, meeting the goal of expanding life expectancies for
both age groups.
POSTTRANSPLANT MANAGEMENT
Pattern of Acute Rejection, Infections, and Malignancy

A unique aspect of transplanting older patients includes the
aging of the immune system, which is clinically manifested as a
lower risk of acute rejection (supported by most studies) and
an increased risk of infections and death from infectious causes
compared with younger transplant recipients. The risk for infections is linear in older waitlisted patients compared with an
exponential slope in older transplant recipients, which suggests a magnification caused by transplant immunosuppresGeriatric Nephrology Curriculum
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sion. The slope for posttransplant malignancies is linear in
older transplant patients; however, it is steeper than that seen
in similar dialysis patients on the waiting list.
Although older patients have lower rates of acute rejection,
the impact of acute rejection may be more significant in this
patient population. Because older patients more often receive
older donor kidneys, it is believed that these grafts may not be
able to recover from the insult of acute rejection, especially
considering the aging milieu of the recipient that may be associated with poorer repair processes. Additionally, older patients have less reserve and may not tolerate aggressive acute
rejection therapies because of the heightened risk for infection.
Immunosuppression

The observations that older transplant recipients have lower
rates of acute rejection, higher rates of infections, and an exaggerated malignancy risk have led many transplant physicians to
use less aggressive immunosuppressive strategies in older
transplant recipients. Options include lower drug doses or
concentrations, rapid steroid withdrawal or minimization,
non–lymphocyte depleting antibody induction regimens, or
avoidance of induction agents altogether. Often, lower concentrations of calcineurin inhibitors (cyclosporine or tacrolimus) are targeted in recipients of expanded criteria donor kidneys to minimize the vasoconstrictive effect because many of
these donor kidneys already have a certain degree of vascular
disease at the time of implantation. At this time, there are insufficient data in the transplant literature to provide the clinician with the optimal immunosuppressive regimen for the
older transplant recipient.
Chronic Allograft Failure

Older recipient age is a significant risk factor for the development of interstitial fibrosis and tubular atrophy (aka, chronic
allograft nephropathy). Older donor age is synergistic with
older recipient age in terms of the risk for chronic graft failure,
especially beyond 36 mo after transplant.
CONCLUSIONS

The aging of the ESRD population is leading to an increased demand for renal transplantation by older adults. In carefully selected recipients, patient and graft survival are acceptable. Older
transplant recipients benefit the most when transplanted sooner.
Older donor kidneys (from both deceased and living donors) are
increasingly used for transplantation in this population. Older
recipients have lower rates of acute rejection but are at higher risk
for the complications of overimmunosuppression, such as infections and malignancies. Older transplant recipients are also more
likely to die with a functioning graft or lose their allograft to
chronic allograft fibrosis and tubular atrophy compared with
younger recipients. The optimal immunosuppressive approach is
unclear, but most transplant physicians use less immunosuppression overall in the older transplant recipient.
4
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TAKE HOME POINTS
• There is a large and growing representation of older candidates on the
kidney transplant waiting list, both active and inactive status
• The proportion of newly transplanted patients over age 65 has doubled
over the past decade and is expected to continue growing
• There are no concrete predictors to aid clinicians with the selection of
older people for transplantation; however, a higher burden of comorbidity has been associated with increased perioperative and long-term
mortality in older renal transplant recipients
• Time spent on dialysis before renal transplantation is an important
modifiable risk factor for both patient and graft survival
• Older donor kidneys (both deceased “expanded criteria” and older
living donors) are increasingly being used to help meet the demand for
kidney transplantation by older people with renal failure
• Expanded criteria donor (ECD) organs may decrease the waiting time
to transplantation; older adults who are transplanted with ECD soon
after being placed on the waiting list have similar outcomes to older
recipients of younger donor kidneys.
• Older transplant recipients are at higher risk of developing infectious
complications and malignancies, however, their risk of acute rejection
appears lower
• In the long term, the risk for chronic allograft nephropathy is higher
• The optimal immunosuppressive regimen in older renal transplant recipients in unknown; however, clinical studies support using less immunosuppression overall
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REVIEW QUESTIONS: RENAL TRANSPLANTATION IN
THE OLDER ADULT
1. A 71-yr-old male has been dialysis-dependent for 3 yr. He
seeks your advice about his candidacy for renal transplantation and potential donor options. He previously thought he
was “too old” for a transplant. He has a 60 yr old friend who is
a potential donor. You determine that he is medically fit for
transplant. Which of the following is a reasonable assessment
of his risk?
a. He is at higher risk of acute and chronic rejection because
of his age
b. He is more likely to die on dialysis than receive a young
deceased donor transplant; he should consent to receiving
an older live or expanded criteria donor organ
c. He is not a suitable candidate for transplantation because
of his advanced age and prolonged time on dialysis

American Society of Nephrology

2. A 68-yr-old male with polycystic kidney disease wants a renal
transplant so he can live longer. Which of the following statements is true?
a. Renal transplantation improves patient survival over remaining on dialysis
b. Better donor organs are associated with lower death rates
c. ECDs are most beneficial when they reduce the waiting
time to transplant for older recipients
d. All of the above
3. Which of the following transplant immunosuppressive strategies is preferable in older renal transplant candidates?
a. No induction immunosuppression
b. Reduced mycophenolate mofetil (Cellcept) dose
c. The optimal regimen is unknown
d. Steroid avoidance

Geriatric Nephrology Curriculum
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Chapter 25: Interactions of Dialysis Teams With
Geriatricians
Nicole Stankus* and Kellie Campbell†
*Section of Nephrology, University of Chicago, Chicago, Illinois; and †Section of Geriatrics, University of Chicago,
Chicago, Illinois

In 2006, ⬎500,000 patients received dialysis for
end-stage kidney disease (ESKD), a 3.4% growth
since 2005. Of 110,854 incident patients, almost
50% were elderly (38,185 were over 65 and 15,657
were over 80 yr of age). Geriatric patients accounted
for 64% of all deaths (of 87,654 patients who died,
35,950 were over 65 and 20,362 were over 80).1
Medicare’s spending on ESKD has reached
$22.7 billion, or 6.4% of total spending. To improve dialysis patient outcomes, the new Centers
for Medicare and Medicaid Services (CMS) Conditions of Coverage for chronic ESKD were issued in 2008, replacing the original ones from
1976. CMS focuses on the uniqueness of each patient and requires individualized multidisciplinary care based on patient participation.2
There is considerable overlap in the populations
served by nephrologists and geriatricians. Close involvement of the geriatrician as a member of a multidisciplinary care team would be the next obvious
step in the integration of care for dialysis patients.
However, there are no published models that describe how interactions between dialysis teams and
geriatricians might be facilitated.

COMPREHENSIVE DIALYSIS PATIENT
ASSESSMENT AND PLAN

Each dialysis facility has an interdisciplinary
team (IDT) that includes the following: (1) the
patient (or designee); (2) primary dialysis nurse;
(3) nephrologist; (4) social worker; and (5) registered dietitian.
This team is responsible for providing each patient with an individualized and comprehensive assessment of his/her needs and using it to develop a
treatment plan and expectations for care.3 Geriatricians can be a valuable resource for the dialysis team
(Table 1).
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RECOMMENDED INTERACTIONS
BETWEEN IDT AND GERIATRICIANS

The management of conditions associated with
ESKD may be at odds with competing medical conditions or patient preference. The heterogeneity of
elderly patients’ comorbid conditions and cognitive
and functional abilities makes individualization of
care essential. Referral of all elderly patients before
the initiation of dialysis therapies would be preferable but is not always possible. IDT needs to prioritize geriatric consultations in certain situations.

LONG-TERM RENAL REPLACEMENT
THERAPY GOALS
Selection of Dialysis Setting (In-Center
Versus at Home or Self-Care)

All dialysis patients should be offered home care
options.
Self-care abilities of the elderly may be significantly
limited and the geriatrician should be involved in assessing not only the patient (vision, dexterity, memory) but also the extent and involvement of the home
support systems. One should be cautious when choosing a home care modality in frail patients with limited
support.
Some elderly patients may initially do very well
with home dialysis, but the loss of a spouse/friend/
child could be an indication to discuss with the geriatrician whether a transition to an in-center dialysis would be a safer option.
Assistance with dialysis treatments at home by
the trained dialysis staff, especially in peritoneal diCorrespondence: Nicole Stankus, Section of Nephrology, University of Chicago, 5841 South Maryland Avenue, MC 5100,
Chicago, IL 60637. E-mail: nstankus@medicine.bsd.uchicago.edu
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Table 1. Interdisciplinary care of older dialysis patient
Comprehensive Assessment

Team Leader

Physical health
Comorbidities, medications, immunizations

Nephrologist
Geriatrician

Mental and psycho-social health
Cognitive status, mental health

Social worker
Geriatrician

Yearly history and physical
With updated comorbidities and their medical
management
Interventions are individualized to:
Meet patient’s needs and achieve psychosocial and
rehabilitation goals
Inform about advance directives

Ability to meet basic needs and follow
dialysis prescription
Coping with and adjusting to dialysis
Rehabilitation goals
Home environment
Legal issues (advance directives)
Financial capabilities and resources
Access and eligibility to available federal,
state, or local resources
Activities of daily living (ADLs)

Instrumental abilities of daily living (IADLs)
Nutrition
Nutritional parameters to be addressed:
Nutritional and hydration status
Anthropometric data such as height,
weight changes, volume status
Information from the person that cooks
and provides meals for the patient

Comprehensive Care Plan

Perform annual survey of physical and mental
functioning (KDQOL-36)
SW refers to:
Community mental health services
Transportation providers
In-home support services

Registered Nurse

Social worker
Geriatrician
Registered dietitian
Geriatrician

Encouragement and referrals for PT/OT/rehabilitation
to maintain or return to optimal functioning at
home and in the community

Achieve an effective nutrition:
Chewing and swallowing
Route of nutrition
Use of supplements
Communication with the long-term care facilities to
provide continuity of nutritional care for patients

Table 1 reflects current CMS Conditions of Coverage outlining the comprehensive assessment and plan of care for dialysis patients. Each team member has to
be intimately familiar with overall assessment and plan of care, but specific parts of assessment are under direct responsibility of the team leader (underlined).
Geriatricians integrate naturally into this framework (highlighted) in every specific component, because many of these tasks are routinely performed by
geriatricians as part of a comprehensive geriatric assessment. Goals of care for older patients change over time. Geriatricians are skilled in modifying treatment
plans not only to address the acuity, severity, or emergence of new medical problems, but also to align both long-term and short-term goals with patient
preferences and remaining life expectancy.

alysis, may become more available in the United States in the
future, as it is practiced in other countries. It would be a very
viable option for patients with self-care limitations who wish to
continue with home dialysis.
Transplantation Referral

Age is no longer a single limiting factor for kidney transplantation,
and reasons for a nonreferral must be documented by the IDT for
every dialysis patient. In most elderly patients with significant comorbidities, nonreferral is quite obviously a correct choice.
Even a highly functioning older dialysis patient would benefit from a comprehensive geriatric assessment as a part of the
transplant evaluation. Functional abilities can dramatically decrease after initiation of dialysis and timely interventions by
geriatricians could help maintain physical and mental capabilities of waitlisted older patients.

Integration of the comprehensive geriatric assessment in a
dialysis patient’s records is important for coordination of care.
Decision About Withdrawal of Dialysis

Discontinuing dialysis and entering hospice care is usually a
joint decision between nephrologist and geriatrician. Initial
conversation with the family and patient is best held outside of
the dialysis facility, with the focus on the overall prognosis and
palliative care options.
The nephrologist should reach out to geriatricians early on,
if an elderly patient is developing increasing difficulties and
discomfort during dialysis treatments, because it takes collaborative effort to make a difficult decision to stop a life-sustaining therapy. Institution of time-limited trials may be appropriate for some patients.

Combined Medical Records

ONGOING COORDINATION OF CARE

Sharing of the comprehensive assessment and care plans yearly
with patient’s geriatrician can improve care by improving
communication.

BP Management

2
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Monthly reassessment of medication needs, fluid gains, and
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adjustments in target weight require not only knowledge of the
patient’s pre/intra/post-BP but also INTERdialytic BP.
Utilization of office BP and home-health through the geriatrician’s offices may be essential to ensure interdialytic BP
stability and avoid causing dizziness and falls in the elderly
patients.
Monthly Laboratory Testing

Printed results of dialysis laboratories should be provided to
each patient monthly. Patients should be advised to bring
those results to their regular appointments with the geriatrician. This will help to ensure that the dialysis patient gets goaldriven individualized care.
Encourage geriatricians to limit in-office blood draws and
rather submit requests for additional testing to the dialysis centers. This improves patient satisfaction, helps minimize unnecessary blood draws, and preserves veins for access.
Dialysis Access Type and Maintenance

Every patient, regardless of age, should be encouraged to obtain permanent dialysis access. The efficacy of the hemodialysis
(HD) patient’s vascular access and the peritoneal dialysis (PD)
patient’s peritoneal catheter correlates with the quality (adequacy) of their dialysis treatments and is vital to their overall
health status.
Nephrologists must communicate with and ensure support
of the geriatrician to assure the most expeditious permanent
dialysis access placement; this helps to overcome apprehension
in older patients, who often are resistant to surgical procedures.
Patients With Functional or Cognitive Decline

Changes in activities of daily living (ADLs)/instrumental activities of daily living (IADLs), KDQOL/SF-36 scores, patient
falls, and cognitive decline should trigger an evaluation by the
geriatrician. Functional decline has impact on mortality but
can also decrease patient independence and quality of life (QOL).
Geriatricians are able to offer interventions to help improve
those conditions that might be amenable to intervention, such
as improving IADLs. They are also able to recommend services
for patients and families that can improve the QOL for both
patients and families.
The presence of cognitive impairment can impact decision
making for the patient but can also interfere with the dialysis
procedure itself. Geriatricians are trained to help with behavioral problems associated with impaired cognition that can
negatively affect the ability to comply with the dialysis prescription.
Geriatricians can help to identify depression in elderly patients on dialysis, distinguish this from dementia, and institute
appropriate treatment plans. Depression is common in these
patients. Medical management of depression allows patients to
achieve their best quality of life, improves their compliance
with medication and dialysis prescription, and helps them
maintain their independence.
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INDIVIDUALIZED COMPREHENSIVE PLAN OF CARE

The plan is developed and implemented by the IDT and includes measurable and expected outcomes and estimated
timetables to achieve them. For all patients, and especially
older ones, their needs, wishes, and goals have to be considered.
The written patient plan of care is based on the comprehensive assessment and includes (1) problem(s) identified at assessment/reassessment; (2) measurable goals/outcomes; (3)
planned interventions for achieving goals; and (4) time tables
and reassessment date(s).
When a specified target is not met, the IDT could involve a
geriatrician to help define further actions and decide whether
the goal for the patient should differ from the standards and is
adjusted appropriately for an older and/or frail patient.
A copy of the Plan of Care should be sent to the geriatrician
and, if specific changes in goals/timelines are suggested by the
geriatrician, the IDT should reassess whether targets selected
for an older patient are reasonable and appropriate for the
severity and acuity of the problems and also ensure that
planned interventions are coordinated to avoid duplication of
services.
The IDT needs to enlist geriatricians’ help in educating patients to understand their role in managing the prescribed diet
and medications. Without patient involvement in their own
care, it is impossible to attain goals of care and achieve the best
outcomes.

CONCLUSIONS

In summary, geriatricians are perfectly suited to help in the
care of older dialysis patients. They are well trained in comprehensive assessments and are familiar with working in interdisciplinary teams. Dialysis IDTs need to take a leadership role
to establish and maintain communications with the geriatricians and use their expertise in providing planned and goaldriven care. Caring for an older dialysis patient provides a
unique opportunity to develop models of specialty–specialty
interactions.

TAKE HOME POINTS
• Geriatricians should be viewed as an integral part of the multidisciplinary care team for older dialysis patients and be included in development of comprehensive care plan and institution of appropriate
interventions, thereby meeting CMS guidelines and avoiding duplication of care
• Consultations with geriatricians are especially important when concerns
arise about functional, cognitive, or psychosocial status of older patients that might interfere with dialysis treatments
• Geriatricians should be involved in major decisions, such as permanent
dialysis access placement, referral for transplantation, and discontinuation of dialysis, because these are pivotal changes in the life of an
elderly patient and impact their overall quality of life
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REVIEW QUESTIONS: INTERACTIONS OF DIALYSIS
TEAMS WITH GERIATRICIANS
1. Geriatricians would be least helpful in performing which of the
following comprehensive assessments:
a. Ability to follow dialysis prescription
b. Assessment of cognitive status
c. Discussion of advance directives
d. Physical exam including review of medical comorbidities
and immunizations
2. Current dialysis interdisciplinary teams do NOT include
which of the following:
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a.
b.
c.
d.

Registered dietician
Nephrologist
Primary care physician
Social worker

3. A geriatric consultation should be initiated for an older dialysis
person when:
a. Functional decline occurs
b. The patient is considered for renal transplantation
c. Patient expectations or goals of care change
d. All of the above
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Chapter 26: Comprehensive Geriatric Assessment:
A Multidimensional Process Designed to Assess an
Elderly Person’s Functional Ability, Physical Health,
Cognitive and Mental Health, and Socio-Environmental
Situation
Steven R. Gambert
Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, Maryland; and University of
Maryland School of Medicine, Baltimore, Maryland

Elderly persons have special needs and problems that
often escape recognition and treatment until late in
their course. When considering the older individual, it
is important to be able to determine what findings
constitute normal age-related changes compared with
age-prevalent illness or an atypical and nonspecific
presentation of disease. Because there are often several
reasons for a given finding, one should not be too
quick to conclude the “reason” for a specific issue;
there may also be more than one reason for a particular presenting problem.
A well-formulated problem list is the best way to
unlock the possible causes of each finding whether
it is a key historical fact, physical finding, laboratory
test abnormality, or some diagnostic test result. A
“change” in what has been a stable problem or an
acute functional decline should also alert the physician. Because many older persons have multiple interacting problems, a team of skilled professionals is
often needed to provide a comprehensive evaluation to address current and future needs. The nephrologist has the advantage of already having experience caring for persons with chronic illness and
multiple interacting problems. Dialysis also involves working with a team of skilled professionals,
much like the model used in geriatric medicine. The
following is a summary of key issues relating to
comprehensive geriatric assessment and its possible
benefits.
• The periodic comprehensive geriatric assessment should
be part of a coordinated care plan with the patient’s other
health care providers.
• Individuals of significantly advanced age, those suffering from multiple and interacting medical problems,
those on multiple medications, and individuals meeting
criteria for “frailty” benefit most; elderly persons on
American Society of Nephrology

dialysis are optimal choices for periodic geriatric assessment.
• A comprehensive geriatric assessment provides a systematic
approach to the collection of patient data; allows a patient’s
health status to be evaluated for existing and also potential
problems; emphasizes functional capacity; and does not aim
to cure all problems but rather identifies and suggests ways
to maximize quality life years.
• The primary goal is to help the patient regain lost
function and maintain as much independence as possible. It is important to note that physical and mental
illnesses affecting the elderly often interact and result in
a loss of functional ability much more than any one
problem in itself. The elderly are particularly vulnerable
as they have less “reserve capacity.”

There is a great variation in the way that geriatric assessments are conducted from single physician evaluations with referral to other skilled professionals as
necessary to full teams of professionals evaluating all
patients. In the latter case, a team meeting is usually
held to discuss individual findings with the end product being a unified team care plan. The team may include representatives from medicine, nursing, dentistry, dietary, social work, audiology/speech, physical
and occupational medicine, and psychology/psychiatry, among others. In the case of persons with renal
failure who may or may not already be receiving dialysis with a carefully designed care plan, care plans developed after the Geriatric Assessment must be carefully coordinated to avoid conflicting plans, messages,
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or treatments. Proper and thorough communication is key to a
successful outcome.

GOALS OF GERIATRIC ASSESSMENT

The goals of geriatric assessment are as follows: (1) provide a longterm solution for “hard to manage” patients with multiple physician and/or emergency room visits and hospital admissions with
poor follow-up; (2) focus on preventive medicine rather than
acute medicine; (3) focus on improving/maintaining functional
ability and not necessarily a “cure”; (4) aid in the diagnosis of
health-related problems; (5) develop plans for treatment and follow-up care; (6) establish plans for coordination of care; (7) determine the need for and site of long-term care as appropriate; (8)
determine optimal use of healthcare resources; and (9) prevent
readmission to the hospital.
The following are considered necessary components of a
comprehensive geriatric assessment: (1) diagnoses and problems (past and current) based on history, physical examination, and appropriate diagnostic testing; assessment to include
oral health, vision, hearing, and gait/posture1; (2) detailed review of all prescription and over-the-counter medications including supplements/herbs with attention to side effect profile
and potential drug– drug/drug–food interactions; (3) nutritional assessment including dietary recall/diary, anthropometric measurements, and laboratory testing as appropriate; (4)
urinary continence/incontinence history; (5) assessment of
bowel function; (6) assessment of cognitive ability and capacity
for informed decision making2; (7) mental/emotional health;
(8) functional abilities (activities and instrumental activities of
daily living [ADLs and IADLs, respectively]) as independent,
some help required, or dependent3; (9) assessment regarding
ability to adhere to prescribed care plan; (10) spiritual needs/
beliefs; (11) existing community support structure; (12) current and anticipated living environment; (13) legal issues including living wills, durable power of attorney, and end-of-life
issues; and (14) fall risk assessment.
ADLs are further subdivided into physical or basic ADLs and
IADLs. Basic ADLs include mobility, bathing, dressing, toileting,
transferring, continence, and feeding. IADLs include the ability to
use the telephone, shop, prepare food, housekeeping, laundry,
transportation, taking medication, and managing money.
There have been many studies evaluating the benefits of
geriatric assessment programs both in the ambulatory and inpatient setting. Clearly the financial cost-benefit impact varies
with the type of program established, the personnel involved,
and the ability to track outcomes.
In general, individuals who participate in a geriatric assessment program benefit from (1) greater diagnostic accuracy; (2)
improved functional ability; (3) improved cognitive ability and
emotional state; (4) reduced morbidity; (5) reduced adverse
drug events; (6) reduced mortality; (7) decreased use of nursing home and readmission to hospitals; and (8) greater satisfaction with care.
2
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ASSESSING FRAILTY

In recent years, there has been an increasing awareness that a
subpopulation of elderly individuals are frail.4 Frailty is a clinical syndrome of weight loss, fatigue, and weakness and is considered to be a prognostic factor for poor outcomes.
Frailty criteria include weight loss, weakness, exhaustion,
slowed walking speed, and low activity. The definition of frailty
is met if three of these five are present.
Studies have shown a relationship between frailty and inflammatory markers, although these remain experimental at
this time.5 Frailty has been associated with an increased risk for
falls, worsening mobility, worsening ADL disability, hospitalization, increased recovery time from surgery and illness, and
death.

GERIATRIC ASSESSMENT AND THE PATIENT WITH
CHRONIC KIDNEY DISEASE AND/OR DIALYSIS

Chronic kidney disease (CKD) can accelerate the otherwise
normal aging process and result in a decline in functional status and increased dependency on others for components of
care. In most cases, patients with CKD have multiple medical
problems in addition to CKD, particularly diabetes mellitus
and hypertension, each with their own set of medical complications and requirements. Polypharmacy is the rule; a coordinated approach is essential to avoid fragmented care and conflicting treatments. Geriatric assessment programs may help to
identify issues and play a role in optimizing healthcare for this
at-risk population.

CONCLUSIONS

When considering the older person, it is important to consider
what observations are a result of normal age-related changes compared with age-prevalent illness; diseases often present with nonspecific and/or atypical findings as well. A comprehensive geriatric assessment can not only help identify issues that need to be
treated but also help to recognize potential problems that deserve
early consideration and preventive strategies. Older persons with
CKD are at “double jeopardy” and clearly are ideal candidates for
periodic geriatric assessment.

TAKE HOME POINTS
• A periodic geriatric assessment is of value, particularly to “frail” older
persons and those with multiple medical problems and/or have had
frequent hospitalizations/visits to the emergency room
• Benefits are many to both the patient and physician: a thorough assessment not only can identify existing issues to be dealt with but also helps to
anticipate future problems that would benefit from proactive steps
• Assessment should encompass all aspects of the patient’s care and
should not be limited to medical issues
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• A team approach is the best way to make sure that all issues are
identified and an appropriate plan developed
• Older persons who meet criteria for “frailty” are at particularly high risk
of morbidity and mortality and have more significant consequences
from medical interventions including surgery
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REVIEW QUESTIONS: COMPREHENSIVE GERIATRIC
ASSESSMENT: A MULTIDIMENSIONAL PROCESS
DESIGNED TO ASSESS AN ELDERLY PERSONⴕS
FUNCTIONAL ABILITY, PHYSICAL HEALTH,
COGNITIVE AND MENTAL HEALTH, AND SOCIOENVIRONMENTAL SITUATION
1. All of the following are goals of Geriatric Assessment except:
a. Develop plans for treatment and follow-up care
b. Establish plans for coordination of care
c. Determine optimal use of health care resources
d. Evaluate family history for causes of chronic kidney disease
2. All of the following are considered to be necessary Components of a Comprehensive Geriatric Assessment except:
a. Urinary continence/incontinence history
b. Existing community support structure

4
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c. Fall risk assessment
d. Evaluation of a cardiac murmur
3. All of the following are criteria for a diagnosis of frailty except:
a. Weight loss
b. Weakness
c. Anemia
d. Slow walking speed
4. Which of the following is considered to be an ADL:
a. Use of a telephone
b. Ability to prepare food
c. Toileting
d. Ability to manage money
5. Which of the following is considered to be an IADL:
a. Mobility
b. Bathing
c. Transferring
d. Ability to take one’s medications
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Chapter 27: Rehabilitation Services for Elderly Dialysis
Patients
Sarbjit Vanita Jassal
Division of Nephrology, University Health Network, Toronto, Canada

Based on recent data, Canadians starting dialysis
between the ages of 75 and 79 yr will have an average
life expectancy of 3.2 yr.1 In the United States, patients 65 to 79 yr of age starting dialysis have a reported life expectancy of 25 mo.2 During this time,
patients may experience transient or permanent
loss of personal independence, which, in turn, has a
negative impact on their quality of life and financial
situation and a significant impact on health care
utilization.3 In general, older patients have complex
medical histories and a higher incidence of chronic
ailments such as arthritic pain, vision loss, or fatigue. Often patients adapt by walking more slowly
or taking more rests and developing fixed routines
with little variability or limiting activities. Over
time, these symptoms and adaptations have a cumulative effect on functional status, possibly leading to dependency. In the renal literature, prevalent
patients on hemodialysis seem to have high levels of
functional loss.4 Preliminary studies show that this
is exacerbated by acute hospitalization.5 The impact
of a lower functional status may be reduced by offering rehabilitation to dialysis patients. In the nondialysis literature such programs are common and
seem to limit the impact of functional disability on
patients, their families, and the healthcare system.6,7
In this chapter, I will review the benefits and concepts of geriatric rehabilitation, the role of the
nephrologists, and highlight some common complications.
WHAT IS GERIATRIC REHABILITATION?

Rehabilitation can be defined as a process by which
form and function is restored after injury or illness,
such that life can be lived to the fullest capacity
compatible with the degree of abilities and disabilities.8 This definition recognizes two important characteristics of rehabilitation in the older population—
first that restoration of function is most likely to occur
in those with a recent loss of function and, second, that
American Society of Nephrology

rehabilitation involves a process by which patients
both learn new ways to restore function but also methods which help them adapt to the new disability.
Geriatric rehabilitation depends highly on a
model of interdisciplinary care. In this model, different team members have both overlapping and
complementary skills. Unlike acute care units
where the physician often heads the team, rehabilitation teams do not depend on leadership from one
particular discipline. Rather, treatment decisions
are led by the team member most involved with the
patient. Team members include physicians, nurses,
social workers, occupational therapists, physiotherapists, speech therapists, psychologists, and pharmacists. Nurses play a key role because they spend
the most time with the patient. Through their
daily interactions with patients, nurses empower
patients to assume self-care and responsibility
and evaluate their psychosocial needs. Often
nurses help reduce muscle deconditioning by encouraging patients to perform self-care activities
outside of their formal therapy sessions. After
multiple team members assess the impact of disease on functionality from a variety of perspectives, they identify, through discussion, which of
the disciplines is best suited to developing solutions before working in a collaborative manner.
As an example, one patient with difficulty walking indoors may work with a physiotherapist to
increase muscle strength, whereas another may
benefit from occupational therapy sessions to
learn to overcome visual limitations.
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Table 1. Summary of studies evaluating inpatient rehabilitation in dialysis patients
Publication
Li (2008)24

Percent
N Patients With
Diabetes
164

51

Comorbidity
Details

Percent
Mean Average
Discharged
Age (yr) LOS (d)
Home

CCI ⫽ 7.8 ⫾ 2.5

74.5

48.5

68

Forrest (2005)19

40 Not reported

Not reported

62.3

12.1

80.0

Forrest (2004)18

34 Not reported

Not reported

68.7

16.0

72.2

5 Not reported

Not reported

76.4

—

20.0

3
100
19 Not Reported
28 Not reported

100
Not Reported
Not reported

50.0
59.0
61.5

18.0–34.0
27.0
17.5

100.0
79.0
89.0

Not reported

55.2

44.2

Frank (2002)20
Garrison (1997)21
Czyrny (1994)17
Cowen (1995)16
Greenspun (1986)22

4

100

n/a

Comments
Majority had a high burden of comorbid diseases.
24% patients required transfer to an acute care
institution, of whom 40% did not return to rehab
Prior medically complicated conditions in 8 patients
(20%)
Mostly admitted post-procedure. Prior acute
hospitalization in 27%
Used Berg Balance Scores and mobility for
functional assessment
Small sample size, postamputation only
Postamputation
Reported converted functional impairment measure
scores
Postamputation

LOS, length of stay; CCI, Charlson Comorbidity Index.

PUBLISHED BENEFITS OF REHABILITATION IN
DIALYSIS CARE

Numerous programs have reported using rehabilitation in
their dialysis units. Most develop exercise programs designed
to build muscle strength through exercise regimens during dialysis or within the home.9 –14 Such programs have been largely
successful but are often confounded by high drop-out rates
and the high costs of providing staff to supervise the exercises.
Cardiac rehabilitation is recommended for dialysis patients
who have recently survived myocardial infarction, had bypass
surgery, or those with chronic stable angina. Dialysis patients
have been shown to benefit from actively participating in cardiac rehab, with outcome studies showing a 35% reduced risk
for cardiac mortality.15 However, cardiac rehab seems to be
underused in dialysis patients, with only 10% of dialysis patients, compared with 23% of the general population, undergoing cardiac rehabilitation after coronary artery bypass graft
(CABG) surgery.15 Reasons behind this apparent paradox have
not been clearly identified.
In the older individual, building muscle can be challenging,
because patients do not have the strength or capacity to perform strenuous or repetitive exercises. Sensory changes, such
as in hearing or vision, or decreases in cognitive function also
limit the ability to learn new exercises. Geriatric renal rehabilitation has not been widely formalized and, in many cases, is
available only on a case-by-case basis. Published results of outcomes with dialysis rehabilitation are available but often limited by small study size and the inclusion of young patients
(⬍70 yr of age) with few comorbid conditions (Table 1).16 –22
Success rates, as measured by the proportion of patients returning home, vary from 20 to 100%. In the largest and most
recent report, approximately 70% of patients23,24 met their
personalized goals and returned home (Figure 1). At the time
of admission, patients had a significant burden of comorbidity
2
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and high levels of functional dependence. In our unit, dialysis
is offered on site on a daily dialysis schedule. Staffing levels
have been increased in both the dialysis suite and on the ward
to accommodate the higher burden of comorbidity and higher
dependency levels.24

ISSUES UNIQUE TO REHABILITATION OF ELDERLY
DIALYSIS PATIENTS
Comorbidity Burden

Elderly dialysis patients have a high incidence of comorbidity
with recent studies in prevalent hemodialysis patients showing
the mean number of medical conditions to be around 10.5 ⫾
3.5.25 The high number of comorbid illnesses place a heavy
medical burden on the rehabilitation unit staff and the pharmacy. Elderly dialysis patients have a high rate of transfer out
to acute care for new or recurrent acute illnesses. Of those who
Number of patients
120
100
80
60
40
20
0
Home

Assisted Care

Long-term care

Other

Figure 1. Graph showing discharge disposition of patients admitted to the Toronto Dialysis Geriatric Rehabilitation Program.
Patients who did not return to rehabilitation after an acute intercurrent illness or who transferred to palliative care are shown as
having been discharged to Other.
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are transferred, almost 40% are too unwell to return to rehabilitation.24
Dialysis Scheduling

Short daily dialysis is recommended where possible. It is well
tolerated and may lead to improved nutrition and better participation in therapy sessions. Patients report less fatigue and
fewer symptoms associated with rapid fluid shifts. Scheduled
dialysis and rehabilitation therapy sessions lead to improved
outcomes and shorter length of hospital stay.19
Enforced Immobility During Dialysis

Patients may benefit from occupational therapy and physiotherapy assessment during the dialysis session. Customized
seating aids may improve seating balance while simple physiotherapy exercises may reduce the impact of remaining relatively immobile for longer sessions.

THE SICK ROLE: THE IMPORTANCE OF
ENCOURAGEMENT

Many healthcare workers perceive dialysis patients as being
heavily dependent and unable to participate in exercise. In contrast, patients are interested in maintaining their functional independence and taking part in exercise. In a study to identify the
barriers to exercise, one important factor identified was that neither nurses nor doctors encourage elderly patients to be active.26
Studies to see whether changing staff attitudes can alter patient
perceptions or activity levels are underway.

ROLE OF THE NEPHROLOGIST IN DIALYSISRELATED GERIATRIC REHABILITATION

The nephrologist role is to work with the team and to take a
lead position on identification and referral of patients who may
benefit from rehabilitation; customization of the individual
medical goals and targets (goals should be adapted to allow the
patient to best achieve personal independence and function
and yet maintain long-term health); and reduction of polypharmacy and rationalization of medication.
One of the more difficult roles a nephrologist must play is
the identification of patients who would benefit from rehabilitation. Few nephrologists are formally trained in rehabilitation medicine, and there is little literature to advise on screening or referral protocols. Nevertheless, it is the nephrologist
who follows the chronic predialysis and dialysis patient most
closely and who is involved in their long-term care planning.
The nephrologist is therefore best placed to identify functional
decline and question if rehabilitation would improve functionality. A practical first step is to perform a full geriatric assessment after major events such as dialysis initiation and at set
intervals thereafter. Unfortunately, this field is relatively new
and it remains unclear whether all patients should be screened,
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and if so, how often and with what tools. Clearly clinical events
such as hospitalization, falls, or a change in social status (e.g.,
moving home or the death of a spouse or carer) should prompt
a functional reassessment by either the primary physician or
members of the allied health team.
Nephrologists should also work closely with the rehabilitation team to evaluate and, if necessary, reset health targets for
older dialysis patients. Although nephrologists routinely adjust
ultrafiltration/target weight and blood sugar targets, some patients may require temporary relaxation in these goals particularly during periods of functional loss. Relaxation of dietary
restrictions may allow improved nutrition and allow patients
to meet their calorie requirements during a period of repair
and recovery. Minor adjustments in volume status can have a
significant effect on fatigue. In our experience, debilitated individuals often report or manifest symptoms during their
physiotherapy or occupational therapy sessions. Adjustment
of target weight based on these observations or symptoms can
impact function, with small changes (e.g., an increase or decrease of 200 ml of ultrafiltration) being effective in some cases.
(We have maximized this through the use of short daily dialysis
regimens.) Some flexibility around blood sugar control may
also be helpful for individuals who are prone to labile diabetes.
Although tight blood sugar control is always a long-term objective, we have found it necessary to relax blood sugar goals
during the initial rehabilitation period. By having a tolerance
for a higher mean blood sugar, the patient may feel more able
to focus on other aspects of care. Success in these other aspects
of personal functioning, empowers them to then address selfcare issues around blood sugar management. Sadly, the need to
fulfill benchmark targets may limit the longer-term use of individualized care plans in patients with borderline functional
independence.
Nephrologists play a key role in helping to rationalize medications. Many dialysis patients experience polypharmacy. Inpatient rehabilitation care is an ideal setting for discontinuation of medications such as gastric acid suppressants, sedatives,
and laxatives, the aim being to reduce unnecessary drugs and
minimize drug interactions.
Pain management and detection and treatment of depression are two important aspects of rehabilitation care. Many
patients undergoing rehabilitation report chronic pain. Arthritic knees or hands can limit the use of aids and therefore
impact both functionality and recovery. The presence of
chronic uncontrolled pain may lead to depression and of
course vice versa, meaning that pain management strategies
should include antidepressants if appropriate.

IDENTIFYING AND MANAGING COMMON
PROBLEMS IN DIALYSIS REHABILITATION
Pain

Pain management is a major issue in ESRD. The topic is large
and complex because of the altered metabolism of many drugs,
American Society of Nephrology
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and the reader is encouraged to read further on the topic.27–29
Key summary principles are discussed below.
Appropriate drugs include acetaminophen ⫾ codeine and
opiates. Nonsteroidal anti-inflammatory drugs (NSAIDs) can
be used in anuric patients with arthritic symptoms. Ideally
these should only be used in short courses at low dose because
of the lower drug clearance and high risk of gastrointestinal
side effects.
Preferred opiates include hydromorphone, fentanyl, and
methadone. Morphine,meperidine, and detroporoxyphene
should be avoided because of accumulation of the drug. Caution must be exercised with transdermal administration of fentanyl because it seems to have a variable absorption depending
on the location of the patch. In addition, absorption may vary
depending on the temperature of the skin in that area. (Personal note: We avoid the use of fentanyl in our unit.)
If prescribing opiates, aim to use regular doses of long-acting agents at set times, e.g., twice a day; doses should be supplemented with additional breakthrough medications, particularly initially because the use of breakthrough medications
helps determine how much uptitration is needed. Medication
doses can be reassessed every 3 to 5 d. The regular dose of a
long-acting agent should be increased to be equal to the total
average dose of opiate used since the last titration. Therefore, if
the patient is taking 3 mg hydromorphone long acting twice
daily and is, on average, taking an additional 1-mg breakthrough dose five times a day, one would increase the total
long-acting hydromorphone doses to 6 mg twice a day (for a
total of 12 mg opiate/24 h) in the hope that pain will be sufficiently well controlled to not require breakthrough drugs.
Down titration is best done by a gradual reduction in the opiate
doses administered twice daily.
The use of adjuvant therapies such as heat packs, transdermal electrical nerve stimulation therapy, acupuncture, and antidepressants nortriptyline (in preference to amitriptyline) and
gabapentin is encouraged.
Sleep Disorders

Sleep disorders and chronic fatigue are common symptoms in
dialysis patients. Sleep hygiene programs include regular sleep
scheduling, keeping the patient out of bed and the bedroom
until bedtime, a snack before bedtime, and instruction on
mental imagery or deep breathing relaxation techniques.
Sleeping during dialysis, although common, should be discouraged. A patient with a poor sleep pattern may be suffering
from concomitant depression, and assessment is advised. If
associated with depression, the use of antidepressants with a
mildly sedative effect may be beneficial. Mirtazapine is often
used because it causes relatively short-term drowsiness (6 to
8 h) and also acts as an appetite stimulant.

alysis initiation. Unfortunately, symptoms, such as fatigue or
poor sleep and loss of appetite, can be attributed both to dialysis dependency and to depression, and therefore, depression
is best detected by having a high index of suspicion. Patients
respond well to antidepressants. In our unit, the preference is
for the newer agents such as citalopram and sertraline in particular because they have a lower incidence of drug– drug interactions. As mentioned previously, mirtazapine is particularly useful in patients with poor appetite and/or sleep
problems. Venlafaxine is our preferred choice for patients with
significant anxiety symptoms.
Confusional States

Cognitive impairment is common in dialysis patients30 and
may significantly impact the success rates with rehabilitation.
Associated delirium or agitation is not uncommon and may
improve after medication rationalization or treatment of any
intercurrent illness. Careful assessment of sensory functions,
such as hearing or vision, may be beneficial. Patients with reduced vision or hearing may not be aware of “normal” external
stimuli and what may be a simple startle reaction may be misinterpreted as agitation. Agitated patients may respond well to
routine. If possible, dialysis scheduling should facilitate dialysis
in the same station at the same time each day for vulnerable
patients.

CONCLUSIONS

Widespread development of programs offering rehabilitation
to dialysis patients is likely increasingly worthwhile as the average age of the dialysis patients increases. Programs seem effective in minimizing the disability associated with aging and
chronic disease. Nephrologists play an important role in identification of patients; setting appropriate medical goals; and
managing common problems such as pain control. Specific
training in care of the elderly patient may be of benefit to nephrologists.

TAKE HOME POINTS
• There is a high burden of dependency and disability in the older dialysis
population
• Recent onset dependence and disability may be reversed through
targeted rehabilitation programs
• Rehabilitation outcomes are improved if nephrologists work in conjunction with rehabilitation specialist teams; important areas for collaboration include identification of appropriate candidates, medical goal adjustment, and pain and medication management
• Scheduled dialysis sessions are associated with better rehabilitation
outcomes; short daily dialysis sessions are best tolerated (opinion)

Depression

Depression is common in both dialysis patients and those undergoing rehabilitation. Frail elderly dialysis patients are therefore at particularly high risk, especially around the time of di4

American Society of Nephrology

DISCLOSURES
None.

American Society of Nephrology

REFERENCES
*Key References
1. Jassal SV, Trpeski L, Zhu N, Fenton SSA, Hemmelgarn BR: Changes in
survival over the years 1990 –1999 for elderly patients initiating dialysis. CMAJ 177: 1033–1038, 2007
2. Kurella M, Covinsky KE, Collins AJ, Chertow GM: Octogenarians and
nonagenarians starting dialysis in the United States. Ann Intern Med
146: 177–183, 2007
3. USRDS Data report. http://www.usrds.org/adr_2007.htm 2007
4. Cook WL, Jassal SV: Functional dependencies among the elderly on
hemodialysis. Kidney Int 73: 1289 –1295, 2008*
5. Lo D, Chiu E, Jassal SV: A prospective pilot study to measure changes
in functional status associated with hospitalization in elderly dialysisdependent patients. Am J Kidney Dis 52: 956 –961, 2008
6. Forster A, Young J, Lambley R, Langhorne P: Medical day hospital
care for the elderly versus alternative forms of care. Cochrane Database Syst Rev CD: 001730, 2008
7. Clark GS, Siebens HC: Rehabilitation of the geriatric patient. In: Rehabilitation Medicine, edited by DeLisa JA, Philadelphia, Lippincott,
1993, pp 642– 665
8. Eisenberg MG: Dictionary of Rehabilitation. New York, Springer, 1995
9. Johansen KL, Painter PL, Sakkas GK, Gordon P, Doyle J, Shubert T:
Effects of resistance exercise training and nandrolone decanoate on
body composition and muscle function among patients who receive
hemodialysis: a randomized, controlled trial. J Am Soc Nephrol 17:
2307–2314, 2006
10. Painter P, Johansen KL: Improving physical functioning: time to be a
part of routine care. Am J Kidney Dis 48: 167–170, 2006
11. Painter P, Carlson L, Carey S, Paul SM, Myll J: Low-functioning hemodialysis patients improve with exercise training. Am J Kidney Dis 36:
600 – 608, 2000
12. Johansen KL, Shubert T, Doyle J, Soher B, Sakkas GK, Kent-Braun JA:
Muscle atrophy in patients receiving hemodialysis: effects on muscle
strength, muscle quality, and physical function. Kidney Int 63: 291–
297, 2003
13. Painter P: The importance of exercise training in rehabilitation of
patients with end-stage renal disease. Am J Kidney Dis 24: S9, 1994
14. Painter P: Why exercise can make a difference. Nephrol News Issues
20: 52, 2006

American Society of Nephrology

15. Kutner NG, Zhang R, Huang Y, Herzog CA: Cardiac rehabilitation and
survival of dialysis patients after coronary bypass. J Am Soc Nephrol
17: 1175–1180, 2006
16. Cowen TD, Huang CT, Lebow J, DeVivo MJ, Hawkins LN: Functional
outcomes after inpatient rehabilitation of patients with end-stage
renal disease. Arch Phys Med Rehabil 76: 355–359, 1995
17. Czyrny JJ, Merrill A: Rehabilitation of amputees with end-stage renal
disease. Functional outcome and cost. Am J Phys Med Rehabil 73:
353–357, 1994
18. Forrest GP: Inpatient rehabilitation of patients requiring hemodialysis.
Arch Phys Med Rehabil 85: 51–53, 2004
19. Forrest G, Nagao M, Iqbal A, Kakar R: Inpatient rehabilitation of
patients requiring hemodialysis: improving efficiency of care. Arch
Phys Med Rehabil 86: 1949 –1952, 2005*
20. Frank C, Morton AR: Rehabilitation of geriatric patients on hemodialysis; a case series. Geriatr Today 5: 136 –139, 2002
21. Garrison SJ, Merritt BS: Functional outcome of quadruple amputees with
end-stage renal disease. Am J Phys Med Rehabil 76: 226 –230, 1997
22. Greenspun B, Harmon RL: Rehabilitation of patients with end-stage
renal failure after lower extremity amputation. Arch Phys Med Rehabil
67: 336 –338, 1986
23. Jassal SV, Chiu E, Li M: Geriatric hemodialysis rehabilitation care. Adv
Chronic Kidney Dis 15: 115–122, 2008
24. Li M, Porter E, Lam R, Jassal SV: Quality improvement through the
introduction of interdisciplinary geriatric hemodialysis rehabilitation
care. Am J Kidney Dis 50: 90 –97, 2007*
25. Cook WL, Jassal SV: Prevalence of falls among seniors maintained on
hemodialysis. Int Urol Nephrol 37: 649 – 652, 2005
26. Kontos PC, Miller KL, Brooks D, Jassal SV, Spanjevic L, Devins GM, De
Souza MJ, Heck C, Laprade J, Naglie G: Factors influencing exercise
participation by older adults requiring chronic hemodialysis: a qualitative study. Int Urol Nephrol 39: 1303–1311, 2007
27. Arnold RM, Verrico P, Davison SN: Opioid use in renal failure #161. J
Palliat Med 10: 1403–1404, 2007
28. Davison SN: Pain in hemodialysis patients: prevalence, cause, severity,
and management. Am J Kidney Dis 42: 1239 –1247, 2003*
29. Davison SN: Chronic pain in end-stage renal disease. Adv Chronic
Kidney Dis 12: 326 –334, 2005
30. Murray AM, Tupper DE, Knopman DS, Gilbertson DT, Pederson SL, Li S,
Smith GE, Hochhalter AK, Collins AJ, Kane RL: Cognitive impairment in
hemodialysis patients is common. Neurology 67: 216 –223, 2006

American Society of Nephrology

5

REVIEW QUESTIONS: REHABILITATION SERVICES
FOR ELDERLY DIALYSIS PATIENTS
1. A 72-yr-old lady presents with acute chest pain to the emergency room. She has been living independently in her own
home for some years without difficulty. She is noted to have
chronic kidney disease on initial bloodwork. Over the following few days, her cardiac condition deteriorates. Because of
marked fluid overload and her background CKD, she needs to
start dialysis emergently. One month after initiating dialysis,
she is noted by the dialysis staff to be unsteady on her feet when
coming to dialysis. Since discharge, she is known to have had
multiple falls at home and is currently complaining of pain in
her left shoulder after a fall. She has no fracture but has significant bruising and pain and has limited movements of the arm.
Her BP is 160/85 mmHg predialysis and 140/78 mmHg postdialysis. Her medications include a renal vitamin, aspirin 81
mg OD, ramipril 10 mg OD, metoprolol 50 mg po twice daily,
atorvastatin 20 mg qHS, lorazepam 10 mg qHS, quinine sulfate
300 mg OD on dialysis days for cramps, allopurinol 100 mg
OD, hydroxyzine 25 mg three times daily for itch, omeprazole
20 mg OD, zopiclone 7.5 mg qHS, and acetaminophen 1000
mg QID prn for pain. Which of the following statements is
true:
a. Her falls are likely only happening on postdialysis days and
therefore related to hypotension; the most appropriate action is adjustment of target weight
b. The most appropriate first step is to manage her pain by
introduction of an opiate on a regular schedule
c. The most appropriate first step is to prescribe a walker to
help with her unsteadiness
d. Her falls are likely multifactorial and, taken together with
her unsteadiness and polypharmacy, she may benefit from
referral to a rehabilitation specialist for evaluation, and
treatment.
2. An 85-yr-old hemodialysis patient is referred for rehabilitation after the family notice a decline in his functional status

6
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over the past few months. The rehabilitation team review the
literature for clinical evidence about the effectiveness of inpatient geriatric rehabilitation in elderly, dialysis patients. Which
of the following statements is true:
a. Strong, grade A (randomized controlled trial) evidence
that rehabilitation is effective in elderly dialysis patients
b. Some Grade B evidence (from observational studies) that
rehabilitation is effective in elderly dialysis patients
c. No evidence in either direction (either supporting effectiveness or no effectiveness) in elderly dialysis patients
d. Strong evidence (randomized controlled trial) that rehabilitation is not effective in elderly dialysis patients
3. A 68-yr-old man is admitted to an acute medical ward with
symptoms consistent with pneumonia. He is seen by the
physio as part of the discharge planning process and is noted to
be having difficulty walking and transferring because of muscle weakness. His bone mineralization profile shows he has
mild secondary hyperparathyroidism with elevated PTH levels. He starts undergoing physiotherapy and rehabilitation
with the physio on an adhoc basis. He is a dialysis patient and
receives dialysis in the outpatient dialysis suite on Monday,
Wednesday, and Friday mornings where possible. He is a
pleasant man who is cooperative and readily amenable to
changing his dialysis time to later in the afternoon to suit the
staff. There is concern that he does not appear to be making
any progress in his walking. Which of the following statements
is true:
a. Rehabilitation provided on an acute medical ward is ineffective
b. Changing patients to a fixed dialysis schedule may reduce
the length of stay
c. Dialysis patients are likely to require twice as long for rehabilitation as nondialysis patients
d. The muscle weakness is unlikely to resolve with exercises
as it is related to a myopathy associated with secondary
hyperparathyroidism
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Chapter 28: Integrated Care of the Elderly With ESKD
Jocelyn Wiggins
University of Michigan, Ann Arbor, Michigan

Nephrologists worldwide are increasingly taking
care of older patients. Mean age at the start of renal
replacement therapy is 62.3 yr for men and 63.4 yr
for women. Peak incident counts of treated endstage kidney disease (ESKD) occur in the 70 to 79
age group at ⬎15,000 patients per year. Peak incident rates of treated ESKD occur in the 70- to
79-yr-old age group at 1543 per million population.1 Patients in this older age group are likely to
have multiple comorbidities. The average 75 yr old
suffers from 3.5 chronic diseases.2 Chronic kidney
disease (CKD) in the elderly rarely occurs in isolation from other chronic medical conditions and is
often a marker for those conditions. Many symptoms in older patients are caused by multiple deficits and not by a single disease. These diseases and
their treatments are likely to interact and complicate one another. Murray3 has reported that up to
70% of dialysis patients 55 yr of age and older have
chronic cognitive impairment of a level severe
enough to impact on their compliance and ability to
make informed decisions.4,5 Prevalence of depression is reported to be as high as 45% in the older
dialysis population.6 – 8 Metabolic bone disease is
complicated by age-related osteoporosis. The cardiovascular consequences of CKD are complicated
by structural heart disease such as valvular insufficiency and atrial fibrillation. Neurodegenerative
disease impacts on the patient’s mobility and cognitive function. Osteoarthritis and neuropathy
limit their physical activity. As age and disease advance, frailty becomes an issue. All of these things
combine to make the care of the older dialysis patient much more complex than that of a younger
individual. Drug interactions and inappropriate
dosing becomes an increasing issue as the number
of comorbidities and medications increases.
In 1992, Nespor and Holley9 did a small study of
in-center hemodialysis patients in Pittsburgh.
Eighty percent of these patients did not have a family physician and relied on their nephrologist for all
of their medical care. Ninety-one percent sought
treatment from their nephrologist for minor acute
American Society of Nephrology

illness. Nephrologists were also providing ongoing
treatment for comorbid chronic illnesses such as
diabetes and heart disease. In 1993, they went on to
confirm similar statistics in their chronic peritoneal
dialysis patients.10 This would suggest that the
nephrologist needs to be prepared to take on the full
complexity of care for their older patients, particularly their chronic dialysis population. In older patients, this would include health maintenance
screening and immunizations. Although malignancies are more common in both the dialysis population and in the posttransplantation population
than in the general population, life expectancy, age,
and cost effectiveness need to be considered by the
nephrologists before ordering screening tests.
What can the geriatrician offer this very sick
population? Geriatricians are trained to perform
comprehensive geriatric assessment. This involves
evaluation of all medical problems, but also covers
several other domains— cognition, affect, functional level, sensory, socio-economic needs, and environmental needs. Most geriatricians practice in a
multidisciplinary group that includes social workers, pharmacists, physical therapists, and nurse
practitioners.
This group can help the patients with organizing their
medical regimen and transportation to the dialysis unit.
They can provide support and counseling to the patient
and family for coping with chronic disease.
They can advise on cognitive function and whether the
patient should still be signing their own consents.
They can take care of the intercurrent illnesses and chronic
conditions.
They can review and manage polypharmacy.
They can help manage pain.
They can coordinate the other specialty care.
Many practices now provide a transitional care clinic for
rapid follow-up on discharge to prevent bounce back to
the hospital.
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They can help evaluate whether the living environment is still appropriate.
They can identify community resources to help the patient remain
independent in the community.
They can assist in nutrition management and access to appropriate food.
Geriatricians can also help with advanced care planning, guiding the
patient through appointing an advocate and laying out their wishes
with respect to end of life care.
Many geriatricians also have experience in palliative care and can manage
the patient if and when they choose to withdraw from dialysis.

CONCLUSIONS

Cooperative care can be handled in two ways. Patients can be
referred to a geriatric center for comprehensive geriatric evaluation and for ongoing primary care. Alternatively a geriatric
physician can be asked to do consultative rounds in the dialysis
unit and participate in team meetings. There are no studies that
support either of these models in the ESKD population or data
to show that you can improve quality of care, hospitalizations,
or mortality statistics. However, the busy nephrologist may
wish to consider using a geriatrician to help with the care of
their most complex and frail elderly patients.

TAKE HOME POINTS
• Average age for starting dialysis is 62.3 for men and 63.4 for women
• Older patients have more comorbidities
• Cognitive impairment and depression are common in this group and
complicates treatment
• Cooperative care with a geriatrician can help the nephrologists with the
nonkidney issues
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REVIEW QUESTIONS: INTEGRATED CARE OF THE
ELDERLY WITH ESKD
1. The average age for initiating dialysis is between
a. 45 to 50
b. 50 to 55
c. 55 to 60
d. 60 to 65
e. 65 to 70
2. What percent of dialysis patients rely on their nephrologists
for all of their medical care?
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a.
b.
c.
d.
e.

10%
30%
50%
80%
100%

3. A geriatrician can help with all of the following except:
a. Cognitive evaluation
b. Depression evaluation
c. Library fines
d. Polypharmacy
e. Advance Care Planning
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Chapter 29: Nutrition and the Kidney in the Elderly
Patient
John E. Morley
Division of Geriatric Medicine, St. Louis University School of Medicine and GRECC, VA Medical Center, St. Louis,
Missouri

Both older persons and persons with kidney failure
are highly prone to develop nutritional deficiencies
(Table 1). The major nutritional problem experienced by both groups is weight loss associated with
protein energy malnutrition. Renal failure patients
with low body mass index, weight loss, low albumin, and low cholesterol all have increased morbidity and mortality.1 These are classical components
of the malnutrition, inflammation, and atherosclerosis (MIA) syndrome in ESRD. Similarly, in older
persons, weight loss is associated with increased
mortality.

WEIGHT LOSS

The causes of weight loss in older persons are as
follows2: cachexia, anorexia, sarcopenia, and dehydration.
Sarcopenia is the loss of muscle mass that occurs
with aging. It is associated with varying degrees of
muscle power (dynapenia). Severe sarcopenia (defined as appendicular skeleton lean mass corrected
for height that is 2 SD below the normal value for
young persons) occurs in 5 to 13% of persons over
the age of 70 yr. Sarcopenia is associated with increased disability, and its medical costs have been
calculated to be $18.4 billion per year in the United
States. On the whole, fat older persons who maintain muscle mass do fairly well, but those who are
fat but have lost muscle mass (the “fat frail” or sarcopenic obese) have worse outcomes as far as disability and mortality than do the thin sarcopenic.
There are many causes of sarcopenia (Table 2).
These include genetic factors, weight at birth, poor
energy and protein intake, low levels of activity, decreased motor units, insulin resistance, decreased
anabolic hormones, low vitamin D, increased cytokines, and peripheral vascular disease. The potential treatments for sarcopenia are outlined in Table
American Society of Nephrology

3. Overall, the best treatments are exercise (especially resistance exercise), anabolic hormones (e.g.,
testosterone and selective androgen receptor molecules), and vitamin D replacement. Creatine together with exercise improves muscle strength in
older persons. It also reduces cramps. There are no
data in renal failure.
The decreased testosterone and vitamin D associated with kidney disease make sarcopenia more
likely to occur in renal failure. Insulin resistance in
renal failure further decreases muscle anabolism
and increases fat accumulation in muscle. With aging, there is a physiologic anorexia of aging with
older males reducing their caloric intake by a third
and females by a quarter over their lifespan.3 There
are multiple causes of this physiologic anorexia. Aging is associated with a decline in taste and olfaction. With aging there is a decrease in adaptive relaxation of the fundus of the stomach, resulting of a
quicker filling of the antrum and early satiation.
This is associated with slower gastric emptying that
occurs with large gastric volumes in older persons.
The satiation hormone, cholecystokinin, is increased with aging, and it is more effective at reducing food intake in older persons. The reduction in
testosterone in older males leads to an increase in
leptin that can reduce food intake and increase energy metabolism.
Renal failure is classically associated with anorexia because of circulating uremic toxins. In addition, urea in the mouth produces gingivitis, decreasing the enjoyment of eating. Male kidney
failure patients have low testosterone, increasing
the potential of higher leptin levels increasing anorexia.
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Table 1. Nutritional alterations in kidney disease
1. Weight Loss
—Sarcopenia
—Protein energy malnutrition
Anorexia
Malabsorption
Hypermetabolism
Cachexia
—Dehydration
2. Vitamin abnormalities
—Decreased folate
—Decreased pyridoxine
—Increased homocysteine
—Decreased niacin
—Decreased vitamin C
—Decreased 25(OH) vitamin D
—Increased vitamin A
3. Trace mineral abnormalities
—Decreased zinc
—Decreased selenium
—Decreased iron or its bioavailability
—Increased copper
—Increased magnesium
4. Electrolytes
—Hyperkalemia
—Hyponatremia
5. Carnitine deficiency and/or functional impairment
6. Lipids
—Hypertriglyceridemia
—Hypercholesterolemia
7. Carbohydrates
—Insulin resistance
—Hyperglycemia

The most common cause of pathologic anorexia with aging
is depression. Therapeutic diets are bland and further aggravate anorexia. Chronic pain often limits the desire to eat. A
Table 2. Causes of sarcopenia*
Lack of physical activity
Lack of adequate protein ingestion
Anabolic hormone deficiency
Testosterone
Dehydroepiandrosterone insulin growth factor-1 (DHEA)
Growth hormone, including its muscle isoform
Vitamin D deficiency
Cytokine excess (interleukin-6, tumor necrosis factor-␣)
Motor neuron loss
Insulin resistance
Low birth weight
Genetics
Myostatin
Ciliary neurotrophic factor (CNTF) and its receptor
Vitamin D receptor (VDR Bsm1)
Angiotensin converting enzyme
Androgen receptor gene (CAG-repeats)
Cyclin-dependent kinase inhibitor 1A
*For those wishing more details regarding the genetic factors, please see
reference 2.
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Table 3. Treatment of sarcopenia
Exercise
Aerobic
Resistance
Vibration platform exercises
Nutrients
Essential amino acids
Creatine
Anabolics
Testosterone
Selective androgen receptor molecules
Ghrelin analogs
Proteolysis Inhibitor
Angiotensin converting enzyme (ACE) inhibitors
Orexigenics
Megestrol
Dronabinol

variety of medicines interfere with taste and produce anorexia.
The common reversible causes of weight loss in older persons
are given in Table 4. Nutritional deficiencies may be related to
(1) the inability to access groceries— decline in mobility, poor
vision, and loss of driving privileges and (2) lack of an enthusiasm to cook and a loss of ability to prepare food. Food preparation requires cognitive styles, dexterity, and ability to stand
for long periods, all of which are often lacking in elderly dialysis
patients.4
In renal failure, nausea, vomiting, and diarrhea can lead to
weight loss. Confusion, depression, and anxiety can lead to
decreased food intake. Generalized bone pain may limit food
intake.
Approximately 8% of renal failure patients on dialysis have
cachexia. Cachexia or wasting disease consists of loss of both
muscle and fat, anorexia, hypermetabolism, decreased intestinal mobility, low albumin, low cholesterol, and elevated acute
phase proteins.5 In general, in renal failure patients, it is caused
by elevated inflammatory cytokine levels. Cytokines decrease
cholesterol and cause third spacing of albumin and prealbumin, explaining the very low levels of these circulating substances often seen in renal failure. In renal failure, superimposed acute and chronic illnesses can further aggravate the
Table 4. MEALS-ON-WHEELS mnemonic for treatable
causes of weight loss in older persons
Medications (e.g., digoxin, theophylline, cimetidine)
Emotional (e.g., depression)
Alcoholism, elder abuse, anorexia tardive
Late life paranoia
Swallowing problems
Oral factors
Nosocomial infections (e.g., tuberculosis)
Wandering and other dementia-related factors
Hyperthyroidism, hypercalcemia, hypoadrenalism
Enteral problems (e.g., gluten enteropathy)
Eating problems
Low salt, low cholesterol, and other therapeutic diets
Stones (cholecystitis)
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cachexia. Peritoneal dialysis is associated with potentially large
losses of protein and albumin. Blood loss that is common in
older persons with renal failure further contributes to protein
energy malnutrition. The role of toxins, retained during renal
failure, at producing catabolism is uncertain. Acidemia suppresses albumin synthesis and promotes negative nitrogen balance.
Recent studies have suggested that optimal survival in patients with renal failure requires a protein intake of between 1.1
to 1.4 g/kg protein per day.6 In end-stage renal failure patients,
an energy intake of 35 to 40 kcal/kg per day seems to be necessary to maintain weight and nitrogen balance. In persons with
a lower caloric intake, amino acid supplementation may be
helpful.
Studies in older persons with ESRD have suggested that very
low protein diets may decrease the time to dialysis and days in
hospitalization without altering mortality. As this is a qualityof-life issue, older persons should be informed of this possibility to allow them to make informed choices. In severely malnourished anorectic patients on dialysis, intradialytic
peripheral parenteral nutrition may be a reasonable approach.7–9

MICRONUTRIENTS

In general, because caloric intake is insufficient in persons on
dialysis, it may be expected that micronutrient intake may be
insufficient. Virtually no patients ingest the recommended folate and pyridoxine intakes.10 Niacin and selenium intakes are
also low in persons on long-term dialysis. Vitamin C levels are
reduced by hemodialysis.11 25(OH) Vitamin D levels are low in
ESRD.
Elevated homocysteine levels in epidemiologic studies have
been associated with cardiovascular disease, Alzheimer’s disease, and osteoporosis. Renal failure itself causes elevation of
homocysteine. Folate has the best effect on reducing homocysteine in the deficiency patients. Addition of vitamin B12 may be
appropriate to prevent unmasking of latent vitamin B12 levels.
Elevated methylmalonic acid levels are diagnostic of vitamin
B12 deficiency.
Older persons with renal failure who are bruising easily will
benefit from vitamin C supplementation. Vitamin A levels are
elevated in end-stage kidney disease. Elevated vitamin A levels
cause increased production of PTH and bone disease. For this
reason, multivitamins with vitamin A need to be avoided in
renal failure.
As far as trace elements are concerned, zinc, selenium, and
iron are the most likely to be deficient in end-stage kidney
failure, whereas magnesium and copper are liable to be in excess. Zinc deficiency in kidney failure may lead to dysgeusia,
anorexia, and hypogonadism. Zinc deficiency is particularly
likely to occur in patients on diuretics.
Iron sulfate causes anorexia and gastrointestinal distress
and, as such, iron gluconate is preferred. If oral iron cannot
American Society of Nephrology

maintain adequate erythropoiesis, as measured by flow cytometry (⬎10% hypochromic subpopulation), intravenous iron is
required. Excess iron replacement should be avoided because
of the possibility that it may increase the likelihood of certain
infections.
Aluminum excess occurs mainly because of use of Al(OH)3
as a phosphate binder. Aluminum excess has been correlated
with cognitive dysfunction and bone disease. Thus, low phosphate diets and use of nonaluminum phosphate binders are
preferred for control of hyperphosphatemia.

CARNITINE

Carnitine is a nutrient that is essential for the transport of long
chain fatty acids into mitochondria. As such, it plays a key role
in mitochondrial energy control. Serum carnitine deficiency
occurs during hemodialysis. Carnitine in hemodialysis patients may reduce fatigue, increase exercise capacity, reduce
erythropoietin requirement, reduce cramps, and reduce hypotensive events during dialysis.12,13 Carnitine seems to be safe.
Available data consist of small trials and thus its use cannot be
recommended routinely. However, in severe muscle weakness,
cramps, dialysis hypotension, fatigue, or anemia resistant to
erythropoietin, a therapeutic trial may be considered. Carnitine can be given orally as 0.5 g daily or infused intravenously
after dialysis (10 to 20 mg/kg, three times per week).

TAKE HOME POINTS
• Protein energy malnutrition is the most common nutritional problem in
older persons on dialysis; it is associated with poor outcomes
• Folate and pyridoxine intakes are usually insufficient in older persons
with renal failure
• Outcomes, such as less falls and improved function can be obtained by
keeping 25(OH) vitamin D levels ⬎100 nmol/L.
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REVIEW QUESTIONS: NUTRITION AND THE KIDNEY
IN THE ELDERLY PATIENT
1. Optimal protein intake in older persons with kidney disease
are
a. 0.8 g/kg per day
b. 0.8–1 g/kg per day
c. 1.1–1.4 g/kg per day
d. 1.5–1.8 g/kg per day
e. 2.0 g/kg per day
2. Which of the following have the worst outcomes as far as mortality and disability are concerned?
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a.
b.
c.
d.

Thin sarcopenic
Obese
Obese sarcopenic
BMI 21 to 23 kg/m2

3. Which of the following should be avoided in kidney
disease?
a. Vitamin A
b. Folate
c. Vitamin C
d. Vitamin D
e. Zinc
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Chapter 30: Urinary Incontinence in the Elderly
George A. Kuchel* and Catherine E. DuBeau†
*UConn Center on Aging, University of Connecticut Health Center, Farmington, Connecticut; and †Division of
Geriatric Medicine, University of Chicago, Chicago, Illinois

EPIDEMIOLOGY

The prevalence of urinary incontinence (UI) increases with age. Moderate to severe UI affects 7%
of women 20 to 39 yr of age, 17% 40 to 59 yr of age,
23% 60 to 79 yr of age, and 32% ⱖ80 yr of age.1 The
prevalence in men is approximately one third that
of women, until it equalizes in the ninth decade.
Nursing home residents have especially high rates
of UI, ranging from 60 to 78% in women and 45 to
72% in men. The primary impact of UI is on quality
of life, including self-concept, self-esteem, and the
burden of coping. Economic costs of UI continue to
rise, adding an estimated $6 billion annually to the
cost of caring for older Americans.2

ETIOLOGY

Whereas UI in younger and middle-aged persons is
nearly entirely caused by alteration in the lower urinary tract (LUT) and its innervation, in older persons, UI represents a geriatric syndrome with
broadly based, patient level risk factors that include
age-related changes in physiology, comorbidity,
medications, and especially functional impairments.3,4 Moreover, in older persons, UI can cause
significant morbidity (such as falls and fractures)
and functional impairment. Additionally, many
older and especially frailer persons require caregivers, and UI can lead to caregiver stress and institutionalization of the frail elder. Risk factors for UI in
older persons include impaired mobility, falls,
medications, depression, transient ischemic attacks
and stroke, dementia, congestive heart failure, fecal
incontinence and constipation, and obesity.4

TYPES OF INCONTINENCE

Urge UI is the symptom of leakage associated with a
compelling, often sudden, urgency to void. Urge UI
American Society of Nephrology

is usually associated with uninhibited bladder contractions, called detrusor overactivity (DO). However, up to 40% of continent healthy older adults
have DO on urodynamic testing,5 suggesting that
urge UI requires not just DO but impaired central
nervous system and other compensatory mechanisms as well. DO may be idiopathic, age-related,
secondary to lesions in cerebral and spinal inhibitory pathways, caused by bladder outlet obstruction, or (less commonly) result from local bladder
irritation (e.g., infection, stones, tumor). Recent evidence suggests that increased afferent signaling
from the detrusor may also contribute to urgency,
DO, and urge UI. Frail older persons may have DO
but without sufficient detrusor contractility to fully
empty the bladder, leading to an elevated postvoiding residual volume (PVR). This condition is called
detrusor hyperactivity with impaired contractility
(DHIC).5
Stress UI is the symptom of leakage associated
with increased intra-abdominal pressure. It occurs
with impaired urethral sphincter support or damage impairing urethral closure, as may occur from
surgical scarring, radical prostatectomy, and some
spinal cord injuries. Although parity is an important risk factor for stress UI in younger and middleaged women, its contribution to stress UI in older
women is minimal to none.
Mixed UI is the symptom of leakage with features of both urge and stress UI and is most common in younger-old women. Either urge or stress
UI symptoms may predominate.
UI with impaired bladder emptying is leakage
associated with an elevated PVR, which can be
caused by bladder outlet obstruction, poor bladder
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contractility (detrusor underactivity), or both.6 The most
common cause of obstruction in men is prostate disease, and in
women, it is either a large cystocele that kinks the urethra or
urethral scarring. Detrusor underactivity may be age related,
caused by detrusor smooth muscle damage, peripheral neuropathy (diabetes mellitus, vitamin B12 deficiency, alcoholism), or damage to the sacral cord and spinal bladder efferents
by disc herniation, spinal stenosis, tumor, or degenerative neurologic disease. Neurologic diseases affecting the sacral spinal
cord can cause detrusor underactivity and/or neurally mediated obstruction, depending on the exact level and extent of
damage.
In general, over the age of 65, urge UI increases, stress UI
decreases, the prevalence of mixed UI remains stable, and overflow is rare. Urge UI is the most common form in older men,
whereas stress UI is important after prostatectomy, especially
radical surgery.
Regardless of the type of UI symptom, leakage in older persons may be caused or worsened by comorbid conditions,
medications, and functional impairment (Table). In the past,
UI related to such factors has often been referred to as “transient” or “functional” UI. However, for many older persons,
UI is a chronic and often progressive condition, and both
“transient” and “functional” contributing factors frequently
co-exist with other comorbidity and lower urinary tract (LUT)
abnormalities. Persons with UI usually have several other LUT
symptoms (LUTS), including frequency (patient complaint of
too frequent voiding); nocturia (need to wake twice or more
times at night to void); slow stream (perception of reduced
urine flow); intermittent stream (urine flow which stops and
starts during voiding); hesitancy (difficulty in initiating urine
flow); straining (to either initiate, maintain or improve urine
flow); and sense of incomplete bladder emptying. These LUTS
lack specificity, especially frequency (which can reflect increased fluid intake and/or increased diuresis from many

causes) and nocturia (which can be caused by a disproportionate nocturnal polyuria or a primary sleep disorder).

EVALUATION

Evaluation of UI in older persons should be multifactoral, addressing comorbidity, function, and medications as potential
etiologic or contributing factors. The important first step is
active screening for UI, because 50% of affected persons do not
volunteer their symptoms to their providers. History should
include UI onset, frequency, volume, timing, and associated
factors or events. Patients and/or caregivers should be asked
about UI-associated bother and quality-of-life impact. Simple
questions can help determine the type of UI symptoms: e.g.,
“Do you lose urine during coughing, sneezing, or lifting?” (for
stress UI) and “Do you experience a such strong and sudden
urge to urinate that you leak before reaching the toilet?” (for
urge UI). In women, these questions are most helpful to diagnose urge UI and slightly less so stress UI; if a woman denies
stress leakage, it is highly unlikely that she has physiologic
stress UI.7
Physical examination should include cognitive and functional assessments and focus on potential comorbid conditions associated with UI. Rectal exam is used to assess for
masses, tone, and prostate nodules or firmness in men (not
size). The neurologic evaluation should include evaluation of
sacral cord integrity with perineal sensation, anal “wink” (anal
sphincter contraction when the perirectal skin is lightly
scratched), and bulbocavernosus reflex (anal sphincter contraction when either the clitoris or glans is lightly touched).
Vaginal mucosa should be evaluated for severe atrophy, and
the pelvic exam should include evaluation for pelvic organ prolapse (cystocele, rectocele, uterine prolapse) with straining.4
Urinalysis is recommended for all patients, primarily to

Table 1. Examples of comorbidity causing or worsening UI in older persons
Aspect of Continence Affected
Ability to get to toilet

Fluid balance

Urethral closure

Bladder contractile strength
Uninhibited bladder contractions

2

American Society of Nephrology

Comorbidity
Functional impairment, e.g., from arthritis, Parkinson’s, poor vision
Extrapyramidal effects of antipsychotic medications
Medications causing sedation or confusion, e.g., benzodiazepines
Poor access to toilets
Severe cognitive impairment: advanced dementia, severe depression
Excessive intake of caffeinated beverages, alcohol
Increased nocturnal diuresis from congestive failure, sleep apnea, venous stasis, or drugs
causing peripheral edema (e.g., amlopidine, thiazolinediones, gabapentin)
Diuretic medications
Marked obesity
Cough because of pulmonary disease, ACE inhibitors
Increased urethral tone from alpha adrenergic agonists, decreased tone from alpha blockers
Medications impairing bladder contractility: calcium channel blockers, anticholinergics, opiates
Diabetes (advanced), vitamin B12 deficiency, lower spinal cord injury
CNS diseases, stroke, suprasacral spinal cord diseases
Diabetes
Local bladder irritation: stones, carcinoma
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look for hematuria (and glycosuria in diabetics). Pyuria and/or
bacteriuria likely represents asymptomatic bacteriuria—not
cystitis—in women without dysuria, fever, or other signs of
urinary tract infection, especially if UI is not acute.
Although frail elderly may have a higher prevalence of elevated PVR, especially in association with DHIC, it is not clear
that evaluation of the PVR always would alter management.
Therefore, a prudent approach would be to limit PVR testing
to patients with either diabetes, previous urinary retention or
elevated PVR, recurrent urinary tract infections (UTIs), severe
constipation, complex neurologic disease (e.g., Parkinson’s),
marked pelvic organ prolapse or prior anti-incontinence surgery (women), medications known to decrease detrusor contractility (e.g., anticholinergics), persistent or worsening urge
UI despite antimuscarinic treatment, or prior urodynamic
evaluation showing with poor contractility or outlet obstruction. Ultrasound or catheterization must be used because abdominal palpation is neither sensitive nor specific.
A clinical stress test may be helpful in patients with stress UI
symptoms. The patient should have a full bladder and a relaxed
perineum and buttocks, and the examiner should be positioned to observe or catch any leakage when the patient gives a
single vigorous cough.7 The test is most sensitive when the
patient is upright and insensitive if the patient cannot cooperate, is inhibited, or the bladder volume is low. Bladder diaries
can be helpful to determine whether urine volume and timing
contribute to frequency and nocturia symptoms and can assist
evaluation of UI frequency, timing, and circumstances. The
diary entails recording the time and volume of all continent
voids and UI episodes, typically over 3 d. Routine urodynamic
testing is not necessary and may be misleading because of the
high prevalence of DO in healthy, continent older persons.
Such testing should be reserved for patients considering invasive treatment; when either the etiology of UI is unclear and a
precise diagnosis would change management; or when empiric
treatment has failed. Cystoscopy is necessary only for hematuria or otherwise unexplained pelvic pain.

TREATMENT

Correction of reversible precipitants and contributing factors
is critical. Specific treatment should be targeted to the patient’s
most bothersome symptom(s). Treatment should be stepped,
starting with noninvasive behavioral methods and then adding
medications (if urge UI still is problematic), and finally consideration of minimally invasive or more extensive surgery, if
appropriate and acceptable. Specialist referral is recommended
for patients with hematuria, pelvic pain, complicated neurologic disease (e.g., spinal cord injury), and previous pelvic surgery.
Lifestyle modifications that may be helpful include avoiding
extremes of fluid intake, caffeinated beverages, and alcohol;
minimizing evening intake for nocturia; and smoking cessation for patients with stress UI. Weight loss has been shown to
decrease UI in morbidly obese women.
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The two main behavioral therapies are bladder training and
pelvic muscle exercises, both of which are effective for urge,
mixed, and stress UI and are often used in combination. Bladder training uses two principles: frequent voluntary voiding to
keep bladder volume low and urgency suppression using central nervous system and pelvic mechanisms. Prompted voiding
can be used instead of bladder training for persons with cognitive impairment and urge UI. Pelvic muscle exercises (PMEs)
strengthen the muscular components of urethral support and
are effective for urge, mixed, and stress UI.
Pharmacologic treatment is largely limited to antimuscarinic agents for urge UI, overactive bladder, and mixed UI.
Oral estrogen, alone or in combination with progestins, increases stress and urge UI and should not be used. There is no
consensus whether topical estrogen applied in the vagina improves UI, but it is helpful for uncomfortable vaginal atrophy
and can decrease recurrent UTIs. There are currently five antimuscarinic agents for treatment of urge UI and overactive
bladder: oxybutynin (immediate and extended release, and
topical patch), tolterodine (immediate and extended release),
solifenacin, darifenacin, and trospium. These five antimuscarinics have similar efficacy, resulting in continence rates of
approximately 30% and reduce UI by an average of half an
episode or more per day over placebo.8 Two additional agents
are expected to become available in 2009: an extended release
version of trospium, and fesoterodine, which is a prodrug that
is metabolized to tolterodine.
The most common adverse drug effect (ADE) from antimuscarinics is dry mouth, which is not only bothersome but
can cause dental caries, problems chewing, poorly fitting dentures, dysphagia, and sleeping difficulty. The highest rates of
dry mouth occur with oxybutynin. Other ADEs include decreased visual accommodation (causing blurred vision and
possibly increased falls) and constipation (more likely with
oxybutynin, solifenacin, and darifenacin than tolterodine).
The major antimuscarinic ADE of concern in older and especially frail adults is cognitive impairment, yet the incidence,
prevalence, domains of impairment, magnitude, and impact of
this ADE from specific antimuscarinic UI drugs is largely unknown. There is insufficient evidence at this time that one
agent is “safer” for all older patients or specifically those with
dementia or central nervous system diseases, despite theoretical arguments about the ability of specific agents to cross the
blood– brain barrier. Most importantly, it is unclear that cognitive risks outweigh potential treatment benefits. Other
agents used for UI (e.g., flavoxate, propantheline, dicyclomine,
imipramine, hyoscyamine) have scant or poor efficacy data.
Vasopressin (DDAVP) should not be used to treat nocturia in
older persons because of the high risk of hyponatremia.
Pessaries may benefit women whose stress or urge UI is
exacerbated by bladder or uterine prolapse. There are now several minimally invasive therapies available for those with urge
UI refractory to antimuscarinics, including botulinum toxin
injection into the bladder wall and sacral neuromodulation.
Surgery provides the highest cure rates for women with stress
American Society of Nephrology
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UI. Many patients will require or choose to continue to use
pads and protective garments. Catheters should be reserved for
short-term decompression of acute retention, management of
outlet obstruction when medical or surgical treatment is not
possible, protection of wounds that need to be kept clean of
urine, and for terminally ill or severely impaired persons for
whom frequent clothing or garment changes would be very
uncomfortable.

TAKE HOME POINTS
• UI is highly prevalent in older persons and results in significantly decreased quality of life, morbidity, and high costs
• In older persons, UI is not simply a LUT disorder but represents a
geriatric syndrome with broadly based, patient level risk factors that
include age-related changes in physiology, comorbidity, medications,
and functional impairments
• Older persons should be actively screened for UI, and an initial officebased evaluation based on history, exam, and urinalysis is sufficient to
initiate treatment
• UI treatment should be stepwise, progressing from behavioral and
medication therapy to more invasive approaches, as needed and appropriate
• Behavioral therapy (bladder training and pelvic muscle exercises) is
effective in reducing urge and stress UI
• Antimuscarinic medications for urge UI have similar efficacy, and drug
choice should be guided by anticipated adverse effects and other
factors (e.g., cost)
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REVIEW QUESTIONS: URINARY INCONTINENCE IN
THE ELDERLY
1. In older patients, uninhibited bladder contractions:
a. Although present may not be the cause of incontinence
b. Are rarely seen in asymptomatic patients
c. Are primarily caused by CNS pathology
d. Are inevitable with dementia
2. A 74-yr-old woman complains of leakage associated with an
abrupt urge to void that occurs at least twice daily but not at
night. She also notes leakage with coughing. She in general
good health, has hypertension treated with a thiazide diuretic,
and uses topical estrogen for vaginal dryness. The next step in
management should be:
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a.
b.
c.
d.

Initiate a course of pelvic muscle exercises
Stop the diuretic
Start a bladder relaxant
Refer to surgery if she is intent on cure

3. An 85-yr-old woman complains of urge incontinence episodes
twice a day and nocturia three times at night. Her bladder diary
reveals a daytime urine volume of 800 ml and a nocturnal
output of 700 ml. This patient’s nocturia:
a. Is caused by DHIC (detrusor hyperactivity with impaired
contractility)
b. Should be treated with tolterodine at bedtime
c. May be related to pedal edema
d. Should be addressed with a bedside commode
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Chapter 31: Lower Urinary Tract Conditions in Elderly
Patients
Damon Dyche and Jay Hollander
William Beaumont Hospital, Royal Oak, Michigan

As our population ages, the number of patients presenting to their primary care physicians with urologic problems is significantly increasing. Urologic
issues are the third most common type of complaint
in patients 65 yr of age or older and account for at
least a part of 47% of office visits.1 One of the most
predominant urologic problems in elderly persons,
and the focus of this chapter, is lower urinary tract
symptoms (LUTS). There are several disease processes that can lead to LUTS, as well as a number of
consequences. In this chapter, we will give a brief
overview of the major issues as they relate to elderly
persons.

BENIGN PROSTATIC HYPERPLASIA AND
LUTS

The prostate surrounds the male urethra between
the bladder neck and urinary sphincter like a
doughnut. When the doughnut enlarges, the
doughnut hole can close off and create an outflow
obstruction and/or irritative voiding symptoms.
Benign prostatic hyperplasia (BPH) is a condition
that affects the majority of elderly men.2 Not all
cases of BPH need treatment. LUTS are assessed
with both subjective and objective studies. The
American Urological Association BPH symptom
score was designed to evaluate subjective complaints. Patients are asked a series of questions regarding their urination in addition to a “bother
score.”3 Low scoring patients are advised of helpful
lifestyle changes, median range patients are given
the option of medication, and patients with high
scores (or those patients who are very bothered by
their symptoms) are offered medication or transurethral surgery. Surgery may be indicated for patients with recurrent/persistent infection, hematuria, bladder stones, hydronephrosis, progressive
renal failure, or acute urinary retention. Urologic
work-up is available and includes postvoid residual,
American Society of Nephrology

uroflow/urodynamic studies, and cystoscopy. Common transurethral treatment modalities include resection, laser ablation, and microwave or radiofrequency therapy.
There are two major approaches of medical therapy for prostatic outflow obstruction: relaxing the
prostate smooth muscle tissue or decreasing glandular volume. ␣1-adrenergic blockade relaxes the
smooth muscle fibers of the prostatic stroma and
can significantly improve urine flow. Because ␣
blockade can also have significant cardiovascular
side effects, ␣1 selective medications were developed to specifically target the urinary system. Common nonselective agents include terazosin and doxazosin; selective medications are tamsulosin and
alfuzosin. 5-␣ reductase inhibitors block the conversion of testosterone 3 DHT, which is a potent
stimulator of prostatic glandular tissue. This reduction in local androgen stimulation results in a progressive decrease in prostatic volume over a period
of 6 mo to 1 yr. There is also a concomitant decrease
in prostate-specific antigen (PSA) level by approximately 50%, necessitating a doubling of the posttreatment PSA to compare it with the pretreatment
level. Common agents include finasteride and
dutasteride. The combination of an ␣-blocker and a
5␣-reductase inhibitor may work synergistically, albeit expensively, to improve LUTS.

PROSTATE CANCER

With increasing age, clinical prostate cancer becomes more prevalent. It is estimated that about
10% of patients ⬎65 yr of age have been diagnosed
with prostate cancer. On autopsy studies, the inciCorrespondence: Damon Dyche, William Beaumont Hospital,
Department of Urology, 3601 West 13 Mile Road, Royal Oak, MI
48073. E-mail: damon.dyche@gmail.com
Copyright 䊚 2009 by the American Society of Nephrology
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dence is even higher, at almost 70% of cadavers 70 yr or older.
There is a lot of controversy regarding prostate cancer screening because most prostate cancers are nonlethal and there may
be overtreatment in the United States. The American College
of Preventative Medicine (ACPM) reports there is insufficient
evidence to support prostate cancer screening with digital rectal exam (DRE) and PSA testing. The American Urologic Association recommends annual screening with DRE and PSA
testing, beginning at age 50. Individuals with one or more firstdegree relatives with a history of prostate cancer and AfricanAmerican men are at a higher risk of prostate cancer and
screening can be offered at 40 to 45 yr. Although the sensitivity
and specificity of both screening tests are low, the combination
of the two tests is synergistic and results in a better rate of
detection than either one alone. According to the American
Cancer Society, a PSA between 4 and 10 ng/ml represents a
25% risk of prostate cancer. Patients found to have an abnormal DRE and/or an elevated PSA typically undergo a prostate
biopsy, depending on the clinical scenario. Although LUTS are
much more commonly the result of BPH in men than prostate
cancer, the primary care physician must be familiar with PSA
and the DRE. PSA screening in men over 80 yr may do more
harm than good, and a rectal exam alone should be sufficient.

intra-abdominal pressure. It can range from occasional leakage
with strenuous exercise to leakage with ambulation, coughing,
or sneezing. In women, stress incontinence is commonly associated with a weakened urinary sphincter or inadequate pelvic
floor muscle support that may be exacerbated by aging or multiparity. Men may develop stress incontinence after prostate
surgery or other trauma to the urinary sphincter. Overflow
incontinence occurs when the patient has a maximally distended bladder, leading to urine leakage. Common causes include prostatic obstruction/BPH, urethral stricture, or bladder
contractility dysfunction that is neurologic in origin, such as
diabetic neuropathy. Mixed incontinence is a combination of
urge and stress incontinence, commonly seen in elderly
women. Urge incontinence is very common in elderly men and
women.5 If patients with urge incontinence have a negative
urinalysis and low postvoid residual, they can be empirically
managed with anti-cholinergic medications. Stress incontinence can also be managed medically or with behavioral modifications. Surgical managements include bladder/urethral
suspensions and artificial sphincters, which can be well tolerated in elderly patients.

NOCTURIA
POLYPHARMACY

The average elderly patient is on two to six prescribed medications, as well as one to three over-the-counter medications.
Many of these prescribed, over-the-counter, and herbal medications can have urologic side effects. Many common medications, including cold and flu therapies, have anti-cholinergic
properties that can exacerbate LUTS. Narcotics and sleep aids
can result in constipation and restricted mobility, leading to
voiding difficulties. Caffeine and alcohol are often associated
with urinary urgency and may result in leakage. The medication list of all elderly patients must be reviewed to insure lower
urinary tract signs or symptoms are not medication related.4

Nocturia is the act of awaking at night to urinate. Voiding two
or less times a night is likely normal for most elderly persons.
More than two episodes of nocturia per night can disrupt sleep
and affect quality of life. It can be challenging to establish the
cause of nocturia, and a voiding diary is often helpful. Patients
record the time of void and voided volume, along with the fluid
intake. Most problems can be avoided with simple lifestyle
adjustments. Many elderly patients have nocturia because of
increased fluid intake before bedtime or fluid mobilization.
This can be treated by limiting fluids and supine positioning
for a few hours before bedtime. At times, nocturia can be
caused by poor bladder emptying, and a postvoid residual
should be considered.

INCONTINENCE AND LUTS

LOWER URINARY TRACT INFECTION

Urinary incontinence is not a normal part of aging. It can be
caused by a number of factors including medications, medical
comorbidities, and urologic pathology. A helpful mnemonic
for the differential diagnosis of temporary or reversible incontinence is “DIAPERS”: delirium, infection/inflammation,
atrophic vaginitis, polypharmacy, endocrine (diabetes), restricted mobility, and stool impaction. There are four main
types of urinary incontinence including urge, stress, overflow,
and mixed. Urgency is a subjective feeling of a sudden need to
void, and it can be associated with incontinence. Causes include infection, stones, medications, tumors, and neurologic
pathology. Stress incontinence is the failure of the sphincter to
remain closed during urine storage, because of an increase in

The bladder’s basic line of defense against infection is a healthy
mucosa with low pressure storage and complete emptying of
urine. Bacteria that may be introduced by poor hygiene, sexual
activity, and catheterization are normally flushed out of the
bladder. When there is bladder obstruction or poor emptying,
this defense mechanism is less effective and can lead to colonization or infection. The most common cause of urinary tract
infections (UTIs) in elderly patients are gram-negative organisms. Residents of nursing facilities or patients who have had a
long hospitalization are at an increased risk for multidrugresistant organisms such as pseudomonas and MRSA.
Bacteriuria can be either symptomatic or asymptomatic. All
patients with symptomatic bacteriuria should be treated with
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antibiotics. Patients will often experience burning with urination (dysuria), suprapubic discomfort, urinary frequency, and
urgency. Elderly patients may have unique presentations including incontinence, lethargy, anorexia, and altered mental
status.6 More severe cases develop fever, chills, nausea, and
vomiting. Patients with asymptomatic bacteriuria usually do
not need treatment, depending on the clinical situation. Diabetics, spinal cord injury patients, and patients that are immunocompromised may not present with the normal symptoms
of an infection, and the decision to treat a positive culture is
left to the physician’s discretion. Risk factors for infection include prolonged catheterization, urinary tract anatomic abnormalities, urinary retention (BPH), and comorbid diseases
(diabetes, immunosuppression). Urinary catheters should be
avoided unless there is a clear indication (see below).

HEMATURIA

Blood in the urine is classified as either microscopic or gross,
depending on whether or not the patient has visibly red urine.
Microscopic amounts of blood are commonly discovered on
urinalysis and can be from a variety of different etiologies including infection, stones, renal disease, trauma, and cancer. If
the urine shows greater than three red blood cells per highpower field on two separate urinalyses, a hematuria work-up
should be undertaken. Basic laboratory work including a serum blood urea nitrogen (BUN) and creatinine should also be
obtained. An elevated creatinine and proteinuria suggest medical renal disease. A work-up for hematuria includes imaging of
the urinary tract, urine cytology, and cystoscopy. All three
components are necessary because many small cancers are not
visible on imaging. UTIs should be ruled out or treated before
a hematuria work-up is started.

der medications (i.e., anti-cholinergics) are helpful to mitigate
discomfort.

INDICATIONS FOR URETHRAL CATHETERIZATION
•
•
•
•
•
•
•

Incontinence with open sacral/perineal wounds
Relieve urinary obstruction
Accurate inputs and outputs in critical care
Bladder dysfunction and urinary retention (i.e., neurogenic bladder)
Continuous bladder irrigation (bleeding or medication)
Ease comfort of palliative or hospice care patient
Short-term use for surgery or procedure

In some patients, bladder-emptying dysfunction results in
chronic retention that may not be amenable to surgical or
medical treatment. In those patients, clean intermittent catheterization is preferable to a chronic indwelling urinary catheter. Severe chronic retention can result in obstructive uropathy
and hydronephrosis. Patients with retention or large postvoid
residuals should have renal function checked and hydronephrosis ruled out if there is evidence of renal insufficiency.

CONCLUSIONS

LUTS are ubiquitous to the elderly population. A simple history, physical exam, urinalysis, and postvoid residual are the
basic components necessary to evaluate this patient population. Most urinary conditions are self-limited and can be safely
managed without the use of antibiotics or urinary catheters.
With a basic understanding of lower urinary tract conditions,
the primary physician will be able to safely manage many of
these conditions and use prudent judgment in referral to a
urologist.

URINARY RETENTION AND CATHETERS
TAKE HOME POINTS

Indwelling Foley catheters are to be used as a temporary means
of emptying the bladder for surgical patients, medical monitoring of urine output, or in those who cannot void on their
own. The Foley should be removed as soon as possible. In those
patients who are in retention, the problem is often temporary.
The risk of bacterial colonization during prolonged indwelling
catheterization is approximately 10% per day, meaning that
almost all patients that have a catheter for longer than a week
will be colonized. As stated above, unless patients are having
symptoms, treatment is not necessary. If prolonged catheterization is necessary, the catheter should be exchanged on a
monthly basis. Catheters can lead to urethral trauma, hematuria, bladder spasms, infection, urethral erosion, and stricture
formation. Bladder spasms are caused by foreign body irritation of the bladder and usually resolve shortly after catheter
removal. In cases where a catheter is necessary, overactive bladAmerican Society of Nephrology

• LUTS are ubiquitous in the elderly population
• Most urinary conditions are self-limited and can be safely managed
without the use of antibiotics or urinary catheters
• Clinical discretion is necessary to distinguish bacteriuria from urinary
tract infection
• Hematuria has a variety of benign etiologies but if there is no obvious
source, urothelial cancer must be ruled out
• Incontinence is not a normal part of the aging process and most causes
are reversible
• A patient’s bother score is the most useful tool when considering
medication or surgery for BPH
• A simple history, physical exam, urinalysis, and postvoid residual are the
basic components necessary to evaluate LUTS
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REVIEW QUESTIONS: LOWER URINARY TRACT
CONDITIONS IN ELDERLY PATIENTS
1. Operative intervention for benign prostatic hyperplasia is necessary if:
a. AUA symptom score ⬎10
b. The patient has a large prostate on exam
c. Age ⬎80 yr
d. The patient refuses medication
e. None of the above
2. True or false: most cases of urinary incontinence are reversible.
a. True
b. False
3. A proper work up for hematuria will include
a. Cystoscopy
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b. Upper urinary tract imaging
c. Urine cytology
d. All of the above
4. True or false: a work up for hematuria is only necessary if there
is gross hematuria.
a. True
b. False
5. Which of the following is not and indication for urethral catheterization?
a. Accurate intake/output reporting
b. Urinary tract infection
c. Urinary retention
d. Palliation
e. Perioperative care
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Chapter 32: Urinary Tract Infections in Elderly Persons
Manisha Juthani-Mehta
Department of Internal Medicine, Section of Infectious Diseases, Yale University School of Medicine, New Haven,
Connecticut

ASYMPTOMATIC BACTERIURIA

Because of physiologic changes related to aging and
comorbid illnesses, asymptomatic bacteriuria
(ASB) is a common occurrence in older adults. Neither short-term nor long-term adverse outcomes
attributable to the high incidence and prevalence of
ASB have been shown in this population.
Diagnosis

The diagnosis of ASB is based on the result of a
urine culture from a urine specimen that minimizes
contamination from a person without symptoms or
signs referable to urinary infection.1 For asymptomatic women, bacteriuria is defined as two consecutive voided urine specimens with isolation of
the same bacterial strain in quantitative counts
ⱖ105 colony forming units (cfu)/ml. For asymptomatic men, bacteriuria is defined as a single,
clean-catch voided urine specimen with one bacterial species isolated in a quantitative count ⱖ105
cfu/ml. For women and men, a single catheterized
urine specimen with one bacterial species isolated
in a quantitative count ⱖ105 cfu/ml defines bacteriuria.2
Prevalence

Population studies throughout the world have shown
a rise in the prevalence of asymptomatic bacteriuria
with age. Young women have a prevalence of ASB of 1
to 2%. For women 65 to 90 yr of age, the prevalence of
ASB ranges from 6 to 16%. The prevalence is highest
for women over the age of 90, ranging from 22 to 43%.
ASB is very uncommon in young men, but for men
over the age of 65, the prevalence ranges from 5 to 21%
and is highest in those men over the age of 90.3 Among
the institutionalized elderly, 25 to 50% of women and
15 to 35% of men have ASB. The prevalence is highest
among those most severely disabled. Up to 90% of
institutionalized adults also have asymptomatic
pyuria (i.e., white blood cells in the urine in the absence of urinary tract–specific symptoms).4 For those
American Society of Nephrology

residents with long-term indwelling catheters, 100%
have ASB.5 Elderly persons with condom catheters
versus indwelling catheters have a lower incidence of
ASB or urinary tract infections (UTIs).6
Management

For elderly persons, routine screening and treatment for ASB are not recommended. Based on recommendations of the Infectious Diseases Society of
America, screening for and/or treatment of ASB are
not recommended for the following persons: (1)
diabetic women; (2) older persons living in the
community or institutionalized; (3) persons with
spinal cord injury; and (4) catheterized patients
while the catheter remains in situ.2 Although a 3-d
course of antibiotic therapy has been shown to decrease the prevalence of bacteriuria at 6 mo,7 no
benefits in morbidity, mortality, and chronic urinary incontinence have been shown to date. Screening and treatment of ASB in older persons is only
recommended in the following two circumstances:
(1) before transurethral resection of the prostate
and (2) before urologic procedures in which mucosal bleeding is anticipated.2 Although it has been
shown that nonurinary symptoms and signs are an
important factor in the prescription of antibiotics
for ASB,8 there is no evidence to date to support this
practice.
Prevention

Few studies have been performed examining prevention strategies for ASB. In a randomized, double-blind, placebo-controlled trial in older female
community-dwelling and nursing home residents,
cranberry juice reduced the frequency of bacteriuria plus pyuria in this population.9 However, beCorrespondence: Manisha Juthani-Mehta, Department of Internal Medicine, Section of Infectious Diseases, Yale University
School of Medicine, PO Box 208022, New Haven, CT 06520.
E-mail: manisha.juthanimehta@yale.edu
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cause of several study design issues in this trial, the use of cranberry juice has not been fully advocated for the prevention of
ASB. In a controlled trial of intravaginal estriol therapy in postmenopausal women with recurrent UTI, the estriol group had
fewer episodes of ASB than the placebo group.10 However, this
study was conducted specifically among women with a history
of recurrent UTI. Intravaginal estriol therapy is not recommended for all postmenopausal women. In men, changes in
the bactericidal activity of prostate secretions has been reported and proposed as one factor contributing to bacteriuria.
Last, avoiding long-term indwelling catheter use is optimal. If
possible, using a condom catheter provides more comfort to
the patient and fewer adverse outcomes.6

URINARY TRACT INFECTIONS

UTIs are the second most common cause of infectious disease
hospitalization in adults 65 yr or older after lower respiratory
tract infections.11 In 1998, UTIs were the most costly and resource intensive condition, causing ⬎1.8 million physician office visits among Medicare beneficiaries. Total Medicare expenditures for UTIs in all venues of care amounted to more
than $1.4 billion, exclusive of medication costs.12
Diagnosis

The diagnosis of UTI in community-dwelling older adults follows a similar paradigm to the diagnosis of UTI in younger
adults, requiring significant bacteriuria (ⱖ105 cfu/ml) associated with genitourinary symptoms. In older adults that are
cognitively intact and can report symptoms, the diagnosis of
UTI is easily made. However, among institutionalized older
adults that are often cognitively impaired, distinguishing ASB
from UTI is often problematic.
In older institutionalized adults, multiple comorbid illnesses may present with symptoms similar to UTI, and older
adults with cognitive impairment may not be able to report
their symptoms.13 Laboratory confirmation of UTIs with significant bacteriuria (ⱖ105 cfu/ml on urine culture) and pyuria
(⬎10 white blood cells on urinalysis) is an agreed on minimum
necessary but not sufficient criterion for diagnosis of UTI in
this population.14 However, identifying symptoms that should
be used for the diagnosis of UTI is challenging. Criteria for UTI
surveillance and diagnosis in nursing home residents have
been developed by infectious diseases consensus group recommendations.15 The only clinical features that have been associated with bacteriuria plus pyuria in nursing home residents
with clinically suspected UTIs are dysuria, change in mental
status (i.e., change in level of consciousness, periods of altered
perception, disorganized speech, or lethargy), and change in
character of urine (i.e., gross hematuria, change in color, or
change in odor). Dysuria plus one of the other two clinical
features predicts bacteriuria plus pyuria 63% of the time, similar to what current consensus criteria have shown.16
2
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Management

For community-dwelling older adults presenting to an acute
care hospital with presumed urosepsis, empiric therapy with a
third-generation cephalosporin is appropriate single agent
therapy until culture and susceptibility reports are available.
Unless specific risk factors for a gram-positive infection are
identified (e.g., pressure sores, concomitant pneumonia), vancomycin therapy is not empirically required.17 For outpatient
oral therapy, nitrofurantoin, trimethoprim-sulfamethoxazole,
and fluoroquinolones are appropriate first-line drugs for older
adults with UTIs.
An appropriate first step in the evaluation of a UTI in institutionalized older adults is performing a urinary dipstick.
Among nursing home residents with suspected UTIs, the negative predictive value of the urinary dipstick is 100%.18 Performing this test in the nursing home setting obviates the need
to outsource urine cultures and urinalyses. Clinical criteria for
empiric treatment of UTIs in institutionalized adults are also
consensus based. In 2001, Loeb et al.19 recommended a minimum set of clinical criteria necessary to initiate antibiotic therapy for UTIs. As per these criteria, for residents who do not
have an indwelling catheter, minimum criteria for initiating
antibiotics include acute dysuria alone or fever (⬎37.9°C
[100°F] or 1.5°C [2.4°F] increase above baseline temperature)
and at least one of the following: new or worsening urgency,
frequency, suprapubic pain, gross hematuria, costovertebral
angle tenderness, or urinary incontinence. For residents who
have a chronic indwelling catheter, minimum criteria for initiating antibiotics include the presence of at least one of the
following: fever (⬎37.9°C [100°F] or 1.5°C [2.4°F] increase
above baseline temperature), new costovertebral angle tenderness, rigors (shaking chills) with or without an identified cause,
or new onset of delirium.
Prevention

Although cranberry capsule or juice administration is an appealing prevention modality for UTIs because of its low side effect
profile and ease of administration, it has not been studied for the
purposes of preventing UTI in older adults. As such, no data exist
to date to show a benefit of long-term cranberry ingestion for the
prevention of UTIs. Intravaginal estriol therapy in postmenopausal women with recurrent UTIs has been shown to decrease
the number of episodes of UTIs.10 Antibiotic prophylaxis is highly
effective at reducing the risk of recurrent UTIs in older women.
Continuous prophylaxis is recommended for women who experience two or more symptomatic UTIs over a 6-mo period or
three or more over a 12-mo period, after an existing infection is
eradicated. Most experts recommend a 6-mo trial of a once
nightly prophylactic agent, after which the regimen is discontinued and the patient is observed for further infection. Some experts
will advocate prophylaxis for up to 2 yr.20 Antimicrobial agents
used for prophylaxis include trimethoprim-sulfamethoxazole, nitrofurantoin, and cefalexin.21
Other risk factors for recurrent UTIs have been identified in
older postmenopausal women; however, these risk factors have
American Society of Nephrology

not been shown to be modifiable to date. In postmenopausal
women, a history of UTI in the premenopausal period, incontinence, presence of a cystocele, and postvoid residual urine
predispose to UTIs. In institutionalized older adults, catheterization, incontinence, antimicrobial exposure, and functional
status are most strongly related to risk of recurrent UTIs.22
Among older men, risk factors for UTIs include dementia,
incontinence of bladder and bowel, and use of condom or indwelling catheters.23,24 Condom catheters are preferable to indwelling catheters; however, if an indwelling catheter is essential, staff should maintain a closed, dependent system to avoid
introducing new organisms, be vigilant for the development of
obstruction, and avoid trauma.25 Severe benign prostatic hypertrophy is often implicated as a risk for recurrent UTI. When
possible, resection of the prostate can assist in reducing recurrent episodes.

TAKE HOME POINTS
• Asymptomatic bacteriuria is highly prevalent in elderly persons; screening and treatment of asymptomatic bacteriuria is not recommended:
the only two circumstances in which they are recommended are (1)
before transurethral resection of the prostate and (2) before urologic
procedures in which mucosal bleeding is anticipated
• Diagnosis of UTI in community-dwelling elderly persons is similar to
younger adults, requiring the presence of genitourinary symptoms;
however, among institutionalized adults, diagnosis is challenging: the
only clinical features that have been associated with bacteriuria plus
pyuria are dysuria, change in character of urine, and change in mental
status
• Nitrofurantoin remains an effective outpatient oral therapy for UTI in
elderly persons; for hospitalized elderly persons, a third-generation
cephalosporin is an effective empiric treatment option for UTI
• There are few modifiable risk factors for asymptomatic bacteriuria or
UTI in elderly persons; cranberry capsules and intravaginal estriol remain promising options

DISCLOSURES
Reprinted in part from Clinics in Geriatric Medicine, Volume 23, Issue 3,
Manisha Juthani-Mehta, Asymptomatic Bacteriuria and Urinary Tract Infection in Older Adults, pages 585–594, 2007, with permission from Elsevier.
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REVIEW QUESTIONS: URINARY TRACT INFECTIONS
IN ELDERLY PERSONS
1. It is appropriate to screen an elderly patient for asymptomatic
bacteriuria if the patient:
a. Lives in a nursing home
b. Is older than 90 yr of age
c. Has diabetes mellitus
d. Is having a urologic procedure performed in which mucosal bleeding is anticipated
2. Treatment of asymptomatic bacteriuria is appropriate when a
patient:
a. Has chronic incontinence
b. Is having a transurethral resection of the prostate
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c. Has a spinal cord injury
d. Has an indwelling catheter in place
3. The presence of bacteriuria (⬎100,000 cfu/ml) plus pyuria
(⬎10 WBC) is enough to make the diagnosis of UTI in an
elderly patient. TRUE or FALSE?
a. True
b. False
4. The urinary dipstick is most helpful in identifying a patient
that:
a. Does not have bacteriuria plus pyuria
b. Deserves treatment for UTI
c. Likely has bacteriuria
d. Likely has pyuria
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Chapter 33: Falls in Elderly Patients With Kidney
Disease
John E. Morley
St. Louis University School of Medicine and GRECC, VA Medical Center, St. Louis, Missouri

Falls and associated fragility fractures are a major
cause of morbidity and mortality in older persons
with kidney disease. In a longitudinal study from
one dialysis center for a median of 468 d, 47% fell.1
The fall incident rate was 1.60 falls per year. Overall
studies suggest that the fall rate is much greater in
dialysis patients than in the general population. In
the general population over 75 yr of age, 30% of
persons fall each year, with one in five having an
injury. Hip fractures in persons on dialysis occur
three to four times more commonly than in the
general population. One-year mortality in dialysis
patients who have a hip fracture is two to three
times of that in older community-dwelling persons
who have a fracture. A single fall in a dialysis patient
over 65 yr increases the risk of death after adjustment for comorbidities.2 In the first 2 yr after dialysis, renal transplant patients have a higher risk of
fracture than patients on dialysis.3 Table 1 lists side
effects of falls.
A community study of fall prevention in Connecticut showed that a simple education program
(focused on medication reduction and balance and
gait training) could reduce falls and the need for
fall-related medical services4 (www.fallsprevention.
org). Falls can be either caused by extrinsic (environmental) or intrinsic factors. Environmental factors include wet, slippery floors, poor lighting,
uneven surfaces, and stairs. Descending stairs is a
particular risk factor. There are multiple causes of
falls caused by intrinsic factors as shown in Tables 2
and 3.4 Specific dialysis-related causes of delirium
include uremic encephalopathy, dialysis dementia,
Wernicke’s encephalopathy, and dialysis dysequilibrium.
New onset falls are often caused by delirium. Delirium can present as purely the inability to pay attention. Delirium should be considered as a cause
of falling in any patient on dialysis who suddenly
starts falling. Delirium has multiple causes such as
drugs, infection, active decrease in oxygenation to
American Society of Nephrology

brain, e.g., pulmonary embolus, myocardial infarction, anemia, stroke, seizures, dehydration, metabolic abnormalities, and subdural hematoma (Table 4). Problems with lower limb strength and
balance disorders are common in older dialysis patients and treatable with physical therapy. Drugs
associated with falling are listed in Table 6. Studies
in older diabetics suggest that falls are reduced
when HbA1C is not lowered below 7%.

BP ABNORMALITIES AND FALLS

Postural hypotension is a major cause of falls. It can
occur without any dizziness. For this reason, BP
needs to be regularly measured in the standing position. Orthostatic hypotension occurs more commonly in the morning, and in an individual with
severe orthostasis, it may only be present on one
half of the BP measurements. In a group of 23 elderly on dialysis, orthostasis was present in 8 patients before dialysis and 16 of 23 after dialysis.5
Besides falls, orthostatic hypotension can lead to
syncope, myocardial infarction, stroke, and death.
Causes of orthostatic hypotension include anticholinergic medications, anemia, prolonged recumbency, dehydration, inadequate salt intake, protein
energy malnutrition, adrenal insufficiency, diabetic
autonomic neuropathy, Parkinson’s disease, and
multiple system atrophy (Shy-Drager syndrome).
Postprandial hypotension (a fall in BP of ⬎20
mmHg) occurs in up to 25% of older persons and
persons with diabetes. Its nadir is reached 1 to 2 h
after a meal. It is not necessarily associated with
orthostasis. It has also been shown to be present
during dialysis in nondiabetic patients.6 PostpranCorrespondence: John E. Morley, MB, BCh, Division of Geriatric
Medicine, St. Louis University School of Medicine, 1402 S. Grand
Boulevard, M238, St. Louis, MO 63104. E-mail: morley@slu.edu
Copyright 䊚 2009 by the American Society of Nephrology
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Table 1. Falls produce
Head injury
Lacerations
Fractures
Hip
Vertebral
Other, e.g., Colles
Soft tissue injuries
Fear of falling
Decreased activity and functional decline
Will cost $55 billion by 2020

dial hypotension is associated with falls, syncope, stroke, myocardial infarction, and death. Treatment can consist of multiple small meals with limited carbohydrate content. Because it is
caused by the release of a vasodilatory intestinal peptide, calcitonin gene–related peptide, it can be treated with somatostatin
analogs. Recent studies have shown that ␣-1-glucosidase inhibitors, acarbose and miglitol, can markedly attenuate postprandial hypotension.

Table 3. Safe and sound mnemonic for renal disease–
associated falls
Strength problems
Age
Food associated hypotension
Environmental factors
Atherosclerotic disease (syncope)
Number of drugs
Diabetes
Systolic blood pressure (low predialysis)
Orthostatic hypotension
Unsteady balance
No Vitamin D (⬍30 ng/ml)
Dialysis disequilibrium or other causes of delirium

Rarely is a diagnosis made when a person has a single syncopal
event. If a person has multiple syncopal events, they should be
given an event recorder that should be used.

FEAR OF FALLING
LOSS OF CONSCIOUSNESS AND FALLS

Persons who fall with loss of consciousness either have seizures
or syncope. More than one half of older persons with seizures
have partial complex seizures (unusual behavior not necessarily associated with toxic clonic seizures) explaining why it can
take nearly 2 yr to diagnose seizures in older persons. Older
persons with syncope need to undergo carotid sinus massage
because those who develop bradycardia need a pacemaker.
Table 2. Causes of falls
Extrinsic (environmental)
Uneven pavement
Poor lighting
No grab bar in toilet
Stairs cluttered
Intrinsic
Low levels of 25(OH) vitamin D
Orthostasis
Postprandial hypotension
Medications
Poor vision
Poor balance
Muscle weakness
Gait problems
Dementia (poor ability to “dual-task”)
Depression
Loss of consciousness
Syncope
Carotid sinus massage
Event monitor
Seizures
Grand mal
Petit mal
Partial complex
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Many persons who fall or have disequilibrium develop a “fear
of falling.” Studies in older persons suggest that fear of falling
puts persons at a marked increased risk of falls and other adverse outcomes.

VITAMIN D

A 25(OH) vitamin D (calcidiol) level ⬍75 nmol/L (30 ng/ml)
has been identified as a cause of falls that responds to treatment
with a reduction in falls.7 25(OH) Vitamin D deficiency is very
common in renal failure patients.8 There is some evidence suggesting calcidiol is more effective than calcetriol.9

FALLS IN DIALYSIS

There is a paucity of studies examining factors associated with
falls in dialysis patients. Cook et al.10 found that age, comorbidity, lower predialysis systolic BP, and a history of falls repTable 4. DELIRIUMS mnemonic for multiple causes of
delirium
Drugs/dialysis disequilibrium syndrome
Emotional (depression and psychosis)
Low PO2 states (pulmonary embolus, myocardial infarction, anemia,
and stroke)
Infection
Retention of urine and feces
Ictal or rejection
Uremic encephalopathy
Metabolic (vitamin B12 deficiency, hypothyroidism, thiamine
deficiency)
Subdural hematoma
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Table 5. Treatment of orthostasis
Eliminate medications
Adequate fluid and salt intake
Treat anemia (if present, with erythopoetin)
Elevate head of bed
Bedside commode
Avoid hot showers
Get up slowly
Orthostatic exercises
Jobst stockings
Midodrine (alpha 1 adrenergic antagonist)
Fludrocortisone

resented the major associated factors. Desmet et al.1 reported
that age, diabetes, increased number of drugs, antidepressant
drug use, and failing a walking test predicted falling in hemodialysis patients. Angalakudi et al.11 found the following comorbidities to be associated with an in-hospital fall in persons
with chronic kidney disease (⬍60 ml/min GFR): dementia,
pneumonia, gastrointestinal disease, diabetes, antidepressants,
and anticonvulsants.
TREATMENT

The Cochrane Collaboration examined 62 trials on interventions to reduce fall risk.12 Multidisciplinary, multifactorial
programs reduced falls in community-dwelling older persons
(RR ⫽ 0.73; range ⫽ 0.63 to 0.85) and residential care facilities
(RR ⫽ 0.60; range ⫽ 0.50 to 0.73). Programs that had high
efficacy at reducing falls were muscle strengthening and balance retraining; home hazard assessment and modifications;
withdrawal of psychotropic medications; Tai Chi exercise intervention; and cardiac pacing for falls with cardio-inhibitory
carotid sinus hypersensitivity (Tables 5 and 6).
All persons who fall should be enrolled in a home fall prevention program. This is reimbursed by Medicare Part A if
homebound and Medicare Part B if not.
FRAGILITY FRACTURES

Fragility fractures (fractures associated with minor trauma) are

associated with markedly increased morbidity and mortality in
patients on dialysis. The causes of fragility fractures are falls or
other trauma and bone disease. In the general population that
usually means osteoporosis (Table 7). In renal failure, the picture is complicated because of renal osteodystrophy. Osteodystrophies include osteomalacia caused by vitamin D deficiency,
osteitis fibrosa cystica caused by excess parathyroid hormone
secretion, and adynamic bone disease caused by aluminum
toxicity and/or parathyroid hormone oversuppression. Low
bone mineral density may be seen in either osteoporosis or in
osteodystrophy. Bone mineral loss in older men correlates with
elevated cystatin C and lower estimated GFR.13 Bone mineral
density may be abnormally elevated in the presence of aortic
calcification. In dialysis patients, the major risk factors for fragility fracture are older age, female sex, diabetes mellitus, heart
disease, longer periods on dialysis, race other than African
American, lower body mass index, and low parathyroid levels.14 In the Dialysis Outcomes and Practice Patterns Study,
risk factors were older age, female gender, prior kidney transplant, low serum albumin, selective serotonin reuptake inhibitors, narcotics, benzodiazepines, adrenal steroids, and very
high parathyroid hormone levels.15 Levels of PTH between 600
and 900 pg/ml seemed to have the lowest risk.
The use of bisphosphonates in this population is unclear. In
persons who do not have adynamic bone disease or hyperparathyroidism and normal 25(OH) vitamin D levels, bisphosphonates at lower doses can be considered. In most cases, a bone
biopsy with tetracycline labeling would be considered necessary before using bisphosphonates to not aggravate adynamic
bone disease, although it is feasible that bone markers could be
used in persons where no exposure to aluminum exists.16 Low
levels of osteocalcin and bone alkaline phosphatase suggest
adynamic bone.
Hypogonadism is common in older males and in renal failure patients. In males with a low free testosterone (either calculated or measured by dialysis) (see www.issam.ch) or bioavailable testosterone (albumin bound and free), the use of
testosterone, which should both increase osteoblastic activity
and muscle strength, can be considered. Total testosterone
should not be used in view of elevated levels of sex hormone
binding globulin in older persons.

Table 6. Medications associated with falls
Cardiovascular drugs
Nitrates
Antihypertensives
Diuretics
Antiarrythmics
Anticonvulsants
Antidepressants
Sedative/hypnotics
NSAIDs
Propoxyphene
Antipsychotics
Dopamine agonists
(used for restless legs syndrome in dialysis)
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Table 7. Risk factors for osteoporosis
Low calcium intake
Seizure medications (anticonvulsants)
Thin build
Ethanol (excess alcohol)
Hypogonadism
Prior fracture
Thyroid excess
Race (Caucasian/Asian)
Other relatives with osteoporosis/fractures
Steroids
Inactivity
Smoking
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Raloxifene increases bone markers of osteoblastic activity in
patients on hemodialysis and thus could be used to treat osteoporosis in women on dialysis.
After renal transplantation, there is a rapid decrease in bone
mineral density over the first year. This decrease in bone is
associated with increased risk of fractures. The causes of this
increased loss of bone include renal osteodystrophy, glucocorticoids, immunotherapy, vitamin D deficiency, hypophosphatemia, hypogonadism, and osteoporosis. Bisphosphonates
(oral and intravenous), vitamin D, and calcitonin have all been
shown to slow the rate of bone loss.17 There are inadequate
data to conclude what are their effects on fracture prevention.
After a hip fracture, a number of factors have been shown to
improve outcome in older persons: surgery within 48 h decreases length of hospitalization and possibly mortality; surgery delay for cardiology clearance may increase mortality; better outcomes are obtained with spinal or epidural anesthesia;
early mobilization enhances rehabilitation outcomes; delirium
reduces functional outcomes and it is reduced by a geriatric
consult; vitamin D (calcidiol or calcitriol) will improve outcomes; and the use of bisphosphonates depends on the type of
bone disease.

CONCLUSIONS

Falls are extremely common in patients with end-stage renal
failure on dialysis. Fall prevention programs that include a
medication review, prevention of orthostasis, cardiac pacing
where appropriate, home hazard assessment and modifications, and muscle strengthening and retraining are effective. In
addition, making sure the 25(OH) vitamin D level is ⬎30
ng/ml has been found to be effective.
Treatment of bone disease is complicated because of the
coexistence of osteoporosis and renal osteodystrophy. In persons without adynamic bone disease, low-dose bisphosphonates are possibly indicated. There may be a role for testosterone in males and raloxifene in females.

TAKE HOME POINTS
• Fall prevention programs should be instituted for all older dialysis
patients
• All older kidney failure patients should have 25(OH) vitamin D levels
replaced to at least 30 ng/ml
• Bisphosphonates, testosterone in males, and raloxifene in females can
be used to treat bone disease as long as the type of disease is understood
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REVIEW QUESTIONS: FALLS IN ELDERLY PATIENTS
WITH KIDNEY DISEASE
1. To prevent falls, 25(OH) vitamin D levels should be greater
than
a. 10 ng/ml
b. 15 ng/ml
c. 20 ng/ml
d. 25 ng/ml
e. 30 ng/ml
2. Which of the following drugs can be used to treat postprandial
hypotension?
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a.
b.
c.
d.
e.

Midodrine
Bromergocriptine
Propoxyphene
Miglitol
Fludrocortisone

3. To determine if there is adynamic bone measure
a. PTH
b. Osteocalcin
c. Testosterone
d. 25(OH) vitamin D
e. Vitamin K
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Chapter 34: Association Between CKD and Frailty and
Prevention of Functional Losses
Emaad Abdel-Rahman
Department of Internal Medicine, Division of Nephrology, University of Virginia, Charlottesville, Virginia

The incidence and prevalence of chronic kidney
disease (CKD) is increasing worldwide and more so
in the elderly persons. Among individuals 70 yr of
age or older, the prevalence of CKD increased from
38% in 1988 to 1994 to 47% in 1999 to 2004.1 This
noted increase in the number of elderly patients
with CKD has been associated with new challenges
where CKD has become increasingly recognized as
an important comorbid condition in elderly individuals leading to death, cardiovascular events, and
hospitalizations.2
Recently, less recognized challenges, such as
functional impairment and frailty, became more
apparent as factors that affect the quality of life and
outcomes in the elderly patients with CKD.3– 6 Fried
et al.5 described an association between CKD on
one hand, and the development of functional impairment on the other. Roderick et al.7 further
showed that the strength of the association with
measures of morbidity and functional impairment
increase as renal function worsened. Identifying the
predisposing factors of frailty in these elderly patients with CKD, to help prevent and manage it, is
being recognized more as crucial to improve their
quality of life and their longevity.

FRAILTY
Definition

Frailty is a term that has been used for some time
with variable definitions. Earlier definitions were
vague and described an elderly patient who is lacking general strength and is susceptible to diseases.
Fried et al.8 suggested a more precise and standard
definition in which three or more of five components (Table 1) would define frailty, whereas the
presence of one or two of these frailty components
would be termed “prefrailty.” Prefrail elderly persons are more likely than nonfrail elderly persons to
develop the whole frailty syndrome.8 This is an imAmerican Society of Nephrology

portant concept because it is believed that intervention at that stage of prefrailty may reverse the frailty
syndrome.9
Regardless of the definition, it is important to
realize two main things. The first is that frailty develops slowly and that it may be initiated by different factors such as lack of activity, inadequate nutritional intake, stress, or triggered by a disease
process such as CKD. The second is that the presence of frailty is associated with several adverse
health outcomes such as functional decline [worsening mobility, activities of daily living (ADL) disability, recurrent falls, hip and nonspine fractures],
hospitalization, and death.8,10 –12 The recognition of
these two issues highlight the importance of early
identification of the problem, hopefully at the prefrailty period, and intervening in such a way to minimize the poor outcomes that are associated with
the frailty syndrome.
CKD and Frailty

Background.
CKD has long been recognized to be associated with
various comorbidities. Rocco et al.13showed more
than a decade ago that patients with moderate to
advanced CKD have a reduced quality of life and an
increased frequency and severity of poor symptoms
such as tiring easily, weakness, lack of energy, difficulty sleeping, muscle cramps, and easy bruising, as
well as psychologic distress. Subsequently, Shidler
et al.14 showed higher negative perception of illness
to be associated with higher depression scores and
lower quality of life, even at early stages of CKD.
Shlipak et al.3 expanded further on that concept
to show that CKD is also associated with poor func-

Correspondence: Emaad Abdel-Rahman, Department of Internal
Medicine, Division of Nephrology, University of Virginia, Box
800133, Charlottesville, VA 22908. Phone: 434-243-2671; Fax:
434-924-5848; E-mail: ea6n@virginia.edu
Copyright 䊚 2009 by the American Society of Nephrology
Geriatric Nephrology Curriculum

1

Table 1. Definition of frailty
Unintentional weight loss (10 lbs or more in a year)
Self-reported exhaustion
Weakness (measured by grip strength)
Slow walking speed
Low physical activity

tional status. In their study, Shlipak et al. showed that CKD is
associated with a greater prevalence of both frailty and disability in the elderly population, with the prevalence of frailty and
disability being 15 and 12%, respectively, in elderly with CKD,
versus only 6 and 7% in the elderly with normal kidney function, respectively. Similarly, frailty was highly prevalent in patients with end-stage kidney disease (ESKD) on hemodialysis
(HD).6 It increased more as a function of aging. The proportion of frailty gradually increased in patients with ESKD as they
aged from 44.4% in patients younger than 40 yr to 66.4% in
patients 50 to 60 yr of age to 78.8% in ESKD patients older than
80 yr. Frailty was also noted to be independently associated
with high risk of death and high risk of the combined outcome
of death and hospitalization in these patients with ESKD on
HD.6
Mechanism of Frailty in Elderly Patients With CKD.
Frailty is not synonymous with aging; in fact, only 3 to 7% of
elderly persons between the ages of 65 to 75 yr are frail.9 Shuurmans et al.15 hypothesized that the concept of frailty is more
predictive of an outcome than the chronological age per se,
suggesting that frailty may be a better criterion to identify older
persons in need for intervention.
Several factors have been suggested to predispose to frailty
in elderly patients in general and more so in elderly patients
with CKD, including the following (Table 2).
Increased Inflammatory and Procoagulant Factors.
Walston et al.16 showed that frailty in elderly was associated
with increased inflammatory and procoagulant markers and
that this increase was independent of the disease status. Similar
results were found in elderly patients with CKD, where renal
insufficiency was independently associated with elevations in
inflammatory and procoagulant biomarkers.17Taking these results together, it is suggested that CKD in elderly patients,
through its effects on inflammatory and procoagulant markers, may contribute to the frailty noted in these patients. This
was further suggested by a pilot study conducted by Swidler et
al.4 on 26 elderly patients with CKD, who showed that these

patients exhibited a high prevalence of frailty in association
with elevated inflammatory markers.
Hormonal Changes.
As we age, several changes occur in the hormonal levels and
activities, and these hormonal changes are prevalent in patients
with CKD and may act as contributing factors in the pathophysiology of frailty noted in the elderly patients with CKD.18
The levels of both the testosterone hormone levels and vitamin D decline19 with aging and with CKD, and this decline
has been noted to be associated with decrease in muscle mass
and strength, as well as poor function in older patients.20 Other
endocrinological abnormalities occur with aging and with
CKD such as hypo- and hyperthyroidism and diabetes mellitus20 and are also associated with muscle strength and functional decline.
Although growth hormone (GH) levels decrease with aging,
its basal levels and the spontaneous secretion of endogenous
GH in patients with CKD are either normal or even increased;
however, GH action is decreased in these patients with CKD
because of insensitivity to GH.21,22 Giving GH to elderly patients on chronic HD improved muscle performance, suggesting a role of GH in preserving muscle function.23 Similarly,
thyroid hormonal abnormalities are prevalent in the elderly24
and in patients with renal impairment25,26 and are associated
with frequent comorbidities27 that can play a role in the noted
poor outcomes.
Malnutrition.
Inadequate food intake is a common finding in elderly persons
and more so in uremic patients. Alteration in taste, smell, and
mental status often found in patients with CKD can lead to
malnutrition. This age-related reduction in food intake, accelerated further in uremic individuals, can lead to further weight
loss together with an increased loss of muscle mass and
strength causing sarcopenia.28 Advanced sarcopenia, associated with malnutrition, is synonymous with physical frailty
and is estimated to affect 30% of people older than 60 yr and
may affect ⬎50% of those older than 80 yr.29
Anemia.
Anemia is highly prevalent in elderly persons30 and in patients
with CKD31 and has been shown to be associated with mobility
dysfunction, physical limitation, and reduced exercise capacity.32,33 The Women’s Health and Aging Studies I and II
(WHAS) identified anemia as a risk factor for frailty.34 Taking

Table 2. Mechanisms and management of frailty
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Mechanisms of Frailty

Management of Frailty

Increase inflammatory markers
Anemia
Anorexia, nausea3poor nutrition, weight loss, sarcopenia
Hormonal changes
Decrease muscle strength
Depression

Anti-inflammatory/ACEI
Erythropoeisis stimulating agents
Nutritional support
Hormonal replacement
Exercise/Tai Chi
Psychotherapy/antidepressants

Geriatric Nephrology Curriculum

American Society of Nephrology

these studies together, anemia is suggested to be a factor predisposing to frailty in elderly patients with CKD.
Depression.
Depression is highly prevalent in patients with CKD,35 occurring in 20 to 30% of these patients.36 It correlates with both
hospitalization and mortality rates37 and has been associated
with frailty.3
Management.
Several studies have investigated the effects of intervention on
functional decline in elderly population with various results.39 – 42 The first approach in management of elderly patients with CKD is to rule out any underlying disease that could
be contributing to the symptoms of frailty such as an occult
malignancy, neglect, and alcohol abuse. Identifying patients at
the prefrailty stage is very crucial to delay or even prevent further deteriorations. The following measures were suggested for
management of both prefrailty and frailty stages (Table 2).
Exercise

The beneficial effects of exercise in the older population
have been well documented. Exercise may prevent or slow
down the decline in physical functioning.43,44 Interestingly,
it was noted that elderly who are physical active45 and those
who undergo resistance exercise46 have lower levels of inflammatory markers, suggesting an anti-inflammatory component
to exercise.
Studies in the field of renal rehabilitation have shown that
exercise training in HD patients improves the aerobic capacity
and muscle strength.47 Specific types of physical activity have
been shown to help reduce frailty.48 Tai Chi exercises has been
used in China for centuries and consist of a number of stylized
movements in which practitioners continuously change posture. These movements address weakness, slow walking speed,
and low physical activity, three of the five frailty components.
Nutrition.
Malnutrition is common in patients with CKD49 and is associated with low muscle mass and sarcopenia.50 Managing malnutrition and supplementation of vitamin D are promising
means to alleviate some of the components of frailty. This is
more important in patients with CKD who have decreased
levels of active vitamin D. Vitamin D was shown to improve
balance, reduce falls, improve quadriceps strength, and to predict better neuromuscular performances.51,52
Of interest, chronic inflammation, which is common in patients with CKD,4 may contribute to the malnutrition noted in
these patients.50 Hence, new treatment strategies targeting inflammatory markers may be beneficial to improve the malnutrition and frailty. In this respect, angiotensin converting enzyme inhibitors (ACEIs) have been shown to be associated
with a better nutritional status and lower levels of inflammatory markers in patients with CKD,53 as well as improving
muscle strength.54
American Society of Nephrology

Hormonal Replacement.
To combat the progression of sarcopenia, several intervention
strategies including replacement or even supplementation doses
of hormones such as testosterone,55 GH,56, insulin-like growth
factor (IGF),57 and dehydroepiandrosterone (DHEA)58 were
used.
Testosterone replacement studies have shown an increase
in muscle mass in males and improved function in elderly after
hospitalization.19 Similarly, high doses of DHEA improved
muscle strength in males.19 GH treatment to elderly chronic
HD patients produced anabolic effects, with improved muscle
performance and better nutritional status,23 increased lean
body mass at all dosage levels of GH, and improved the quality
of life.59
Anemia.
Patients treated with recombinant human erythropoietin had
a better quality of life,60 significant increases in energy and
physical function,61 significant improvement in work capacity,
and an increase in measured exercise capacity.62Thus, identifying and treating anemia may contribute in improving symptoms of frailty in elderly patients with CKD.
Depression.
Recent reports have suggested that depressive symptoms can
be ameliorated by psychiatric counseling, cognitive-behavioral
therapy, and/or medications.63,64 Good psychologic health, including positive affect, was found to significantly lower the risk
of frailty.41 Thus, identifying symptoms of depression by
screening tests as the Geriatric Depression Scale (GDS) and
adequately managing depression by therapy and medication
can be beneficial in the prevention of frailty. However, the
treatment of clinical depression in dialysis patients presents
various obstacles. First, it is difficult to encourage patients to
pursue and complete an appropriate evaluation36; in addition,
many patients are reluctant to take additional medications, the
medications themselves may have side effects, and the dialysis
regimen itself imposes time constraints on patients’ willingness to obtain appropriate counseling.
Future Directives.
Several other drugs might have a role in the treatment of frailty
and are currently being studied. These include anti-inflammatory and anabolic agents, psycho-stimulants, and selective androgen receptor modulators

CONCLUSIONS

Frailty, an important problem in geriatric medicine, is becoming more recognized in patients with CKD, as well as patients
with ESKD, as a factor that can even worsen the prognosis and
the quality of life of these patients. It is imperative for the
nephrology community, in lieu of the rising numbers of elderly
Geriatric Nephrology Curriculum
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patients being seen by nephrologists, to recognize this syndrome of frailty and work diligently to manage it.

11.

TAKE HOME POINTS
• Frailty is a prevalent and a newly recognized challenge to patients with
CKD that affects the quality of life and outcomes in elderly patients with
CKD
• Frailty develops slowly and its presence is associated with several
adverse health outcomes as functional decline, hospitalization, and
death
• Strength of association with measures of morbidity and functional
impairment increase as renal function worsens
• Several mechanisms were suggested to explain the association between frailty and CKD such as the presence of inflammatory markers,
anemia, malnutrition, hormonal changes, depression, and decreased
muscle strength
• Identifying and treating the underlying mechanisms at the prefrailty
stage can help delay or even prevent further deteriorations
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REVIEW QUESTIONS: ASSOCIATION BETWEEN CKD
AND FRAILTY AND PREVENTION OF FUNCTIONAL
LOSSES
1. The following factors have been suggested to predispose to
frailty in elderly patients with CKD except:
a. Anemia
b. Hypertension
c. Depression
d. Malnutrition
e. Decrease in growth hormone activity
2. he following were suggested to define frailty except:
a. Weakness
b. Slow walking speed
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c. Intentional weight loss
d. Low physical activity
e. Self-reported exhaustion
3. True or False:
a. Identifying patients at the prefrailty stage is crucial to delay
or even prevent further deteriorations
b. Frailty is less prevalent in elderly with CKD versus elderly
with normal kidney function
c. New treatment startegies as angiotensin converting enzyme inhibitors is associated with a better nutritional status and lower inflammatory markers in patients with
CKD, and may be beneficial in improving malnutrition
and frailty
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Chapter 35: Methods to Assess Quality of Life and
Functional Status and Their Applications in Clinical
Care in Elderly Patients with CKD
Tara I. Chang and Manjula Kurella Tamura
Division of Nephrology, Stanford University School of Medicine, Palo Alto, California

Elderly patients and their caregivers are faced with a
wide variety of complex treatment decisions ranging from the risks and benefits of antihypertensive
therapy to the decision to pursue renal replacement
therapy versus palliative care. There is a great deal of
heterogeneity in health status among elderly patients with chronic kidney disease (CKD) and endstage kidney disease (ESKD), and age alone cannot
reliably predict outcomes. In addition to measures
of disease severity and psychosocial function (discussed elsewhere), measures of quality of life (QOL)
and functional status may provide useful information to aid in prognostic stratification and help
guide treatment decisions. QOL and functional status themselves are important outcomes that need to
be carefully considered along with survival when
evaluating treatment options. In this context, we
review the methods to assess QOL and functional
status, and their applications in clinical care, focusing on ESKD-related interventions and outcomes.

HEALTH-RELATED QUALITY OF LIFE

Quality of life (QOL) is a concept that most people
intuitively understand, yet is difficult to define precisely. Most definitions of QOL are centered on the
notion of health put forth by the World Health Organization as “a state of complete, physical, mental
and social well-being, and not merely the absence of
disease or infirmity.”1 Health-related QOL
(HRQOL) focuses specifically on the influence of
health, illness, and medical treatment on QOL.

GENERIC VERSUS DISEASE-SPECIFIC
ASSESSMENTS

HRQOL assessments are divided into two general
types: generic and disease specific. Generic assessAmerican Society of Nephrology

ments allow for broad evaluation of overall health
across many different domains. In addition, because generic assessments are geared toward the
general population, they allow for comparisons
with different groups of patients and interventions.
However, generic assessments may inadvertently
bias results toward or against subsets of the general
population. For example, a generic assessment with
an emphasis on physical functioning may suggest
poorer results for elderly persons or patients with
mobility-limiting conditions such as rheumatoid
arthritis.
In contrast to generic assessments, disease-specific assessments are designed for patients with a
specific disease or undergoing a particular intervention. However, disease-specific assessments may
not accurately reflect QOL if they lack items pertaining to dimensions of the disease that affects
QOL (e.g., an ESKD scale that does not assess pruritus). Another limitation of disease-specific assessments is that because they are developed specifically
for use in a particular disease state or for assessment
of a particular intervention, it is difficult to compare the results to a different population.

METHODS TO ASSESS HRQOL

There are many different types of QOL assessments
available. It is important when choosing a HRQOL
assessment tool to understand the context and patient population in which the tool was developed,
because this affects the reliability and validity of the
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Table 1. Common HRQOL instruments
Test
SF-36

Physical functioning

SIP

NHP

KDQOL- SF

CHEP

Domains Tested

Limitations in usual role
activities due to physical
health problems
Bodily pain
General health perceptions
Vitality
Social functioning
Limitations in usual activities
because of emotional
problems
General mental health
Physical—ambulation, body
care
Psychosocial—alertness,
emotional behavior, social
interactions
Independence– sleep,
eating, work, recreation
Physical mobility
Pain
Social isolation
Emotional reactions
Energy
Sleep
Eight generic domains used
in SF-36
Overall health rating
Eleven ESRD-related
domains: symptoms,
effects of kidney disease,
burden of kidney disease,
work status, cognitive
function, quality of social
interaction, sexual
function, sleep, social
support, dialysis staff
encouragement, patient
satisfaction
Eight generic domains used
in SF-36
Eight other generic
domains: cognitive
function, sexual function,
sleep, work, recreation,
travel, finances, general
quality of life
Five ESRD-related domains:
diet, freedom, body
image, dialysis access,
symptoms

Time to
Complete (min)

Validated in
ESRD

Validated in
Elderly

5–10

Yes, HD and PD

Yes

RAND corporation
http://www.rand.org/health/
surveys_tools.html

20–30

Yes

No

Medical Outcomes Trust

HD and PD

http://www.outcomes-trust.org

10–15

No

Yes

20–30

Yes

No

HD only

25

Yes

Resources

KDQOL working group
http://www.gim.med.ucla.edu/kdqol/

No

HD and PD

HD, hemodialysis; PD, peritoneal dialysis; SF-36, Short Form 36; SIP, Sickness Impact Profile; NHP, Nottingham Health Profile; KDQOL-SF, Kidney Disease
Quality of Life Short-Form; CHEP, CHOICE Health Experience Questionnaire.
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assessment. Some common assessments are summarized in
Table 1.2,3
By far the most frequently used generic QOL assessment is
the Medical Outcomes Study (MOS) 36-item Short Form
Health Survey (SF-36).4 The assessment takes approximately 5
to 10 min to complete and captures information about the
individual’s overall health in eight domains.5 All domains in
the SF-36 are scored from 0 to 100, with higher scores indicating higher QOL. The scores are compared with a standardized
norm in a defined population, such as the US general population. There are shorter versions of the SF-36 known as the
SF-12 and SF-20, which take 1 to 2 min to administer but are
used less often. The SF-36 has been validated in the ESKD
population and in general elderly populations. The Sickness
Impact Profile (SIP) and Nottingham Health Profile (NHP)
are two other commonly used generic assessment tools.
There are also several kidney disease–specific HRQOL instruments available. The Kidney Disease Quality of Life
(KDQOL) instruments were initially developed to evaluate the
impact of erythropoietin in hemodialysis patients. The first
assessment, called KDQOL–long form (LF) included 134 questions that spanned 11 kidney disease targeted scales. In response to criticisms of the KDQOL-LF that it was overly long
and redundant, the KDQOL-SF (short form) was released.
This test includes questions from the SF-36 plus an additional
43 kidney disease–specific items. A shorter version of this instrument, known as the KDQOL-36 is also available, which
contains the same items as in the generic SF-12 along with an
additional 24 questions that are kidney disease specific. Some
recommend the KDQOL-36 as the preferred measurement
tool for large-scale assessments in dialysis facilities because of
its ease of administration with relatively minimal patient and
staff burden.6 The Choices for Healthy Outcomes in Caring for
ESKD (CHOICE) Health Experience Questionnaire (CHEP) is
another HRQOL assessment that, unlike the KDQOL instruments, was designed for both hemodialysis and peritoneal dialysis populations.

FUNCTIONAL STATUS

Functional status refers to the ability to perform daily activities
required to meet basic self-care needs and to maintain health
and well being. Functional status reflects both functional capacity, what an individual is capable of doing, and functional
performance, what an individual actually does in daily life.
Functional status may be affected by impairments in physical,
cognitive, sensory, or social function. For example, impairments in physical function, (e.g., muscle strength) or in sensory
function (e.g., balance) may both result in difficulty in walking.

METHODS TO ASSESS FUNCTIONAL STATUS

The Karnofsky Performance Status (KPS) was developed to
measure functional status in terminally ill patients, and in particular, those with cancer, but has been used in many other
chronic illnesses including ESKD (Table 2).5–9 Patients are assigned a score ranging from 0 (dead) to 100 (perfect health).7
The scores are usually assigned by the clinician or interviewer.
The scale is easy to use but does not detect early changes in
functional status. The Katz Activities of Daily Living (ADL)
scale was developed to measure functional status in the elderly
and in those with chronic disease (Table 3).8 The observer determines the level of independence on a three-point scale ranging from independent to dependent in each of the following six
activities: bathing, dressing, toileting, transferring, continence,
and feeding. It was initially designed for use by direct observation over a period of weeks but has been adapted for use in an
interview setting. Because it was used to identify impairments
in basic skills, it may be most useful in populations with preexisting impairments (such as a nursing home setting) or to
identify care needs after acute events such as hospitalization.
The Lawton Brody Instrumental Activities of Daily Living
(IADL) scale was developed to assess performance in everyday
tasks among community-dwelling elderly and is commonly

Table 2. Karnofsky Performance Status scale
Description

Score

Normal no complaints; no evidence of disease.
Able to carry on normal activity; minor signs or symptoms of disease.
Normal activity with effort; some signs or symptoms of disease.
Cares for self; unable to carry on normal activity or to do active
work.
Requires occasional assistance, but is able to care for most of his
personal needs.
Requires considerable assistance and frequent medical care.
Disabled; requires special care and assistance
Severely disabled; hospital admission is indicated although death not
imminent.
Very sick; hospital admission necessary; active supportive treatment
necessary.
Moribund; fatal processes progressing rapidly.
Dead

100
90
80
70
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60
50
40
30

Able to carry on normal activity and to work;
no special care needed
Unable to work; able to live at home and
care for most personal needs; varying
amount of assistance needed

Unable to care for self; requires equivalent
of institutional or hospital care; disease
may be progressing rapidly

20
10
0
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Table 3. Methods to assess functional status
Test
Karnofsky Performance Status scale
Katz’s Activities of Daily Living (ADL)
scale

Lawton Brody Instrumental Activities of
Daily Living (IADL) scale

Rosow-Breslau Health scale

Nagi scale

Domains evaluated
Global assessment of performance
status
Toileting
Feeding
Dressing
Grooming
Physical ambulation
Bathing
Ability to use telephone

APPLICATIONS IN CLINICAL CARE
Risk Stratification

Both HRQOL and functional status are strong predictors of
adverse outcomes among patients with incident and prevalent
4
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Resources

Yes

See Table 2

Yes

Society of Hospital Medicine
http://www.hospitalmedicine.org

Yes

Shopping
Food Preparation
Housekeeping
Laundry
Mode of Transportation
Responsibility for Own
Medications
Ability to Handle Finances
Walking half a mile
Walking up and down stairs
Doing heavy work around house
Pulling or pushing large objects
Stooping, crouching or kneeling
Reaching or extending arms
Writing or handling small objects

used in conjunction with the ADL scale.9 The IADL scale evaluates skills necessary to live independently, including using the
telephone, food preparation, handling finances, and taking
medications. Compared with Katz’s ADL scale, which assesses
basic functions, it is probably more sensitive to early changes in
functional status. The Rosow-Breslau Health scale was developed to assess functional status in the elderly.10 The scale assesses ability to perform physical tasks requiring mobility and
strength, such as walking half a mile, climbing up stairs, and
doing heavy housework. Like the Lawton-Brody scale, it is
most appropriate for community-dwelling elderly patients.
The Nagi scale evaluates four types of physical activity: pushing
or pulling large objects, stooping, crouching, or kneeling,
reaching or extending arms above shoulder level, and writing
or handling small objects.11 As opposed to the ADL and IADL
scales, the latter two methods assess specific physical activities
and therefore may be more useful for identifying areas for intervention.

Previously used
in ESRD

Society of Hospital Medicine
http://www.hospitalmedicine.org

No

No

ESKD. For example, in one study of ⬎17,000 hemodialysis
patients, a 10-point lower physical component summary
(PCS) score on the KDQOL-SF was associated with a 25%
increased risk of death, similar to the predictive ability of low
serum albumin.12 In another study of 1000 hemodialysis patients, patients with a PCS score below the median (⬍34) were
twice as likely to die as those patients with PCS scores at or
above the median.13
Information gathered by HRQOL and functional status instruments, combined with other clinical data, can be used to
estimate prognosis. For example, in one study of 292 patients
starting dialysis, a risk stratification score based on age, functional status, comorbidity, and planned versus unplanned dialysis initiation was used to identify groups with low, medium,
and high mortality risk.7 Another study of 146 octogenarians
starting dialysis categorized patients into risk groups based on
body mass index, functional status, and early versus late referral. Patients with a body mass index ⱕ18 kg/m2, a KPS ⱕ40,
and referred ⬍4 mo before starting dialysis had an estimated
83% risk of mortality in the first year, whereas patients meeting
none of these criteria had an estimated 1-yr mortality risk as
low as 15%.14
Estimates of prognosis thus facilitate informed decision
making and advanced care planning. Ideally, when discussing
dialysis decision making, it is useful to provide information
American Society of Nephrology

about expected QOL and functional status in addition to survival; however, data are often limited and sometimes conflicting in this area.15–17
Evaluating Treatment Options

Information about expected HRQOL and functional status can
be especially important when interventions may have similar
efficacy but different effects on HRQOL and/or functional status, such as the choice of dialysis modality. For example, in the
CHOICE study, patients on hemodialysis and peritoneal dialysis had similar overall HRQOL after 1 yr; however, hemodialysis patients experienced greater improvements in sleep and
physical function domains, whereas peritoneal dialysis patients experienced greater improvements in the finance domain of QOL.18
Monitoring Disease Course and Response to Therapy

Serial assessment of HRQOL and functional status may be a
useful way to monitor disease course and response to therapy,
although it should be noted that for many of the measures
discussed here, controversy exists over what constitutes a significant change because several measures have not been validated for longitudinal use. Nonetheless, in an elderly patient
with advanced CKD, declining HRQOL and/or functional status in the absence of new medical problems may signal the
need for initiation of dialysis. Similarly, in situations where
prognosis is unclear and a time-limited trial of dialysis is
started, declining HRQOL and functional status may prompt
consideration of dialysis withdrawal.
Other Applications

HRQOL and functional status assessments have been shown to
improve patient–physician communication19 and can highlight areas of concern that might otherwise be overlooked. For
example, understanding a patient’s ability to perform self-care
functions might lead to implementation of assistive devices,
use of structured rehabilitation programs, or referral to an assisted living setting. There are some data to suggest that use of
these assessment methods in clinical practice leads to improvement in patient satisfaction and overall HRQOL without a significant increase in consultation time.20

TAKE HOME POINTS
• Assessment of HRQOL and functional status can have many applications in clinical care of elderly patients: estimating prognosis, evaluating treatment options, monitoring disease and/or therapy, and identifying occult problems
• Tables 1 and 3 list online resources with information on how to access
the HRQOL and functional assessment instruments
• Most measures are simple to use and can be performed during a
routine clinic visit

DISCLOSURES
None.
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REVIEW QUESTIONS: METHODS TO ASSESS
QUALITY OF LIFE AND FUNCTIONAL STATUS AND
THEIR APPLICATIONS IN CLINICAL CARE IN
ELDERLY PATIENTS WITH CKD
1. Which of the following is true about the Kidney Disease Quality of Life (KDQOL) instrument?
a. It includes generic and disease-specific items
b. It has been validated in ESKD patients
c. It includes questions from the Medical Outcomes Study
Short Form Health Survey (SF-36)
d. All of the above
2. Which of the following would not be considered a measure of
functional status?

6
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a.
b.
c.
d.

Bathing ability
Performance of housework
Handling finances
Peak oxygen uptake during a treadmill test

3. Which of the following are potential applications of qualityof-life and/or functional status assessment in elderly ESKD
patients?
a. Evaluating peritoneal dialysis versus hemodialysis as a
treatment options
b. Identifying areas of vulnerability prior to entry into a rehabilitation program
c. Determining the appropriateness of dialysis withdrawal
d. All of the above

American Society of Nephrology

Chapter 36: Recognizing Delirium, Dementia, and
Depression
Manjula Kurella Tamura
Division of Nephrology, Stanford University School of Medicine, Palo Alto, California

Neuropsychiatric disorders such as delirium, dementia, and depression are common yet poorly recognized
causes of morbidity and mortality among elderly persons with chronic kidney disease (CKD) including
end-stage kidney disease (ESKD). Patients with neuropsychiatric disorders are at higher risk for death,
hospitalization, and dialysis withdrawal. These disorders are also likely to reduce quality of life and hinder
adherence with the complex dietary and medication
regimens prescribed to patients with CKD. This chapter will review the evaluation and management of delirium, dementia, and depression among persons with
CKD and ESKD.

DELIRIUM

Delirium is an acute confusional state characterized
by a recent onset of fluctuating awareness, impairment of memory and attention, and disorganized
thinking that can be attributable to a medical condition, intoxication, or medication side effects. A
diagnostic algorithm based on Diagnostic and Statistical Manual of Mental Disorders, fourth edition
(DSM-IV) criteria, the Confusion Assessment
Method, has a sensitivity and specificity for delirium detection ⬎90% (Table 1).1
Risk Factors

Delirium is typically precipitated by an acute or
subacute event such as a neurologic disorder
(stroke, subdural hematoma, hypertensive encephalopathy), infection, electrolyte disorder (hypoglycemia, hyponatremia, hypernatremia, hypercalcemia),
intoxication (alcohol, drugs, star fruit), or sleep disorder. Elderly patients with cognitive or sensory impairment or those taking multiple medications are
thought to be most vulnerable for delirium. Typically,
one or more precipitants exist in a vulnerable patient.
Elderly patients with multiple chronic diseases, such
as elderly patients with ESKD, are thus at especially
American Society of Nephrology

high risk. Several ESKD-specific syndromes of delirium deserve special mention:
Uremic Encephalopathy.
Uremic encephalopathy is a syndrome of delirium
seen in untreated ESKD. It is characterized by lethargy
and confusion in early stages and may progress to seizures and/or coma. It may be accompanied by other
neurologic signs, such as tremor, myoclonus, or asterixis. Although rarely used for diagnostic purposes,
the EEG shows a characteristic pattern in patients with
uremic encephalopathy.2 The syndrome is rapidly reversed with dialysis or kidney transplantation.
Dialysis Dysequilibrium.
This syndrome of delirium is seen during or after
the first several dialysis treatments. It is most likely
to occur in elderly patients with severe azotemia
undergoing high efficiency hemodialysis; however,
it has also been reported in patients undergoing
peritoneal dialysis and long-term hemodialysis.3
The syndrome is characterized by symptoms of
headache, visual disturbance, nausea, or agitation,
and in severe cases, delirium, lethargy, seizures, and
even coma. The incidence and severity of this syndrome are felt to be declining because of earlier initiation of dialysis and institution of preventative
measures in high-risk patients (Table 2).
Prevention and Management of Delirium

In hospitalized patients, preventative measures can
reduce incidence and costs associated with delirium
(Table 3).4 Once identified, management of delirium
is aimed at identification and treatment of precipitating factors and management of behavioral symptoms.
Pharmacologic therapy is indicated only when delirCorrespondence: Manjula Kurella Tamura, Division of Nephrology, Stanford University School of Medicine, 780 Welch Road,
Suite 106, Palo Alto, CA 94304. E-mail: mktamura@stanford.edu
Copyright 䊚 2009 by the American Society of Nephrology
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Table 1. Confusion assessment method

60% to 80% of cases of dementia, vascular dementia for 10% to 20%, and other
syndromes such as Parkinson’s disease–
1. Acute onset and fluctuating course Is there an acute change in mental status from baseline?
associated dementia and frontotempoDoes mental status fluctuate throughout the day?
ral dementia for the remainder. In the
2. Inattention
Is there difficulty focusing attention?
ESKD population, some studies suggest
3. Disorganized thinking
Is thinking disorganized or incoherent?
4. Altered level of consciousness
Is there hyperalertness, lethargy, stupor, or coma?
that vascular dementia may be much
Diagnosis requires criteria 1, 2, and either 3 or 4.
more prominent than in the general
Adapted from Inouye et al.1
population.6,7 However, it should be
noted that the distinction between vasium threatens patient safety or interrupts essential therapy. In
cular
dementia
and
Alzheimer’s dementia is not always
these cases, haloperidol is the agent of choice, with a usual starting
straightforward,
because
there is considerable overlap in risk
dose of 0.25 to 0.5 mg twice daily. No dosage adjustment is needed
factors
and
clinical
features.
Dialysis dementia is a syndrome
in ESKD. Atypical antipsychotic medications, such as risperidone,
related
to
aluminum
intoxication
first described several deolanzapine, and quietapine, have also been used for this purpose.
cades
ago
when
aluminum
contamination
of dialysate fluid
Because of a possible risk of increased mortality when used in
and
the
use
of
aluminum
containing
binders
were more prev5
patients with dementia, short-term use is recommended. Benzoalent;
however,
this
disorder
is
now
felt
to
be
rare.
diazepines, atypical antipsychotics, and some antidepressants
Criteria

Assessment

have also been used for treatment of delirium, but these agents
have side effects that make them less desirable as first-line agents
except in the case of benzodiazepines for alcohol withdrawal. Supportive care to prevent aspiration, deep venous thrombosis, and
pressure sores should also be provided in all patients.

DEMENTIA

Dementia is a chronic confusional state characterized by impairment in memory and at least one other cognitive domain,
such as language, orientation, reasoning, or executive functioning. The impairment in cognitive function must represent
a decline from the patient’s baseline level of cognitive function
and must be severe enough to interfere with daily activities and
independence. The term mild cognitive impairment denotes
cognitive impairment (usually memory impairment) beyond
that associated with normal aging but without associated functional impairments. Individuals with mild cognitive impairment have a high risk of progression to dementia.
Epidemiology

In the general population, Alzheimer’s dementia accounts for

Risk Factors

Older age is a strong risk factor for dementia and mild cognitive
impairment. The prevalence of dementia quadruples with each
decade of age above the age of 60, reaching 30% over the age of
85.8 Stroke and vascular risk factors associated with increased
stroke risk, such as hypertension, hyperlipidemia, and diabetes,
are linked with an increased risk for dementia in most studies.
Anemia, a nontraditional vascular risk factor, has also been linked
with dementia and cognitive impairment in both the general elderly population and among hemodialysis patients.9,10
There is growing recognition that CKD is also a strong risk
factor for dementia and mild cognitive impairment, independent of age and traditional vascular risk factors. The prevalence
of cognitive impairment seems to rise early in the course of
CKD, and increases as GFR declines, reaching 20% for persons
with a GFR ⬍20 ml/min per 1.73 m2 (Figure 1).11 Among
hemodialysis patients, the prevalence of cognitive impairment
is even higher, estimated at 27% to 37%.12,13 An issue that remains unresolved is the extent to which neurodegenerative disease, subclinical cerebrovascular disease, unresolved uremia,
or the dialysis process itself contributes to cognitive impairment and dementia.
Evaluation

History taking (ideally from the patient and caregiver) should
focus on the duration and severity of cognitive and behavioral
deficits, as well as use of medications that might interfere with
cognitive function such as antihistamines, antipsychotics, and
Table 2. Prevention of dialysis dysequilibrium

Figure 1. Unadjusted prevalence of cognitive impairment and
cerebrovascular disease by estimated GFR among 23,405 US
adults. Adapted from reference 11.
2
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1. Identify high-risk patient: elderly, severe azotemia, initial dialysis
treatment
2. Perform reduced efficiency dialysis: reduce blood and dialysate
flow rates or perform continuous renal replacement therapy
3. Increase dialysate sodium concentration
4. Administer mannitol
Adapted from Owen et al.24
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Table 3. Measures for prevention of delirium in
hospitalized patients
1.
2.
3.
4.
5.
6.
7.

also be ruled out. The role of testing for genetic markers of
dementia risk (e.g., apoE variants) is controversial.

Provide orienting communication
Use adaptive equipment such as visual and/or hearing aids
Encourage early mobilization
Prevent dehydration
Provide uninterrupted sleep time
Avoid psychoactive drugs
Treat pain

anticholinergics. Routine screening for dementia in the general
population is controversial. However, given the high prevalence of cognitive impairment in the CKD population and its
implications for disease management, screening for cognitive
impairment in elderly CKD patients is probably warranted. A
large number of screening tests are available with a range of
administration times and diagnostic accuracy; thus, there is no
single best screening test available. The Mini-Mental State
Exam is perhaps the best known cognitive test for dementia
screening and requires 7 to 10 min to administer.14 A score
⬍24 (of a maximum score of 30) has a sensitivity and specificity of ⬎80% for dementia detection in the general population.15 Other cognitive tests that can be administered in 5 min
or less, such as the clock drawing task, the Mini-cog (consisting
of the clock drawing task plus uncued recall of three words), or
the Short Portable Mental Status Questionnaire, have similar
performance characteristics in the general population.16 Impairments in executive function, which can be assessed by the
clock drawing task, may be particularly important to identify,
because impairments in this domain are strongly linked with
adherence to therapy, functional status, and ability to live independently. Screening tests of cognitive function may also be
useful for identifying patients who may lack capacity to provide informed consent for medical procedures.
Delirium and depression frequently coexist with dementia;
however, it is important to exclude these conditions as the sole
cause of cognitive impairment before establishing a diagnosis
of dementia. In practice, this can be difficult in hemodialysis
patients, because unresolved uremia and subtle dialysis dysequilibrium can lead to temporal fluctuations in cognitive
function.17 As such, the optimal timing of cognitive function
testing for patients on hemodialysis is unknown. Neuropsychologic testing on a nondialysis day can be useful if the diagnosis is uncertain.
In addition to cognitive function testing, laboratory testing
for B12 deficiency and hypothyroidism is recommended for all
patients with suspected dementia. In ESKD patients, inadequate dialysis, severe anemia, and aluminum toxicity should

Management

Two classes of medications are now available for treatment of
both Alzheimer’s and vascular dementia. Cholinesterase inhibitors are approved for treatment of mild to moderate dementia, whereas memantine, an N-methyl-D-aspartate receptor antagonist, is approved for treatment of moderate to severe
Alzheimer’s dementia and may also have some efficacy in treatment of vascular dementia. The clinical benefit of both classes
of agents seems to be modest, and the effect of treatment on
long-term outcomes such as nursing home placement remains
unclear. There is also no data on safety or efficacy of these
agents in ESKD patients; thus, therapy decisions should be
individualized.
Behavioral symptoms such as agitation or hallucinations
should be treated with a stepped approach, beginning with
nonpharmacologic approaches such as removal of precipitating factors (e.g., pain, excessive noise), followed by psychosocial interventions (e.g., music therapy, caregiver education),
and pharmacologic therapy as a last step. A key aspect of dementia management is the assessment of patient safety and
ability to perform self-care functions, comply with medical regimens, and participate in medical decision making. Goals of care
should be discussed early in the course of disease when possible.

DEPRESSION

Depression constitutes the most common neuropsychiatric
disorder affecting ESKD patients, with up to 45% of incident
dialysis patients and up to 20% of prevalent dialysis patients
affected.18 Despite its high prevalence, depression frequently
goes undiagnosed in ESKD patients, and as a result, untreated.
Evaluation

Depressive syndromes are categorized as major depression,
minor depression, and dysthymia. Using DSM-IV criteria, a
diagnosis of depression requires at least five of nine symptoms
to be present daily for at least 2 wk (Table 4). Depressed mood
or anhedonia must be included, and the symptoms must be
severe enough to interfere with functioning.
Screening questionnaires for depression can be difficult to
interpret in patients with ESKD or other coexisting conditions
because of the overlap between somatic symptoms of depression and ESKD. Of the available screening tools, the Beck Depression Inventory is perhaps the best validated screening tool

Additional Resources
http://www.hospitalmedicine.org/geriresource/toolbox
http://www.americangeriatrics.org/education/depression.shtml
http://elderlife.med.yale.edu/public/public-main.php
http://www.psychiatryonline.com/pracGuide/pracGuideTopic_2.aspx
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Assessment tools for delirium, dementia, and depression
Assessment and management tools for depression
Management tools for hospitalized patients with delirium
Delirium practice guidelines
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Table 4. DSM-IV diagnostic criteria for depression
1.
2.
3.
4.
5.
6.
7.
8.
9.

Depressed mood
Anhedonia
Change in sleep
Change in appetite or weight
Change in psychomotor activity
Loss of energy
Reduced concentration
Thoughts of worthlessness or guilt
Thoughts of death or suicide

Major depression requires five or more symptoms including depressed mood
or anhedonia causing impaired functioning to be present daily for at least 2
wk. Minor depression requires two to four symptoms including depressed
mood or anhedonia causing impaired functioning daily for at least 2 wk.
Dysthymia requires three to four symptoms including depressed mood
causing impaired functioning for at least 2 yr.

to detect depression in ESKD, with sensitivity and specificity
rates of ⬎90%. However, because of its length, it is used more
commonly in research rather than clinical settings. Other abbreviated tools, such as the Patient Health Questionnaire,
which has been validated in ESKD and in elderly populations,
and the five-item Geriatric Depression Scale, which has been
validated in elderly populations, may be useful when clinical
assessment time is limited. Depression may have atypical presentations in elderly patients, including functional decline as
the most prominent presenting feature.
In addition to assessment of symptom duration and associated impairment, evaluation should include assessment of coexisting psychiatric disorders and suicide risk. Coexisting cognitive impairment or substance abuse is especially important
to identify. If suicidal ideation is endorsed, intent and suicide
risk factors (older, white, male, recently hospitalized) should
be ascertained, and a plan for immediate psychiatric evaluation
arranged.

should be strongly considered for patients with mild or moderate depression.
Antidepressants are the most commonly used treatment for
depression and a mainstay of most guidelines, although recently their efficacy has come into question.19 Small clinical
trials have also reported short-term benefits in patients with
ESKD. In clinical trial settings, only 40% to 65% of patients
respond to treatment, and thus combination therapy may be
needed.18 Selective serotonin-reuptake inhibitors are perhaps
the best-studied antidepressants in patients with ESKD and
seem to have similar safety and efficacy profiles as in the general population.20,21 Tricyclic antidepressants are generally not
considered first-line therapy in patients with ESKD because of
their side effect profile and potential for causing cardiac conduction problems and orthostatic hypotension. Several excellent reviews on the treatment of depression have been published.22,23 In general, initial treatment should begin with low
doses, and clinical response and side effects should be assessed
frequently in the first several months. If response has been
suboptimal, the dose may be increased after 3 to 4 wk. If symptoms persist despite a full therapeutic trial of antidepressants
(e.g., 8 to 10 wk), psychiatric referral is indicated.

TAKE HOME POINTS
• Neuropsychiatric disorders such as delirium, dementia, and depression are common in elderly persons with ESKD and are likely to
adversely affect adherence with therapy, quality of life, and other
important outcomes
• Brief screening tools are available for each of these conditions to
facilitate identification and management
•

Management

In the primary care setting, untreated depression is associated
with reduced quality of life, poor adherence with treatment,
and increased morbidity and mortality. Similar findings have
been shown in some, but not all, studies of patients with ESKD.
Several evidence-based treatments for depression are available, including psychotherapy, exercise therapy, pharmacologic therapy, and electroconvulsive therapy.
The initial choice of therapy should be based on treatment
history, coexisting medical conditions, and patient preferences. Although not extensively evaluated in patients with
ESKD, a recent meta-analysis reported similar efficacy of psychotherapy and pharmacologic therapy in older adults. Thus,
psychotherapy should be considered when pharmacologic
therapy is not desired or not effective. Many types of therapy
are available, including cognitive therapy, behavioral therapy,
and family therapy; they differ in the underlying model of illness and focus on the individual versus family. Short-term exercise programs (12 wk) also have proven efficacy in reducing
depressive symptoms among older adults. Given the other
benefits of exercise in patients with ESKD, this form of therapy
4
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Elderly patients with ESKD may have two or more coexisting neuropsychiatric disorders; thus, neuropsychiatric evaluation may be useful
in cases where the diagnosis is uncertain
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REVIEW QUESTIONS: RECOGNIZING DELIRIUM,
DEMENTIA, AND DEPRESSION
1. Which of the following is NOT a required feature of delirium?
a. Acute onset
b. Fluctuating course
c. Inattention
d. Language impairment
2. Which of the following is NOT considered a feature of dementia?

6
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a. Acute onset
b. Interference with activities of daily living
c. Memory impairment
3. Which of the following types of therapy may be indicated for
patients with ESKD with mild to moderate depression?
a. Exercise therapy
b. Additional erythropoietin to raise Hb levels to 12 to 13 g/dl
c. Selective serotonin reuptake inhibitors
d. Psychotherapy

American Society of Nephrology

Chapter 37: Dialysis Decisions in the Elderly Patient
With Advanced CKD and the Role of Nondialytic
Therapy
Mark Swidler
Renal Division, Mount Sinai School of Medicine, New York, New York

THE GERIATRIC PERSPECTIVE ON
MEDICAL DECISION MAKING

What is most important to older adults is maintaining independence and quality of life (QOL) through
optimal mental capacity and physical functioning.
Dialysis decisions in elderly persons must move beyond the traditional GFR-related indications for dialysis initiation and incorporate geriatric principles
that focus on assessment of function, disabilities,
comorbidities, and geriatric syndromes (e.g., frailty,
dementia, delirium, depression, falls, malnutrition,
polypharmacy). These geriatric syndromes are
powerful predictors of adverse outcomes including
mortality, hospitalization, nursing home placement, and hip fractures. Chronic kidney disease
(CKD), uremia, and dialysis accelerate these outcomes, especially the expression and progression of
frailty in predisposed patients. Chronological age
alone should not be a factor in the dialysis decision
tree, although it is associated with an increased risk
of death. Each elderly patient must be approached
individually.
Geriatricians use validated standardized tools
for staging the functional age of their patient and
look for signs that increase risk for disability and
affect morbidity and mortality. A comprehensive
geriatric assessment (CGA) obtained at baseline to
define overall health status forms the basis for individualized diagnostic and therapeutic interventions
and allows for both a general and prognostic categorization.1 A CGA can be followed serially and
used in medical decision-making as elderly patients
and their families are faced with challenges such as
treatment for cancer, surgery, percutaneous gastrostomy tube insertion, nursing home placement,
withdrawal of intensive care unit (ICU) care, and
dialysis decisions. Geriatric assessment tools2,3 include
evaluations of comorbidity (Charleson Comorbidity
Index), functional status (Karnofsky scale, Katz and
American Society of Nephrology

Barthel Index), physical performance (Timed Get up
and Go test; timed walking speed), frailty testing
(Frailty Phenotype4), cognition (MMSE, mini-cog),
psychologic status (Geriatric Depression Scale), nutrition, medication review, urinary incontinence, visual/
hearing impairment, and social support. These can
used to generate prognostic models for mortality, hospitalization, and loss of functional independence.5–9
The presence of combinations of functional impairments and geriatric syndromes will influence
prognosis, shared decision-making, and the ability
to tolerate renal replacement therapy. As a person
ages, functional status becomes as useful as comorbidity in risk assessment. It can improve mortality
prediction in patients ⬎80 yr and lead to more accurate risk adjustment.6,7 Functional data and the
documentation of limitations are essential to dialysis decision analysis.
Categorization of elderly patients based on estimated life expectancy and functional level is helpful
to use as a starting framework for informed discussions about medical decisions. One model (Clinical
Glidepaths10,11) uses the following four categories:
robust older people (life expectancy ⱖ 5 yr, functionally independent, and not needing help from
caregivers); frail older people (life expectancy ⬎ 5
yr, significant functional impairment requiring
help from caregivers); moderately demented older
people (life expectancy 2 to 10 yr, may or may not
be functionally impaired); and end-of-life older
people (life expectancy of ⬍2 yr).
Other models developed in geriatric oncology1,12–15 use modified geriatric assessment paradigms to evaluate the risks and benefits of therapy
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in elderly cancer patients. This has not been formally studied in
CKD/ESRD but the concept is similar. Dialysis has been compared with cancer in terms of mortality, adverse effects, and
symptom burden. Classification of a prospective elderly dialysis patient into one of the following general “functional age”
categories begins the dialysis decision process (Table 1).
• Healthy/usual: this is the most optimal dialysis patient who might also
be a transplant candidate.
• Vulnerable: this is a more typical dialysis candidate. Geriatric assessment and intervention plans (e.g., rehabilitation, pain control, treatment of cognitive deficits and depression, limiting polypharmacy, preventing falls, instituting home services) may slow the progression of
geriatric susceptibility factors that will adversely affect prognosis, QOL,
and the dialysis experience.
• Frail: This is a suboptimal dialysis candidate and should be considered
for a nondialytic treatment plan or a time-limited dialysis trial. Final
decisions will hinge on patient preferences, QOL, and contextual issues
(see Method for Evaluating Dialysis Decisions).

Epidemiology of CKD/Dialysis in the Elderly

Although dialysis is life-sustaining therapy and extends life, it
may also create, increase, or prolong suffering while not restoring or maintaining function in selected subgroups of geriatric
patients. Recent studies suggest that dialysis may not offer a
survival advantage in patients over the age of 75 with multiple
comorbidities and cardiac ischemia.17
Dialysis has the attributes of a serious and progressive
chronic illness including (1) reduced lifespan versus agematched nondialysis patients; (2) progressive disability; (3) repeated hospitalizations; (4) significant comorbidity; (5) high
symptom burden; and (6) caregiver stress.

ESRD exemplifies the disease trajectory characterized by
long-term complications punctuated by acute medical episodes (Figure 1).18 Renal replacement may correct uremia but
the disease trajectory continues.
CKD and dialysis are risk factors for adverse geriatric outcomes. Decreasing GFR and dialysis are associated with stepwise increases in rates of the following: functional limitations,21 which, independent of the cause, are associated with
increased mortality, hospitalization, and long-term care22;
frailty syndrome,23 which predicts falls, mobility/activities of
daily living (ADL) disability, hospitalization, and death among
community elders4 and ESRD patients24; cognitive dysfunction25 (hemodialysis patients with dementia have a survival
probability of 30% at 2 yr versus 60% in their nondemented
counterparts, a 50% reduction in life expectancy)26; falls and
falls-related injury (including hip fracture), which are significant predictors of mortality27; hospitalization,28 which in older
adults is associated with a high incidence of multiple adverse
outcomes, including functional decline, delirium, and falls29;
nursing home complications, where the yearly death rate is two
times that of the general ⬎65-yr-old ESRD population [cognitive/physical impairment is significant, with approximately
60% showing moderate to severely impaired decision-making
skills, with no advanced directives in 60 to 65%, and do not
resuscitate (DNR) in 25 to 30%]30; and increasing symptom
burden.31,32
CKD, uremia, and dialysis will accelerate these geriatric
outcomes in predisposed patients. The elderly CKD stage 4 to 5
patient who presents with “geriatric susceptibility factors”

Table 1. Functional age (stages of aging1) categories with clinical measures
ACOVE Stage*
VES-13 score†
Walking speed (m/s)‡
Chair stand time¶ (sec)§
Frailty score¶
Syndromes**
Remaining life expectancy††
Common geriatric assessment measures
ADLs
Instrumental ADLs
Mini Mental State Examination
Geriatric Depression Scale
Polypharmacy (no.of medications per day)
Comorbidity

Healthy/Usual

Vulnerable

Frail

0–2
⬎0.77
⬍11.2
0
0
High

3–6

1–2
1
Middle

7⫹
⬍0.42
Unable, ⬎60
3–5
2⫹
Low

0
0
⬎26
0
⬍5
None limiting

1
1
23–26
5
5–8
Slight

2⫹
2⫹
⬍23
6⫹
9⫹
Severe

Adapted from reference 1. Reprinted with permission. 䊚 2008 American Society of Clinical Oncology. All rights reserved.
*ACOVE (Assessing Care of Vulnerable Elders) is a project that uses quality indicators to identify and treat noninstitutionalized vulnerable elders (http://
www.rand.org/health/projects/acove/acove3/).
†
The Vulnerable Elders Survey (VES-13) (http://www.rand.org/health/projects/acove/survey.html) is a self-administered brief function-based tool for screening
community-dwelling populations to identify older persons at risk for adverse outcomes and has been studied in cancer patients. A score of ⱖ3 identifies
vulnerable adults at risk for geriatric deficits, functional decline, and death16
‡
Walking speed-distance 4 m/15 ft at patient’s usual speed.
§
Time it takes for patient to rise from a straight chair five times as quickly as possible.
¶
Validated frailty screening tool with five frailty components: (1) ⬎10-lb weight loss in last year; (2) poor endurance (self-report tool); (3) low physical activity
(self-report tool); (4) slow walking time (s/15 ft); (5) weak grip strength (hand dynamometer); ⱖ3 criteria present ⫽ positive for frailty phenotype.4
**Dementia, delirium, depression, falls.
††
See reference 1, Table 2, p. 1938 and reference 15.
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Characterized by:
- functional decline months to years
- episodes of acute (serious) complications
- 1 year probability death .24 /hospitalization .66
general dialysis population19
- 1 year mortality rate 46% octogenarians and
nonagenarians starting dialysis 20
- un-certain course for individual dialysis patient

Figure 1. Dialysis patient disease trajectory. Adapted from ref. 18 (reprinted with permission).

such as frailty, functional disability, and serious comorbidity
(at least three to four conditions) is a suboptimal dialysis candidate because these factors are already significant determinants of mortality in patients on dialysis. Conversely, those
patients who are more independent, less frail, and more cognitively intact will have a better prognosis, although still compromised in the long term (Tables 2– 4 ).

METHOD FOR EVALUATING DIALYSIS DECISIONS IN
THE ELDERLY

The elderly patient with CKD being evaluated for dialysis may
range from a “healthy” cognitively intact and interactive person who can verbalize his or her preferences to a “frail” nursing
home patient with multiple chronic conditions, functional imTable 2. Geriatric susceptibility factors associated with
death in the general dialysis population
Age (yr)
45–64
65–74
75⫹
Frailty
BMI (kg/m2)
⬍20
25 to ⬍30
30⫹
Albumin
Functional disability
Inability to ambulate
Inability to transfer

Diabetic

Nondiabetic

1.43 (1.28,1.59)*
2.23 (2.00,2.48)*
3.10 (2.77,3.47)*

1.55 (1.40,1.72)*
2.65 (2.39,2.93)*
3.91 (3.54,4.32)*

1.38 (1.27,1.49)*
0.85 (0.80,0.90)*
0.80 (0.75,0.85)*
0.81 (0.78,0.84)*

1.30 (1.23,1.38)*
0.84 (0.79,0.89)*
0.81 (0.75,0.87)*
0.77(0.75,0.80)*

1.36 (1.22,1.52)*
1.46 (1.23,1.74)*

1.53 (1.36,1.72)*
1.15 (0.95, 1.39)

Relative risk with 95% confidence interval).
Adapted from USRDS 2002.33
*P ⬍ 0.001.
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pairments and geriatric syndromes, decisional incapacity, and
no stated prior wishes, health care proxy, or surrogates.
The reader is referred to the Renal Physicians Association—
American Society of Nephrology (RPA-ASN) shared decisionmaking guidelines for the accepted nephrology community
standard of care format in dialysis decision making.34 Because
geriatric patients with CKD are a heterogeneous group, the
patient should be stratified into healthy, vulnerable, or frail
based on a geriatric assessment to define and document the
functional status, presence of geriatric syndromes, comorbidity, psycho-social status, and home support system, because
these will impact on prognosis and the ability to process information. The “Stages of Aging”1 paradigm described above is
comprehensive. For the nongeriatrician nephrologist meeting
the patient for the first time, the Get Up And Go Test (from a
sitting position, stand without using arms for support and walk
10 ft/3 m and back as quickly as possible) and the Rapid Chair
Rise (stand up from a seated position in a hardback chair with
arms folded) can be considered. In this case, physical frailty is
defined as scoring ⬎10 s for the go test and/or an inability to
rise from the chair without using the arms. A moderately frail
patient would be unable to complete either test, whereas severely frail is defined as the inability to complete both.35The
optimal situation would be a CGA done by the geriatric team
and reviewed with the nephrologist.
The four topics method summarized below is a useful template to address the main components of a dialysis discussion
in the elderly (Tables 5 and 6). Each topic is framed by underlying ethical principles and their associated clinical counterparts. Although topic 2 takes precedence, the more topics that
can be fully explored and discussed, the better informed and
shared decisions will be. Two starter questions to help direct
the initial flow of information are as follows: (1) what does the
patient/family need to know from the nephrologist to facilitate
decision making (topics 1 and 3) and (2) what does the nephGeriatric Nephrology Curriculum
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Table 3. Geriatric susceptibility factors associated with death in octogenarians and nonagenarians on
dialysis (relative risk)20
• Older age c/w 80–84 yr
85–89 yr: RR 1.22 关CI, 1.20 to 1.24兴
⬎90 yr: RR 1.56 关CI, 1.51 to 1.61兴
• Nonambulatory status
RR 1.54 关CI, 1.49 to 1.58兴
• Serum albumin concentration
⬍35 g/L RR 1.28 关CI, 1.25 to 1.30兴

• CHF
RR 1.21 关CI, 1.19 to 1.23兴
• Underweight
RR 1.20 关CI, 1.18 to 1.23兴
• # comorbid conditions* c/w 0–1
2 ⫺3: RR, 1.31 关CI, 1.28 to 1.33兴
ⱖ 4: RR, 1.68 关CI, 1.64 to 1.72兴

*Comorbid conditions: albumin concentration ⬍35 g/L, anemia, underweight, CHF, diabetes, ischemic heart disease, COPD, cancer,
cerebrovascular disease, and PVD.

rologist need to know from the patient/family to frame possible scenarios (topics 2– 4)?

NONDIALYTIC TREATMENT/RENAL PALLIATIVE CARE

A conceptual understanding of extending life versus prolonging the dying process and the ability to explore this with the
elderly patient or decision maker(s) is important for shared
decision making. This is the palliative care concept of the “big
picture.” There is a growing literature on nondialytic treatment (NDT),17,37–39 suggesting that survival may not be significantly different in selected subgroups between those on
chronic dialysis compared with patients with stage 5 CKD
treated without renal replacement therapy. Less hospitalizations and more patient deaths at home may be possible in those
treated medically and using a multidisciplinary team approach.37 This may provide a more humane and dignified end
of life experience for the frail geriatric patient and their family.
In an important retrospective study, two groups of elderly patients with CKD stage 5 predicted to need dialysis within 18 mo
were followed in a multidisciplinary predialysis care clinic with
one group initiating renal replacement (RRT) and the other
treated medically. Although the RRT group had a longer overall
survival, when the groups were stratified into those with high comorbidity (more than three comorbid conditions) or ischemic
heart disease versus not, the survival curves were comparable.17
If through shared decision making using the principles of
the RPA-ASN guidelines framed within the four topics

method, it is decided to forego renal replacement therapy, a
detailed and consistent plan of action must be implemented. This approach will minimize feelings of abandonment and hopelessness and foster a safe environment. Families must feel supported, especially if their loved ones are
cognitively impaired. The decision to forego life-sustaining
therapy has powerful symbolic meaning. Although it might
make sense medically, families may still struggle as the uremic process unfolds. Consistent demonstration of caring,
respect, and concern by the team will soften this challenging
process and allow an acceptable end of life experience. The
medically treated patient with ESRD will require increasing
home services and transition into a hospice system (home,
nursing home with hospice, or inpatient hospice depending
on goals of care and adequacy of symptom control). This is
best accomplished through a palliative care plan whose philosophy incorporates a patient- and family-oriented approach that helps achieve their goals.
Renal palliative care40 – 43 is an agreed on management plan
to optimize QOL and relieve suffering (pain and symptom
management); offered simultaneously with all other appropriate medical therapy; not synonymous with end-of-life or hospice care; not just the absence of dialysis provision; suitable in
dialysis patients also; appropriate in all patients with serious
illness (high symptom burden, shortened survival, significant
comorbidity) and includes the following: advance care planning (ACP), a process of ongoing communication to update
prognosis/goals of care/preferences as trajectory of decline
progresses and end-of-life issues become more prominent; pa-

Table 4. Survival of octogenarians and nonagenarians starting dialysis20
Average life expectancy
One-year mortality rate 46%
Median survival after dialysis initiation
65–79 yr 24.9 mo
(interquartile range: 8.3–51.8 mo)
80–84 yr 15.6 mo
(interquartile range: 4.8–35.5 mo)
85–89 yr 11.6 mo
(interquartile range, 3.7–28.5 mo)
90 yr 8.4 mo
(interquartile range: 2.8–21.3 mo)
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General population versus age-matched patient initiating dialysis

80–84 yr: 105 or 89 mo/6.7 times longer
85–89 yr: 78 or 66 mo/6.7 times longer
90–94 yr: 57 or 48 mo/6.8 times longer
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Table 5. Four topics method36 for analysis of a ethical problem in clinical medicine adapted to the geriatric patient with
CKD/ESRD
1. Medical Indications for Intervention
Beneficence and nonmalfeasance
Prognosis/benefits versus burdens
What is the functional age of this patient?
Is this patient frail?
What are the geriatric susceptibility factors and survival
data?
What are the potential adverse geriatric outcomes ?
Based on the above
is the patient a candidate for dialysis?
is the patient a candidate for nondialytic treatment?
3. Quality of Life
Beneficence and nonmalfeasance; respect for autonomy
There is no universal metric for QOL
QOL is a value judgment and personal
There are some objective criteria (end-stage dementia,
cachexia, advanced cancer) but families may not see
it that way
There is a significant symptom burden31,32
A defined time-limited trial to assess if QOL acceptable
on dialysis is an important option to explore

2. Patient Preferences
Respect for autonomy
Establish general “big picture” goals and outcomes (What is important
to you when you imagine the future? e.g., stay at home, no
discomfort, live as long as possible).
Explore patient’s personal narrative
Because higher prevalence of cognitive dysfunction and inability to make
decisions, substituted judgment will be more common. Engage the
family.
Be prepared that
Preferences may change over time and with new events
Some patients will not able to decide or express their preferences
Some may want to receive limited or no information and delegate to
others
4. Contextual Features
Loyalty and fairness
Health resources; family dynamics; health care team
Is the family supportive of the patient’s decision?
Are there conflicts between family members?
Are the descriptions of patient wishes consistent?
What is the cultural, ethnic, or religious belief system and background?
Is there conflict among the healthcare providers or between them and
the family?

tient and family support to create a sense of control over patient’s healthcare, relieve potential burdens on loved ones, and
strengthen interfamily relationships; and hospice referral
when appropriate (⬍6 mo estimated survival).
Renal palliative care incorporates geriatric principles of the
interdisciplinary team and holistic approach. Active medical
treatment of renal complications (e.g., fluid/electrolyte disorders, renal anemia, fluid overload, CKD mineral bone disease)
is continued simultaneously with evaluation and treatment of
geriatric syndromes and symptoms (e.g., pain, depression, fatigue, insomnia, pruritus, constipation) to maximize function
and QOL, avoid unnecessary hospitalizations, and hopefully
allow a dignified death at home.

CONCLUSION

An effective dialysis decision-making approach involves not
only the process leading up to and including the decision (yes,
no, maybe, time-limited) but also a clear postdecision plan

regardless of which decision is taken. If the family decides on
dialysis, time-limited or otherwise, ongoing geriatric assessment and palliative care protocols must be put in place. If an
NDT approach is taken, follow-up for meticulous renal medical management and geriatric-palliative care is imperative. In
both cases, given the disease trajectory, cooperation among the
renal and geriatric-palliative teams is essential for the best patient and family outcomes. A geriatric CKD action plan provides a framework for evaluation and management (Table 6).

TAKE HOME POINTS
• ESRD/dialysis can be viewed as a form of accelerated aging and has the
attributes of a serious progressive illness
• The elderly patient with CKD facing dialysis decisions should have a
geriatric assessment to stage the functional age and geriatric syndrome
burden
• In patients with serious comorbidity, functional impairment, and frailty,
dialysis may not prolong life but might increase symptom burden and
ultimately suffering

Table 6. Geriatric CKD dialysis decision action plan
CKD Stage 4

CKD Stage 5

Baseline comprehensive or modified geriatric assessment to stage the
functional age and assess for frailty

Review and update geriatric assessment/functional age stage
and 4 topics content especially if new acute events/
hospitalizations
Renal replacement therapy (including “Time-limited trial”) or

Initiate dialysis decision discussions in context of ”big picture” goals
using the RPA/ASN guidelines and four topics method
Evaluate and treat CKD geriatric susceptibility factors
Renal palliative care assessment and treatment plan

American Society of Nephrology

Nondialytic treatment
Continue renal palliative care
Hospice when estimated prognosis ⬍6 mo
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• Renal palliative care that incorporates geriatric principles is part of both
dialytic and nondialytic treatment plans; it requires not only a targeted
program of renal specific therapy, but ongoing symptom assessment
and intervention, and psychosocial support of patient and family, which
is best accomplished thru an interdisciplinary team approach
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None.
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REVIEW QUESTIONS: DIALYSIS DECISIONS IN THE
ELDERLY PATIENT WITH ADVANCED CKD AND THE
ROLE OF NONDIALYTIC THERAPY
1. The order of most important versus less important prognostic
factors for ⱖ80-yr-old dialysis patients associated with death
at 1 yr would be:
a. ⱖ4 comorbids, poor functional status, low BMI, CHF
b. Poor functional status, ⱖ4 comorbids CHF, low BMI
c. Low BMI, poor functional status ⱖ4 comorbids, CHF
d. CHF, low BMI, poor functional status ⱖ4 co-morbids
2. In dialysis discussions, a patient’s age is used primarily to:
a. Make the final decision
b. Frame prognosis
c. Decide if palliative care assessment is appropriate
d. Exclude renal replacement therapy as an option
3. The life expectancy of an elderly dialysis versus an age matched
general population is decreased by approximately:
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a.
b.
c.
d.

30%
50%
70%
80%

4. Potential geriatric adverse outcomes associated with CKD/
ESRD include
a. Frailty
b. Cognitive dysfunction
c. Falls
d. Pain
e. All of the above
5. A renal palliative care assessment is appropriate if:
a. Patient decides to try a time-limited trial
b. Patient opts for nondialytic treatment
c. Patient has been on dialysis for 1 yr
d. b and c
e. a, b, and c
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Chapter 38: End of Life and Decision Making in Elderly
Persons With Kidney Failure
Richard Swartz and Erica Perry
Division of Nephrology, Department of Internal Medicine, University of Michigan Health System, Ann Arbor,
Michigan

DEATH AND DYING IS INEVITABLE IN
NEPHROLOGY PRACTICE

Mortality rates for end-stage kidney disease (ESKD)
in the United States are well established through
decades of national surveillance1 and consistently
average 15 to 20% per year for all patients who do
not receive a kidney transplant. Thus, if one works
in a chronic dialysis unit of 70 patients, one can
expect to encounter at least one death per month. In
the acute hospital setting, multiple studies2,3 have
verified that patients who develop acute renal failure severe enough to require renal replacement
therapy have a 50% chance of dying in the hospital
irrespective of the type of renal replacement used
and despite all of the technology presently available
to support attendant multiorgan comorbidity. In
both circumstances, age increases the odds of dying
and frames how we must approach decision making
with elderly patients.
Working with patients who have acute or
chronic renal failure inevitably forces us to face patients who are dying. At the same time, a multitude
of studies and quality-of-care initiatives put us on
the spot and judge our practice decisions on the
basis of outcomes that usually include mortality
rates. It is no wonder that, even if we come to understand at some level that death is inevitable in our
practice, there is great reluctance to talk about death
and a persisting view that death is a “failure” of our
medical skills or that talking about death will make
it happen. This view is all too often reinforced by
prevailing public sentiment and the media, and
practitioners tend to focus on continuing intervention and cure rather than on the reality of progressive illness that often is at hand. In essence, we have
not “naturalized” death as an inherent and inevitable event that we must learn to address if we are to
deal with chronic illness effectively.

Case 1

Several months after the death of a very loving man
who did home hemodialysis (HD) for many years
with his wife’s help, the dialysis social worker received
an angry and critical letter from his teenage daughter,
blaming herself but also asking why no one had prepared her family for her father’s loss. She described
how she and her sisters regretted not having the chance
to say a loving goodbye to their father and how bereft
their mother felt at his loss.
This particular case occurred early in our career
with ESKD, and although we had an open relationship with the patient and his family, we failed to talk
about death and dying because we felt that it was a
taboo subject and because we thought that we
might spare this patient and his family anguish by
not talking about the prognosis for chronic dialysis
or about end of life. By avoiding such discussion, we
may have missed an important opportunity to help
this family prepare and inadvertently contributed
to the void left behind after his death.
As a nephrologist, I have learned that death is my
companion, and the relationships that I develop
with patients necessarily will include talking openly
about end of life somewhere along the way. We began our own inquiry into the importance of these
relationships shortly after Case 1 and during a particularly discouraging spate of deaths among our
dialysis outpatients. Around the same time, the Patient Self-determination Act of 19904 was enacted,
mandating that hospitals offer patients the opportunity to execute advance directives at the time of
admission and bringing this issue to the fore. In-
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stead of just second-guessing ourselves because of the recent
deaths in our program, we decided to look at our experience
with the death and dying process. We reviewed cases to see
whether we had documented recognizing and discussing end
of life before patients’ deaths.5 What we found was that addressing death and dying, whether a formal advance directives
document was executed or nor, significantly affected the ultimate outcome for patients, families, and staff. Having such
discussions favored a “good death” that was to some degree
reconciled with a measure of closure and even relief. Other
surveys suggest that patients on chronic dialysis expect medical
staff to initiate these discussions,6,7 and the more experience we
have dealing with death and dying, either our own personal
experience or that with patients, the more prepared we are to
undertake such discussions.8
One approach in the ESKD setting is to undertake more
open discussion of these realities earlier in the course of encounters with patients. An opportune time occurs when the
options for chronic kidney disease (CKD) are first presented,
and now we often let folks know that, besides HD, peritoneal
dialysis (PD), and transplantation, there is a “fourth option”
that involves no dialysis but concentrates on comfort care if
circumstances so warrant. Of course, most patients usually are
not prepared to talk about the “fourth option” when first facing CKD, but it is an opportunity to establish that it is indeed
an available option at the appropriate future time. In the acute
setting, especially in the intensive care unit, it is important to
keep the “no dialysis” option in mind, especially when other
comorbidity accumulates and further intervention begins to
look futile. In both settings, this type of discussion is more
pertinent for the elderly in view of the prognosis that they face.

VOLUNTARY WITHDRAWAL FROM DIALYSIS:
WHOSE CHOICE IS IT?:

Neu and Kjellstand9 reported in a compelling article published
⬎20 yr ago that 20% of deaths among chronic dialysis patients
in Minnesota resulted from voluntary withdrawal from treatment. Soon thereafter, another report confirmed this experience among patients in Michigan,10 and in both studies, advancing age and the degree of comorbidity were important
cofactors. For patients who withdraw from dialysis, death
comes relatively quickly within 1 to 2 wk.1,9 More recent studies confirmed that a “uremic” death can often be managed in a
home setting without undue suffering.11,12 However, it is common for patients and families to voice concerns that withdrawal from dialysis constitutes “giving up” or even “suicide,”
thus insisting on aggressive care that does not contribute to
either quality of life or quality of death. Many patients, families, or even medical care staff members have not had personal
experience with chronic illness or end of life in their own lives,
and they are influenced by media sensationalism surrounding
stories like those of Nancy Cruzan, Terri Schiavo, or Jack
Kevorkian.
2
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Case 2

A 17-yr-old high school athlete and scholar developed rapidly
progressive glomerulonephritis with a multisystem illness that he
survived but that required dialysis and then a kidney transplant.
The transplant failed acutely with another multisystem illness,
after which he went on peritoneal dialysis. Chronic pain and
failure to thrive prompted University Hospital consultation. Now
age 19, he switched to HD but continued to suffer pain and
chronic depression, both of which defied adequate treatment. His
family and medical staff avoided talking about prognosis and
alternatives because he was “too young to give up,” and pushed for
parenteral nutrition and another transplant (from his stepfather).
The social worker arranged a family and staff meeting to discuss
the options, during which his grandmother, who had recently lost her
husband to a painful cancer death, “broke the ice” by reminding the
family how her husband had withdrawn from futile cancer treatment and made a choice that our patient understood at the time it
happened. His grandmother asked our patient if he had thought
about that himself. Suddenly animated and with a clear sense of
relief, he related how he thought about this often but worried about
the impact on his family. His mother and stepfather were tearful but
did not interrupt him and then shared that they did not know how he
had tolerated all that had happened to him. Medical staff ventured
that we could not predict the course of another transplant and all that
might be entailed, and the patient, with his family’s assent, declined
and chose to withdraw from dialysis and spend his last days at home.
A home visit several days later revealed an entire football team visiting and the patient looking more settled than we had ever seen him.
His football jersey had been retired and framed, and that same
evening, he was driven around the football field in his wheelchair
during a high school football game dedicated to him. He died peacefully the next day.
Although this patient is young, his situation only emphasizes that it is not the age but the individual experience and
personal circumstances that determine the appropriateness of
withdrawal from life-sustaining treatments that we use for
ESKD. Because this patient was young, we had our own agenda
regarding the next set of decisions, an agenda focused on continuing toward the next life-prolonging modality. In the end,
the patient along with the family member having the most life
experience (his grandmother) were able to express how much
he was suffering and ventured to open the door to discussing
alternatives and to refusing more and more of what by now
looked to be futile medical intervention. With the elderly, we
are more apt to be open to the options, but age is not the sole
criterion for this discussion.

DECISION MAKING: EXPLORING OPENLY AND
WITHOUT AN AGENDA
Case 3

A 78-yr-old man develops renal cancer in his single remaining
American Society of Nephrology

kidney, 3 yr after the other kidney had been removed and 1 yr after
angioplasty for acute myocardial infarction (MI) with congestive
heart failure (CHF). Present quality of life is good, with a creatinine level of 1.8 mg/dl and some limited exertion tolerance. The
tumor is located so that partial nephrectomy is not feasible. His
urologist suggests nephrectomy and simply going on dialysis. The
patient’s sister had been a dialysis patient recently and had died
miserably in the midst of severe complications. The patient came
to our clinic seeking a second opinion.
Too often in our practice we focus only on curing the disease at hand, in this case removing the remaining kidney with
cancer in it, without considering that we consign this man to
ESKD when we undertake nephrectomy. We already have established that the prognosis for ESKD translates into a life expectancy of 5 to 6 yr on average, but for this man who is over
75, the mortality rate could be two to three times higher and
translate into a life expectancy of only 2 to 3 yr.1,11 If we consider additional comorbidity factors that increase mortality
risk further, including symptomatic heart disease, diabetes
mellitus as the cause of CKD, significant peripheral vascular
disease, and poor functional status as indicated by the Karnovsky scale,1,11 the outlook for doing nephrectomy gives one
pause. These statistics do not even address potential impaired
quality of life, the intrusiveness, and the daily “hassle” that
often are part of chronic dialysis and that loom ominously for
all patients but especially for the elderly. Ironically, the overall
prognosis11 for renal cancer in situ is at least as good as that for
ESKD11; thus, even if we cannot predict exactly how the clinical
course or potential complications will unfold, we cannot simply assume a priori that removing the cancer (and the remaining kidney) is the optimal treatment. In the final analysis, we
must seriously look at aspects of our decision that we might not
have initially considered.
Looking at outcome data in this way, there is always the
danger that we begin to take on an impersonal approach, impart the data, and leave the decision to the patient. At the same
time, it is difficult not to have our own bias and agenda in going
over situations like this one. Listening to the patient’s viewpoint and finding the right balance between what we know and
what we don’t know, or what we view as the best medical decision and what actually fits the patient’s goals, is an art that is
only learned through experience and that is poignantly illustrated by this case. Often there is no one right answer, and
sharing the exploration establishes a trusting relationship in
which we can empathize with the patient’s dilemma and share
in what may well be an ongoing process aimed at choosing the
optimal solution for the individual.

can “cure” or restore health after some “acute” illness such as
pneumonia, fracture, or even acute myocardial infarction.
However, we cannot cure most “chronic” illnesses and can
only contain them. ESKD is an excellent example of such a
condition. In any illness, acute or chronic, palliative care is that
care focused on promoting quality of life and not simply on
prolonging longevity.13,14 If treatment can prolong life while
also promoting quality and comfort, then so much the better.
Figure 1 shows the interrelation between acute and palliative care during the course of chronic illness, emphasizing the
increasing importance of controlling symptoms instead of curing disease as chronic illness progresses. This scheme does not
imply that we ignore medical complications that can be corrected but rather that, for each and every therapeutic decision,
we weigh the impact of our intervention on quality of life and
symptom control versus the quantity of life and its prolongation at all costs. In a sense, it is valuable to view dialysis itself as
a “palliative” intervention and to consider its contribution to
the quality rather than to the quantity of life.
These distinctions between quality and quantity of life are
not always so clear cut, and the process of making choices often
takes time, requires several discussions, and creates tension as
we walk a tightrope between continuing full-court pressure
and letting go.
Case 4

The Palliative Care team at our hospital was called to see a 43yr-old man with congenital heart disease and previous stroke,
who presented with biventricular failure, hypotension, and renal
failure, all progressing despite infusions of cardiac supportive
agents. His sister was his major care provider and was the decision
maker both for him and for his elderly mother. He had been
functional until recent months despite his chronic illness, but became severely confined and continuously breathless except when
kneeling at his bedside. We discussed comfort care at home with
Hospice support. We also considered the role of dialysis to improve
his heart failure, noting that HD would pose hemodynamic difficulties and that PD was feasible but would require substantial
home-based care. The patient and his sister still clung to prolonging life unless and until they could see no way out, and they chose
to defer both Hospice and dialysis in favor of one more trial of
cardiac supportive agents infused at home.
He returned to the hospital within a few days with more dis-

CURATIVE INTERVENTION
HEALTH
DYING
PALLIATIVE CARE

THE PALLIATIVE CARE MODEL: ACUTE VERSUS
CHRONIC ILLNESS

The principles of “palliative care” articulate our understanding
of how chronic illness is distinct from acute illness. Clearly we
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ACUTE ILLNESS

CHRONIC ILLNESS

Figure 1. The trajectory of care during chronic illness.
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tress and worse renal failure. Together we agreed on a time-limited trial of PD. PD was extremely helpful and improved his CHF
to the point he could walk, sleep in bed at night, and function at
home. His sister managed to balance her work and the caring for
him and for mom during the ensuing 14 mo. Eventually, he developed refractory arrhythmias that required intensive care unit
treatment and culminated in withdrawal of support by his sister
with their mother’s understanding and support.
Situations like his one demand shared decision making with
active listening and flexibility rather than an agenda and assumptions about the best medical course to take. Here a “timelimited trial” of dialysis provided substantial symptom relief
and improved quality of life for an extended period. This reprieve also resulted in solid grounding from which the eventual
decision to voluntarily withdraw dialysis care became a reconciled and acceptable choice.

SHARED DECISION MAKING IN ESKD: A PROCESS
AND NOT AN EVENT

There is no substitute for undertaking direct discussion with
patients and families about quality of life, prognosis, and the
possibility of death and dying. The recent document “Shared
Decision Making in the Appropriate Initiation of and Withdrawal from Dialysis: Clinical Practice Guideline”11 is an excellent resource that includes a series of recommendations for
such discussions along with appended medical, psychologic,
and epidemiologic data relevant to both the acute and chronic
renal failure settings. Such discussions need not wait for a crisis
situation, and there are many opportunities to explore patients’ fears and questions or to articulate their goals of care.
Some starting points for discussion might include talking
about CKD planning or advance directives, any juncture at
which there might be potentially serious treatment complications, or even simply obtaining informed consent for a procedure.
When critical illness does develop, the discussion takes a
different turn and often focuses pointedly on bad news, requiring a thoughtful and deliberate approach. There are a number
of very helpful resources that offer suggestions for organizing
family meetings15 and for actually delivering “bad news.”16 Effective discussions require some planning that includes inviting the necessary participants, choosing an appropriate quiet
setting, establishing what participants have already heard, exploring what new information participants are ready to hear,
giving an optimal amount of information that can be absorbed, checking out what everyone has heard, and planning
for any subsequent meetings or actions that seem necessary.
Listening well and being prepared to follow-up on unexpected
developments may be pivotal to the success of such discussions. A family meeting has value even when the situation
seems unresolved and chaotic because any subsequent discussions will have been affected, and will start one or two steps
4

Geriatric Nephrology Curriculum

ahead. We can, at a minimum, learn what participants already
know, discuss the goals of treatment, allow for input by family
members who need to express, make pertinent suggestions,
and assure that all participants hear the same discussion.
Case 5

A 67-yr-old man with previous peritoneal dialysis and then several years with a chronically failing transplant was now back on
HD. Progressive cardiac and peripheral vascular disease limited
his function and well being, making him increasingly dependent
on his wife, who often asked the questions and made the decisions.
As his condition deteriorated, he asked to withdraw from dialysis.
At a family meeting, it was clear that his wife and daughter were
angry, blamed him for not trying harder, were unwilling to support withdrawal of ongoing medical care, and refused to have him
at home if chose to withdraw from dialysis. After the meeting
when his family was gone, we suggested to him that his family
seemed uncomfortable making this decision for him and that
when he died he would leave much anguish and anger. We suggested that he discuss his feelings more openly with his family,
specifically that he was suffering and in pain, that he still loved
them, and that they were in no way to blame for his difficulties.
Two days later his wife brought him for scheduled HD, asking
if we would admit him for terminal care. His scheduled dialysis
was deferred, and a family meeting was quickly arranged. His
wife related that now she understood his situation more clearly
but that she could not physically care for him at home. She asked
if we could admit him so that she could stay with him at the
hospital. Other family members agreed. The patient was admitted and died peacefully within several hours with his wife at his
bedside.
Learning to navigate the journey through ESKD and end of
life does not come naturally. The skills are acquired by actually
making the journey with patients, by developing authentic relationships that do not hide our humanness, and by allowing
dying patients to contribute to us. In addressing goals of care
and discussing medical choices, we learn to accept our own
limitations as medical practitioners and give some autonomy
and responsibility back to the patients. The challenge may
seem daunting with end points that are different than those we
originally conceived, but the process can be the very gratifying
for us and contribute immeasurably to reconciliation for patients and families.

TAKE HOME POINTS
• Life span is shortened for patients with ESKD and with AKI as well, and
death is an inevitable clinical event in nephrology practice
• Learning to talk about death and dying is an outgrowth of long-term
relationships with patients and families that serve all parties well in this
process; these issues are obviously nearer and more pressing in elderly
persons but are equally germane to dialysis patients of all ages
• Talking about advance directives helps to focus our discussions on
chronic illness and on patients’ fears that ultimately favor patient,
survivor, and staff reconciliation when death does occur
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• Patients are often prepared to talk about death and dying, and as many
as 20% of patients will eventually withdraw voluntarily from dialysis
when quality of life deteriorates; addressing these issues directly and
viewing treatment decisions from a “palliative care” perspective that
focuses on quality rather than quantity of life, sometimes to withdraw
from treatment, but sometimes to continue treatment
• Shared decision making is pivotal and includes sharing available prognostic information, answering questions sensitively and directly, making
sure all involved parties participate and are heard, and continuing the
relationship and discussion throughout the course of illness
• Family meetings that include pertinent medical staff and facility at
delivering “bad news” sensitively are essential tools of the trade that
are learned only with experience
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REVIEW QUESTIONS: END OF LIFE AND DECISION
MAKING IN ELDERLY PERSONS WITH KIDNEY
FAILURE
1. Mortality in end-stage kidney disease:
a. Is affected by age and the presence of heart disease and
diabetes
b. Averages as much as 20% per year or more
c. Is ⬎50% per year in persons ⬎80 yr old
d. all of the above
2. The odds of in-hospital death for persons suffering acute kidney failure:
a. Are 50% overall
b. Average ⬎50% if renal replacement therapy is required
c. Depend on the type of renal replacement therapy chosen
d. None of the above
3. Advance directives:
a. Have a major impact on outcome
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b. Prompt discussion between patients and care givers about
medical choices
c. Have no particular impact because they are often ignored
d. Have specific legal standing in most jurisdictions
4. Voluntary withdrawal from dialysis:
a. Occurs rarely in the usual clinical setting
b. Results in unacceptable acute symptoms and uncomfortable death
c. Is not legally acceptable in most states
d. Is more common with increasing age and comorbidity
5. Family meetings in the clinical setting necessarily involve all of
the following except:
a. Inviting all vested parties in family and medical care
team(s)
b. Identifying a quiet setting that minimizes interruptions
c. Finishing with a plan that obviates the need for further
meetings
d. Verifying what participants already know and still need to
know
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