
123

An Evidence-Based Guide

Carlos Guido Musso
José Ricardo Jauregui
Juan Florencio Macías-Núñez
Adrian Covic 
Editors

Clinical 
Nephrogeriatrics



Clinical Nephrogeriatrics



Carlos Guido Musso  •  José Ricardo Jauregui 
Juan Florencio Macías-Núñez  •  Adrian Covic
Editors

Clinical Nephrogeriatrics
An Evidence-Based Guide



Editors
Carlos Guido Musso
Nephrology Division
Hospital Italiano de Buenos Aires
Buenos Aires  
Argentina

Juan Florencio Macías-Núñez
Departamento de Medicina
Salamanca  
Spain

José Ricardo Jauregui
Hospital Italiano de Buenos Aires 
Buenos Aires  
Argentina

Adrian Covic
University of Medicine “Grigore T. Popa”  
and University Hospital “C. I. Parhon”
Iasi  
Romania

ISBN 978-3-030-18710-1        ISBN 978-3-030-18711-8  (eBook)
https://doi.org/10.1007/978-3-030-18711-8

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfilms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-18711-8


“To Professors Dr. Stewart Cameron,  
Dr. Dimitios G. Oreopoulos, Dr. Isidoro Fainstein,  
Dr. David Galinsky. Dr. Roberto Kaplan,  
and Dr. Hugo A. Schifis”



vii

Foreword

The population of the world is growing older at an unprecedented rate. In 2015, 
about 620 million persons were over age 65 years, and this number is expected 
to grow to 1.6 billion by 2050. Wide disparities exist among the regions of the 
world concerning the fraction of elders in the population. For example, in Europe 
in 2018, about 1 of every 6 individuals was over 65 years of age, whereas the 
comparable statistic for Africa is 1 out of every 33 individuals. The frequency of 
the “oldest old” (over 80 years of age) is expected to increase globally from 125 
million currently to about 450 million by 2050. Global life expectancy (at birth) 
is now 69 years and is projected to grow to 76 years by 2050. The origin of this 
changing population dynamics is complex but entails lower birth rates, control of 
communicable diseases affecting the young, and more effective control of 
noncommunicable disease afflicting the older adults, most dramatically 
cardiovascular disease. These sobering statistics make geriatric and gerontology 
disciplines of great and growing interest broadly and specifically for nephrology. 
Kidney diseases, both acute and chronic, are quite common in the older and elder 
adult and therefore are expected to increase as the world ages. Thus, a 
comprehensive monograph on clinical nephrogeriatrics is both needed and 
timely. Dr. Musso and his editorial colleagues have assembled a distinguished 
group of international authors to bring forth a detailed examination of the 
physiology, anatomy, pathology, and clinical expression of diseases of the kidney 
in aging. The topics covered are broad in scope and practical in orientation, so as 
to make the volume of high value to practitioners dealing with older patients with 
kidney diseases, including those that eventuate in the need for renal replacement 
therapy. Disorders of fluid, electrolyte, and acid-base, blood pressure regulation, 
infection, nutrition, and urolithiasis in older subjects receive appropriate 
attention. The important topic of medication prescribing in the elderly patients is 
given a thorough review. Finally, palliative and conservative care for those 
unfortunate elderly patients with end-stage kidney disease and limited life 
expectancy is covered in a compassionate way.

All in all, this monograph fills an important gap in the literature of nephrology. I 
predict that it will be widely read. As this tome addresses an ever-changing topic of 
high and growing interest, I expect that it will undergo an evolution through multiple 
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editions, especially as our knowledge of the fundamental biology of the aging 
kidney expands in future years. Congratulations to the editors and authors for such 
a successful start to a long-term enterprise.

Richard J. Glassock, MD, MACP
Department of Medicine

David Geffen School of Medicine at UCLA
Los Angeles, CA

USA

Foreword
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1Structural and Functional Renal Changes 
Secondary to Aging

Nada Dimkovic

A complex process involves all organs along the time, which is reflected in structural 
and functional changes that delineate the process of “organ aging.” The basis of this 
process are numerous, known and less known mechanisms that vary not only by age 
but also by genetic factors, gender, ethnicity, and comorbidities. Although the aging 
process is controlled by signaling pathways very similar to disease processes, age-
related alterations are different to those induced by diseases. Sometimes, these two 
processes cannot be easily distinguished, and this diagnostic problem is much more 
common in older than in younger patients.

Interest in the aging kidney has gained significance from the time when the limit 
for the diagnosis of chronic kidney disease (CKD) was established. Namely, the 
threshold for defining CKD based on estimated glomerular filtration rate (eGFR) 
was value less than 60 ml/min/1.73 m2. Accepted limit led to the diagnosis of a 
large number of elderly with CKD. Although this limit is not necessarily true for a 
group of elderly, a reduced kidney function along with a normal aging process has 
an important role in daily clinical practice to drug dosing, kidney donor selection, 
and the definition of the risk of acute kidney damage due to a reduced renal reserve. 
Therefore, most of the papers were related to renal function and determination of 
glomerular filtration rate (GFR) in the elderly.

Changes in the kidneys during the aging process can be detected by the imag-
ing procedure (IP) [1–5], kidney biopsy [6–8], and by functional testing [9, 10] 
(Table 1.1).

The first molecular biology of aging at the cellular level was proposed by Dr. 
Harman who suggested oxidative stress and free radicals as a major cause of aging 
[9]. Additionally, accumulation of pro-fibrogenic mediators, mitochondrial damage, 
and loss of telomeres correlate with the process of kidney aging [11]. The process 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18711-8_1&domain=pdf
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of kidney aging involves Klotho gene which is expressed in the distal convoluted 
tubules. Downregulation of Klotho gene increases the susceptibility to oxidative 
stress via stimulation of IGF-1 pathway [12]. Increased oxidative stress acts at the 
three levels [12, 13]:

	1.	 Activate angiotensin II pathway and transcription of transforming growth factor 
B1 (TGF-B1),

	2.	 Leads to shortening of telomeres via inhibition of telomerase.
	3.	 Activate rapamycin target (TOR) leading to accumulation of malignant mito-

chondria in cells.

�Structural Changes

The first findings of changes in the kidney structure as part of the aging process 
are based on postmortem studies. It has been established that aging increases the 
number of sclerotic glomeruli and the frequency of changes in tubules and blood 
vessels [14]. Precious data was obtained in the era of transplantation by analysis of 
kidney from healthy donors from six decades. The advantage of these analyses over 
autopsy was that structural changes in the kidneys obtained by pre-implantation 
biopsy could be compared with a clinical finding, results in urine and blood (includ-
ing functional tests) and finding on the computed tomography (CT) angiogram. For 
a better understanding, changes in the kidneys during aging can be classified into 
micro- and macroanatomical changes.

�Microanatomical Changes

These changes involve three basic components of the kidney: glomeruli, tubules, 
and vasculature. Changes in glomeruli during the aging process can be charac-
terized as senile glomerulosclerosis with the glomeruli being replaced by fibrous 
tissue. Simultaneously with the increase in the number of sclerotic glomeruli, the 

Table 1.1  Basic structural and functional changes in the kidney during the aging process

IP finding Biopsy finding Functional changes
More and larger 
kidney cysts
Focal scars
Increased surface 
roughness
Decreased cortical 
volume
Atherosclerosis of 
kidney artery

Global 
glomerulosclerosis
Thickening of GBM
Increase in mesangial 
matrix
Tubular atrophy
Tubular diverticula
Interstitial fibrosis
Arteriosclerosis
Arteriolar hyalinosis
Nephron hypertrophy

GFR decline
Increased glomerular capillary permeability
Reduced tubular reabsorptive capacity (sodium, 
urea, magnesium)
Reduced secretory capacity (potassium, 
creatinine)
Reduced urine concentration-dilution capacity
Production of kidney hormones: preserved 
(erythropoietin, parathyroid hormone) and 
reduced (renin)

N. Dimkovic
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remaining functional glomeruli can be increased. With time, they show progressive 
folding and thickening of glomerular basal membrane, increasing the volume of 
the mesangial matrix due to the imbalance between formation and decomposition 
and finally glomerular tuft collapse: globally sclerotic glomeruli (GSG) [15, 16]. 
Glomerulosclerosis is a non-specific process, can be due to several factors includ-
ing ischemia and changes in the light microscope reminiscent of ischemic changes. 
Prevalence of GSG begins about 30 years of life (25%) and reaches as much as 
82% in the eighth decade of life [17]. The number of glomeruli per area of cortex 
(glomerular density) inversely correlates with glomerular size. Glomerular density 
is lower in biopsies where less than 10% of glomeruli are sclerotic suggesting that 
the nephron hypertrophy with age can be detected in regions without significant 
nephrosclerosis. If the number of sclerotic glomeruli is more than 10%, the density 
increases due to a large number of small, sclerotic glomeruli and atrophic tubules in 
the region of significant nephrosclerosis. The described changes lead to discrepan-
cies between weight and size of the kidney in old age. Although the renal weight 
decreases from 400  g (in the fourth decade) to 300  g (in the ninth decade), the 
volume of the kidney determined by computerized tomography is not necessarily 
changed.

Mesangial cells and endothelial cells have been shown to increase in number 
until the age of 50 years and number progressively decline thereafter. The ratio of 
the number of mesangial cells to enlarged glomerular volume is therefore initially 
maintained. Podocytes do not increase in number, and there are some reports that 
their number decreases over time along with the decreased capacity for their regen-
eration and repair. Also, podocytes can undergo hypertrophy together with glomeru-
lus hypertrophy. Such changes affect kidney glomerular filtration rate and albumin 
permeability [18, 19].

Tubulointerstitial changes during the aging process include infarction, scarring, 
and fibrosis. Fibrosis is an active process that begins with interstitial inflamma-
tion and activation of fibroblasts as well as increased expression of adhesive pro-
teins osteopontin and intercellular adhesion molecules 1. Additionally, accumulated 
collagen contributes to tubulointerstitial changes. Experimental model showed 
increased collagen deposits and increased expression of genes for fibronectin and 
TGF-B [20]. In distal tubules, the number of diverticula increases, which can even-
tually be transformed into simple cysts. Namely, it is well known that the number 
of simple cysts increases with the aging process [21]. Changes in tubular morphol-
ogy have also been observed including a decrease in tubule volume and length and 
increased tubular atrophy [22]. The previously described changes in glomeruli, 
together with tubulointerstitial changes and changes in blood vessels, constitute the 
basis of nephrosclerosis. Its prevalence among living donors is 2.7% in the young 
and up to 73% in the oldest living donors [17].

Blood vessels of the kidney are most usually atheromatous and, if present, can 
lead to renovascular hypertension, ischemic nephropathy, and/or intrarenal athero-
embolic events with consequent chronic renal failure [23]. Pre-arteriolar subendo-
thelial accumulation of hyaline and collagen deposits lead to intimal thickening 
which can compromise blood vessel lumen and lead to sclerosis of the glomeruli, 
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most often in the area of the kidney cortex. This so-called vascular aging of the 
kidneys results in the formation of aglomerular circulation in the juxtamedullary 
glomeruli, which is the communication between the afferent and the efferent arteri-
oles and the redistribution of blood into the medulla [24]. At the same time, intima 
of small arteries is thickened due to the proliferation of elastic tissue and atrophy of 
the media. The arcuate arteries become more angulated, and the interlobular arter-
ies become more tortuous and spiral [25, 26]. Data support that there are changes 
in vascular responsiveness and autoregulation. While vasoconstrictive response to 
angiotensin was not altered with aging, vasodilatatory response to acetylcholine or 
to acute sodium load was impaired with aging [27].

�Macroanatomical Changes

These changes include modifications in kidney volume, presence of cysts and 
tumors, often benign. There are many controversies about the kidney volume in 
the elderly and they come from different measurement methods (CT scan, ultra-
sound, histology). Also, kidney volume is an unspecific finding since it does not 
reflect true changes in kidney disease. Earlier data obtained from ultrasound 
examinations of over 600 volunteers showed that the volume of the kidney cor-
relates with the younger age, weight, heights, and total body surface area [28]. 
Subsequent data obtained by an examination of individuals without kidney dis-
ease showed that the thickness of the kidney parenchyma decreased by 10% with 
each decade of age [29], data confirmed by the more recent study [30]. More pre-
cious data are obtained from the potential kidney donors of a wide range of age. It 
has been shown that the volume of the kidney is stable up to 50 years of age when 
it begins to decline [5]. Namely, for up to 50 years, the decrease in cortical volume 
is compensated by an increase in the volume of the medulla which maintains the 
dimension of the kidney. After 50 years, the volume of the medulla decreases in 
women and remains stable in men. Reduction of the cortical volume is the result 
of an increasing number of globally sclerotic glomeruli (GSG) with atrophy of 
corresponding tubules (nephrosclerosis). Hypertrophy of non-sclerotic glomeruli 
and tubules helps to maintain the volume of kidney parenchyma. However, after 
50 years, this hypertrophy cannot compensate for the loss of volume due to neph-
rosclerosis [5, 31].

It has already been noted that changes in the tubules in the form of diverticula 
can predispose to renal cysts that become more frequent and larger with older age 
[2]. These cortical and medullar cysts correlate with larger body size, male gender, 
hypertension, and proteinuria. Parapelvic cysts and angiomyolipomas are also more 
frequent in older age. Since parapelvic cysts are of lymphatic origin, they are not 
associated with hypertension and albuminuria [32].

Other structural changes in kidney related to aging include cortical scars, paren-
chymal calcifications, fibromuscular dysplasia, and kidney artery atherosclerosis 
with the prevalence of 25% for patients between 65 and 75 years as compared with 
0.4% for those younger than 30 years [3].

N. Dimkovic
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�Functional Changes

�Glomerular Functional Changes

Since the early 1950s, it has been known that the urea clearance and GFR decrease 
with aging process [33, 34]. At present, it is not possible to establish single-nephron 
GFR, and therefore, there can be considerable heterogeneity of single-nephron GFR 
between subjects with the same GFR. The GFR remains constant until the fourth 
decade when it is reduced by an average of 46% from that in young people until 
the age of 90 [34]. It is worth mentioning that there is reduction in mean creatinine 
clearance despite no difference in serum creatinine and this can be explained by the 
so-called senile sarcopenia and by reduced protein intake. At the same time, func-
tional reserve of the kidney (increase of basal GFR by 20% after amino acid load) 
is decreased in healthy elderly persons and reach its maximum of 50% for 60 min 
which is less and slower than in younger persons (80% for period of 30 min) [35, 
36]. The decline in GFR is associated with a decrease in the effective renal plasma 
flow (ERPF), from 600 ml/min/1.73 m2 at youth to 300 ml/min/1.73 m2 in 80 years 
old healthy persons. This is followed by an increase in the filtration fraction as the 
EFRF was disproportionately lower than the GFR [37].

The GFR decline during the aging process can be calculated by Keller’s equation 
that shows eGFR in aged with no signs of kidney weakness [38]:

	
GFR age in years= - ( )130 	

Additionally, BIS equation (based on serum creatinine or cystatin C) is currently 
considered the reliable equations for estimating GFR in the elderly [39, 40]:

	
BIS1 equation GFR creatinine age if fem: .. .= ´ ´ ´- -3736 0 820 87 0 95 aale( ) 	

	 	

The causes of decreased glomerular filtration were debated, and it was postulated 
that reduced GFR was probably associated with existing nephrosclerosis in old age. 
However, in multivariable models (adjusting for age and gender), biopsy-revealed 
nephrosclerosis was associated with urinary albumin excretion, nocturnal blood 
pressure and hypertension but not with GFR [17]. In living donor biopsy series, 
GFR declined with age independently of nephrosclerosis raising the question of the 
other pathological changes in the kidney and extrarenal factors contributing to the 
decline in GFR [41]. The opinion that cortical atrophy and GFR fall under the same 
mechanism(s) is not always justified given that the GFR decrease is possible regard-
less of the reduction in cortical volume [5].

BIS2 equation GFR cystatin C creatinine age: . .= ´ ´ ´- - -767 0 61 0 40 0.. .57 0 87´ ( )if female

1  Structural and Functional Renal Changes Secondary to Aging
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Finally, about three decades ago, Lindeman et al. described that about one-third 
of 254 healthy individuals had an increase in creatinine clearance with aging. Apart 
from possible imprecision of calculation of the slope of GFR over time, it is pos-
sible that transient comorbidities that are associated with aging such as obesity, 
diabetes, and subclinical cardiovascular disease may lead to transient hyperfiltration 
and preserved or even increased GFR [42].

�Tubulointerstitial Functional Changes

Tubular-interstitial changes related to aging include changes in water, sodium, 
potassium, urea, creatinine, and divalent cation handling. These are usually inter-
preted as three “nephrogeriatric giants,” which means frequent structural and physi-
ological renal changes in the elderly, which influence the course of the disease and 
the therapeutic strategies in the elderly [23]:

•	 Tubular dysfunction
•	 Medullary hypotonicity
•	 Tubular frailty

Tubular dysfunction includes changes in water and electrolyte handling which, 
unrecognized, can cause serious problems in the elderly, particularly in special clin-
ical conditions. Compared to younger persons, reabsorption of sodium in proximal 
tubules is not different in elderly but it is reduced in the thick ascending loop of 
Henle (Table 1.2). Therefore, the amount of urinary loss of sodium is increased and 
the free water clearance is reduced. These changes lead to reduced osmolality of the 
interstitium and reduced ability of the medulla to concentrate urine. Sodium urinary 
loss is also potentiated by reduced plasma renin and aldosterone levels. According 
to some reports, serum and urinary natriuretic peptides are elevated which in turn 
may increase natriuresis [43]. Elderly individuals also seem to have more sodium 
excretion at the night suggesting an impaired circadian variation. Knowing about 
these specificities in sodium handling is very important to avoid hyponatremia and 
hypovolemia and to adjust fluid intake and therapy in the aged.

Table 1.2  The tubulointerstitial changes in electrolyte handling during the aging process

Functional change Consequence
Sodium Reduced reabsorption in the thick ascending loop of 

Henle
Reduced plasma renin and aldosterone level
Elevated serum/urinary natriuretic peptides

Urinary loss
Hyponatremia (trend)
Dehydration (trend)

Potassium Reduced muscle mass
Low-potassium diet
Hyporeninemic hypoaldosteronism

Hyperkalemia (trend)

Magnesium Increased excretion in volume overload
Poor intestinal absorption
Decreased intake

Hypomagnesemia 
(trend)
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There are several reasons for the change in potassium handling in the aged. Apart 
from reduced muscle mass and low potassium diet [44], the elderly have significantly 
lower renal excretion of potassium compared with the young. Impaired potassium 
secretion is directly associated with disorders in sodium reabsorption and tubular 
atrophy and interstitial scarring. Additionally, hyporeninemic hypoaldosteronism and 
suppression of water and sodium delivery into the distal nephron are associated with 
potassium secretion disorders in the aging kidney [45]. An increase in H+K+ATPasa 
pump at collecting tubules leads to increased potassium reabsorption [46].

Magnesium excretion is increased in the scenario of volume overload lowering 
its serum level. Hypomagnesemia in the elderly may also be explained by decreased 
intake and poor intestinal absorption that lead to hypomagnesemia. Since in healthy 
old people sodium reabsorption is reduced in the thick ascending loop of Henle and 
magnesium reabsorption occurs chiefly at this tubular segment, it has been hypoth-
esized that a urinary magnesium loss could explain this increased Mg excretion 
[47]. There is no data on altered calcium handling in the elderly with normal renal 
function, adequate diet, and sunlight exposure.

Experimental data revealed that distal urea reabsorption is decreased in old rats 
due to the reduction of urea channels (UT1) in the collecting tubules. Urea excre-
tion contributes to osmotic diuresis and together with medullary hypotonicity makes 
the elderly prone to dehydration [48]. With regard to creatinine, there are data on 
decreased tubular secretion and even tubular reabsorption in dehydrated elderly [49].

During the aging process, no physiological changes were observed in the level of 
serum vitamin D, parathormone, or erythropoietin. Therefore, hyperphosphatemia, 
hyper- and hypocalcemia, and anemia cannot be explained by the process of aging, 
and one should look for other possible causes.

Elderly people are capable of secreting an acid load and maintain normal serum 
bicarbonate level and urine pH on a 70 g protein diet [50]. However, following an 
acid load, senescent kidneys do not increase acid excretion and lower urinary pH 
to the degree that younger kidneys do. Also, the maximal value of ammonia and 
titratable acid excretion were reached in 6–8 hours as compared to 4 hours in the 
young. Therefore, elderly have difficulties to cope acidosis particularly in acute 
setting [47].

�Medullary Hypotonicity
Elderly individuals are not capable to dilute or concentrate urine as well as younger 
ones and they are more prone to water disorders and volume depletion. The ability to 
generate free water depends on several factors including sufficient GFR, functional 
intact distal diluting site, and suppression of antidiuretic hormone to avoid water 
reabsorption in the collecting duct. According to experimental data from aged rats, 
there is downregulation of V2 receptors in renal tubules and also lower abundance 
of aquaporins 2 and 3 [51]. Knowing the changes in kidney function with aging 
(defect in sodium reabsorption, reduced distal urea reabsorption), the maximal uri-
nary concentration capacity decreases by 30 mOsm/kg per decade after the age of 
30. Decreased effect of antidiuretic hormone and water reabsorption capability may 
cause severe dehydration in elderly who have increased threshold for the thirst [52].

1  Structural and Functional Renal Changes Secondary to Aging
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At the same time, there is a decrease in capacity to dilute urine in the aged; 
maximum free water clearance is reduced from 12.2 to 5.9 ml/min, and minimum 
urine concentration is 90 mOsm/kg in the elderly as compared with 50 mOsm/kg 
in the young [43].

�Tubular Frailty
Renal tubular cells are more vulnerable to ischemic and toxic injury and also they 
recover more slowly from acute tubular necrosis [23]. Consequently, aged are pre-
disposed for developing acute kidney injury and chronic kidney disease [53].

�Age-Related Changes and Definition of Chronic Kidney 
Disease

According to the Kidney Disease Improving Global Outcomes (KDIGO) guidelines 
[54], CKD is present if the patient has a GFR <60 ml/min/1.73 m2 that persists for 
3 months even in the absence of the finding of kidney damage (increased albumin-
uria). The most commonly used formulas for the calculation of glomerular filtra-
tion rate are based on serum creatinine: The Modification of Diet in Renal Disease 
(MDRD) study equation and Chronic Kidney Disease Epidemiology (CKD-EPI) 
equation. However, both formulas underestimate measured GFR in healthy adults 
since they have higher muscle mass as compared to CKD patients.

Namely, in healthy patients with an eGFR between 45 and 59 ml/min/1.73 m2 
CKD-EPI equation underestimate GFR by 16% and the MDRD study equation by 
25% [55]. Age-related decline in GFR and underestimation of GFR in healthy older 
patients are the reasons for overdiagnosis of CKD in the elderly. Therefore, KDIGO 
2012 guidelines suggest eGFR measurement based on serum cystatin C, partic-
ularly in those with eGFR 45–59 ml/min/1.73 m2 (according to creatinine-based 
formulas) and without albuminuria. Still, precaution is needed in case of obesity, 
inflammation, and atherosclerosis [56].

The importance of determining glomerular filtration in the old ones is reflected 
in the prediction of the outcome, i.e., the prognosis of the elderly. It has been con-
firmed that an increase in cardiovascular mortality in individuals over 65 years starts 
when eGFR is less than 45 ml/min/1.73 m2 [57]. By analyzing 46 cohorts with more 
than 2 million individuals, CKD Prognosis Consortium concluded that eGFR less 
than 60 ml/min/1.73 m2 is a threshold for CKD in all age groups [58]. However, 
elderly individuals with eGFR of 45–59 ml/min/1.73 m2 rather have a reduced kid-
ney reserve than CKD.

Another contribution to more adequate presumptive diagnosis of CKD in the 
elderly is the HUGE formula based on hematocrit, urea, and gender [59]:

	

HUGE Hematocrit

Serum Urea

= ´( )
+ ´( ) +
2 303458 0 264418

0 118100

. .

.

-
11 383960. if male[ ] 	

Values less than zero exclude CKD while values equal or higher than zero point 
to CKD. Although this equation has sensitivity of 92.8%, specificity of 93.2%, and 
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positive predictive value of 95.8%, it is screening method that has to be confirmed 
by appropriate medical evaluation. However, a prospective study recently conducted 
in the population of Buenos Aires (Argentina) documented a lower performance of 
the HUGE formula for detecting CKD, even in the elderly population (sensitivity, 
40.0%), also verifying that the performance of the HUGE formula improved when 
combined with the calculated GFR (MDRD-4) and urinary sediment (sensitivity, 
95.8%) [60].

�Conclusion

Knowledge about which are the renal aging changes is crucial to differentiate renal 
aging from chronic kidney disease and understand the trend to the internal milieu 
alterations and kidney disorders in the elderly.

References

	 1.	Al-Said J, Brumback MA, Moghazi S, Baugarten DA, O’Neill WC. Reduced renal function in 
patients with simple renal cysts. Kidney Int. 2004;65(6):2303–8.

	 2.	Rule AD, Sasiwimonphan K, Lieske JC, Keddis MT, Torres VE, Vrtiska TJ. Characteristics of 
renal cystic and solid lesions based on contrast-enhanced computed tomography of potential 
kidney donors. Am J Kidney Dis. 2012;59(6):611–8.

	 3.	Lorenz EC, Vrtiska TJ, Lieske JC, et al. Prevalence of renal artery and kidney abnormalities by 
computed tomography among healthy adults. Clin J Am Soc Nephrol. 2010;5(3):431–8.

	 4.	Duan X, Rule AD, Elsherbiny H, et al. Automated assessment of renal cortical surface rough-
ness from computerized tomography images and its association with age. Acad Radiol. 
2014;21(11):1441–5.

	 5.	Wang X, Vrtiska TJ, Avula RT, et al. Age, kidney function, and risk factor associate differently 
with cortical and medullary volumes of the kidney. Kidney Int. 2014;85(3):677–85.

	 6.	Kubo M, Kiyohara Y, Kato I, et al. Risk factors for renal glomerular and vascular changes in 
an autopsy –based population survey: the Hisayama study. Kidney Int. 2003;63(4):1508–15.

	 7.	Baert L, Steg A. Is the diverticulum of the distal and collecting tubules a preliminary stage of 
the simple cist in the adult? J Urol. 1977;118(5):707–10.

	 8.	Elsherbiny HE, Alexander MP, Kremers WK, et al. Nephron hypertrophy and glomeruloscle-
rosis and their association with kidney function and risk factors among living kidney donors. 
Clin J Am Soc Nephrol. 2014;9(11):1892–902.

	 9.	Harman D.  Aging: a theory based on free radical and radiation chemistry. J Gerontol. 
1956;11(3):298–300.

	10.	Dai DF, Chiao YA, Marcinek DJ, Szeto HH, Rabinovitch PS. Mitochondrial oxidative stress in 
aging and health span. Longev Healthspan. 2014;3:6.

	11.	Perico N, Remuzzi G, Benigni A.  Aging and the kidney. Curr Opin Nephrol Hypertens. 
2011;20:312–27.

	12.	Yang H, Fogo A. Cell senescence in the aging kidney. J Am Soc Nephrol. 2010;21:1436–9.
	13.	Zhou X, Saxena R, Liu Z, et al. Renal senescence in 2008: progress and challenges. Int Urol 

Nephrol. 2008;40:823–39.
	14.	Darmady EM, Offer J, Woodhouse MA.  The parameters of the ageing kidney. J Pathol. 

1973;109(3):195–207.
	15.	Martin JE, Sheaff MT. Renal ageing. J Pathol. 2007;211(2):198–205.
	16.	Hoy WE, Douglas-Denton RN, Highson MD, Cass A, Johnson K, Bertram JF. A stereological 

study of glomerular number and volume: preliminary findings in a multiracial study of kidneys 
at autopsy. Kidney Int Suppl. 2003;63(83):S31–7.

1  Structural and Functional Renal Changes Secondary to Aging



10

	17.	Rule AD, Amer H, Cornell LD, et al. The association between age and nephrosclerosis on renal 
biopsy among healthy adults. Ann Intern Med. 2010;152(9):561–7.

	18.	Huber TB, Edelstein CL, Hartleben B, et al. Emerging role of autophagy in kidney function, 
diseases and aging. Autophagy. 2012;8(7):1009–31.

	19.	Wiggins JE. Aging in the glomerulus. J Gerontol A Biol Sci Med Sci. 2012;67(12):1358–64.
	20.	Gagliano N, Arioso B, Santanbrogio B, et  al. Age-dependent expression of fibrosis-

related genes and collagen deposition in rat kidney cortex. J Gerontol A Biol Sci Med Sci. 
2000;55(8):365–72.

	21.	Lauks SP Jr, McClachlan MS.  Aging and simple cysts of the kidney. Br J Radiol. 
1981;54(637):12–4.

	22.	Lindeman RD, Goldman R.  Anatomic and physiologic age changes in the kidney. Exp 
Gerontol. 1986;21(4–5):379–406.

	23.	Musso CG.  Geriatric nephrology and the “nephrogeriatric giants”. Int Urol Nephrol. 
2002;34:255–6.

	24.	Takazakura E, Sawabu N, Handa A, et al. Intrarenal vascular changes with age and disease. 
Kidney Int. 1972;2:224–30.

	25.	Silva FG. The ageing kidney: a review – part I. Int Urol Nephrol. 2005;37:185–205.
	26.	Silva FG. The ageing kidney: a review – part II. Int Urol Nephrol. 2005;37:419–32.
	27.	Hollenberg NK, Adams DF, Solomon HS, et al. Senescence and the renal vasculature in nor-

mal man. Circ Res. 1974;34:309–16.
	28.	Emamiam SA, Nielsen MB, Pedersen JF, Ytte L. Kidney dimensions at sonography: correlation 

with age, sex, and habitus in 665 adult volunteers. AJR Am J Roenthenol. 1993;160(1):83–6.
	29.	Gourtsoyiannis N, Prassopoulos P, Cavouras D, Pantelidis N.  The thickness of the renal 

parenchyma decreases with age: a CT study of 360 patients. AJR Am J Roentgenol. 
1990;155(3):541–4.

	30.	Glodny B, Unterholzner V, Taferner B, et al. Normal kidney size and its influencing factors – a 
64-slice MDCT study of 1040 asymptomatic patients. BMC Urol. 2009;9:19.

	31.	McLachlan M, Wasserman P. Changes in sizes and distensibility of the aging kidney. Br J 
Radiol. 1981;54(642):488–91.

	32.	Schwarz A, Lenz T, Klaen R, Offermann G, Fiedler U, Nussberger J. Hygroma renale: parare-
nal lymphatic cysts associated with renin-dependent hypertension (page kidney). Case report 
on bilateral cysts and successful therapy by marsupialization. J Urol. 1993;150(3):953–7.

	33.	Smith HW. The kidney: the structure and function in health and disease. New York: Oxford 
University Press; 1951.

	34.	Davies DF, Shock NW. Age changes in glomerular filtration rate, effective renal plasma flow, 
and tubular excretory capacity in adult males. J Clin Invest. 1950;29(5):496–507.

	35.	Musso CG. Renal reserve test: its methodology and significance. Saudi J Kidney Dis Transpl. 
2011;22(5):990–3.

	36.	Musso CG, Reynaldi J, Martinez B, Pierángelo A, Vilas M, Algranati L. Renal reserve in the 
oldest old. Int Urol Nephrol. 2011;43(1):253–6.

	37.	Alvarez Gregori J, Musso C, Macias Núñez JF. Renal ageing. In: Sastre J, Pamolona R, Ramón 
J, editors. Medical biogerontology. Madrid: Ergon; 2009. p. 111–23.

	38.	Keller F. Kidney function and age. Nephrol Dial Transplant. 1987;2(5):382.
	39.	Swedish Council on Health Technology Assessment. Methods to estimate and measure 

renal function (glomerular filtration rate): a systematic review, SBU Yellow Report No. 214. 
Stockholm: Swedish Council on Health Technology Assessment (SBU); 2011.

	40.	Musso CG, Álvarez-Gregori J, Jauregui J, MacíasNúñez JF. Glomerular filtration rate equa-
tions: a comprehensive review. Int Urol Nephrol. 2016;48(7):1105–10.

	41.	Rule AD, Cornell LD, Poggio ED. Senile nephrosclerosis-does it explain the decline in glo-
merular filtration rate with aging? Nephron Physiol. 2011;119(Suppl):6–11.

N. Dimkovic



11

	42.	Eriksen BO, Lochen ML, Arntzen KA, et  al. Subclinical cardiovascular disease is associ-
ated with high glomerular filtration rate in the nondiabetic general population. Kidney Int. 
2014;86(1):146–53.

	43.	Musso CG, Macías-Núñez JF. Dysfunction of the thick loop of Henle and senescence: from 
molecular biology to clinical geriatrics. Int Urol Nephrol. 2011;43(1):249–52.

	44.	Lye M.  Distribution of body potassium in healthy elderly subjects. Gerontologie. 
1981;27:286–92.

	45.	Phelps KR, Lieberman RL, Oh MS, et al. Pathophysiology of the syndrome of hyporeninemic 
hypoaldosteronism. Metabolism. 1980;29:186–99.

	46.	Musso CG, Miguel RD, Algranati L, Farias Edos R. Renal potassium excretion: comparison 
between chronic renal disease patients and old people. Int Urol Nephrol. 2005;37(1):167–70.

	47.	Musso CG, Juarez R, Vilas M, Navarro M, Rivera H, Jauregui R. Renal calcium, phospho-
rus, magnesium and uric acid handling: comparison between stage III chronic kidney disease 
patients and healthy oldest old. Int Urol Nephrol. 2012;44(5):1559–62.

	48.	Musso CG, Alvarez Gregori J, Jauregui JR, Macías Núñez JF. Creatinine, urea, uric acid, water 
and electrolytes renal handling in the healthy oldest old. World J Nephrol. 2012;1(5):123–6.

	49.	Musso CG, Michelángelo H, Vilas M, Reynaldi J, Martinez B, Algranati L, Macías Núñez 
JF. Creatinine reabsorption by the aged kidney. Int Urol Nephrol. 2009;41(3):727–31.

	50.	Wagner EA, Falciglia GA, Amlal H, et al. Short-term exposure to high-protein diet differen-
tially affect glomerular filtration rate but not acid-base balance in older compared to younger 
adults. J Am Diet Assoc. 2007;107:1404–8.

	51.	Preisser L, Teillet L, Aliotti S, et al. Downregulation of aquaporin-2 and -3 in aging kidney is 
independent of V(2) vasopressin receptor. Am J Phyiol Renal Physiol. 2000;279:F144–52.

	52.	Musso CG, Macías Núñez JF. Renal handling of water and electrolytes in the old and old-old 
healthy aged. In: Núñez M, Cameron S, Oreopoulos D, editors. Renal ageing: health and dis-
ease. New York: Springer; 2008. p. 141–54.

	53.	Musso CG, Liakopoulos V, Ioannidis I, Eleftheriadis T, Stefanidis I. Acute renal failure in the 
elderly: particular characteristics. Int Urol Nephrol. 2006;38(3–4):787–93.

	54.	Stevens PE, Levin A. Evaluation and management of chronic kidney disease: synopsis of the 
kidney disease improving global outcomes 2012 clinical practise guideline. Ann Intern Med. 
2013;158(11):825–30.

	55.	Murata K, Bauman NA, Saenger AK, Larson TS, Rule AD, Lieske JC. Relative performance 
of the MDRD and CKD-EPI equations for estimating glomerular filtration rate among patients 
with varied clinical presentations. Clin J Am Soc Nephrol. 2011;6(8):1863–972.

	56.	Rule AD, Glassock RJ. GFR estimating equations: getting closer to the truth? Clin J Am Soc 
Nephrol. 2013;8(8):1414–20.

	57.	Stengel B, Metzger M, Froissart M, et  al. Epidemiology and prognostic significance of 
chronic kidney disease in the elderly –the Three-City prospective cohort study. Nephrol Dial 
Transplant. 2011;26(10):3286–95.

	58.	Hallan SI, Matsushita K, Sang Y, et al. Age and association of kidney measures with mortality 
and end-stage renal disease. JAMA. 2012;308(22):2349–60.

	59.	Robles NR, Felix FJ, Lozano L, Miranda I, Fernandez-Berges D, Macías JF. The H.U.G.E. for-
mula (Hematocrit, Urea, Sex) for screening chronic kidney disease (CKD) in an age-stratified 
general population. J Nutr Health Aging. 2015;19(6):688–92.

	60.	Musso CG, Maytin S, Conti P, Terrasa S, Primerano A, Reynaga A, Vilas M, Jauregui J. HUGE 
equation accuracy for screening chronic kidney disease: a prospective study. J Aging Res Clin 
Pract. 2017;6:158–62.

1  Structural and Functional Renal Changes Secondary to Aging



13© Springer Nature Switzerland AG 2019
C. G. Musso et al. (eds.), Clinical Nephrogeriatrics, 
https://doi.org/10.1007/978-3-030-18711-8_2

C. G. Musso 
Nephrology Division, Hospital Italiano de Buenos Aires,  
Buenos Aires, Argentina 

Physiology Department, Instituto Universitario del Hospital Italiano de Buenos Aires,  
Buenos Aires, Argentina 

Ageing Biology Unit, Hospital Italiano de Buenos Aires,  
Buenos Aires, Argentina 

J. F. Macías-Núñez (*) 
Departamento de Medicina, University of Salamanca, Salamanca, Spain
e-mail: jfmacias@usal.es

2Renal Aging and Chronic Kidney Disease 
in the Elderly: Which Are 
the Differences?

Carlos Guido Musso and Juan Florencio Macías-Núñez

�Introduction

First of all, the difference among the concepts of aging, senescence, and chronic 
disease should be clarified: Aging is not synonymous of illness but part of the nor-
mal vital cycle. Aging is a universal asynchronic and heterogeneous process which 
induces a series of changes in the organisms through time, characterized by the 
attenuation of functional performance compared to the maximal functional strength 
reached around the second decade of life (25–30 years of age). Aging is universal 
since it is part of everybody’s vital cycle, asynchronic since it has its particular rate 
in each individual, and heterogeneous since it has its particular rate in each indi-
vidual’s organ. However, aging becomes senescence when its changes significantly 
reduce the body homeostatic capability making the organism vulnerable and frail 
[1–3]. Regarding the concept of disease, it is an abnormal process that deteriorates 
the functionality of any organ or system of organs. When this functional alteration 
installs abruptly in a previously normal organ, it is considered an acute disease, 
while when it installs slowly and progressively it is considered a chronic disease [3–
5]. Finally, when senescence combined with a chronic condition, the evolution and 
prognosis of this condition worsens, and it requires adjusting the conventional ther-
apeutic targets to the patient’s frailty status. Because of that, it has been proposed 
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that when a chronic disease suffers from the influence of the senescence process, it 
should be considered a different condition known as a senescent chronic disease, 
for instance when chronic nephropathy is combined with senescence, it becomes a 
new condition called senescent chronic nephropathy) [6] (Table 2.1). This concept 
is deeply explained in the chapter dedicated to “nephroprevention in chronic kidney 
disease in elderly patients.”

One of the main points in clinical nephrology is to clearly distinguish between 
normal renal aging (RA) and chronic kidney disease (CKD) in order to avoid unnec-
essary medicalization of what is a normal change associated with aging, the potential 
harmful consequences of such overdiagnosis, such as the exclusion of healthy elderly 
people from medical procedures due to an erroneous diagnosis of CKD. Besides, 
among the adverse effects of treating healthy old individuals as CKD patients is the 
prescription of a low protein diet which can induce malnutrition and sarcopenia, as 
well as the prescription of renin-angiotensin-aldosterone system inhibitors which can 
induce hyperkalemia, hyponatremia, hypotension, or/and acute kidney injury [1].

Although RA and CKD are different entities, they share some similarities and 
because of that they are frequently confused in clinical practice. However, they have 
important and clear differences which can easily help to distinguish both clinical set-
tings [1].

Since the knowledge of these similarities and differences between RA and CKD 
are crucial in order not to confuse both entities, they are described in detail as 
follows.

�Chronic Kidney Disease: Renal Aging Similarities

�Reduced Glomerular Filtration Rate (GFR) [2, 7–9]

This similarity is the main reason why RA and CKD are usually confused when 
CKD diagnosis is erroneously based only on the GFR reduction, since healthy old-
est old individuals (age ≥ 80 years) and stage III – CKD patients usually have the 
same low GFR value, around 50 ml/min/1.73 m2.

Table 2.1  Clinical guide for distinguishing an aged kidney from a chronic kidney disease (CKD) 
and senescent nephropathy 

Healthy oldest old Stage III – CKD Senescent nephropathy
GFR Low (expected value for age) Low (any value) Low (any value)
Serum urea Normal High High
Serum creatinine Normal High High
Hematocrit Normal Normal/low Normal/low
Parathyroid hormone Normal Elevated Elevated
Urinalysis Normal Normal/altered Normal/altered
Renal image Normal Abnormal Abnormal
Frailty phenotype No No Yes

GFR glomerular filtration rate

C. G. Musso and J. F. Macías-Núñez



15

This aged induced GFR reduction is caused by renal and systemic mechanisms, 
such as the senile glomerulosclerosis process, capillary obliteration, arteriosclero-
sis, tubular atrophy and interstitial fibrosis among the former, and the characteris-
tically reduced basal metabolism in the elderly among the latter. As a consequence 
there is a progressive renal mass reduction and GFR decline at a rate of 1 ml/year 
since the fourth decade on. Moreover, the renal reserve (RR) which is the kidney’s 
ability to increase its basal GFR in response to an oral protein overload is usu-
ally reduced in both settings (RR, 40%) compared to healthy young people (RR, 
80%), although it can be even negative in advanced CKD patients (RR, 0%). This 
characteristic predisposes RA and CKD people to develop acute kidney injury.

Keller et al. described a simple equation to estimate creatinine clearance (CrCl) 
in people between 25 and 100 years old with normal serum creatinine value. Thus, 
Keller equation (CrCl = 130 – age (in years)) is currently the most useful one to 
determine the expected GFR reduction secondary to aging in healthy elderly people.

This reduction in GFR predisposes both, healthy elderly and CKD patients, to 
require adjusting the dose of those drugs (or their metabolites) which are excreted 
by glomerular filtration [2].

�Reduced Urine Dilution: Concentration Capability [10, 11]

Maximal urine dilution and concentration capability are significantly reduced in 
healthy old individuals and chronic nephropathy patients compared to healthy 
young individuals. This change predisposes both, healthy old individuals and 
chronic nephropathy patients, to develop over hydration status (due to reduced urine 
dilution capability), as well as dehydration status (due to reduced urine concentra-
tion capability) on particular clinical settings, such as water overload and water 
deprivation, respectively.

�Reduced Sodium and Urea Reabsorption [5, 12]

Maximal sodium and urea reabsorption capability is significantly reduced in healthy 
old individuals and chronic nephropathy patients compared to healthy young indi-
viduals. This characteristic of the aged kidney has been attributed to a reduced num-
ber of sodium carriers (thick ascending limb of the loop of Henle) and urea channels 
(distal tubule), as well as to a sort of aldosterone resistance in the collecting ducts. 
In the case of CKD, this phenomenon has been attributed to the renal parenchyma 
(tubular) damage induced by the renal disease.

Regarding the reduced sodium and urea reabsorption capability, this phenomenon 
leads healthy old individuals and CKD patients to present an increased basal frac-
tional excretion of these substances, and consequently to develop hypovolemia, and 
even low extracellular volume hyponatremia if they are submitted to an excessive neg-
ative sodium balance, as well as not to lower fractional excretion of sodium and urea 
during low renal perfusion status in both groups compared to healthy young people.

2  Renal Aging and Chronic Kidney Disease in the Elderly: Which Are the Differences?
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�Chronic Kidney Disease: Renal Aging Differences

Despite the above-described renal functional similarities that the healthy old indi-
viduals and chronic nephropathy patients have, they have many and important struc-
tural and functional differences which allow physicians to distinguish them. These 
differences are the following ones.

�Glomerular Filtration Rate Value According to Age [5, 8, 9]

The glomerular filtration rate reduction secondary to aging has a particular rate, 
1 ml/min per year since the age of 40, but this is not necessarily the declination 
rate in chronic nephropathy. As it was mentioned above, the expected lower limit 
of GFR which accompanies the normal aging can be calculated by applying the 
Keller equation. Thus, since healthy elderly (old and very old) usually have a GFR 
between 70 and 40 ml/min/1.73 m2, the only stage of CKD which can be confused 
with RA is the stage III – CKD (GFR between 60 and 30 ml/min/1.73 m2).

Another important difference between the reduced GFR in RA and moderate 
CKD (stage III – CKD) is that the former has normal serum creatinine and urea lev-
els, while the latter usually has abnormal elevated serum creatinine and urea values. 
Normal serum creatinine levels in the elderly can be explained by the muscle mass 
reduction (sarcopenia), which leads to low creatinine production. Additionally, nor-
mal serum urea in old individuals can be explained by the low protein diet that they 
usually have, which leads to low urea production, and their habitual increased frac-
tional excretion of urea compared to healthy young individuals.

�Erythropoietin and Parathyroid Hormone [5, 9, 13]

Erythropoietin synthesis is preserved in healthy elderly people, while it is usually 
reduced in moderate CKD (stage III  – CKD) patients. Thus, RA has no anemia 
while moderate CKD usually has. Serum parathyroid hormone levels are normal in 
healthy old individuals who are well-nourished and have adequate sunlight exposi-
tion. Conversely, moderate CKD (stage III – CKD) patients usually present second-
ary hyperparathyroidism.

�Calcium, Phosphorus, and Magnesium [13, 14]

Serum calcium, phosphorus, and magnesium values are usually normal in RA, while 
they are usually altered (low calcemia and high magnesemia and phosphatemia) in 
moderate CKD (stage III – CKD) patients. On the other hand, fractional excretion 
of calcium, magnesium, and phosphorus values are usually similar between healthy 
old individuals and young people, while they are characteristically elevated in mod-
erate CKD (stage III – CKD) patients compared to those documented in RA.
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�Tubular Potassium Handling [5, 15–17]

Fractional excretion of potassium is lower in healthy old people compared to the 
one in chronic nephropathy patients. This phenomenon is attributed to a low aldo-
sterone level and aldosterone distal tubules resistance induced by aging. These dif-
ferences in the renal handling of potassium between healthy elderly and moderate 
CKD (stage III – CKD) patients explains why the former develop more frequently 
hyperkalemia compared to the latter, when they are on a high potassium diet or on 
sparing potassium drugs.

�Tubular Creatinine Handling [5, 18]

Proximal tubular creatinine secretion is reduced in the elderly compared to healthy 
young people, and it is even much more reduced compared to chronic nephropathy 
patients. It has been proposed that this phenomenon could be explained by the cre-
atinine back-filtration (reabsorption) at the proximal tubules observed in healthy 
aged individuals.

�Urinary Acidification [5, 19]

Even though the maximal values of ammonia and titratable acid excretion were 
reached after an acid load in 4 hours in the young and in 6–8 hours in the healthy 
old, there are no differences in titratable acid, ammonia, or net acid excretion in 
response to an acute acid load in the healthy elderly people compared to healthy 
young individuals. Consequently, it takes longer to reach peak proton (acid) excre-
tion in elderly individuals, and they experience a greater difficulty in handling aci-
dosis. Conversely, distal tubular acidification is frequently altered in moderate CKD 
(stage III – CKD) patients, and because of that they usually suffer from hyperchlo-
remic metabolic acidosis (normal GAP anion metabolic acidosis).

�Kidney Imaging [1, 5]

Despite finding a slightly reduced kidney size and few simple cysts, kidney imaging 
is usually normal in healthy elderly people. On the contrary, kidney imaging is usu-
ally altered in most of the CKD patients.

�Urinalyses [1, 5]

Despite finding a mild proteinuria (≤0.3  g/day), urinalyses is normal in healthy 
elderly. Conversely, urinalysis is usually altered (proteinuria and/or hematuria) in 
CKD patients.

2  Renal Aging and Chronic Kidney Disease in the Elderly: Which Are the Differences?
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Based on all the above-exposed reasons, it is clear that a mere reduced GFR 
at a level expected for age, in absence of elevated creatininemia, elevated uremia, 
anemia, hyperparathyroidism, abnormal urinalysis, and/or altered kidney imaging, 
should not be interpreted and diagnosed as CKD (Table 2.1). It is worth mention-
ing that there are borderline clinical cases, for instance when a hypertensive elderly 
patient with a GFR value according to age has no alteration in his/her renal comple-
mentary studies, in this situation the follow up is crucial since would surely clarify 
in the future if he/she is a healthy elderly or an elderly person suffering from CKD: 
If the previously mentioned patient starts suffering from proteinuria, he/she will be 
clearly defined as a CKD patient. Thus, follow- up and clinical and complementary 
study re-evaluation is also part of the differential diagnosis strategy, and this will be 
always much better than over diagnosing CKD, with its negative consequences [1].

�HUGE Equation

Chronically reduced GFR in an old individual does not always mean that he/she 
suffers from CKD. Besides, not every CKD presents GFR reduction, as is the case 
of stage I – CKD patients, who have an altered urinalysis and/or an abnormal renal 
image but with a normal GFR value [1, 5].

Because of the above-exposed reasons, Alvarez-Gregori et  al. originally 
described a new equation (HUGE) for detecting CKD, which precisely does not 
take into account patients’ GFR value but their hematocrit, serum urea, and gender 
(HUGE is an acronym that comes from these three words) [20].

HUGE equation is as follows:

	

HUGE Hematocrit
Serum urea

= ´( )
+ ´( ) +
2 505458 0 264418

0 118100
. .

.
-

11 383960. if male[ ] 	

However, later studies documented that HUGE equation showed a better perfor-
mance for screening CKD when it was combined with MDRD equation and uri-
nalysis [6, 21, 22].

�What a “Normal GFR” Rate Means in the Elderly?

Since there is a classical report that documented no GFR reduction in one-third 
of the elderly studied individuals, and even we have documented in the clinical 
practice these individuals (personal communication), some authors have stated that 
this finding is enough to consider age-related GFR decline as an abnormality [9]. 
However, this is a wrong point of view because of the following reasons:

•	 Firstly, the concept of abnormality in nature refers to a value which is not far from 
the arithmetic average of the observed values, therefore if the majority of the healthy 
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very old people (aged 80 years of age and over) have a GFR ranging 60–40 ml/
min/1.73 m2, should be interpreted as normal GFR according to age [5, 23].

•	 Secondly, CKD patients have an increased overall mortality rate compared to the 
general population, but it has been documented that there is an increased overall 
mortality rate in the elderly only when their GFR value was below 45  ml/
min/1.73 m2. A very low GFR level like this is usually not explained by normal 
aging but by chronic nephropathy [1].

•	 Thirdly, some reports showed that the healthy old people who had a “normal” 
GFR value, which means a GFR value higher than the expected to age, had no 
renal reserve. This phenomenon could be interpreted as they were suffering from 
hyperfiltration [24].

•	 Fourthly, as it was previously mentioned aging is a heterogenous process, which 
means that it does not affect all individuals at the same rate. Thus, the fact that a 
number of people age successfully, at a slower rate, does not invalidate the way 
in which such process develops in most of the people (normality) [25]. Even, it 
has recently proposed a classification for the successful renal aging, which is 
based on three levels, in elderly subjects with normal creatininemia, uremia, 
urinalysis, renal imaging, and a preserved renal reserve (RR ≥20%):
–– Level I: elderly individual (age > 65 years old) with a GFR >65 ml/min/1.72 m2

–– Level II: old individual (age 65–79  years old) with a GFR higher than 
65–50 ml/min/1.72 m2

–– Level III: a very old individual (age > 80 years old) with a GFR higher than 
49–30 ml/min/1.72 m2

Thus, a relative high GFR in the elderly can be attributed to an early chronic 
nephropathy status (hyperfiltration) or to a successful renal aging process.

�Conclusion

A glomerular filtration rate reduction according to age, in a setting of normal creatinin-
emia, uremia, hemoglobin, parathyroid hormone level, urinalysis, and kidney imag-
ing, should be interpreted as normal renal aging instead of chronic kidney disease.
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3Frailty in Chronic Kidney Disease Elderly 
Patients

Angela Benjumea and José Ricardo Jauregui

�Introduction

Frailty is a construct originally coined by gerontologists to describe cumulative 
declines across multiple physiological systems that occur with aging and lead indi-
viduals to a state of diminished physiological reserve and increased vulnerability 
to stressors [1–3]. Fried et al. provided a standardized definition for frailty and cre-
ated the concept of frailty phenotype which incorporates disturbances across inter-
related domains (shrinking, weakness, poor endurance and energy, slowness, and 
low physical activity level) to identify old people who are at risk of disability, falls, 
institutionalization, hospitalization, and premature death [4].

Older adults (aged ≥ 65 years) comprise the largest segment of the chronic kidney 
disease (CKD) population, and impaired kidney function is linked with unsuccessful 
aging. It is worth mentioning that young adult CKD patients can also have frailty 
phenotype clinical features, suggesting that frailty is not confined to old age people. 
This phenomenon manifests as a high prevalence of impaired physical performance, 
emergent geriatric syndromes, disability, and risk of death. Considering the multiple 
system involvement underlying the symptoms and deficits seen in CKD, especially in 
its severe stages, the concept of frailty is a highly useful tool to identify older adults 
with kidney disease who are frail, and consequently in high risk of death [1–3].

Frailty treatment can be based on different strategies, such as exercise, nutri-
tional interventions, drugs, vitamins, and antioxidant agents. Finally, conservative 
and palliative cares are very important alternative treatments for very frail and sick 
patients [1–4]. Since the diagnosis and treatment of frailty and sarcopenia is crucial 
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in geriatrics and all CKD patients, it would be very important to incorporate these 
evaluations in pre-dialysis, peritoneal dialysis, hemodialysis, and kidney transplant 
patients in order to detect and consequently treat the frailty phenotype in these 
groups.

�Frailty as a Multicomponent in Geriatrics

Frailty is described in the geriatric literature as a multidimensional phenotype that 
reflects declining physical function and a global vulnerability to adverse outcomes 
in the setting of stress, such as illness or hospitalization [1–5]. Moreover, frailty 
phenotype is associated with increased risk of falls, hospitalization, disability, and 
death [4]. Multiple instruments to diagnose frailty have been created and validated 
[1]. One well-validated index, proposed by Fried and colleagues, defines frailty as 
the presence of three or more of five criteria, such as [4]:

•	 Shrinking: unintentional weight loss (≥10 lb or 4.5 kg of unintentionally weight 
loss in prior year)

•	 Exhaustion: self-report exhaustion
•	 Weakness: grip strength in the lowest 20% at baseline, adjusted to gender and 

body mass index
•	 Slow walking speed: walking time/15 f (4.5 m), slowest 20%, adjusting to gen-

der and standing height
•	 Low physical activity level: kilocalories (Kcals) expended per week, lowest 20% 

(male <383 Kcals/week and female <270 Kcals/week)

Based on Fried et al.’s criteria, the estimated prevalence of frailty varies from 
7% in old population (≥65 year) to 40% in very old population (≥80 years) [2–4].

Individual components of clinical frailty have been associated with some of the 
classical geriatric syndromes such as falls, depression, incontinence, and functional 
impairment. Frailty is likely the underlying process that leads to clinical manifesta-
tions that present as geriatric syndromes [5]. A geriatric syndrome is a multifacto-
rial health condition that occurs when the accumulated effects of impairments in 
multiple systems render an elderly vulnerable to stressors [6]. Geriatric syndromes 
represent a final common pathway arrived at through multiple contributing causes. 
Most geriatric syndromes share common underlying risk factors [6]. It can exist 
a positive feedback relationship between shared risk factors, geriatric syndromes, 
and frailty, which increases the propensity to progress to poor outcomes [5, 7, 8]. 
Targeting shared risk factors (e.g., mobility impairment and poor physical perfor-
mance) can be a useful way to intervene in the prevention of frailty, geriatric syn-
dromes, and their associated sequelae [7, 8].

Even though there is frequently an overlap among frailty, comorbidity, and dis-
ability, they are in fact different concepts. Disability is defined as difficulty or depen-
dency in carrying out activities essential to independent living, including essential 
roles, tasks needed for self-care and living independently at home, and desired 
activities important to one’s quality of life [9, 10]. Comorbidity is the concurrent 
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presence of two or more chronic diseases. In addition, both frailty and comorbidity 
predict disability, adjusting for each other; disability may well exacerbate frailty 
and comorbidity can contribute to the development of frailty [9, 10] (Fig.  3.1). 
It has been suggested that the presence of disability or frailty could contribute to 
development or progression of chronic diseases, possibly through the lower activity 
levels associated with the former two conditions, or through other pathways affect-
ing some basic biological mechanism essential to the maintenance of homeostasis, 
such as inflammation, or sympathetic–parasympathetic equilibrium [11, 12]. These 
causal relationships provide explanation for the frequent co-occurrence of these 
conditions, and suggest the clinical importance of differentiating them in order to 
choose the appropriate preventive intervention.

A systematic geriatric assessment (GA) is defined as a multidimensional, inter-
disciplinary diagnostic process focusing on determining an elderly individual’s 
medical, psychosocial, and functional capabilities in order to develop a coordinated 
and integrated plan for his/her treatment and long–term follow-up [13]. This GA 
has been shown to successfully identify patients at risk of poor outcome in geriatric 
oncology [14]. Besides, the GA improves outcomes in older patients admitted to the 
emergency department and it is increasingly recommended for the treatment deci-
sion–making process in elderly patients [15, 16].

�The Intersection of Geriatrics and Chronic Kidney Disease

�Assessment and Prevalence of Geriatric Impairments

It is known that CKD, and particularly, end-stage renal disease is known to be 
associated with impaired health status and physical function. However, few stud-
ies have examined the association between CKD and frailty [17–21]. Shlipak et al. 

Comorbidities

Frailty

Disability

Fig. 3.1  Evolutionary relationship 
between comorbidities, frailty, and 
disability
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found a strong association between CKD and frailty in elderly participants in the 
Cardiovascular Health Study [22]. Johansen et al. even documented a strong asso-
ciation between end-stage renal disease (ESRD) and frailty in younger patients [23]. 
Moreover, prevalence of frailty was approximately twofold higher in patients suffer-
ing from mild or early-stage CKD, compared with those without chronic nephropa-
thy. Patients suffering from severe CKD were more likely to be frail. Frailty was 
also more common in persons with moderate to severe CKD than in those with other 
chronic illnesses, such as vascular disease, cancer, and other degenerative diseases 
of aging. Finally, frailty CKD were independently associated with an increased 
risk of death [23]. Emilee et al. found that the association was especially strong 
among individuals with an estimated glomerular filtration rate (eGFR) <45  mL/
min/1.73 m2, but was even also significant among those individuals with microalbu-
minuria and normal eGFR [24].

Studies were systematically identified which assessed the association between 
mortality risk or hospitalization with one or more geriatric impairments at the start 
of dialysis therapy, including impairment of cognitive function, mood, performance 
status or activities of daily living (instrumental), mobility (including falls), social 
environment, or nutritional status. Most studies focused on one or two geriatric 
domains only, whereas two studies assessed multiple impairments. The domain 
most frequently assessed was performance status, which was described in 12 of 
the 27 included studies, followed by depression (7 of 27), nutrition (5 of 27), and 
cognition (5 of 27) [25].

A systematic assessment aids to stage aging, thereby discriminating between 
fit and relatively vulnerable patients, and revealing deficits that are not routinely 
captured in standard history and examination. The GA has been proposed as a 
supportive instrument for treatment decision-making in oncologic patients and 
in ESRD patients as well. It provides the best available evidence on the patients’ 
physiologic reserves and consequently a better estimation of residual life expec-
tancy. Concrete information on impaired domains that could compromise dialysis 
treatment may facilitate shared decision-making with the patient and relatives. In 
addition, it may reveal treatable conditions that would otherwise be overlooked, 
thereby forming a starting point for preventive interventions to optimize quality 
of life, by improving patient’s physical, activities of the daily living (ADL), and 
social problems. Finally, the information derived from a GA may help to estimate 
adverse outcomes of surgical interventions and other complex interventions [25]. 
In nephrology, a systematic approach to frail patients is currently lacking, but it 
is clear that geriatric impairment across multiple physical and mental domains at 
dialysis initiation is related to poor outcome. However, systematic assessment of 
impairment in relation to outcome is scarce, especially in the elderly. Whether 
systematic assessment of geriatric impairments could discriminate between fit 
and vulnerable patients in the context of treatment decisions concerning dialysis 
initiation should be assessed in more detail before the implementation in clinical 
practice.
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�Frailty in the CKD Population

The study of frailty among elderly CKD patients is a new and important area of 
investigation. Although studies are few, they highlight that kidney disease, even 
in the earlier stages, is associated with the clinical manifestations of frailty. This 
supports the concept that CKD itself might serve as a clinical phenotype of frailty; 
age-related physiologic changes may not be the only (or necessary) pathway to 
deficit accumulation in multiple systems. One published study reported the preva-
lence of chronic renal insufficiency, frailty, and disability among 5808 community 
dwelling participants aged ≥65 years in the Cardiovascular Health Study [4, 22, 
26–28]. Shlipak et al. found that 11% of the studied population had creatinine val-
ues above the specified threshold for CKD, 1.3  mg/dL (female) and 1.5  mg/dL 
(male), 6% were frail, and 8% were disabled in one or more ADL [28]. Kidney 
disease was associated with double higher prevalence of frailty and disability, par-
ticularly among black women. The kidney disease associated with frailty remained 
significant after multivariable adjustment for comorbidity, anemia, inflammation 
(C-reactive peptide and fibrinogen), lipid status (low-density lipoprotein and high-
density lipoprotein cholesterol), and subclinical cardiovascular disease [22, 28].

This cross-sectional study highlighted the strong association between kidney dis-
ease and frailty, even at milder stages of impairment. It was also found that factors 
such as anemia, inflammation, and lipid status were related to frailty and survival 
in non-CKD populations [29, 30]. Other authors have also found an association 
between CKD, frailty, and inflammatory markers [31]. If frailty is already detect-
able among older adults in the early stages of kidney disease, ESRD patients might 
be expected to have a higher burden of frailty and its consequences. Johansen et al. 
measured the prevalence and consequences of frailty in the ESRD adult patients 
(n = 2275), approximately half of whom were aged ≥65 years [23]. A remarkable 
two thirds of dialysis patients of all ages met criteria for frailty, as defined by the 
presence of low physical function scores and low vitality scores on the Medical 
Outcomes Survey Short Form-36 (SF-36), inactivity, and the presence of malnutri-
tion [27]. Although older age was associated with a higher prevalence of each of 
the component factors and with frailty overall, a sizeable proportion of the younger 
age groups (age < 60) had deficits, reinforcing the notion that frailty is not confined 
to old age among vulnerable populations. This phenomenon was most marked for 
physical functioning and vitality where more than 50% of the youngest participants 
(age < 40) met criteria for poor status (SF-36 scores <75 for physical functioning 
and <55 for vitality). Moreover, the prevalence of poor physical function was as 
high as 90% among very old individual (≥80 years). Poor self-reported physical 
function was a major component of the frailty detected among this population, sug-
gesting that this may be a key area for further investigation and intervention. These 
authors also documented that frailty correlated with variables such as older age, 
female sex, comorbidity (diabetes mellitus, stroke, and low albumin), and hemodi-
alysis as a treatment modality, particularly among those without permanent vascular 
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access. Although the documentation of these factors represents an important start 
characterizing frailty phenotype among the ESRD people. Regardless of their age, 
frail dialysis patients have approximately double risk of hospitalization and death 
within 1 year, compared with nonfrail patients [23].

Each of the variables used to identify the frailty phenotype was independently 
associated with subsequent mortality, supporting the validity of their use in the 
ESRD individuals.

In addition, it has recently been considered the coexistence and mutual enhance-
ment of frailty and chronic nephropathy in elderly patients, as a new condition, the 
senescence nephropathy, which leads the patients to a spiral of deterioration which 
makes their clinical status and therapeutic targets different from the ones in nonfrail 
CKD patients [26, 32] (Fig. 3.2).

�Disability in Older Adults with Kidney Disease

Frailty can be diagnosed before the onset of disability, raising the possibility of 
targeting interventions to prevent functional decline. Disability is defined as diffi-
culty or dependency in performing activities essential to independent living. These 
tasks include self-care (basic activities of daily living) and household manage-
ment (instrumental activities) as well as those related to social roles or activities 
that maintain quality of life. Individuals are considered functionally dependent 
when they lose independence in basic ADL such as bathing, grooming, dress-
ing, toileting, ambulating, and transferring [33–35]. The high burden of disability 
among ESRD adult patients has been recognized for some time, and has been 
linked with increased mortality [38, 39]. Increasing age has been associated with 
poorer functional status among patients on dialysis [36, 37, 40]. Among studies 
limited to elderly on dialysis, functional status is confined to activities at home, 
representing a decline in comparison with their predialysis functional status [41]. 

Fig. 3.2  Feedback among 
frailty (red arrow), 
nephropathy (green arrow), 
and senescence nephropathy 
(blue arrow)
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The ability to perform mobility-related ADL (bathing, stairs, walking blocks, and 
heavy housework) was significantly lower in older adults on dialysis compared to 
age, race, and sex-matched peers without CKD [38]. About one of three dialysis 
patients needs help with at least one self-care ADL [42]. Very few (5%) older 
adults on dialysis are fully independent in both basic and instrumental activities 
[43]. Dependence in instrumental activities is most common, occurring in more 
than 90%, whereas 52% of older dialysis patients have additional dependence in 
personal ADL [43]. Among elderly (≥65  years) hemodialysis patients, disabil-
ity in personal care was associated with polypharmacy, lower education level, 
and mainly with poor mobility performance on a timed get up and go test [43, 
44]. This latter finding raises the possibility that impaired physical performance 
can be an important disability inducing factor in ESRD patients, which is also 
seen in elderly without kidney disease [34]. Physical performance evaluation can 
prove to be a sensitive screening tool for detecting disability risk in CKD elderly 
patients; even the individuals who were independent for self-care in this study had 
impaired physical performance [43].

Disability, particularly in mobility, is a dynamic state with individuals experienc-
ing transitions in the severity and duration of their functional dependence [45, 46]. 
Changes can happen insidiously or acutely, as seen during hospitalization. One pro-
spective study measured the change in disability among 35 elderly dialysis patients 
admitted to hospital and documented a pervasive decline in physical and functional 
performance. All the studied individuals had instrumental activity dependence, and 
77% had basic activity dependence at baseline. The evaluation for all daily func-
tions, except telephone use, showed a trend to worsening. The most common new 
complaint was difficulty to transfer in and out of bed (27%). Further evidence for an 
accelerated physical decline with acute hospitalization was the significant decrease 
in mobility documented by using the timed get up and go test [47]. The ability to 
walk is a simple but robust marker of disability and mortality risk. Ten percent of 
incident dialysis patients are unable to walk, and surprisingly 40% develop a new 
walking disability (abnormal gait, use of an assistive device, or falls) during the 1st 
year on dialysis [45, 46]. Even in earlier stages of CKD in elderly patients, it seems 
to be an association between kidney function with disability, although adjustment 
for comorbidity attenuates this relationship [22, 28]. Frailty has been associated 
with an increased likelihood of transitioning to or remaining at more severe levels 
of disability in non-ESRD populations but this has not yet been examined in ESRD 
elderly patients [45, 46].

�Geriatric Syndromes in CKD

�Falls

Mild to moderate kidney dysfunction is associated with incident hip fracture in 
community dwelling elderly people [48]. This relationship cannot be confined 
to its effects on bone metabolism. A decreased creatinine clearance ˂60 mL/min 
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predicted incident falls among community-dwelling elderly women (65–77 years 
old) [49]. This effect was mitigated by vitamin D supplementation, which could 
have improved muscle strength, balance, and physical performance to reduce falls 
[49, 50]. A smaller study found a similar association with fall risk using a cre-
atinine clearance ˂65 mL/min [51] among community-dwelling elderly individuals 
over 70 years of age. Among ESRD elderly patients, prospective studies have con-
firmed that fall incidence (1.2–1.6 falls/person-year) is higher than reported rates 
for seniors residing in nursing homes (1.0–1.4 falls/resident-year) [52–54]. Falls are 
independently associated with increased mortality in elderly dialysis patients [55]. 
Some of the falls’ risk factors are similar to those associated with functional decline, 
such as age, comorbidity, systolic blood pressure, prior falls, diabetes mellitus, 
polypharmacy, and mobility dependence [52, 53]. More investigation is needed to 
characterize fall risk factors specific of the kidney disease population and to identify 
which ones are amenable to intervention.

�Cognitive Impairment

Elderly CKD patients have an increased risk of cognitive impairment which can 
manifest acutely as delirium and chronically as dementia. An estimated glomerular 
filtration rate (GFR) ˂60 mL/min was associated with poorer neuropsychological 
test performance among 923 community-dwelling adults (aged > 40 years) without 
dementia compared with a GFR above this level [56, 57].

This phenomenon was also evident in a large national sample using a brief 
cognitive screening instrument, which highlighted that impairment is detectable 
very early in the course of kidney disease [58]. Among ESRD elderly patients, 
the prevalence of cognitive impairment is higher, with only 13% found to have 
normal function on detailed testing [59]. Dementia is associated with an increased 
risk of death and withdrawal from dialysis [20, 60]. Dementia, along with stroke, 
is associated with the highest frequency of walking difficulties in the adult dialy-
sis population, highlighting the common co-occurrence of geriatric syndromes 
among vulnerable elderly individuals. These conditions are likely a manifestation 
of underlying frailty, and diminished homeostatic reserve in brain function, as 
would be expected in cognitive impairment, can increase an individual’s vulnera-
bility to acute stressors, leading to recurrent delirium or acute confusion. Delirium 
can often occur during dialysis, since the combination of the acute decline in 
cerebral perfusion that occurs during dialysis, together with large fluid and solute 
shifts and associated brain edema, can increase the risk of acute delirium during 
dialysis [61–64].

One study examined the magnitude of variation in global cognitive function over 
a 2-day dialysis cycle in 28 patients using a cognitive summary score from a 45-min 
cognitive battery. They found that cognitive function plummeted during dialysis, 
recovered almost to baseline at 1 hour after dialysis, and was best on the day after 
dialysis [65]. The possibility that these recurrent episodes of cerebral hypoperfusion 
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and delirium might contribute to the high rates of cognitive impairment in hemodi-
alysis patients needs further exploration.

Additionally, ESRD patients are prone to accelerated aging, since underlying 
mechanisms, such as inflammation and microvascular damage, contribute to both 
decline of kidney function and impairment of other physiologic domains. Thus, 
a high prevalence of impairment in physical and psychosocial domains, such as 
dependency in ADL, cognitive impairment, depression, and malnutrition, can be 
found in both young and elderly dialysis population.

�Protein-Energy Wasting and Sarcopenia

Elderly patients represent an increasing proportion of people with stage 5 CKD 
pre-dialysis, chronic hemodialysis (CHD), or chronic peritoneal dialysis (CPD) 
[66–69]. Frailty and protein-energy wasting (PEW) are common complications in 
ESRD elderly patients on CHD or CPD [70]. This phenomenon is clinically rele-
vant, because many manifestations of frailty and PEW are strong risk factors for low 
quality of life, morbidity, and mortality. Frailty and PEW may be caused by aging, 
advanced kidney failure, or both combined conditions. PEW is defined as the loss 
of somatic and circulating body protein and energy reserves. The term PEW is used 
rather than protein-energy malnutrition, because some causes of PEW are unrelated 
to inadequate nutrient intake. Causes of PEW in ESRD patients include inadequate 
nutrient intake, losses of nutrients during dialysis, superimposed catabolic illnesses, 
nonspecific inflammation, acidemia, catabolic stress from the dialysis procedure, 
low levels of resistance to such anabolic hormones (insulin, growth hormone, and 
IGF-1), increased levels of catabolic hormones (parathyroid hormone and gluca-
gon), blood losses (blood drawing, gastrointestinal bleeding), and possibly, oxida-
tive and carbonyl stress [70].

In addition, two related concepts are sarcopenia and dynapenia. Sarcopenia is 
derived from the Greek words sarx (flesh) and penia (loss) [71]. Two common defi-
nitions for sarcopenia are progressive muscle mass decline caused by aging, which 
results in decreased functional capacity of muscles. Dynapenia, derived from the 
Greek words dyn (power) and penia (loss), is defined as loss of strength with aging. 
These definitions may not be optimal, because reduced muscle mass and strength are 
not always present in elderly people, and morbidity, malnutrition, or just physical 
inactivity can even reduce muscle mass and strength in younger people. Skeletal mus-
cle mass size seems to be the most important predictor of muscle strength or physi-
cal performance and in chronic dialysis patients’ survival. However, skeletal muscle 
mass and strength can be disassociated. As normal people age, the rate of decline 
in muscle strength is greater than the rate of loss of muscle mass, and strength can 
diminish even while muscle mass is maintained or increases. Physical performance 
is defined as the capability to conduct normal daily physical activities. Physical per-
formance is often measured by such activities as the time required to climb a defined 
number of stairs or the distance walked or number of rises from a chair during a given 
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time period. Physical performance and mortality may be associated more with muscle 
strength than muscle mass. Another age-related change in body composition, sarco-
penic obesity, refers to low muscle mass (sarcopenia) combined with increased body 
fat (obesity). Sarcopenic obesity may develop without weight changes if the decrease 
in muscle mass is similar to the gained body fat [72].

�Increased Prevalence of Frailty and PEW in Elderly ESRD Patients

Frailty and PEW are well described in ESRD adult patients independently of age. 
PEW is found in 18–75% of chronic dialysis patients in different reports [66–69]. 
There is less information concerning the prevalence and magnitude of these abnor-
malities in ESRD elderly patients. However, PEW, sarcopenia (reduced mid-arm 
muscle circumference [MAMC]), and dynapenia (decreased hand grip strength) 
seem to be more common in elderly (>65  years) than younger chronic dialysis 
patients [38] In CHD patients, decreased lean body mass and thigh muscle area are 
associated with aging. The prevalence of sarcopenia increases also with aging in 
non-ESRD patients. However, muscle wasting tends to be more severe in chronic 
dialysis patients than non-dialysis CKD patients [72]. Sarcopenic obesity is more 
pronounced in aged non-diabetic CHD patients than in aged controls. The volume 
of visceral fat, standardized by body mass index, is greater in nondiabetic CHD 
patients (mean age 57.5 years) compared to people with normal kidney function of 
similar age. Compared with the prevalence of frailty in community-dwelling elderly 
people (6.9–16.3%), frailty is substantially greater in elderly and near-elderly 
chronic dialysis patients (67.7%). Moreover, the prevalence of frailty increases with 
age in CHD patients, and elderly stage 3 CKD have greater prevalence of frailty 
than normal or mildly reduced kidney function in elderly patients (15% vs. 6%, 
respectively) [72].

�Causes of Frailty and PEW in ESRD Elderly Patients

Some changes associated to aging which may potentially contribute to frailty can be 
categorized into genetic and environmental exposure, including epigenetic factors. 
Hundreds of genetic variations have been identified that are associated with longev-
ity, and a number of these genetic variations involve the insulin pathways including 
insulin, IGF, their receptors, and the signal transduction system that they induce. 
Alterations that suppress activity of this pathway seem to be particularly associated 
with increased longevity. Since in many species calories intake increases longevity, 
this phenomenon could be related to the fact that carbohydrates and some amino 
acids stimulate the insulin, IGF-1, and IGF binding protein release. The IGF-1 
exerts anabolic, anticatabolic, and antiapoptotic actions on skeletal muscle, help-
ing to maintain its mass and enhance physical performance. There is an age-related 
decline in IGF-1 activity that stems from the growth hormone (GH) decline which 
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can lead to muscle mass and strength loss, as well as reduced exercise capability 
[72]. Other environmental disorders which could contribute to aging are:

	1.	 Mitochondrial dysfunction and oxidative stress. The accumulation of free radi-
cals can participate in inducing age-related sarcopenia and DNA damage, pro-
tein crosslinking, nonenzymatic glycation or other carbonyl reactions with 
proteins, accumulation of partially or completely denatured proteins, and cellu-
lar inflammation, which is commonly present in the aged [28, 72]. In addition, 
the limits of cellular replication cycles because of telomere shortening as well as 
DNA damage and oncogene expression in aging lead to the accumulation of 
dysfunctional senescent cells, which may contribute to dysfunctional tissues and 
organ systems [72, 73].

	2.	 Immune dysfunction secondary to aging predisposes elderly people to suffer 
from chronic inflammation. Inflammation not only stimulates protein degrada-
tion and skeletal muscle mass wasting but also suppresses appetite, stimulates 
resistance to insulin and GH, and enhances energy expenditure. A higher inflam-
matory state is associated with parenchymal fibrosis, less muscle mass and 
strength, and lower physical performance and functionality in the elderly [73].

	3.	 Hormonal dysfunction secondary to aging leads to resistance to several hor-
mones, such as testosterone, insulin, IGF-1, and thyroid hormone, as well as to 
25-hydroxy vitamin D deficiency, particularly in industrialized societies. This 
phenomenon can be attributed to their reduced time to sunlight exposure and 
frequent use of sunscreen or clothing that covers the skin. Despite older age does 
not alter vitamin D intestinal absorption, decreased vitamin D intake and its 
reduced cutaneous synthesis of vitamin D (decreased skin thickness secondary 
to aging) can contribute to lower serum vitamin D levels in the elderly. Moreover, 
healthy elderly with low serum vitamin D levels are at higher risk of sarcopenia 
and dynapenia compared to elderly persons with high serum vitamin D levels. 
Even more, vitamin D supplementation in the elderly can improve lower extrem-
ity muscle performance and increases the number and diameter of type II muscle 
fibers [28, 72, 74].

On the other hand, some changes associated to CKD can also contribute to frailty. 
In this sense, severe neuropathy is often observed in CKD patients, which often 
presents clinically with impaired sensation, and could progress to hypoesthesia, 
reduced deep tendon reflexes, paresis, and ultimately, frank paralysis. Tendons in 
both, elderly individuals and ESRD patients have an increased risk of rupturing or 
separating from their bony insertion when subjected to increased contractile force. 
Skeletal muscle mass within the lower normal percentile is observed in up to 62% 
of dialysis patients, and physical activity is usually decreased in dialysis patients 
and tends to decrease with age in the general and dialysis population [28, 72–74]. 
Decline in physical activity with advancing age, measured by accelerometry, is much 
greater in CHD patients than in sedentary people without kidney disease. Dialysis 
patients are likely to describe a greater reduction in moderate or vigorous physical 
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activity with aging. Physical inactivity in elderly dialysis patients is associated with 
lower serum albumin and serum creatinine levels, which are indicative of PEW 
and small skeletal muscle mass. Even more, in elderly dialysis patients, reduced 
frequency of daily physical activity is correlated with higher mortality risk [75, 76]. 
Reduced food intake in advanced CKD patients is often caused by anorexia, which 
may be caused by uremic toxins, inflammation, superimposed illnesses, as well as 
depression or other psychiatric disorders [76, 77]. Dietary protein intake is lower 
in healthy elderly people compared to healthy young people. Besides, dementia is 
frequent in elderly ESRD patients, and can reduce food intake. Edentulous state can 
impair the ability of ESRD patients to eat, and CHD is negatively associated with 
intake of energy and protein. Losses of amino acids, peptides, and water-soluble 
vitamins into dialysate may contribute to PEW and frailty [72–77].

Kidney failure intensifies many of the processes associated with aging. Kidney 
failure per se, like aging, engenders inflammation. In advanced CKD, there are 
impaired removal of proinflammatory cytokines (e.g., increased serum TNF-α and 
IL-6, etc.) and exposure to inflammatory stimulants (e.g., uremic toxins), including 
those toxins engendered by the dialysis procedure itself (dialysis catheters, tubing, 
dialyzer membranes, etc.) [26].

In CKD and aging, there is also an increased oxidant stress with enhanced gen-
eration of reactive oxygen species (ROS), elevated serum oxidants, and reduced 
levels of antioxidants. ROS induced mitochondrial injury. Oxidative stress caused 
by aging can cause atrophy and loss of muscle fibers, and oxidative stress can also 
be associated with muscle fiber atrophy in CHD patients. There are increased levels 
of protein carbonyls, such as advanced glycation end-products and advanced lipid 
end-products, which cause damage by reaction with endogenous proteins. Protein 
carbonyls, an indicator of oxidative proteins damage, are directly associated with 
grip strength and decline in walking speed in the elderly [78].

As with aging, CKD generates a cascade of changes in gene function, cell signal-
ing, and metabolism that ultimately leads to expression of many of the phenotypic 
characteristics of the aged person. Serum levels of gluconeogenic hormones (gluca-
gon and parathyroid hormone) are increased, and there is resistance to anabolic hor-
mones (insulin, GH, and IGF-1) in advanced CKD. Vitamin D deficiency, obesity, 
metabolic acidosis, chronic inflammation, and accumulation of uremic toxins con-
tribute to insulin resistance in ESRD patients. Insulin resistance in this population 
may activate caspase-3 and the ubiquitin–proteasome system, thereby enhancing 
muscle protein degradation [73, 78]. Since insulin also stimulates protein synthesis, 
in diabetic compared with nondiabetic CHD and CPD patients, insulin resistance 
may contribute to greater loss of skeletal muscle mass during the 1st year of dialysis 
treatment [78]. Type 2 diabetes mellitus elderly patients without ESRD also show 
greater declines in leg muscle mass compared with nondiabetics. A progressive 
decline in serum testosterone occurs with aging in normal men. In addition, low 
serum free testosterone is associated with frailty in elderly men. Treatment with 
supraphysiological doses of testosterone may increase muscle size and strength in 
otherwise normal men [79]. Metabolic acidosis, which is common in CKD patients, 
promotes frailty and PEW in many ways, such as causing bone loss, more rapid 
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progression of kidney failure, other endocrine disorders, systemic inflammation 
with increased proinflammatory cytokines, enhanced β2-microglobulin formation, 
and hypertriglyceridemia, anorexia (reduced food intake), malaise, and hypotension 
[72].

�Clinical Consequences of Frailty and PEW in ESRD Elderly Patients

Frailty and PEW are associated with impaired physical performance, poorer quality 
of life, and reduced survival in ESRD elderly patients. In CHD elderly patients, age-
related decreases in skeletal muscle mass and increases in fat mass (intramuscular 
and intermuscular adipocytes) are associated with decreased isometric strength and 
impaired physical performance (6-min walk test and gait speed). Reduced anterior 
tibialis muscle mass, which is more common in CHD patients than in age- and sex-
matched sedentary controls without ESRD, is significantly associated with reduced 
gait speed and isometric ankle dorsiflexor strength [80]. CHD adult patients with 
lower MAMC had worse mental health scores which were assessed by the Short 
Form 36-item health survey (SF-36) questionnaire and poorer survival. ESRD in 
adults of any age is associated with decreased physical performance. Scores of 
the Short Physical Performance Battery, an indicator of physical performance, are 
significantly lower in CHD patients compared with normal values for the elderly 
population.

The physical functioning subscale of the SF-36 questionnaire in these CHD 
patients was also reduced. In CHD elderly patient, both sit-to-stand scores and stair-
case climbing scores showed 50% and 54% fewer cycles, respectively, compared to 
age- and sex-matched control subjects without CKD [81].

In adult chronic dialysis patients, frailty compared with no frailty are usually 
associated with greater hospitalization risk and higher mortality [69, 75]. In the gen-
eral population, decreased whole-leg extension strength exposes the elderly to more 
falls, while CHD elderly patients commonly fall. Fall rates in CHD elderly patients 
are higher than rates in community-dwelling elderly people without CKD (1.6 vs. 
0.6–0.8 falls/person year). Impaired physical performance (10-m walking test) 
increases the risk of falls and fall-related fractures in CHD elderly patients; and falls 
are independently associated with increased mortality in this group. Impaired neu-
romuscular function (documented by increased time of get up and go test, reduced 
functional reach, and slower 6-min walk test) is associated with an increased risk of 
bone fracture in CHD elderly patients [72, 75].

It has been reported that chronic dialysis patients who suffered from a hip, ver-
tebral, or pelvic fracture had a 2.7 times greater mortality than those patients who 
did not sustain such fractures. Regarding the body mass index (BMI), conversely 
to general population, the BMI is inversely related to mortality in chronic dialysis 
patients. This phenomenon has been attributed to the fact that obese CHD and CPD 
patients often have greater muscle mass than nonobese dialysis patients. Larger 
skeletal muscle mass, indicated by higher serum creatinine or MAMC, increased 
body fat mass; and gain in skeletal muscle mass or body fat are each independently 
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associated to increased survival in chronic dialysis patients of any age. It is worth 
mentioning that is still unclear why skeletal muscle mass or obesity should promote 
longer lifespan, although muscle mass may be more important than fat mass for 
survival. Obesity combined with sarcopenia may be considered a form of PEW, 
which is associated with inflammation and increased mortality in chronic dialysis 
patients. Finally, the location of the increased fat mass influences mortality in CHD 
elderly patients since an abdominal fat excess seems to be associated, as in general 
population, with higher mortality rate [72].

�Decision-Making

�Dialysis Options

Dialysis for elderly frail individuals is a comparatively new treatment option. 
Proposing dialysis appears to be limited only by medical or social reasons as 
opposed to age alone. It is worth pointing out that the vast majority (94%) of octoge-
narians opt for treatment where dialysis was deemed appropriate by the renal team. 
Only 12.5% of those oldest old (≥80 years) patients would not recommend dialysis 
to patients of the same age. The declining independence levels seen in older people 
make HD an attractive option where dialysis can be managed by trained specialists. 
Patients incapable of self-care PD can be supported through assisted PD (aPD), 
where trained staff provided daily dialysis assistance either in nursing homes or in 
patients’ homes. In this sense, there are several reports of successful PD for nurs-
ing home residents. In areas where aPD is available to support patients within their 
homes, 75% of those who chose PD received aPD compared to self-care PD [82].

�Interventions

The construct of frailty would be without clinical utility unless it could be used to 
help guide interventions and stratify patients into those who will derive benefit, no 
benefit, or harm from any given intervention. To date, there are no simple one-step 
interventions that reverse frailty. Multidisciplinary care, nutritional supplementa-
tion, and exercise may attenuate the morbidity associated with frailty, particularly 
when applied early. In the renal population little work has been done to confirm the 
effectiveness, or clinical utility, of any of these interventions [28, 32].

The use of frailty indices to stratify patients into different treatment strategies is 
perhaps where its main advantage lies. This is widely accepted in several areas of 
medicine, particularly in oncology where treatment strategies incorporate physical 
performance tests and other markers of frailty. Recent data from the hypertension 
literature suggests that tight blood pressure control is less effective in those with 
frailty characteristics and suggests that targets be likewise adjusted [81–83].

Regarding ESRD patients, it is tempting to use frailty characteristics to deter-
mine if patients are best managed with non-dialysis renal care or with dialysis 
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therapies. Although frailty is associated with adverse outcomes among incident 
dialysis patients, including higher risk of hospitalization and death, there is little 
data to support that frailty could improve after dialysis initiation and, rather on 
the contrary, there is a higher trend to increase dependence in ADLs. However, it 
remains to be evaluated if it is appropriate to restrict the use of dialysis in those who 
are deemed to be frail. Perhaps the main benefit of recognizing the frailty phenotype 
may lie in customized treatments that personalize targets and goals of care [84, 85].

�Good Medical/Nephrology Care

Observational data indicate that, in general, the better the clinical status of the 
patient who starts dialysis, the better the prognosis of survival. PEW at the onset 
of dialysis is associated with poorer survival, and starting dialysis before patients 
develop PEW is associated with better long-term nutritional status and lower mor-
tality. Dialysis initiation is often associated with the improvement in protein-energy 
status. Better control of uremia may lead to less frailty and PEW. Experience with 
CHD suggests that more than two times per week sessions and larger doses of 
dialysis may improve patients’ appetite, nutritional status, and quality of life and 
reduce frailty and PEW. Thus, it would seem that ESRD patients who have inflam-
matory catabolic illnesses and are treated promptly covering their nutritional needs 
should have better clinical outcomes with less frailty and PEW. Moreover, given 
the high prevalence of inflammatory stress in ESRD patients, there should be a role 
for agents that correct these disorders. However, anti-inflammatory and antioxidant 
drugs have been used in many trials in dialysis patients, most without apparent suc-
cess. Conversely, small-scale studies indicate that the antioxidants a-tocopherol and 
N-acetylcysteine may reduce adverse cardiovascular events in CHD patients [28, 
73, 81].

�Nutrient Intake

Frailty and PEW prevention and treatment always require adequate intake of nutri-
ents. Multivitamin and trace element supplements are commonly needed. Most 
expert groups recommend similar amounts of dietary protein intake (DPI) for dialy-
sis patients ranging from 1.0 to 1.3 g/kg per day with at least 50% of the DPI of 
high biologic value. It has been suggested that a safe protein intake that maximizes 
the probability of good protein nutrition for clinically stable CHD and CPD patients 
is 1.2  g/kg per day and 1.2–1.3  g/kg per day, respectively. The Kidney Disease 
Outcomes Quality Initiative (KDOQI) guidelines for energy intake in CHD and 
CPD patients recommend 35 kcal/kg per day for patients ˂60 years and 30 kcal/
kg per day for CHD patients >60 years old. Energy prescription can be increased 
for patients who are underweight, have PEW, or engage in chronic heavy physi-
cal activity, and it can be reduced in patients who are very obese. Most people 
undergoing standard maintenance dialysis treatment will not be able to ingest these 
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quantities of protein and energy, and their food intake may need to be augmented to 
meet these goals. In these circumstances, oral nutritional supplements can be used. 
Oral supplements of protein or primarily essential amino acids, usually including 
additional calories, may improve protein balance and PEW, promote protein accrual 
in skeletal muscle mass of people with ESRD, or prevent or retard the develop-
ment of sarcopenia in elderly persons without CKD.  Tube feeding, intradialytic 
parenteral nutrition, or total parenteral nutrition may be used for patients who are 
unable to take oral supplements. Tube feeding, intradialytic parenteral nutrition, and 
provision of amino acids through peritoneal dialysate may increase protein balance 
[86, 87].

�Exercise

Although many benefits are ascribed to exercise training in CKD and dialysis 
patients, the most universally observed improvement is in endurance exercise 
capacity. Increased strength and physical performance are probably the most com-
monly reported improvement. Even though, exercise in young CKD patients is 
occasionally reported to reduce inflammatory cytokines, increased muscle mass 
with exercise training is less commonly described. This finding can be explained 
by less frequent or lower intensity strength training regimens for dialysis patients 
or their antianabolic status. Muscle intracellular protein remodeling without hyper-
trophy seems to be common with exercise training. It has been documented that 
12 weeks of strength training of the thigh in CKD stage 4–5 elderly CKD patients 
significantly increased muscular strength and walking capacity to a similar extent 
as in elderly healthy individuals. Besides, CHD elderly patients who underwent 
low-intensity training of the leg and pelvic muscles, compared with nonexercising 
controls, displayed increased lower extremity strength and leg and whole-body lean 
mass, reduced body fat mass, and increased ADL scores [28, 85–87].

�Conservative Care in CKD

ESRD elderly patients have increasing prevalence of co-morbidities and high mor-
tality with a median 2.5 life years remaining for those over 75 years. Additionally, 
treatment withdrawal accounts for ∼20% of overall deaths. Evidence is emerging 
that dialysis can be of little value, in terms of survival benefit and quality of life, 
to some frail patients with multiple co-morbid conditions and poor functional sta-
tus. This has led to questioning of the suitability of renal replacement therapy for 
ESRD in this population and the impact on quality of life. ESRD is a life-limiting 
condition associated with substantially increased risks of morbidity and mortality. 
In a number of renal units in the UK, patients with ESRD are offered an alternative 
treatment to dialysis or transplantation known as conservative kidney management 
where supportive care is provided by the multidisciplinary team often in liaison 
with the community team and general practitioner [82, 88].
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It is worth mentioning that despite conservative treatment and palliative care 
used neither dialysis nor renal prevention strategies (angiotensin-converting enzyme 
inhibitors and others), there are marked differences between them: The conserva-
tive treatment aim is to manage the ESRD complications without using dialysis, 
while the palliative treatment is applied to terminal patients, and its goal is to man-
age patient’s symptoms secondary to advanced CKD. Deciding when to withhold 
dialysis in this population and provide conservative or palliative care as an alterna-
tive requires thorough ethical deliberation and complex decision-making process. 
Some patients may not benefit from dialysis, but there is limited evidence to guide 
patients, carers, and staff when making this important decision. Ideally, it should 
be able to accurately distinguish between a patient who will do well on dialysis 
and a patient who will do poorly; however, any attempt to define such a population 
has been largely unsuccessful. Some studies have explored age, functional status, 
and comorbidity burden as predictors of survival but the development of a criterion 
score to select people for dialysis has not been developed and individualized assess-
ment is always necessary. The number of patients with advanced chronic kidney 
disease opting for conservative management rather than dialysis is unknown but 
likely to be growing [82].

�Conclusion

Frailty, impaired physical performance, disability, and geriatric syndromes are com-
mon among older adults with kidney disease even at the early stages. Further work 
is necessary to characterize the mechanisms underlying the association of kidney 
disease with frailty and its consequences in order to guide approaches to prevent 
and mitigate multiple adverse outcomes. At present, recognition of the strong link 
between CKD and frailty, falls, cognitive impairment, disability, and mortality can 
be useful for informing prognosis and treatment plans.
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4Water, Electrolyte, and Acid-Base 
Disorders in the Elderly

Carlos Guido Musso and Manuel F. Vilas

�Introduction

In healthy old and very old individuals, serum electrolyte levels are in the normal 
range, but they can be easily altered compared to the young individuals. This 
phenomenon can be attributed to a reduced homeostatic capability in the elderly, 
which is tightly related to the significant and prevalent structural and functional 
changes suffered by the aged kidney, known as the nephrogeriatric giants. Some 
of these renal aging changes have an important role in the development of the 
water and electrolyte disorders in aged individuals; therefore, they should always 
be taken into account before analyzing these conditions in this population. These 
nephrogeriatric giants are the following ones [1]:

•	 Age-related glomerular filtration rate (GFR) reduction (1 ml/year since 40 years 
of age), whose value can be calculated by applying Keller’s equation (Creatinine 
clearance = 130 – age) [2]. This age-related reduced GFR contributes to the urine 
dilution capability reduction usually found in the elderly [3].

•	 Tubular dysfunction, which leads to reduced sodium, and reduced calcium and 
magnesium reabsorption (in particular circumstances), as well as reduced free 
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water clearance, reduced potassium secretion, and slowed down distal proton 
secretion [3].

•	 Medulla hypotonicity, which contributes to the urine concentration capability 
reduction usually documented in the elderly [3]. Vasopressin release is not 
impaired with aging but this hormone level is relatively increased for any given 
plasma osmolality level compared to the young, indicating vasopressin kidney 
resistance [4]. This vasopressin kidney resistance can be explained by the aging-
related medulla hypotonicity.

�Dysnatremias

Dysnatremias are the most common electrolyte disturbances in aged individuals, 
and they are even considered an important risk factor for high morbidity and 
mortality since they can decrease brain function, compromise cardiac contractility, 
increase insulin resistance, induce bone disease and neuromuscular dysfunction. 
Salt and water imbalance can induce abnormalities in volemia and/or serum sodium 
depending on the nature of this alteration, magnitude, and how it alters the relative 
body sodium/water ratio [5–7].

�Hypernatremia

Hypernatremia (serum sodium >145 mmol/L) is related to a clinical setting which 
induces significant salt and water depletion in excess of water [5]. Hypernatremia is 
present in about 1–3% of hospitalized patients, and it is associated with high mortality 
rate (40–60%), particularly in the oldest old [8–10]. Moreover, it has been reported 
that when serum sodium value is higher than 160 mmol/L, the patient’s mortality 
rate increases to 75% [8]. Due to the fact that hypernatremia is usually associated 
to severe conditions with multi-organ failure in the setting of cardiac disease and 
sepsis, is not clear yet if hypernatremia associated high mortality rate is because of 
its deleterious effects (adverse metabolic and cardiac effects) or because it is just a 
marker of an exhausted organism; probably participate both of them [7, 11].

Factors that can cause hypernatremia include:

	1.	 Low fluid supply: When old individuals are water restricted for 24 h, their thirst 
threshold is increased, and water intake is reduced compared to younger 
individuals [12]. Mouth dryness, taste decrease, malnutrition, altered mental 
capacity or cortical cerebral dysfunction (e.g., Alzheimer’s disease), 
hypoangiotensinemia, and osmoreceptors and baroreceptors sensitivity reduction 
can contribute to this increased thirst threshold usually documented in the elderly 
[8, 9, 13, 14]. In addition, many elderly reduce intentionally their fluid intake to 
reduce incontinence or because they suffer from depression or dependency 
(reduced access to water) [14].

	2.	 Loss of fluid: Dehydration secondary to water loss can be secondary to sweating 
(hot weather, febrile status), gastrointestinal losses (vomiting, diarrhea, 
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laxatives), respiratory losses (hyperventilation), urine losses (osmotic diuresis, 
diuretics, renin-angiotensin-aldosterone system (RAAS) blockers, diabetes 
insipidus). Regarding the abovementioned urine water loss hypernatremia-
inducing mechanisms, it is worth mentioning that they are reinforced by the 
reduced urine concentration capability which is usually found in the elderly due 
to their medulla hypotonicity (nephrogeriatric giants) [1, 8, 9, 15].

	3.	 Hypertonic saline gain:
This is a very infrequent cause of hypernatremia which is the consequence of 

a hypertonic saline solution supply, such as sodium bicarbonate-containing 
solutions [4].

In addition, total body water is diminished with age, being 55% of total body 
weight (even lower in elderly women) compared to 65% in young. This decrease 
in total body water is due to a decrease in lean body mass and an increase in the 
percentage of body fat, and it seems to be due predominantly to a water decrease in 
the intracellular compartment [4, 5, 13, 14, 16].

Therefore, elderly people are more vulnerable to hypernatremia due to a 
combination of factors such as their reduced thirst threshold, diminished access 
to water, reduced water reabsorption capability, and their frequent exposure to 
dehydration inducing drugs (e.g., diuretics) and clinical conditions (e.g., sepsis) 
[10]. Thus, it is crucial to diagnose the particular hypernatremia-causing factor 
along with assessing their volume status, and clinical context in order to prescribe 
the appropriate fluid supply and rate of correction, and closely monitoring the 
patient’s clinical status and laboratory values during his/her treatment [11].

�Hyponatremia

Hyponatremia (serum sodium ˂135 mmol/L) appears in any clinical setting which 
leads to a significant reduced serum sodium/water ratio [5]. Hyponatremia is 
present in 10% of ambulatory elderly, 10–30% of hospitalized patients, and up 
to 53% of institutionalized elderly [7, 17]. Moreover, serum sodium levels lower 
with increasing age, being hyponatremia an independent predictor of mortality and 
rehospitalization [7, 17–20]. Most probably hyponatremia is both a marker of the 
severity of the underlying comorbidities and a direct contributor to prognosis [21].

Mild to moderate hyponatremia is usually asymptomatic, while severe hyponatremia 
(serum sodium ˂ 125 mmol/L) can be symptomatic, being the most common manifestation 
neurologic symptoms due to cerebral edema [4]. However, recent reports showed that 
asymptomatic chronic hyponatremia can induce cognitive disorders, gait instability, 
attention deficit, decreased reaction time, being an independent risk factor of falls and 
associated with the development of osteoporosis [6, 22–26]. Barsoney et al., based on 
their findings in hyponatremia animal models, have proposed that chronic hyponatremia 
could exacerbate (by increasing oxidative stress) multiple senescence manifestations 
such as osteoporosis, loss of adiposity, sarcopenia, and cardiomyopathy [27].

In acute hyponatremia sodium, potassium, and chloride leave the brain cell 
and water enters, inducing cerebral edema. Over time, the brain adapts to lower 

4  Water, Electrolyte, and Acid-Base Disorders in the Elderly



46

osmolality by shifting organic osmolytes (e.g., glutamate, etc.) from brain cells into 
the extracellular fluid. It has been hypothesized that this decrease in cellular organic 
osmolyte concentration could decrease cognitive function, mobility, and nerve 
conduction in chronic hyponatremia [28]. Thus, based on the above information, 
it can be proposed that the hyponatremia classically known as “asymptomatic 
hyponatremia” should be called in fact “paucisymptomatic hyponatremia” because 
a fine evaluation (tests) can find its symptoms.

Regarding hyponatremia pathophysiology, it is known that a significant salt and 
water depletion may generate real hypovolemia, and if this depletion involves a loss 
of salt and water in excess of salt, it can induce hyponatremia. Besides, a salt and 
water retention in excess of water can induce hyponatremia (with or without edema), 
which may present with hypervolemia (e.g., severe renal failure, etc.) or effective 
hypovolemia (cardiac failure, etc.) depending on its etiologic mechanism [5].

Additionally, another factor which can modify the sodium/water ratio is the body 
potassium content since its intracellular depletion induces hyponatremia by at least 
two mechanisms:

•	 Sodium shift to the intracellular compartment
•	 Inappropriate vasopressin release

Hyponatremia secondary to low potassium content can be documented in severe 
malnourished (severely sarcopenic) elderly patients [4, 16, 29].

Edelman summarized all these concepts in this equation [5]:

	

Serum sodium body sodium content exchangeable

body potass

� � �
� iium content exchangeable
total body water content

� �
/ 	

Based on these concepts, hyponatremia is usually classified depending on its 
inducing mechanism [5]:

�Normotonic Hyponatremia
This is a pseudohyponatremia caused by an increase in the solid fraction of plasma 
which can be observed in severe dyslipidemia or paraproteinemia. This error can be 
avoided by using a direct ion-sensitive electrode potentiometry-based estimation for 
the blood analysis [30].

�Hypertonic Hyponatremia
Hyperglycemia increases intravascular tonicity which extracts free water out of 
the intracellular compartment diluting the intravascular compartment, therefore 
inducing a hypertonic hyponatremia. This sort of hyponatremia is observed in 
a setting of hyperglycemia (diabetes mellitus decompensation) or intravenous 
treatments based on osmotic substances (e.g., manitol, etc.) [13].
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�Hypotonic Hyponatremia
This hyponatremia can be induced by different mechanisms [13, 31]:

•	 Excess of water supply (oral or intravenous)
•	 Impaired free water urine excretion due to a decreased circulatory delivery of 

fluid to the thick ascending limb of loop of Henle (TALH) (e.g., heart failure, 
severe renal failure), altered TALH function (e.g., tubular necrosis, inflamma-
tion), appropriate or inappropriate antidiuretic hormone release

•	 Deficit in salt supply
•	 Excess of sodium loss
•	 Combined mechanisms

Thus, through some of these pathophysiologic mechanisms, many diseases 
which compromise the lung (pneumonia, etc.), heart (cardiac failure), kidney 
(renal insufficiency), liver (cirrhosis), endocrine glands (hypothyroidism, 
adrenal insufficiency), or brain (psychiatric disorders, syndrome of inappropriate 
antidiuretic hormone release, cerebral salt wasting syndrome) can induce hypotonic 
hyponatremia [31].

Regarding the elderly people, there are two of the nephrogeriatric giants which 
predispose old individuals to develop hypotonic hyponatremia: the age-related 
reduced GFR and the tubular dysfunction. On one hand, aging-related GFR 
reduction and tubular dysfunction, particularly the reduced TALH function (diluting 
segment), induce a free water clearance reduction. On the other hand, the aging-
related tubular dysfunction, particularly TALH and distal tubule reduced sodium 
reabsorption, induces an increased urine sodium loss [1] (Table 4.1).

Additionally, hypotonic hyponatremia is usually classified depending on its urine 
osmolality value, and extracellular fluid status, in [4, 21]:

•	 First, hyponatremia with adequate urine dilution (urine osmolality ˂ 100 mOsm/L). 
This condition occurs in particular clinical settings which can be found in the 
elderly, such as excessive water ingestion (psychiatric patients), or low filtered 
load of solutes (malnourished patients).

•	 Second, hyponatremia with inadequate urine dilution (urine osmolality 
≥100 mOsm/L), which can be classified into three categories depending on the 
volume of extracellular fluid (ECF): normal, low, or high ECF.

Hyponatremia with Normal ECF
As it was mentioned above, two nephrogeriatric giants predispose the elderly to 
develop this sort of hyponatremia: the age-related GFR reduction and the tubular 
dysfunction, particularly the TALH dysfunction (diluting segment), since they 
reduce their free water excretion capability [1] (Table 4.1). However, despite these 
predisposing factors, one of the main causes of hyponatremia with normal ECF 
in this population is the syndrome of inappropriate antidiuretic hormone secretion 
(SIADH).
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SIADH induces free water retention, with little change in body sodium, due to an 
inappropriate (low serum osmolality) antidiuretic hormone release or an excessive 
response of its tubular receptor, in the context of normal GFR, normal thyroid, and 
adrenal function and in the absence of hyponatremia-inducing medication [4, 13]. 
SIADH is present in about 30% of hyponatremic elderly, which is described as a 
primary disorder or secondary to pulmonary or cerebral diseases [19, 29, 32].

Other causes of hyponatremia with normal ECF which should be taken into 
account in the elderly are hypothyroidism (central or peripheral) or glucocorticoid 
deficiency secondary to infectious, immunologic, or oncologic glucocorticoid axis 
damage [13, 29, 33].

The reset osmostat (RO) is considered a SIADH subtype (SIADH type C) which 
has a low plasma osmolality threshold (usually 280  mOsm/kg), that induces an 
elevation of antidiuretic hormone (ADH) at a lower plasma osmolarity with normal 
water load excretion and intact urine diluting ability while maintaining normal 
sodium balance. RO has been documented in many settings such as neurologic 
diseases, malignancy, alcoholism, malnutrition, and in general in patients suffering 
from debilitating diseases. Since it has already been described in the literature the 
concept of “sick cell syndrome,” which consists of a membrane transport failure 
(sodium-potassium ATPase pump dysfunction), which leads to an increase in the 
intracellular sodium and a reduction in intracellular potassium, a phenomenon which 
can induce hyponatremia in severely ill patients, it has been recently proposed that 

Table 4.1  Age-related body changes which predispose to internal milieu disorders in the elderly

Age-related changes Internal milieu disorders
Age-related GFR reduction Hyponatremia, hypermagnesemia,

hypercalcemia, hyperphosphatemia
Sodium reabsorption reduction (tubular 
dysfunction)

Hyponatremia

Potassium secretion reduction (tubular 
dysfunction)

Hyperkalemia

Free water clearance reduction (tubular 
dysfunction)

Hyponatremia

Water reabsorption reduction (medulla 
hypotonicity)

Hypernatremia

Calcium reabsorption reduction (relative 
tubular dysfunction)

Hypocalcemia

Magnesium reabsorption reduction 
(relative tubular dysfunction)

Hypomagnesemia

Proton secretion reduced or slowdown 
(tubular dysfunction)

Hyperchloremic metabolic acidosis

Calcium intestinal absorption reduction Hypocalcemia
Magnesium intestinal absorption 
reduction

Hypomagnesemia

Hypodipsia Hypernatremia
Sarcopenia Hyponatremia, hypokalemia (hypothesis)
Skin changes Hypocalcemia
Taste decrease (hyporexia) Hyponatremia, hypokalemia, hypomagnesemia, 

hypocalcemia, hypophosphatemia
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the sick cell phenomenon could be responsible, not only of inducing hyponatremia 
in debilitated patients but also of a RO appearance in this group, leading osmostat 
cells to lower the body threshold for “normal” serum sodium value in order to adapt 
the whole organism to a new internal milieu order [34].

Hyponatremia with Low ECF
As it was mentioned above, one of the nephrogeriatric giants which predisposes the 
elderly to develop this sort of hyponatremia is the tubular dysfunction, particularly 
the reduced sodium reabsorption capability (TALH and distal tubule reduced sodium 
reabsorption) since it induces significant sodium loss [1] (Table 4.1).

Real hypovolemia may induce hyponatremia by stimulating the non-osmotic 
antidiuretic hormone release, in a setting of an adequate or excessive oral 
water (hypotonic solution) intake [13]. Sodium losses lead to hypovolemia and 
consequently induce adequate antidiuretic hormone secretion, thus hyponatremia is 
promoted in this case by a double mechanism: a reduction in body sodium content 
(sodium loss) and an increase in body water content (water retention).

Hyponatremia secondary to negative sodium balance is frequent in the elderly in 
the following clinical settings:

•	 Prolong low sodium intake (senile sodium leakage hyponatremia)
•	 Increased sodium loss (tubule damage, RAAS dysfunction)
•	 Salt and water loss in excess of sodium (potent diuretics or diarrhea with access 

to water intake) [35, 36]

Hyponatremia with High ECF
The nephrogeriatric giant that predisposes to high ECF hyponatremia is the age-
related GFR reduction since it facilitates water retention [1] (Table 4.1). This sort 
of hyponatremia is typically observed in the elderly when they are suffering from 
severe edematous states secondary to heart, liver, or kidney failure or nephrotic 
syndrome. In these settings of effective hypovolemia, hypotonic hyponatremia 
appears as a consequence of an impaired circulatory delivery to diluting segments, 
in combination with vasopressin release induced by the effective hypovolemia 
[13]. Besides, in severe renal insufficiency, high ECF hypotonic hyponatremia 
appears as a consequence of an impaired capability of free water excretion due 
to a significantly decrease in GFR (GFR ˂5  ml/min/1.73  m2) [13, 35]. Renal 
insufficiency is a frequent complication in the elderly patients, usually induced by 
different mechanisms: acute tubular necrosis (ischemic, drugs, etc.), intra-tubular 
obstruction (rhabdomyolysis, etc.), urological obstruction (prostatic hypertrophy, 
prostatic cancer, uterine prolapse, etc.), and/or tubule-interstitial damage (interstitial 
nephritis, etc.). In these clinical situations, a hypotonic solution load contributes to 
the appearance of hyponatremia [35].

It is worth mentioning that immobility syndrome (IS), one of the geriatric 
syndromes, consists of a reduction in the capability to perform daily activities due 
to a motor function deterioration that leads to characteristic body structural and 
physiological changes. Among these body physiology alterations are a decline cardiac 
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output, ortostatism, and capillary leak. It has been hypothesized that a pre-renal 
state, which could be explained by the aforementioned functional changes, induces 
vasopressin release and free water retention (hyponatremia with increased ECF) in 
IS.  In this sense, it has been documented that IS patients have a relatively higher 
vasopressin level regarding their serum osmolality value, enabling this hormonal 
excess to explain the free water retention status usually found in this group [37, 38].

�Hyponatremia Secondary to Drugs
Drug-induced hyponatremia is the main cause of hyponatremia in the elderly (75% 
of hyponatremic elderly) [19, 23]. Moreover, there is an independent association 
between hyponatremia and polypharmacy in older people [19].

Drug-induced hyponatremia can be induced by water retention, sodium loss, 
and/or potassium loss mechanisms [4, 6, 39–41]:

	1.	 Water retention
•	 Severe renal insufficiency (e.g., aminoglycoside)
•	 Cortisol deficiency (e.g., ketoconazol)
•	 SIADH effect (e.g., antidepressants, antiepileptic, RAAS blockers, etc.)

	2.	 Sodium loss
•	 Reduced tubular salt reabsorption: RAAS blockers, potent diuretics
•	 Tubular damage (drug-induced interstitial nephritis, non-steroidal anti-

inflammatory toxicity, etc.)
	3.	 Potassium loss

•	 Loop diuretics
•	 Cathartics

Therefore, it is very important to diagnose the particular hyponatremia-causing 
factor along with assessing patient’s urine osmolality, volume status, and clinical 
context in order to indicate the adequate water and electrolyte prescription and 
rate of correction, as well as monitoring the patient’s clinical status closely and 
laboratory values during his/her treatment [1].

�Dyskalemia

Total body potassium content is lower in the old than in the young, and the 
correlation with age is linear [24]. As 85% of potassium is deposited in muscle, and 
muscular mass diminishes with age. This may largely account for the fall in total 
body potassium, with other factors such as poor intake also playing some role [42].

�Hypokalemia

Prevalence of hypokalemia (serum potassium ˂3.5  mmol/L) is 12.8%, 11.4%, and 
10.9% in the young, middle-age, and elderly people, respectively; being hypokalemia 
the second electrolyte disorder more prevalent in the elderly after hyponatremia [43, 44].
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Under normal conditions, plasma potassium is normal in the elderly, but they 
have low body potassium stores due to the age-related muscle mass reduction 
(sarcopenia) which predispose them to develop hypokalemia, particularly in the 
context of malnutrition, enteric potassium losses (diarrhea, cathartics), and potent 
diuretics (loop diuretics or thiazide) [45, 46] (Table 4.1). In addition, the elderly 
develop hypokalemia more rapidly than do the young [45].

Even though patients with mild hypokalemia (3.0–3.4  mmol/L) are usually 
asymptomatic, they may present fatigue, lethargy, constipation, urinary retention, 
or polyuria. Lower serum potassium levels can induce limb paralysis, myonecrosis, 
or cardiac arrhythmias. Moreover, hypokalemia increases the risk of falls by 2.2-
fold [44].

Another cause of hypokalemia in the elderly is the potassium redistribution from 
the intravascular compartment to the intracellular compartment induced by drugs, 
particularly found in those suffering from diabetes mellitus (e.g., insulin), and/or 
polypharmacy [5, 39].

Finally, adequate potassium supply with concomitant inactivation of the 
hypokalemia-inducing mechanism is the cornerstone of hypokalemia treatment [5].

�Hyperkalemia

Prevalence of hyperkalemia (serum potassium >5.5 mmol/L) is 2.4%, 7.4, and 19.5% 
in the young, middle-age, and elderly people, respectively [43]. Older individuals 
usually have lower angiotensin-converting enzyme activity than younger individuals. 
Healthy elderly people have a lower plasma renin activity and aldosterone levels (in 
supine position and on normal sodium diet), than young healthy people. Under the 
stimuli of upright posture and sodium depletion, there are significant increases in 
serum renin and aldosterone in both age groups but their values are always lower in 
the elderly. The reduced plasma renin activity in the elderly may be related to the 
inhibitory effect of increased amounts of atrial natriuretic peptide on renin secretion. 
The lower serum aldosterone concentration with age appears to be a direct result of 
age-related decrease of plasma renin activity and not of aging changes in the adrenal 
gland, because aldosterone and cortisol responses to ACTH infusion are not altered 
in the elderly [47]. This reduced capability of the aging kidney to excrete potassium, 
which is one of the nephrogeriatric giants (tubular dysfunction), explains the 
vulnerability of the elderly to hyperkalemia [13, 48–50] (Table 4.1). This electrolyte 
disturbance is particularly frequent when elderly individuals are treated (either alone 
or in combination) with RAAS blockers: angiotensin-converting enzyme inhibitors 
(ACEI), angiotensin II receptor antagonists (ARA), as well as potassium-sparing 
diuretics, NSAIDs (hyporeninemic hypoaldosteronism secondary to prostaglandin 
E2 and prostacyclin I2 inhibition), and beta-blockers (decrease catecholamine-
induced renin release) [20, 46, 51]. In addition, it has been documented that the use 
of hyperkalemia-inducing drugs is usually higher in the oldest patients, and in those 
who have comorbidities, and polypharmacy [46].

Other causes of hyperkalemia in the elderly are a severe GFR reduction (renal 
failure), obstructive nephropathy (renal tubule acidosis), adrenal insufficiency 
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(type IV renal tubule acidosis), or potassium redistribution from the intracellular 
compartment to the intravascular compartment secondary to hyperkalemia-inducing 
drugs (e.g., digoxin) or gross cytolysis (e.g., rhabdomyolysis, tumor lysis) [5, 39].

Finally, an adequate serum potassium reduction initially by intracellular 
redistribution (beta 2 agonist, intravenous glucose, etc.), cardioprotection (intravenous 
calcium), and then potassium loss measures (e.g., loop diuretics, cationic exchange 
resins, dialysis, etc.), with concomitant inactivation of the hyperkalemia-inducing 
mechanism, are the cornerstones of hyperkalemia treatment [5].

�Dysmagnesemia

Serum magnesium (Mg) normal range is 1.7–2.3 mg/dl, with no significant difference 
in serum magnesium or its urine fractional excretion value (3%) between healthy 
young and old individuals [52, 53]. However, in the setting of volume expansion old 
people present significantly higher urine magnesium loss compared to young people. 
Since most of the filtered Mg is normally reabsorbed in TALH, which is a segment 
functionally altered in the elderly, it has been proposed this aging-associated TALH 
dysfunction could explain the abovementioned phenomenon [52] (Table 4.1). Mg is 
mainly located in the intracellular compartment (99%), and 30–50% of the dietary 
magnesium is absorbed by the intestinal tract, being its absorption stimulated in part 
by vitamin D (1.25 cholecalciferol). Thus, hypovitaminosis D, which is frequently 
found in the elderly, could partially explain the reduced Mg absorption documented 
in old individuals [53, 54] (Table 4.1).

Regarding the nephrogeriatric giants’ influence in dysmagnesemias, some of them 
can contribute, although not induce per se, to these disorders, such as the contribution 
of the age-related GFR reduction to the appearance of hypermagnesemia (reduced 
magnesium excretion) in a context of increased Mg supply and the contribution 
of the TALH functional reduction to the appearance of hypomagnesemia (reduced 
magnesium reabsorption) in a context of low magnesium intake or high magnesium 
excretion [1] (Table 4.1).

Hypomagnesemia (serum magnesium ˂1.7 mg/dl) can be mainly induced in the 
elderly by a reduced Mg intestinal absorption (malnutrition, malabsorption, etc.) 
and/or renal reabsorption (glucosuria, loop diuretics, thiazides, Fanconi syndrome, 
proton-pump inhibitors, etc.) [39, 53, 55, 56].

Moreover, hypomagnesemia can be caused by Mg intracellular shift 
(redistribution) as it occurs during refeeding syndrome in very malnourished old 
individuals. Hypomagnesemia can induce tachyarrhythmias which may be resistant 
to standard therapy and respond only to Mg supply. Even hypomagnesemia 
facilitates digoxin cardiotoxicity, neuromuscular irritability, tetany, delirium, and 
seizures. Furthermore, many of the cardiac and neurologic symptoms attributed 
to Mg deficiency may also be explained by the coexistence of hypokalemia or 
hypocalcemia. However, hypomagnesemia by itself can induce hypokalemia that 
corrects after Mg deficit is normalized [53, 54, 56].
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Hypermagnesemia (serum magnesium >2.3 mg/dl) basically appears in two clinical 
settings: marked renal failure (GFR ˂20 ml/min/1.73 m2), and excessive Mg supply, 
which is usually provided as antacids or cathartics [39]. However, hypermagnesemia 
symptoms (low blood pressure, vomiting, facial flushing, intestinal and/or urinary 
retention, and lethargy) appear when serum Mg level is above 4–6  mg/dl, and if 
untreated, it can progress to flaccid skeletal muscular paralysis (hyporeflexia), 
bradyarrhythmia, and even respiratory depression and cardiac arrest. Hypermanesemia 
can also be documented in some clinical conditions, usually found in the elderly, such 
as hypothyroidism, adrenal insufficiency, and lithium toxicity [39, 53, 54, 56].

Therefore, it is crucial to diagnose the dysmagnesemia-causing factor along 
with assessing the patient and his/her context in order to indicate the adequate 
prescription, rate of correction, and monitoring closely the patient’s clinical status 
and laboratory values during his/her treatment. These treatments can be, for instance, 
Mg supply in hypomagnesia, or Mg discontinuation, intravenous calcium gluconate 
supply (Mg antagonist), and Mg loss measures (e.g., loop diuretics, dialysis) in 
hypermagnesemia [54].

�Dysphosphatemia

Normal serum phosphorus range is 2.5–5.0  mg/dl in adults, with 1% of body 
phosphorus content placed in the extracellular compartment. The main phosphorus 
income is through the digestive tract, being absorbed in the small intestine (60%), 
in a process which can be increased by the vitamin D stimulus [56]. There is not 
a significant difference either in the serum phosphorus level or urine fractional 
excretion of phosphorus between young and old healthy people [52].

Regarding the nephrogeriatric giants’ influence in dysphosphatemias, the one 
which can contribute, although not induced per se, to hyperphosphatemia is the 
age-related GFR reduction (reduced phosphorus excretion) in a context of increased 
phosphorus intake [1] (Table 4.1).

Hyperphosphatemia (serum phosphate level >5.0  mg/dl in adults) should be 
distinguished from spurious hyperphosphatemia which can be found in hemolyzed 
sample and from pseudohyperphosphatemia secondary to paraproteinemia, 
hyperlipidemia, or hyperbilirubinemia [56, 57].

The main pathophysiologic mechanism of hyperphosphatemia in this population 
is phosphorus retention due to a GFR reduction ˂ 25 ml/min/1.73 m2, particularly in a 
setting of a high phosphorus diet. Besides, hyperphosphatemia can be caused in the 
elderly by phosphate shift from cells to the extracellular space secondary to massive 
cytolysis due to rhabdomyolysis (fall follows by hypothermia) or chemotherapy 
(bulky tumors) [56, 58]. Among the causes of hyperphosphatemia secondary to 
a reduced phosphorus renal excretion capability are the hypoparathyroidism and 
pseudohypoparathyroidism [58].

The symptoms of hyperphosphatemia are frequently in fact those from 
its accompanying hypocalcemia. Hyperphosphatemia can lead to secondary 
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hypocalcemia by causing calcium precipitation (mainly when calcium-phosphorus 
product >70), vitamin D synthesis reduction, and reduced intestinal calcium 
absorption. Besides, hyperphosphatemia can induce secondary hyperparathyroidism 
[56, 58–60].

In dialysis patients, serum phosphorus >5.5  mg/dL is also associated with 
increased risk of all-cause and cardiovascular mortality, and this association 
can in part be due to vascular calcification. The pathophysiologic mechanisms 
by which high serum phosphorus contributes to vascular calcification consist, 
in part, of transforming vascular smooth muscular cells from a contractile to an 
osteochondrogenic phenotype and mineralization of their matrix through sodium-
dependent phosphate cotransporters, reducing Klotho expression, and increasing 
fibroblast growth factor-23 levels and vascular calcification which is independently 
associated with adverse cardiovascular outcomes and mortality [59].

Hypophosphatemia (serum phosphate level <2.5 mg/dl in adult people) is usually 
asymptomatic until serum phosphate level is below 1 mg/dL. Malnutrition is one 
of the main causes of hypophosphatemia in the elderly [56]. Decreased intestinal 
phosphorus absorption can be observed in small intestine disorders, vitamin D 
deficiency and treatment based on corticosteroids or high doses of phosphate-binding 
drugs. Among other hypophosphatemia inducing mechanisms is an increased renal 
phosphorus excretion, as is the case of primary hyperparathyroidism, tubular 
dysfunction (e.g., post-obstructive polyuria), and hyperphosphaturia-inducing 
drugs (e.g., proximal diuretics, some antineoplastic agents) [58].

Hypophosphatemia can also be observed in refeeding syndrome (phosphorus 
intracellular shift), alcoholic patients, diabetic patients (poor phosphorus intake), 
acute leukemia and in the leukemic phases of lymphomas, sepsis, and heat stroke.

Regarding hypophosphatemia clinical consequences, erythrocytes experience a 
decrease in 2,3-diphosphoglycerate levels, thus hemolysis results from increased red 
cell rigidity [56]. Severe hypophosphatemia can also induce a dysfunction in the white 
cell phagocytosis, rhabdomyolysis, and altered renal tubular, heart, and respiratory 
functions. Moreover, prolonged phosphate depletion can lead to osteomalacia [61].

In dialysis patients, serum phosphorus level below 3.5  mg/dL is a mortality 
predictor, since it can reflect low protein intake and its associated death risk [58].

It is worth mentioning that it is very important to diagnose the dysphosphatemia-
causing factor along with assessing the patient status and his/her context in order 
to indicate the adequate prescription, monitoring closely the patient clinical status 
and laboratory values during his/her treatment. This treatment can be, for instance, 
phosphorus supply in hypophosphatemia, or phosphorus supply discontinuation, 
phosphorus binders (reduced absorption), and/or phosphorus loss measures (e.g., 
dialysis) in hyperphosphatemia [58].

�Dyscalcemias

Total serum calcium normal range is 9–10.5 mg/dl, and approximately 50% of serum 
calcium is bound to albumin, a small amount is complexed to anions, and the rest 
is as free ionized calcium [58]. Even though total serum calcium level and urine 
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fractional excretion of calcium are similar between young and old individuals, in a 
volume expansion setting, there are a significant increase in urine calcium excretion 
and a significant serum calcium reduction in the elderly compared to the young. This 
phenomenon has been attributed to the reduced reabsorption capability in TALH 
(high calcium reabsorption segment) documented in the elderly [52] (Table 4.1).

Due to the fact that the calcium ionized form is the physiologically relevant one, 
if there is hypoalbuminemia, 0.8  mg/dl of calcium for every 1  mg reduction in 
serum albumin below 4  mg/dl should be added in order to correct the patient’s 
calcemia to his/her albuminemia level. Serum ionized calcium increases in acidosis 
(lower albumin binding), while it reduces in alkalosis (higher albumin binding).

Healthy elderly people do not suffer from vitamin D deficiency; they do not 
have either hypercalciuria or its subsequent serum parathyroid hormone augment. 
However, since this population frequently have a low vitamin D diet, reduced sunlight 
exposure, decreased vitamin D renal hydroxylation (activation), and low serum 
sexual hormones levels, they have a predisposition to developing hypercalciuria. 
The latter phenomenon in addition to a poor calcium intestinal absorption leads this 
population to develop senile secondary hyperparathyroidism [62–64] (Table 4.1).

Regarding the nephrogeriatric giants’ influence in dyscalcemia, some of them 
can contribute, although not induce per se, to these disorders. Since normally the 
kidney has a protective role against the development of hypercalcemia because of 
the extracellular calcium itself appears to have a calciuric effect on the renal tubule 
by its direct action on the TALH calcium-sensing receptor, two nephrogeriatric 
giants (the age-related GFR reduction and TALH dysfunction) could contribute 
to the appearance of hypercalcemia (reduced calcium excretion) in a context of 
increased calcium and/or vitamin D supply [1] (Table 4.1).

Among the main causes of hypocalcemia in the elderly are endocrine 
conditions (hypoparathyroidism, hypovitaminosis D), drugs (phenytoin, 
bisphosphonates, calcitonin), electrolyte disorders (chronic hypomagnesemia, acute 
hypermagnesemia, hyperphosphatemia), lifestyle (low sunlight exposure), digestive 
conditions (malabsorption, pancreatitis), chronic nephropathy, and massive cytolysis 
(rhabdomyolysis) [58].

Regarding hypocalcemia, clinical manifestations can be muscle cramps and 
finger numbness. Severe hypocalcemia may cause depression, cognitive capability 
reduction, laryngeal and carpopedal spasm, bronchospasm, seizures, prolonged 
QT interval in electrocardiogram, and cardiac arrhythmia [58]. The main cause 
of hypercalcemia in the elderly is an increase in the bone resorption, which can 
be induced by different causes such as immobility syndrome, high parathyroid 
hormone (primary hyperparathyroidism) or parathyroid hormone-related proteins 
levels (paraneoplastic syndrome), multiple myeloma, bone metastasis. Other 
hypercalcemia-inducing mechanisms are excessive active vitamin D levels, 
exogenous (medication) or endogenous (granulomatous diseases), which contribute 
to an increased calcium intestinal absorption, as well as a reduced urinary calcium 
excretion as is the case in thiazide treatment or, more rarely, in familial hypocalciuric 
hypercalcemia. Finally, hypercalcemia can also be documented in patients suffering 
from adrenal insufficiency and treatment based on lithium, vitamin A, estrogens, or 
antiestrogens [39, 58, 65].
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Hypercalcemia can induce neuromuscular alterations (fatigue, weakness, 
depression), cardiac arrhythmia (QT interval shortening and heart block), digestive 
derangements (constipation, ulcus, pancreatitis), and renal disorders such as polyuria 
(nephrogenic insipidus diabetes), nephrolithiasis, and/or nephrocalcinosis [58, 65].

It is very important to diagnose the dyscalcemia-causing factor along with 
assessing the patient status and his/her context in order to indicate the adequate 
prescription, monitoring the patient’s clinical status closely and laboratory values 
during his/her treatment. This treatment can consist of calcium and/or vitamin D 
supply for hypocalcemia, or calcium restriction, increased urine calcium excretion 
(hydration, furosemide, dialysis), and calcium redistribution (bisphosphonate, 
calcitonin) for hypercalcemia [58].

�Acid-Base Disturbances

The kidney is the organ which maintains the acid-base equilibrium by means of 
the renal acid-base homeostasis roughly achieved by two processes, reabsorption 
of filtered bicarbonate (HCO3

−) and excretion of fixed acids mediated by the 
same basic process: renal H+ secretion (75). The reabsorption of HCO3

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

− is 
reabsorbed, whereas excretion of fixed acid, achieved through the acidification 
of urinary buffers and the excretion of ammonium ion, is mainly a distal tubular 
competence [35]. Renal threshold for bicarbonate is comparable in the aged and in 
the young [56].

Regarding distal acidification, it has been reported that titratable acid elimination 
behaves similarly in the young as in the aged, although one study reported that it is 
higher in subjects >60 years compared to the young. Conversely, there is an almost 
general agreement that ammonium elimination is lower in the aged than in the 
young subjects, except in one study in which differences between young and aged 
individuals were not found. However, in this study it was documented that the aged 
need more time to reach the peak acid excretion (between 6 and 8 h) (Table 4.1). 
In regard to the difference in renal tubular acidification between healthy young 
and old individuals, it could be attributed to the nephrogeriatric giant (tubular 
dysfunction) since, on one hand, the ammonium transport in the TALH could be 
reduced because of the reduced Na+ K+2Cl− tubular carriers’ number documented 
in the aged kidney. On the other hand, there is a sort of aldosterone resistance 
in the distal tubules in the elderly, and this hormone stimulates the distal tubule 
acidification [56] (Table 4.1).

Acid-base imbalance generates different sort of internal milieu disorders as 
is the case of acidosis, alkalosis, or their combination (double or triple acid-base 
disorders). Acidosis is characterized by either a primary acid gain or alkali loss, 
while acidemia indicates an increased serum proton (H+) concentration (serum pH 
<7.36). On the contrary, alkalosis is characterized by either a primary acid loss or 
alkali gain, and alkalemia indicates a decreased serum H+ concentration (serum 
pH >7.44). In addition, acidosis is classified based on its inducing mechanism in 
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respiratory acidosis (carbon dioxide retention), normochloremic or high anion-
gap metabolic acidosis (bicarbonate conversion), and hyperchloremic or normal 
anion-gap metabolic acidosis (bicarbonate loss). Regarding alkalosis, it is usually 
classified based on its inducing mechanism in respiratory alkalosis (carbon dioxide 
high excretion) and metabolic alkalosis (bicarbonate gain) [66, 67].

Even though acid-base balance is remarkably well maintained in elderly people, 
who are generally able to maintain normal serum pH, bicarbonate, and carbon 
dioxide levels, aging-related renal tubular dysfunction (nephrogeriatric giant) and 
lung changes (senile lung) can contribute to easily induce acid-base disorders in the 
setting of different stressors [68] (Table 4.1).

In elderly patients the main cause of hyperchloremic (normal anion-gap) metabolic 
acidosis is bicarbonate loss through profuse diarrhea or renal tubule dysfunction 
induced by drugs (sparing potassium agents, ACEI, ARA, etc.), moderate renal 
damage (acute tubular necrosis, interstitial nephritis, etc.), and non-renal diseases 
which can induce tubular acidification disorders (adrenal insufficiency, etc.). 
Normal serum chlorine or high anion-gap metabolic acidosis has been documented 
in the elderly during severe renal failure (uremic acidosis), diabetic acidosis 
(ketoacidosis), and systemic inflammatory response syndrome mainly secondary 
to sepsis (hypoxic lactic acidosis: type A). Metabolic alkalosis can be induced by 
moderate volume contraction secondary to gastrointestinal (vomiting, diarrhea) or 
urinary losses (potent diuretics, polyuria, etc.). Moreover, respiratory compensation 
to metabolic acid-base disorders can be reduced. Finally, acute respiratory acidosis 
(<48  h) is usually documented secondary to central nervous system depression 
due to crane-encephalic trauma (falls) or benzodiazepines ingestion, while acute 
respiratory alkalosis (<48  h) is usually observed in hyperventilation secondary 
to sepsis. Finally, among the chronic respiratory disorders (>48 h), it deserves to 
be mentioned the chronic respiratory acidosis secondary to chronic obstructive 
pulmonary disease [66–70].

�Internal Milieu Disorders and Frailty

Geriatrics has described four entities of its own, confusional syndrome, incontinence 
(fecal and/or urinary), gait disorders, and immobility syndrome, naming these 
geriatric syndromes as the “geriatric giants” because of their high prevalence and 
great impact on the geriatric health. These geriatric giants can appear as acute 
events or as an exacerbation of their already existing state, being often the only 
clinical expression of various diseases such as pneumonia, urinary infection, cardiac 
infarction, etc. It is worth pointing out that if the previously mentioned diseases 
appear in young people, they suffer from symptoms such as fever, cough, dysuria, 
chest pain, etc., while when these diseases appear in old people, there could be a 
lack of those symptoms but the appearance of the geriatric giants. This situation 
has led to the misconception that illnesses in the elderly are oligosyntomatic when 
in fact their symptomatology is very rich (the symptoms are the geriatric giants) but 
different compared to the one presented in young people [37].
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In addition, as it was previously mentioned, aging process induces many changes 
in renal physiology which predispose old people to develop salt and water alterations 
(the nephrogeriatric giants). These changes consist of a reduction in GFR, diminution 
in water and sodium reabsorption, as well as in potassium secretion capability [1].

The geriatric syndromes (geriatric giants) and the aging-related renal function 
changes (nephrogeriatric giants) are clinical entities characteristic in the elderly that 
predispose and potentiate each other, leading to catastrophic events. For instance, an 
old person suffers from urinary sepsis, and because of that he develops a confusional 
syndrome. The accompanying fever causes him to lose water and also to reduce 
his water intake because of his confusion. Since old people have reduced water 
reabsorption ability, he develops severe dehydration and hypernatremia that worsen 
his confusional state leading to a catastrophic clinical event. This case represents 
an example of a geriatric giant (confusional syndrome) that is worsened by a 
nephrogeriatric giant (reduced water reabsorption capacity) [37] (Fig. 4.1).

Additionally, a nephrogeriatric giant can potentiate a geriatric giant leading to 
a catastrophic clinical event. For instance: an old person under the effect of very 
hot weather loses water (sweating), and since old people suffer primary hypodipsia 
and they have low salt and water reabsorption capacity, this patient develops 
hypotension that causes dizziness, altered gait and finally fall. This situation 
worsens his salt and water intake (water access restriction) leading him further 
to a severe volume contraction and acute renal failure. This is an example of a 

Confusional
Syndrome 

(GG)

No access to
water  

Dehydration

Medulla
Hypotonicity

Reduced water
reabsorption

capability

(NG)

Hypernatremia

Fig. 4.1  Interdependence 
between geriatric giant (GG) 
and nephrogeriatric giant 
(NG)
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nephrogeriatric giant (reduced water intake and reabsorption) which is worsened 
by a geriatric giant (fall) [37].

Both cases described above are an example of what is named the feed-back 
between geriatric syndromes. The roots of this phenomenon are in the aging process, 
since it consists of loss of complexity. An organism is a system that is constituted 
by other small ones (cardiovascular, respiratory, etc.) which are named microsystem 
since they conform a bigger one: the organism or macrosystem. Then, complexity 
means all these microsystems working harmoniously. An organism functions due 
to coordination among their multiple microsystems. This coordination of systems 
or complexity makes the organism flexible and capable to overcome environmental 
changes. The senescence process weakens these microsystems and their coordination 
between them undermining complexity and making the person frail. They function 
normally under basal conditions, but they cannot handle extreme environmental 
changes, and therefore an otherwise insignificant event such as a hot weather or a 
urinary tract infection can lead old people to severe compromise or death [37, 70, 
71] (Fig. 4.1).

�Conclusion

Elderly individuals, and particularly those who are frail, are predisposed to 
suffer from different water, electrolyte, and acid-base disorders (sometimes with 
opposing effects), since these aged individuals are usually exposed to infectious, 
inflammatory, oncological, and pharmacological variables in a setting of an 
undermined homeostatic capability.
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5Hypertension in the Elderly

Ahmed H. Abdelhafiz, Rachel Marshall, Joseph Kavanagh, 
and Meguid El Nahas

�Introduction

Globally, hypertension is the most prevalent cardiovascular risk factor increasing 
the risk of MACE [1]. In fact, it is likely that the majority of both CKD and cogni-
tive dysfunction in older people are the reflection of underlying age-related vascular 
pathology [2]. Hypertension increases the risk of cardiovascular mortality and is 
responsible for about seven to eight million deaths worldwide every year [3]. The 
prevalence of hypertension increases with age and older people are likely to sig-
nificantly benefit from BP reduction due to their high baseline cardiovascular risk 
[4]. However, older people are a functionally heterogeneous group ranging from a 
fit older person living independently in the community to a fully dependent frail 
individual residing in a care home. The concept of hypertension in older people 
does not differentiate between these groups. Moreover, with octogenarians becom-
ing the fastest growing age group in our population [5], we can anticipate a signifi-
cant rise in the prevalence of complex comorbid, frail, cognitively impaired patients 
rendering management of hypertension in this age group challenging. This chapter 
reviews the management challenges of hypertension in this rapidly growing and 
diverse sector of the population.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-18711-8_5&domain=pdf
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�Pathogenesis

The pathogenesis of hypertension in old age is not very clear. In addition to the 
well-established primary and secondary causes of hypertension in the general popu-
lation, stiffness and increased arterial wall thickness appear to play an increasing 
role with age. The aorta and large arteries have elastic properties that make them 
act as distensible tubes that transform the pulsatile cardiac strokes into a continu-
ous stable blood flow to the peripheral circulation. With increasing age, there is a 
progressive loss of these elastic properties leading to increased vascular stiffness. 
This promotes the early return of reflected waves from the peripheral circulation 
amplifying the systolic, reducing the diastolic and widening the pulse pressures [6]. 
Systolic hypertension with a wide pulse pressure is characteristic of hypertension in 
the elderly. Factors associated with these vascular changes are likely to be genetic, 
inflammatory or neurohumoral early life events, exacerbated by exposure to smok-
ing, high sodium intake or being sedentary and obese (Fig. 5.1). Utero-placental 
insufficiency or impaired lactation may have an adverse effect on the elastic prop-
erties of large arteries in later life [7]. It has also been postulated that birth weight 
and/or subsequent faster catch up growth for those born small for gestational age 
(SGA) may be a contributing factor for hypertension in older age. It has been argued 
that SGA may be associated with oligomeganephronia (reduced number of larger 
nephrons), that in turn may predispose to hypertension later in life. Aging itself 
is associated with alterations in a number of neuroendocrine pathways that pre-
dispose to hypertension including increased renin–angiotensin–aldosterone system 
(RAAS) and sympathetic nervous system (SNS) activities. Increased age-related 
inflammatory response leads to further vascular endothelial dysfunction and arterial 
stiffness [8], which is exacerbated by the reduced age-related nitric oxide bioavail-
ability that alters the balance between vasodilation and vasoconstriction in favour of 
vasoconstriction, thus increasing vascular resistance and increasing BP [9]. Obesity 
is another factor that increases haemodynamic load on the aorta, induces chronic 
inflammation and increases the risk of metabolic syndrome and diabetes that pro-
mote arterial stiffness and vascular aging [10]. Of note, most of the older individu-
als have an age-related reduction in renal function that may contribute to water and 
salt retention and hypertension. Finally, sleep disturbances, due to a wide variety of 
pathology, are common with advanced age, and both sleep deprivation and obstruc-
tive sleep apnoea are associated with hypertension [11]. Undoubtedly, hypertension 
in older age is pathophysiologically complex and warrants targeted treatment.

�Epidemiology

Hypertension occurs in about one billion people worldwide [11]. Framingham 
Heart Study data suggest at the age of 80  years, the lifetime risk of developing 
hypertension is 93% for men and 91% for women who were free of hypertension at 
the age of 55 years [12]. In Western countries, hypertension affects around 50% of 
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community-dwelling older people (≥65 years of age), but in the low- and middle-
income countries, the prevalence is higher reaching up to 78% [13, 14]. The preva-
lence of hypertension increases with increasing age affecting up to 75% of older 
people (>75 years) in the US [15, 16]. There are some gender differences in the 
prevalence of hypertension with more men affected than women under the age of 

• Utero-placental
insufficiency  

• Impaired
lactation 

• SGA

Early life

• Lymphocyte
infiltration of
vascular walls  

• Tissue injury

Inflammatory

• Increased SNS
activity 

• Increased
RAAS* activity 

• Decreased Nitric
Oxide 

Neurohumoral

Ageing

Endothelial dysfunction

Arterial stiffness

Hypertension

Unhealthy life style

Fig. 5.1  Pathogenesis of hypertension in older people. RAAS (Renin Angiotensin Aldosterone 
System), SNS (Sympathetic Nervous System), SGA (born small for gestational age). Interaction 
between early life factors and aging-related inflammatory and neurohumoral changes is exacerbated 
by unhealthy lifestyle factors such as obesity and metabolic syndrome that lead to arterial wall 
stiffness and the development of hypertension
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45 years, both genders equally affected between the ages of 45 and 64 years and 
more women affected than men above the age of 65 years [17]. Ageing, sedentary 
lifestyle, obesity and increased dietary salt appear to be the main driving forces 
for the increasing prevalence of hypertension in both developing and developed 
countries.

�Definition and Classification

Hypertension is generally defined as a systolic blood pressure ≥140 mmHg or 
a diastolic blood pressure ≥90  mmHg based on ≥3 measurements at ≥2 vis-
its to a medical practitioner [18]. Intriguingly, the definition of hypertension 
remains the same across all age groups, despite major and progressive changes 
in blood pressure with age. The severity of hypertension is classified into grades 
according to the task force statement of the European Society of Cardiology 
and the European Society of hypertension (ESC/ESH) or stages according to the 
Joint statement of the American Society of Hypertension and the International 
Society of Hypertension (ASH/ISH) [18, 19]. Recently, with the emergence of 
new evidence supporting the benefits of lower BP levels on cardiovascular and 
all-cause mortality, the American Heart Association (AHA) and the American 
College of Cardiology (ACC) have redefined hypertension at a lower level of 
BP>130/80  mmHg and the severity classification has been adjusted accord-
ingly as detailed in Table 5.1 [20]. This has not been adopted by the American 
Academy of Family Physicians (AAFP), who felt that such a recommendation 
was not fully validated or justified. AAFP questioned the potential intellectual 
bias of investigators who were to a large extent involved in the clinical trials 
leading to such recommendations [21]. The lower target recommended by AHA/
ACC was based on the emergence of new evidence from the cardioprotective 
effects of lower BP derived from the Systolic Blood Pressure Intervention Trial 
(SPRINT). However, on a careful appraisal of these results, intensive BP reduc-
tion actually failed to impact on MACE [22]. The observed benefit on overall 
cardiovascular and all-cause mortality seemed to be solely due to the impact of 
optimisation of antihypertensive therapy in heart failure.

Table 5.1  Classifications of hypertension

2014-ASH/ISH [15] 2017-ACC/AHA [17]
Category BP (mmHg) Category BP (mmHg)
Normal <120/80 Normal <120/80
Pre-hypertension 120–139/80–89 Elevated BP <120–129/80
Hypertension ≥140/90 Hypertension ≥130/80
Stage 1 140–159/90–99 Stage 1 130–139/80–89
Stage 2 ≥160/100 Stage 2 >140/90
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�Types of Hypertension in Old Age

Definitions of common types of hypertension in older people are summarised in Box 
5.1. Isolated systolic hypertension (BP≥140/<90  mmHg) accounts for 60–80% of 
hypertension, the prevalence of which increases with age and is the most important 
determinant of cardiovascular risk in older people [23]. This has led some to advocate 
the use of systolic BP recording as the sole diagnostic and therapeutic marker of hyper-
tension in older people [24]. White coat hypertension (high office but normal home 
BP) is common the prevalence of which can reach up to 72% of clinic BP readings 
[25]. Masked hypertension is the opposite of white coat hypertension (normal office but 
high home BP) and is associated with increased cardiovascular risk [26]. Both white 
coat and masked hypertension are best diagnosed with ambulatory BP monitoring. 
Resistant hypertension (BP uncontrollable on ≥3 antihypertensive medications includ-
ing a diuretic) may be due to poor compliance with antihypertensive medications, con-
comitant use of medications that increase BP such as non-steroidal anti-inflammatory 
drugs or due to a secondary untreated cause of hypertension [27]. Pseudohypertension 
(high BP due to non-collapsing sclerotic arteries to cuff pressure) should be suspected 
in patients apparently having resistant hypertension but have no evidence of end-organ 
damage. It is best diagnosed by intra-arterial BP monitoring [28]. Orthostatic hypoten-
sion (BP drop by >20/10 mmHg within 3 minutes standing) is common affecting up to 
20% of older people and is likely to be due to autonomic dysfunction, diminished baro-
receptor sensitivity and reduced compensatory heart rate response to postural changes 
[29]. Nocturnal hypertension occurs when BP fails to physiologically drop (non-dipper 
patients) by 10–20% at night and is associated with end-organ damage. It often precedes 
the detection of daytime hypertension. Nocturnal hypotension occurs when BP drops by 
≥20% at night increasing the risk of cerebral hypoperfusion (Box 5.1) [30].

Box 5.1 Common Types of Hypertension in Older People

Type Definition
Isolated systolic 
hypertension

SBP≥140 mmHg with a DBP<90 mmHg

White coat hypertension High office but normal home BP
Masked hypertension Normal office but high home BP
Resistant hypertension Failure of BP control on ≥3 antihypertensive medications 

including a diuretic
Pseudohypertension Falsely high SBP due to sclerotic arteries that do not 

collapse with the cuff pressure
Orthostatic hypotension A drop of >20 mmHg (SBP) or >10 mmHg (DBP) within 

3 minutes of standing up
Nocturnal hypertension BP does not physiologically drop by 10–20% at night 

(non-dippers)
Nocturnal hypotension BP drops ≥20% at night (dippers)

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure
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�Diagnosis of Hypertension in Old Age

Measurement of BP in a resting and relaxed condition (empty bladder with no smok-
ing, caffeine or exercise within 30 minutes of measurements) is required in order to 
diagnose hypertension. The cuff size should be adequate for mid-arm circumference. 
Measurements in both arms and the use of the higher reading with an average of two 
to three measurements taken on two to three separate occasions will minimise errors 
and provide a more accurate estimate [20]. Due to the variability of hypertension in 
older people, as described above, ambulatory BP readings may be required. Essential 
hypertension is the most common cause of hypertension but secondary causes should 
be screened for in patients with hypertension refractory to multiple drug therapy or in 
patients who lack a family history of hypertension (Box 5.2). It is important to note 
that due to the high prevalence of isolated systolic hypertension in the elderly, it is 
often appropriate to diagnose and treat hypertension based on systolic readings alone 
due to their correlation with cardiovascular risk [24].

Box 5.2 Secondary Causes of Hypertension in Older People

Cause Clinical clues and initial screeninga

Renal disease
 � Renovascular Abdominal bruit, worsening serum creatinine by 

>30% after use of ACEI or ARB, one kidney 
smaller than the other by >1.5 cm on renal 
ultrasound

 � Renoparenchymatous Asymptomatic, impaired renal function, small 
kidneys on renal ultrasound, abnormal urine 
analysis

Adrenal disease
 � Hyperaldosteronism Persistent hypokalaemia, elevated aldosterone level
 � Hypercortisolism Cushingoid facies, persistent hypokalaemia, 

elevated serum cortisol
 � Pheochromocytoma Episodic sympathetic overactivity, elevated urinary 

metanephrines
Thyroid disease
 � Hypothyroidism Cold intolerance, constipation, bradycardia, high 

serum TSH and low serum thyroxine
 � Hyperthyroidism Heat intolerance, diarrhoea, constipation, low serum 

TSH and high serum thyroxine
Hyperparathyroidism Constipation, high serum calcium and PTH
Drugs
 � Non-steroidal anti-

inflammatory, steroids and 
alcohol

Medication history

aACEI angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blockers, TSH 
thyroid-stimulating hormone, PTH parathyroid hormone
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�Management of Hypertension in Old Age

Blood pressure control is essential to reduce the risk of cardiovascular events, 
mortality and slow decline in renal function. Management should begin with life-
style modifications or non-pharmacological interventions. Such interventions may 
be the only treatments required in milder forms of hypertension. If BP targets are 
not achieved, the addition of pharmacological therapy should be considered. The 
threshold at which BP should be treated as recommended by the guidelines has 
been set at an SBP level ≥150–160 mmHg [18, 19]. It remains unclear whether 
older patients with mild hypertension (SBP >140 but <159  mmHg) will benefit 
from hypertension treatment. In 2002, the Prospective Studies Collaboration meta-
analysis of 61 cohort studies between 1950 and 1990 has demonstrated a linear rela-
tionship between BP and mortality from ischaemic heart disease and stroke down to 
a BP of 115/75 mmHg in participants 40–89 years of age [31].

�Recommended BP Targets

The European Society of Hypertension and the European Society of Cardiology 
recommend that older people with a systolic BP ≥160 mmHg should be treated 
to a level of 140–150  mmHg [19]. The American Society of Hypertension and 
the International Society of Hypertension recommend that older people aged 
≥60 years with BP ≥150/90 mmHg should be treated to a blood pressure goal of 
<150/90 mmHg initially and if tolerated a systolic BP <140 mmHg [18]. However, 
recently the AHA and the ACC has set a new unified lower target at <130/80 mmHg 
for patients with various comorbidities such as diabetes, stroke, heart failure and 
CKD with or without albuminuria [20]. These guidelines, however, fail to differ-
entiate between healthy older adults, frail older adults or those with significant 
comorbidities. Treatment decisions are generally left to the discretion of the treating 
physician based on the patient’s response to treatment.

�Lower BP Targets

As discussed above, recent evidence has shown that lower targets are more cardio-
protective than those previously recommended by the guidelines. Results from the 
SPRINT study showed that treating to a SBP target of <120 mmHg compared with 
an SBP target <140 mmHg resulted in significantly lower rates of fatal and nonfa-
tal major cardiovascular events (hazard ratio [HR] 0.66, 95% confidence interval 
[CI]0.51–0.85) and death from any cause in older people (≥75 years) (HR 0.67, 
95%CI 0.49–0.91). These outcomes, however, were confined to an isolated benefi-
cial effect on heart failure. The incidence of hypotension, acute kidney injury and 
CKD was higher in the intensive BP control arm of the study. Furthermore, the rate 
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of progression of those with CKD was faster at lower BP levels. The exploratory 
analysis suggested that the benefit of intensive BP control was consistent among 
persons of the same age who were also frail or had reduced gait speed. However, 
this study did not enrol older people with diabetes, stroke, heart failure, demen-
tia, limited life expectancy of <3 years, unintentional weight loss (>10% of body 
weight during the preceding 6 months) or those residing in nursing homes [22]. 
The exclusion of patients with such comorbidities is likely to represent a significant 
proportion of frail older adults. Individuals with these conditions may not benefit 
from such intensive BP reduction and may be at increased risk of adverse events. 
In a recent meta-analysis of 123 trials including 613,815 participants to investigate 
whether the benefits of BP reduction will differ by baseline BP levels, presence of 
comorbidities or by drug class, relative risk reductions were proportional to the 
magnitude of the blood pressure reductions down to <130 mmHg. BP reduction 
was significantly protective in individuals with a history of cardiovascular disease, 
coronary heart disease, stroke and heart failure with BP reductions demonstrating 
a modest benefit in individuals with diabetes or CKD. Every 10 mmHg reduction 
in SBP significantly reduced the risk of major cardiovascular disease events (rel-
ative risk [RR] 0·80, 95% CI 0·77–0·83), coronary heart disease (RR 0·83, 95% 
CI 0·78–0·88), stroke (RR0·73, 95% CI 0·68–0·77), and heart failure (RR0·72, 
95% CI 0·67–0·78). This led to an overall 13% reduction in all-cause mortality 
(RR0·87,95% CI 0·84–0·91) [32]. In an updated meta-analysis of 19 trials includ-
ing 44,989 participants, intensive BP lowering to a mean of 133/76 mmHg resulted 
in a reduction of major cardiovascular events (RR 14%, 95% CI 4–22%), myo-
cardial infarction (RR13% 95% CI 0–24%), stroke (RR 22%, 95% CI10–32%), 
albuminuria (RR10%, 95% CI 3–16%) and retinopathy progression (RR19%, 95% 
CI 0–34%) compared with a mean BP of 140/81 mm Hg. However, there was no 
reduction of heart failure, cardiovascular death, total mortality or end-stage kidney 
disease. Whilst these analyses may have been strongly influenced by the inclusion 
of the SPRINT data, they suggest that there may be additional benefits from more 
intensive blood pressure lowering <140 mmHg in high-risk individuals. However, 
serious adverse events associated with intensive compared to less intensive BP low-
ering were high (1.2% v 0.9%, RR 1.35, 95% CI 0.93–1.97) [33] which included 
BP reduction-associated compromise of renal function. This in itself mitigates any 
potential benefit of aggressive BP management in older people with deteriorating 
renal function being associated with increased risk of cardiovascular morbidity and 
mortality.

�Suggested BP Targets for Old Age

Due to the heterogeneity of older people, one BP target will not fit all. To achieve 
tight BP targets, the use of multiple antihypertensive medications will likely be 
required which will increase the treatment burden and the prevalence of side effects. 
It is best to base BP targets on the overall function, biological age and life expectancy 
taking into consideration patients’ choice and putting the quality of life at the heart 
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of care plans. In the dependent patients group, focus is on quality of life rather than 
on cardiovascular risk reduction. Therefore, individualised targets based on the net 
balance between cardiovascular risk reduction and the treatment burden as well as 
the quality of life should be considered for each patient. We suggest that older people 
could be viewed in three functional categories with different targets ranging from 
tighter BP control in the fit person to a more relaxed approach in the frail individual. 
Targets should not only be individualised but also be dynamic in order to follow the 
changing functional state of patients as they go through the aging process (Fig. 5.2).

�Therapeutic Strategies

�Non-pharmacologic BP Reduction Therapy

Non-pharmacological BP reduction interventions such as regular exercise, weight 
reduction in obese individuals, low sodium diet, low alcohol consumption and 
smoking cessation constitute a part of successful BP control in all patients [34]. 
Physical activity and fitness have been shown to be associated with lower mor-
tality in older men with hypertension. In a Veterans Affairs prospective study of 
2153 older men (mean age 75 years), who underwent routine and peak exercise 
tolerance testing, estimated in metabolic equivalents (METs), mortality risk was 
11% lower (HR 0.89; 95% CI 0.86–0.93, [P < 0.001]) for every 1-MET increase in 

Independent

Independently living in
community.
Mild comorbidities.

<130/80 mmHg

Partially dependent

Assissted living in
community.
Moderated
comorbidities. 

<140/90 mmHg

Dependent

Care home resident.
Severe comorbidities.
Limited life expectancy.

<150/90 mmHg

Fig. 5.2  Suggested BP targets based on patient’s function. In the independent patients, there is 
evidence of extra cardiovascular benefits of lower BP <130/80 mmHg if well tolerated. In the 
partially dependent patients the competing comorbidities may increase the side effects of antihy-
pertensive medications therefore, more tolerated higher targets are reasonable. In the dependent 
patients with limited life expectancy, the risks of side effects are higher especially injurious falls 
and fractures and the focus should be on the maintenance of quality of life rather than reducing 
cardiovascular risk
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exercise capacity. Mortality risk improved proportionally to the level of fitness and 
was 48% lower for the most fit compared to the least fit individuals (HR 0.52, 95% 
CI 0.39–0.69, [P < 0.001]) [35]. In a systematic review, low sodium intake (<2 g/
day) has resulted in a reduction of SBP by 3.47 mmHg (95% CI 0.76–6.18) and dia-
stolic blood pressure (DBP) by 1.81 mmHg (95% CI 0.54–3.08) with no significant 
adverse effect on blood lipids, catecholamine levels or renal function compared to 
higher sodium intake (≥2  g/day). There were insufficient randomised controlled 
trials to assess the effects of reduced sodium intake on mortality and morbidity, but 
increased sodium intake was associated with an increased risk of stroke (RR 1.24, 
95% CI 1.08–1.43), stroke mortality (RR1.63, 95% CI 1.27–2.10) and mortality 
associated with coronary heart disease (RR1.32, 95% CI 1.13–1.53) [36]. Smoking 
is another cardiovascular risk factor and whilst smoking cessation may not have a 
direct effect on BP reduction it will reduce the overall risk of cardiovascular events. 
In fact, smoking was one of the major determinants of cardiovascular mortality in 
the INTERSALT study [37].

�Pharmacologic BP Reduction Therapy

The process of lowering BP, rather than the pharmacological agent used to lower 
BP, appears to be the main driver of cardiovascular risk reduction. In the collabora-
tive meta-analysis of randomised trials, BP reduction reduced major cardiovascular 
events (stroke, myocardial infarction, heart failure, or cardiovascular death) and 
all-cause mortality irrespective of renal function or the antihypertensive drug class 
used [38]. Another meta-analysis has also shown equal effects of all drug classes 
in cardiovascular risk reduction [39]. However, some drug classes may have a pref-
erential protective effect in different clinical situations. In a network meta-analysis 
of randomised controlled trials investigating BP-lowering agents in patients with 
diabetes and CKD, end-stage renal disease (ESRD) was significantly reduced by 
dual angiotensin-converting enzyme inhibitors (ACEI) and angiotensin receptor 
blockers (ARB) (OR 0.62, 95% CI 0.43–0·90) or ARB monotherapy (OR0.77, 95% 
CI 0.65–0.92). This benefit was independent of the BP-lowering effect and was 
recorded mainly in patients with type 2 diabetes mellitus and overt albuminuria. 
However, combined ACEI and ARB treatment increased the risk of acute kidney 
injury (AKI) and hyperkalaemia (OR 2.69, 95% CI 0.98–7.38 and OR2.69, 95% 
CI 0.97–7.47, respectively) [40]. Therefore, the efficacy of the dual blockade of the 
RAAS should be balanced with its safety, specifically in older patients who may 
depend on angiotensin II to maintain their glomerular filtration in the face of com-
promised renal blood flow, renovascular disease and ischemic nephropathy. It has 
been suggested that 1 year of dual ACEI and ARB treatment for 1000 patients with 
diabetes and CKD will prevent 3 cases of ESRD and regress 90 cases of albumin-
uria, but it will also lead to an extra 38 cases of AKI and 65 cases of hyperkalaemia 
[40]. This was initially shown in the ONTARGET (Ongoing Telmisartan Alone and 
in combination with Ramipril Global Endpoint Trial) trial which examined indi-
viduals at high cardiovascular or diabetes risk where dual blockade proved harmful; 
with increased risk of hypotensive symptoms (4.8% vs.1.7%, [P < 0.001]), syncope 
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(0.3% vs. 0.2%, [P = 0.03]), and renal dysfunction (13.5% vs. 10.2%, [P < 0.001]) 
[41]. In this study, the decline in CKD was faster in patients on dual RAAS block-
ade compared to those on either Ramipril or Telmisartan alone. These data have 
casted serious doubt and concern on dual RAAS blockade in individuals at high car-
diovascular risk including the elderly. A retrospective analysis showed the prescrip-
tion and use of RAAS inhibitors correlated best in the elderly with hospitalisation 
for AKI [42]. It has also been shown in a recent meta-analysis that calcium channel 
blockers and diuretics were superior to other drugs for the prevention of stroke and 
heart failure, respectively, whilst β-blockers were inferior to other drugs for the pre-
vention of major cardiovascular disease events, stroke and renal failure [32].

�Antihypertensive Agents in Old Age

The choice of antihypertensive class in old age should be influenced by individual 
comorbidity and the vulnerability of this group of the population to various side effects.

Diuretics  Thiazide or loop diuretics are often necessary and well tolerated for 
those with volume overload or heart failure and have been shown to reduce 
cardiovascular morbidity and mortality in a number of studies. However, there is a 
significant risk of orthostatic hypotension, electrolyte imbalance and AKI, especially 
in states of volume depletion, so caution should be used in those at risk of dehydration 
or falls unless needed to control volume overload.

Calcium Channel Blockers (CCB)  Dihydropyridines (such as amlodipine) are 
generally well tolerated, effective and safe in patients with renal dysfunction and 
variable oral intake making them probably the safest antihypertensives in the elderly 
and therefore the first choice if there is not an additional indication for an ACEI/
ARB or diuretic [43]. Care should be taken in patients with chronic constipation or 
urinary problems (overactive bladder or outflow obstruction) due to constipating 
side effects. They can cause or worsen lower limb oedema and further impair those 
with poor mobility and chronic oedema or venous insufficiency. This side effect is 
however common to all vasodilators due to their effect on water and salt retention 
and can potentially be countered by increased diuretic therapy.

ACEI and ARB  Drugs blocking RAAS offer significant prognostic benefit in those 
with ischemic heart disease, heart failure, diabetes with proteinuria and CKD [44]. 
Caution should be used in those with unreliable oral intake, previous or recurrent 
AKI and in older patients with advanced CKD. Dual treatment with ACEI and ARB 
significantly increases the risk of AKI and hyperkalaemia as well as accelerates the 
progression of established CKD [41]. Consider advising patients to omit ACEI/ARB 
if they become acutely unwell in order to reduce AKI risk (so-called sick day rules).

Beta-Blockers  This class of antihypertensive are generally not very effective at 
lowering BP but may be used for a dual effect in ischemic heart disease, heart 
failure and atrial fibrillation or as an additive agent in resistant hypertension. Care 

5  Hypertension in the Elderly



74

should be taken in those with depression, fatigue and cognitive impairment due to 
exacerbating side effects. Beta-blockers can worsen lower degrees of heart block, 
which are common in the elderly, leading to bradycardia and cardiogenic syncope. 
Caution should be applied with beta-blockers which are renally excreted as a 
significant proportion of older individuals have reduced glomerular filtration rate.

Aldosterone Antagonists  Such agents can augment diuretic therapy and offer prog-
nostic benefit in heart failure but will increase the risk of hyperkalaemia, dehydra-
tion and AKI, so avoid in those with variable oral intake.

Alpha-Blockers  Drugs such as doxazosin can be useful in those with significant 
renal impairment or as an additional agent in resistant hypertension. This class has 
variable tolerance in the elderly due to vasodilating effects resulting in orthostatic 
hypotension. However, doxazosin can reduce polypharmacy in certain circumstances 
such as benign prostatic hypertrophy by replacing other alpha-blockers (e.g. 
tamsulosin) for a dual effect.

Centrally Acting Agents  Drugs such as Moxonidine can be used in patients with 
significant renal impairment or intolerance to other drugs but are best avoided in 
those with cognitive impairment due to central nervous system side effects. It can 
also exacerbate lower degrees of heart block and cause dry mouth and dizziness. 
Similar side effects can be attributed to other centrally acting antihypertensive 
agents such as methyldopa.

Vasodilators  Drugs such as nitrates, hydralazine and nicorandil are generally 
reserved for use in co-existing heart failure or ischemic heart disease rather than as 
an isolated antihypertensive. They are likely to significantly worsen orthostatic 
hypotension due to vasodilating effects. As mentioned above, vasodilators are often 
associated with water and salt retention leading to peripheral oedema. This is not 
necessarily an indication to stop these agents if they are deemed beneficial but 
instead an indication to adjust and optimise the associated diuretic therapy. 
Advantages and disadvantages of individual antihypertensive medications in older 
people are summarised in Table 5.2.

�Special Considerations for Antihypertensive Management 
in Older People

Older people are functionally heterogeneous and BP goals should be individualised 
and aimed at overall risk reduction based on patients’ functional level, biological 
age and life expectancy rather than focused on a specific single target (Box 5.3). 
Common clinical conditions, which may require a more relaxed BP target, should 
be considered when treating hypertension in older people.
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Table 5.2  Advantage and disadvantage of antihypertensive medications in older people

Category Advantage Disadvantage
Diuretics (thiazides and loop 
diuretics)

Cardioprotective Hyponatremia
Well tolerated Hypokalaemia
Effective in systolic 
hypertension

Hyperuricaemia and gout

First choice in reducing 
exacerbation of heart failure

Glucose intolerance
Dehydration
Aggravation of urinary 
incontinence

Calcium channel blockers Cardioprotective Peripheral oedema
Well tolerated Negative inotropic effects
Effective in systolic 
hypertension

Headache

Useful in atrial fibrillation Dizziness
First choice in reducing 
stroke incidence

Bradycardia
Constipation

Angiotensin-Converting Enzyme 
Inhibitors (ACEI) and 
Angiotensin Receptor Blockers 
(ARB)

Effective in patients with: Chronic cough (ACEI)
 � Heart failure Hyperkalaemia
 � Myocardial infarction Acute kidney injury (AKI)
 � Left ventricular 

hypertrophy
Accelerates CKD

 � Diabetes Contraindicated in patients 
with bilateral renal artery 
stenosis

 � Chronic kidney disease Angioedema
 � Proteinuria Combined ACEI and ARB 

increases incidence of AKI 
and hyperkalaemia

 � Combination of ACEI and 
ARBs may delay the 
progression to ESRD

β-blockers Effective in patients with: Inferior to other drugs
 � Heart failure Bradycardia
 � Myocardial infarction Hyperlipidaemia
 � Left ventricular 

hypertrophy
Glucose intolerance

 � Angina pectoris Bronchospasm
 � Atrial fibrillation Fatigue

Depression
Nightmares
Confusion

Other agents:
 � Renin inhibitors Effective Hyperkalaemia and AKI
 � Aldosterone antagonists Suitable for patients with 

heart failure
Hyperkalaemia and 
gynaecomastia

 � Centrally acting agents, 
vasodilators and α-blockers

Suitable in patients with 
renal impairment

Dizziness, fatigue, orthostatic 
hypotension, confusion, dry 
mouth and syncope

CKD chronic kidney disease
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Box 5.3 Considerations in Older People

Category Consideration
Frailty Frailty may have a U-shaped relation with cardiac outcomes

Low BP could be related to malnutrition and comorbidities
BP should not be lowered to <140/90 mmHg

Falls Intensity of antihypertensive medications increases falls risk
History of falls increases the risk of further falls
All antihypertensive classes increase risk of falls
Falls risk is highest shortly (30–45 days) after initiation of 
medications

Dementia Significantly shortened life expectancy should be considered 
before deciding on preventative treatments
Midlife hypertension is associated with increased risk of 
late-life dementia
Relation between treated hypertension and incidence dementia 
is inconsistent
Treating hypertension in patients with established dementia does 
not improve cognition
SBP should not be lowered to <130 mmHg as it may contribute 
to more rapid cognitive decline

Systolic 
predominance

Systolic hypertension is related to increased arterial stiffness
Systolic hypertension increases the risk of cardiovascular events 
and progression of kidney disease
Current antihypertensive medications have limited effect on 
arterial stiffness
When treating systolic hypertension, DBP should not be reduced 
to <70 mmHg to maintain coronary perfusion

Orthostatic 
hypotension

Found in up to a third of those over 75
Associated with increased coronary heart disease and mortality
More frequent in those with uncontrolled hypertension
Decision on treating hypertension with orthostatic hypotension 
should be based on overall risk and patient symptoms
Giving antihypertensives at night may exacerbate falls risk

Comorbidity and 
polypharmacy

A third of adults over 85 will have four or more comorbidities
Overall burden of pathology, including subclinical, effects 
outcomes
Those with comorbidity are often excluded from studies
Prevalence of older people taking ≥3 antihypertensives is 
increasing
Older people may be taking concomitant medications that 
increase BP such as non-steroidal anti-inflammatory drugs
Polypharmacy may be associated with non-adherence but 
regular medications review, rationalisation and education may 
improve this

SBP systolic blood pressure, DBP diastolic blood pressure
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Frailty  The recent analysis of hypertension in the very elderly trial (HYVT) has 
shown that adjustment for frailty did not affect the benefit driven from antihypertensive 
treatment which may suggest that frailty is not a contraindication to treat older 
people (≥80 years) to a target BP of 150/80 mmHg. However, the population in the 
HYVT study was relatively healthier than the general population with a low 
prevalence of cognitive dysfunction [median (IQR) Mini-Mental State Examination 
26.0 (22–28)]. The study also excluded those with major comorbidities such as 
stroke, heart failure and renal impairment who are likely to be frail [45]. Frailty may 
modify the relationship between BP and cardiovascular outcome. Whilst the meta-
analysis of the prospective studies collaboration reported a linear relationship 
between BP reduction and cardiovascular outcome [34], prospective observational 
studies have shown an attenuated or even inverse association between BP and 
cardiovascular outcome in the very old (>75 years old) [46–50]. The explanation of 
this U-shaped phenomenon could be due to the presence of frailty as a confounding 
factor. Low BP in frail older people could be an expression of malnutrition, heart 
failure and other comorbidities that are associated with poor prognosis rather than 
being a direct consequence of antihypertensive therapy. The National Health and 
Nutrition Examination Survey (NHANES) has shown that in participants with faster 
walking speed, elevated SBP (>140 mm Hg) was associated with increased mortality, 
whilst among those with slower walking speed who are likely to be frail, the 
association was inverted. These results support the concept that frailty may modify 
the relationship between BP reduction and prognosis and suggest that overall 
individual function or biological age should be the determining factor in setting 
individualised BP targets [51]. It may also suggest that frailty is a useful surrogate 
marker of underlying comorbidities, the cardiovascular fitness of older individuals 
and consequently their tolerance for lower BP targets.

Falls  Antihypertensive medications are associated with an increased risk of recur-
rent injurious falls. In a nationally representative sample of older people with mul-
tiple comorbidities moderate-intensity and high-intensity antihypertensive 
medication use (based on the standardised daily dose for each antihypertensive 
medication class) were associated with experiencing a serious fall injury (HR1.40 
95% CI 1.03–1.90 and HR1.28 95% CI 0.91–1.80 respectively) compared with non-
users. People who had experienced a fall with associated injury in the prior year 
have more than double the risk for subsequent serious fall injury (HR 2.31 95% CI 
1.01–5.29 high-intensity antihypertensive group). No particular antihypertensive 
class was associated with the risk of fall injuries [52]. Therefore, the potential harms 
versus benefits of antihypertensive medications should be weighed in deciding 
whether to continue antihypertensive therapy in older people with multiple comor-
bidities, frailty and a history of previous falls. An Australian prospective study also 
demonstrated that higher doses of antihypertensive medications are independently 
associated with increased risk of falls in older people. In the 409 participants, mean 
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age 72 years, higher daily defined dose (DDD) of antihypertensive drugs was inde-
pendently associated with greater risk of falls (RR 1.07, 95% CI 1.02–1.11 
[P = 0.004]) with a 48% greater risk in those with a DDD of >3 (RR1.48, 95% CI 
1.06–2.08, [P = 0.02]) [53]. Therefore, risk and preventive strategies for falls should 
be discussed with patients when commencing or increasing antihypertensive ther-
apy. It has been shown that the risk of falls is highest shortly after initiation of anti-
hypertensive medications. A cohort study has demonstrated a significant increase in 
hospitalisations for falls and hip fractures after 30 days of initiation of antihyperten-
sive medications, and this has also been observed in another study that reported an 
increased risk of falls after 45 days of antihypertensive treatment initiation [54, 55]. 
Falls in the elderly are associated with increased morbidity and mortality [56].

Dementia  It is a progressive, terminal and highly debilitating disease. In 2016 
dementia was the leading recorded cause of death in the UK (12.0% of all deaths); 
contributing more than ischemic heart disease (11.0%) and cerebrovascular disease 
(6.2%) [57, 58]. Dementia has a median survival time of 6.7 years if diagnosed at 
age 60–69 falling to 1.9 years if diagnosed at >90 years with an adjusted relative 
mortality risk of 3.68 (95% CI 3.44–3.94) in the 1st year after diagnosis [59]. This 
reduced life expectancy is highly relevant in determining the appropriateness of all 
preventive management, including the management of hypertension, but should be 
taken in the context of overall function rather than purely based on mild cognitive 
dysfunction or early dementia. Hypertension itself is associated with an increased 
risk of dementia [60]. Certainly, pooled analysis suggests that midlife hypertension 
is associated with a 60% increased risk of dementia in later life although the effects 
of late-life hypertension on cognition are less clear [61, 62]. Reduction in the 
incidence of dementia through treatment of hypertension has been demonstrated in 
some studies [63–65], but not others [66, 67]. In patients with established dementia, 
the benefits of treating hypertension are also unclear. It has been shown in a 
systematic review that treating hypertension in older people with concomitant 
dementia may confer some cardiovascular benefits but have no impact on cognitive 
function [68]. Patients with dementia are likely to be frail and have multiple 
comorbidities and the harm associated with lowering BP such as falls and fractures 
may outweigh the benefits in cardiovascular risk reduction in the context of such a 
life-limiting illness. In fact, some studies have suggested that lower BP levels may 
contribute to more rapid cognitive functional decline and worsening of dementia 
particularly in those ≥75 years of age [69, 70]. In the Milan Geriatrics study, higher 
SBP values were related to lower mortality among individuals aged ≥75 years who 
had an impaired Mini-Mental State Examination (<25 points) or activity of daily 
living score (<6 points) [71]. In another prospective study, low daytime SBP 
(<128 mmHg) was independently associated with a greater progression of cognitive 
decline in older patients with dementia and mild cognitive impairment who were 
treated with antihypertensive medications compared to those who were not on 
treatment. This suggests that a daytime SBP of 130–145 mmHg should be the most 
appropriate therapeutic target in these patients [72]. In patients with dementia, as in 
those with global frailty, maintaining adequate organ perfusion with a higher BP 
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may be the main consideration rather than the intensive BP reduction of younger 
individuals with well-perfused organs and adequate vascular and organ perfusion 
autoregulation.

Systolic Predominance  With increasing age, SBP begins to rise whilst DBP begins 
to plateau or decline [73]. These age-related changes, largely due to increased 
arterial stiffness, lead to increased pulse pressure and the predominance of systolic 
hypertension in older people. This is in contrast to younger people in whom 
hypertension is largely determined by increased peripheral arterial resistance. 
Systolic hypertension represents a major risk factor for cardiovascular and stroke 
events as well as CKD progression. The National Health and Nutrition Examination 
Survey (NHANES III, 1988–1991) has shown that <20% of hypertensive older 
individuals (>60 years of age) had an elevated DBP and this proportion declined 
steadily with the progression of age [74]. Systolic hypertension is largely due to 
increased arterial stiffness however, current antihypertensive medications work 
mainly by reducing peripheral vascular resistance with little effect on arterial 
stiffness making it difficult to control BP in older people. Increasing intensity of 
antihypertensive medications to reduce SBP may unduly reduce DBP compromising 
coronary artery filling and increasing the risk of cardiac events. In patients with 
systolic hypertension, DBP should not be reduced to levels <60  mmHg, or 
<65 mmHg in patients with known coronary artery disease or <70 mmHg in patients 
>80  years of age [75]. Therefore, a novel therapeutic approach is needed to 
specifically lower SBP, rather than DBP, by addressing arterial stiffness.

Orthostatic Hypotension  Significant orthostatic hypotension, generally defined as a 
drop in systolic BP of ≥20 mmHg or diastolic BP of ≥10 mmHg at 1 or 3 minutes 
after standing, is common and was found in 34% of people 75 years or older in one 
population-based cohort study. The incidence increases for those on causative drugs 
(such as antihypertensives, sedatives and antidepressants) and multiple medications 
(regardless of their mechanisms), in residential care or with associated neurological 
conditions such as Parkinson’s disease or autonomic neuropathies [76, 77]. 
Orthostatic hypotension is also a feature of the autonomic neuropathy that affects 
many older patients with CKD.  Orthostatic hypotension itself has been linked to 
significantly increased risk of coronary heart disease (HR 1.35, 95% CI 1.08–1.57) 
and all-cause mortality (HR 1.22, 95% CI 1.09–1.36) although interestingly 
asymptomatic orthostatic hypotension has not been conclusively linked to falls risk 
[78]. Treatment of co-existing supine hypertension and orthostatic hypotension is a 
challenge for physicians and no consensus or significant data currently exists to 
guide treatment thresholds and targets. Pharmacological treatments for hypertension 
will reduce both supine and orthostatic BP and pharmacological treatments of 
orthostatic hypotension will increase both orthostatic and supine BP.  In one 
prospective population-based study, the incidence of orthostatic hypotension was 
actually highest in those with uncontrolled hypertension (19%) compared to those 
with controlled hypertension (5%) and those without hypertension (2%) [78]. Such 
data can suggest that a general autonomic degenerative process underlies this 
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condition and that the presence of asymptomatic orthostatic hypotension, in the 
absence of symptomatic orthostatic presyncope, postural instability or falls, should 
not necessarily prevent treatment of supine hypertension. Diurnal variations normally 
lead to the lowest BP at night and an associated increased natriuresis. Older people 
have a higher incidence of insomnia which can be exacerbated by conditions such as 
overactive bladder [11]. As such, the practice of giving antihypertensive agents just 
before going to sleep, which is currently recommended for younger patients in order 
to control night-time hypertension and to prevent orthostatic hypotension in the day 
time, may actually worsen the risk of nocturnal orthostatic hypotension and falls and 
should be used with caution in the elderly hypertensive. Adequate control of supine 
hypertension may actually improve orthostatic hypotension but patients should be 
closely observed for adverse effects such as presyncope and falls.

Comorbidity and Polypharmacy  Patients naturally accumulate comorbidity with 
increased age, and population studies have previously suggested 31.4% of those 
over 85 years will have four or more chronic conditions [79]. Furthermore, there is 
likely to be the development of subclinical pathology in various organ systems, even 
in the absence of overt disease, which still contributes to a negative health outcome 
[80, 81]. Whilst frailty syndromes and specific conditions in the elderly are dis-
cussed separately, the accumulated burden of pathology, even subclinical, should be 
considered as part of a holistic assessment of the complex older patient. This burden 
of disease may shorten expected life span to the point where preventative cardiovas-
cular treatment offers little benefit, or alternatively an accumulation of cardiovascu-
lar risk factors and MACE may suggest a more aggressive treatment strategy is 
appropriate. Whilst there is increasing research in patients in older age, those with 
multiple comorbidities are still often excluded from these data, such as in the 
SPRINT study [22]. As such there is a lack of consensus on the treatment of hyper-
tension in those with extensive comorbidity, and individualised patient care plans 
are needed. In the US, the proportion of older people (≥80 years) taking ≥3 classes 
of antihypertensive medications has increased from 7% in 1988 to 30.9% in 2010 
[16]. In 1127 care home residents ≥80 years old (mean age 87.6 years), participants 
with low SBP (<130 mmHg) and receiving ≥2 antihypertensive medications had a 
higher risk of mortality (HR, 1.78, 95% CI 1.34–2.37 [P < 0.001]) compared with 
other participants [82]. The findings of this study question the safety of using com-
bination antihypertensive therapy in frail elderly patients with low SBP 
(<130 mmHg). Older people may also be taking regular medications that increase 
BP such as non-steroidal anti-inflammatory drugs, decongestants or glucocorticoids 
that may make BP control more challenging often resulting in a vicious circle of 
increased polypharmacy. Polypharmacy may also result in less medication adher-
ence which is related to a greater perception of illness burden and loss of trust in 
medications [83]. Regular medication review and rationalisation, reducing 
medications that have hypertensive effects and educational programs may help 
reduce polypharmacy and improve adherence to BP treatment [84].
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�Conclusions

Older people are a heterogeneous group of individuals with varying degrees of 
comorbidity and functional level. Recent guidelines have suggested tighter BP con-
trol <130/80  mmHg which may offer more cardioprotective effects than relaxed 
targets. However, indiscriminate application of these guidelines may lead to over-
treatment and polypharmacy, causing potential harm in older age groups especially 
in those with physical or cognitive functional disabilities and frailty. Therefore, 
management of hypertension in older people should be individualised consider-
ing tighter control in the biologically fit individuals and relaxed targets in the frail 
persons taking into consideration the overall patients’ functional level, their prefer-
ences and putting their quality of life at the heart of care plans.

Key Points

•	 Prevalence of hypertension increases as the population ages.
•	 Tight targets suggested by recent guidelines may not be applicable to every 

individual.
•	 Targets and goals of therapy should be based on overall patients’ functional level 

rather than age.
•	 Quality of BP control rather than quantity should be the primary objective in the 

older patient.
•	 Personalised treatment of hypertension is of utmost importance in older hyper-

tensive individuals.
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6Urinary Tract Infections in the Elderly

Chrysoula Pipili and Eirini Grapsa

�Epidemiology

Urinary tract infections (UTIs) are traditionally the most common type of infec-
tion in the elderly leading to impaired quality of life and increased morbidity and 
mortality (28-day mortality of 5%) [1–3]. Epidemiology of UTI varies between 
different settings, gender, season, and adults older than 85 years old. UTI is the 
first cause of infection among community dwellers and the second cause of infec-
tion among nursing home residents and hospitalized subjects [4–6]. In the oldest 
old and in women, the annual incidence is higher than men, ranging from 0.07 to 
0.13 in women older than 85 in comparison to men in whom the incidence ranges 
from 0.05 per person-year to 0.08 in men aged 85 and older [7–9]. Interestingly, 
seasonal fluctuations of UTIs were noticed in individuals younger than 70 years in 
the UK. There was found an autumnal peak which faded progressively with the age 
until it disappears in adults older than 85, in whom UTIs were most common infec-
tion [10]. As the population ages, the prevalence of UTI in older adults is expected 
to grow, necessitating diagnostic, therapeutic, and preventive amelioration in order 
to improve the well-being of older adults.

�Risk Factors

Healthy urinary tract is not a sterile environment but is colonized by a set of micro-
organisms which change throughout the time based on environmental and behav-
ioral situations. Anatomical and physiologic changes caused by aging such as 
reduced innate immunity, general debility, malnutrition, and increase in residual 
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urine volume are the main specific features predisposing elderly to UTI. A number 
of coexisting chronic illnesses, foreign bodies (stone, catheter, prosthetic devices), 
polypharmacy, abnormalities of the renal tract (e.g., tumors, surgery, fistulae) 
and in renal function, and reduced self-hygiene result in more severe disease and 
challenges in therapeutic practice [11, 12]. All neurological conditions leading to 
incomplete bladder emptying such as Parkinson disease, Alzheimer’s disease, and 
cerebrovascular disease are highly associated with UTIs [13, 14].

In community-dwelling elderly, the history of UTI is the strongest risk factor for 
UTI followed by diabetes mellitus, urinary incontinence, poor glycemic control, 
short-term and long-term urinary catheterization, and less frequent hematogenous 
spread from non-urinary source of bacteremia [15]. Decreased mobility also pre-
disposes to UTI as increases the risk of hospitalization [16]. Elderly residing in 
nursing home facilities are more likely to have asymptomatic bacteriuria, due to 
higher incidence of cognitive and/or urinary and/or fecal impairment, use of cathe-
ters, and greater exposure to nosocomial pathogens leading to antibiotic-multiresis-
tant pyelonephritis [13, 14, 17, 18]. Furthermore, hospital UTIs are more common 
among females and patients in rehabilitation, on immunosuppression, with acute 
urine retention or post-void residual urine and antecedents of UTI in the previous 
6 months [19].

Older women are additionally susceptible to UTI because they do not have 
the protective estrogen effect in vaginal flora—since this hormone promotes the 
genitourinary acid pH by favoring the local colonization with protective lactoba-
cilli. Besides, these patients are more likely to develop cystocele compared to their 
younger counterparts [15]. Moreover, sexual activity with no permanent partner 
along with the genetic background continues to be a contributing factor to symp-
tomatic and recurrent UTI, even in the elderly [20–22]. Moore et al. found that the 
risk for UTI 2  days after intercourse increases almost 3.5 times in women aged 
55–75 years old, while Nicolle et al. documented that the risk is extended within a 
2-week period after sexual activity [20, 23]. In men, the prostatic hypertrophy and 
the urethral stricture can induce urinary obstruction. This phenomenon leads to uri-
nary retention which promotes high post-void residual (bacteria reservoir), resulting 
in frequent UTIs relapses [12, 24]. Indeed, post-void residual greater than 180 ml are 
associated with bacteriuria in older men but not in postmenopausal women [23, 25]. 
Additionally, chronic bacterial prostatitis should be always a differential diagnosis 
in men as the presenting complains may be similar to recurrent UTI. Ultimately, 
renal transplant recipients are predisposed to UTIs especially the first-trimester post 
kidney transplantation. Female gender and surprisingly male kidney allografts are 
associated with higher occurrence of post-transplant UTIs [26].

�Microbiology

Escherichia coli (E. coli) is the most commonly identified organism causing both 
cystitis and pyelonephritis in geriatric population dwelling either in community 
or in long-term care facilities. Nevertheless, E. coli cultures are found in lower 
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percentage compared with the younger counterparts. Additionally, non-E. coli 
uropathogens (Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus faeca-
lis) are also found in urine cultures in this population [27–32]. Simultaneously, 
Pseudomonas aeruginosa, vancomycin-resistant enterococci, and Candida are 
highly documented in urine cultures of hospitalized patients [33]. P. mirabilis and 
E. faecalis are isolated in urine more often in men than women [34]. Furthermore, 
the majority of urinary cultures show a steady rise of resistant uropathogens that 
prompt toward the use of broader empiric antibiotic therapy [6]. The prevalence of 
extended-spectrum beta-lactamase (ESBL)-producing E. coli is 27% in community 
and is associated with hospital admission [35]. Interestingly, UTI secondary to non-
typhoidal Salmonella without concomitant gastroenteritis has been identified in the 
geriatric population, being related to urologic malignancies [36].

Finally, Fagan et al. pointed out that separate recommendations should be con-
sidered for men and women in regards to empiric antimicrobial treatment as they 
noticed gender differences in resistance rates. In men, E. coli showed frequently 
high resistance to ciprofloxacin, tetracyclines, and sulphonamides and Klebsiella 
pneumoniae and P. mirabilis to mecillinam, whereas in women, E. coli was highly 
resistant to trimethoprim [37, 38].

Patients with chronically placed catheters present some remarkable unique 
microbial features [41–44]:

	1.	 Biofilm-associated organisms which most of them are urease-producing bacte-
rial species (e.g., P. mirabilis, Morganella morganii, Providencia stuartii, and K. 
pneumoniae). By hydrolyzing urea, they increase the urine pH and therefore 
predispose to urinary stone formation and catheter obstruction [39, 40].

	2.	 Polymicrobial urine cultures, where the pathogens usually found, vary among 
the subsequent urine cultures. Conversely, a single microorganism is typically 
cultured in patients with short-term catheterization.

	3.	 Yeasts in urine cultures, usually Candida species (13–32% of cultures).

�Definitions

The clinical spectrum of UTIs in the elderly ranges from asymptomatic bacteriuria, 
symptomatic uncomplicated or complicated UTI (benign cystitis to pyelonephritis), 
recurrent UTIs, to sepsis associated with UTI requiring hospitalization. The defini-
tion of common terms includes:

�Asymptomatic Bacteriuria (ASB)

Positive urine cultures (bacteria or yeasts) are growing at least 105 colony-forming 
units/ml in the absence of symptoms or signs of UTI. For men, one urine sample 
is adequate, while for women two consecutive samples are required which would 
grow no more than two pathogen species, and no urinary catheter would have been 
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inserted within the last 7 days (after first urine culture) [45]. ASB is observed in 
almost all patients with urine catheters, in 50% of hospitalized patients, in nursing 
home residents, and in 16–50% in geriatric women [45, 46]. Increasing age and 
female gender are the strongest predictors for asymptomatic bacteriuria. Patients 
with diabetes mellitus have also increased incidence of asymptomatic bacteriuria, 
often containing fungi, associated with poor glycemic control and neurogenic blad-
der [47]. Data indicate that 16 percentage (16%) evolve to symptomatic UTI [11, 
45].

It is worth mentioning that when ASB combined with chronic urinary inconti-
nence is difficult to be differentiated from symptomatic UTI. Generally, it does not 
require any treatment, and the repeated use of antibiotics should be avoided as it 
might promote antibiotic resistance and recurrent infections, Clostridium difficile, 
or noninfectious diarrhea, nausea, cachexia, and worsening of renal function [11, 
15, 45, 48]. In particular, patients with diabetes mellitus, institutionalized patients, 
renal transplant recipients, patients prior to joint replacement, or patients with 
recurrent urinary tract infections have no additional benefit of ASB treatment [48]. 
However, preemptive antibiotics should be applied for patients with ASB who are 
undergoing invasive urologic procedures with a high risk of bleeding into urinary 
tract, such as transurethral prostate resection. Antibiotic treatment before procedure 
prevents symptomatic disease and sepsis post procedure, compared to no prophy-
lactic treatment [46, 48].

�Symptomatic UTI

No universally accepted definitions for symptomatic UTI in elderly exist [49–51]. 
Typically, it is determined by the presence of at least two of the following criteria 
[6]: fever (>37.9 °C), new or worsening incontinence, voiding urgency, suprapubic 
tenderness, costovertebral tenderness or any pain not explained by other diagnoses, 
pyuria (defined as more than ten white blood cells (WBC)/μL per high-power field 
of unspun urine or more than four per high-power field × 400 to a sediment cen-
trifuged urine), and bacteriuria (defined as more than 105 colony-forming units/ml 
with no more than two species of microorganisms).

•	 Uncomplicated UTI: symptomatic UTI in a normal genitourinary tract with no 
prior instrumentation.

•	 Complicated UTI: Symptomatic UTI in patients with [52]:
	1.	 Urine retention due to (a) functional abnormalities such as ureteric reflux; (b) 

structural abnormalities such as obstruction of the urethra, cystocele, urethral 
stricture, prostatic hypertrophy, stones, tumors, and cancers; (c) neurological 
conditions such as brain or spinal cord infections or injuries, diabetes, stroke, 
multiple sclerosis, pelvic injury, or trauma; and (d) weakened bladder muscle, 
progressing with the aging.

	2.	 Antecedents of urinary instrumentation (urethral or suprapubic catheter, stent, 
nephrostomy tube) or systemic disease, renal insufficiency, renal 

C. Pipili and E. Grapsa



91

transplantation, polycystic kidneys, and immunocompromised (systemic 
steroid, HIV infection).

UTIs in elderly men need special consideration and should be managed as compli-
cated due to potential prostate source [52].

�Catheter-Associated (CA) Bacteriuria/UTI

The definition for CA bacteriuria is the same with ASB, and similarly treatment is 
not recommended. Bacteriuria occurs almost universally after 3–4 days of catheter 
insertion [53]. CA UTI is observed when the urine of a symptomatic UTI patient, 
with no other source of infection, grows more than 103 CFU/ml with of more than 
a single uropathogen. The same criteria should be applied to symptomatic patients 
who had their catheter removed 48 h before the urine sample was collected [54]. In 
case of recently placed catheter, a count of more than 102 CFU/ML is adequate for 
the diagnosis of UTI. Furthermore, women who continue to present CA bacteriuria 
despite catheter removal before more than 48 h should be considered for treatment 
[23]. Bacteremia could be a potential complication of CA bacteriuria in 40% of 
gram-negative bacteremia in nursing home residents [55]. It has been observed that 
in-and-out catheter procedure for bladder emptying and/or sample obtaining carries 
a small risk of infection (around 1%) and is well tolerated by patients [11].

�Recurrent UTI

It is defined as more than three symptomatic UTIs within a year or more than two 
UTIs within 6 months. It may correspond to a reinfection, which is a new uropatho-
gen or a previously isolated strain, or a relapse, which means a persistent infection 
with the same uropathogen even after adequate therapy. Generally, reinfection is 
responsible for the majority (75%) of recurrent UTIs which are usually observed in 
the outpatient setting and are associated with increased ambulatory visits, increased 
therapeutic and prophylactic antibiotic use, anxiety, and demoralization [23, 56, 
57]. Epidemiologically, women with genetic predisposition and diabetes mellitus 
are even more affected by recurrent UTIs [21, 22].

�Diagnostic Considerations in Geriatric Population

The common diagnostic urinary dilemmas in elder population refer to atypical pre-
sentation of infection, nursing home residents, chronic urine catheter, fever, and 
delirium. The notions and proportion cited in this passage are based on expert opin-
ions and guidelines recommendations [45, 49, 55, 58].

Evaluation of urine is a crucial step in establishing a diagnosis of UTI. In general, 
the detection of nitrite and leucocyte esterase in urine dipstick has a high predictive 
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value of UTI, but it is not enough to diagnose it, compared to the sensitivities for 
nitrite (25%) and leucocyte esterase (75–96%) [59, 60]. Conversely, a negative urine 
dipstick is enough to rule out a urinary cause of infection as both leucocyte ester-
ase test and nitrite test have a very high specificity, which is about 94–98% and 
92–100%, respectively [59, 60]. Interestingly, recent literature demonstrated dipstick 
sensitivity of 97% in the geriatric population; however, since there are multiple diffi-
culties (e.g., miscommunication, dementia, and difficult to obtain clean catch urine), 
urine culture should be obtained when UTI suspicion is high in this group [61].

In addition, combined point-of-care test (POCT) for urine culture and suscepti-
bility testing was not found to improve the UTI diagnosis or the appropriate anti-
biotic prescription for patients with suspected uncomplicated UTI [62]. Nitrite in 
urine means gram-negative bacteriuria but could be absent if the causing patho-
gen is Pseudomonas, Staphylococcus, or Streptococcus [6, 59], and it could show 
false positive in dilute urine [11]. Furthermore, false-negative leucocyte esterase in 
urine may be observed when glucose, ketones, albumin, and certain antibiotics (e.g., 
doxycycline, gentamycin, and cephalexin) are present, while false-positive results 
(“sterile pyuria”) could be observed on vaginal contamination, chronic interstitial 
nephritis, nephrolithiasis, uroepithelial tumors, tuberculosis, and sexually transmit-
ted disease and when meropenem, imipenem, and clavulanic acid are present in 
urine [6, 11, 63].

When there are UTI-specific symptoms, such as fever, acute painful urination 
(dysuria), new or worsening urinary incontinence, frequent suprapubic or costoverte-
bral angle pain or tenderness, and positive urine sample for pyuria and/or bacteriuria 
(>105 CFU/ml), empiric treatment should be started undeniably. Later, the antibiotic 
treatment should be adjusted based on the culture result. However, the cutoff point 
of bacteriuria should be lowered to >103 in patients harboring E. coli and in male 
patients with Klebsiella species and E. faecalis and symptoms of UTI, such as posi-
tive nitrite or leucocyte esterase dipstick, voiding urgency or dysuria [64].

Patients with atypical urinary symptoms and signs, such as vague changes in 
habitual mental status (confusion, lethargy, disorganized speech, disparate percep-
tion) and in urine characteristics (malodorous, dark-colored urine), with no localiz-
ing symptoms and sign, should be observed for at least 24–48 h providing supportive 
and symptomatic management. These actions consist of providing an adequate 
oral or intravenous hydration, topical vaginal estrogen in women with history of 
recurrent UTI, stopping medication which cause urinary retention (antihistamines, 
anticholinergics/antispasmodics, tricyclic antidepressants, decongestants, opioid 
analgesics, nonsteroidal anti-inflammatory drugs), or dehydration (diuretics, etc.) 
[45, 51]. If the patient is clinically well and his/her symptoms are mild, the evalua-
tion and treatment can be delayed until culture results are available. Sufficient data 
have demonstrated recovery in 25–50% of women presenting UTI symptoms with-
out antibiotics within a week showing no adverse outcomes [65, 66]. Nonetheless, 
frail elderly patients with persistent altered mental status and urine changes (as the 
frequency and the color) should be assessed for UTI in case of newly confirmed 
pyuria without bacteriuria and treated with short-term antibiotics. Acute delirium 
is frequent in the elderly, and many experts interpreted it as UTI except there are 
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evidence against it [45, 65, 66]. However, delirium includes many predisposing 
(dehydration, polypharmacy, constipation, alcohol excess, surgery) and precipitat-
ing factors (general anesthesia, malnutrition, benzodiazepine withdrawal) which 
should be considered prior checking urinalysis and culture [67].

Great challenges and controversies complicate the diagnosis of UTI among nurs-
ing home residents with or without chronic catheterization. Debilitating conditions 
such as urinary incontinence, cognitive impairment, advanced age with limited 
mobility, extensive comorbidities, and multiple indwelling catheters are far more 
prevalent among institutionalized elder population [37, 68].

In view of that, manifestations of infection are non-specific; hence, difficult to 
interpret and cooperation for clinical examination and urine sample collection is 
problematic. Pyrexia in patients with indwelling catheters is not indicative of UTI, 
and other sources of infection should be ruled out first [69]. Signs of sepsis imply 
absolutely UTI among this elderly category, and ideally catheter should be removed 
with culture obtained from a newly inserted catheter before administering antibiot-
ics [54, 69, 70].

Literature review revealed that symptomatic patients with urinary catheters 
should be treated with antimicrobials when low-level bacteriuria, CA-associated 
bacteriuria/UTI, pyrexia (axillary temperature >37.9 °C or 1.5 °C above baseline 
temperature), costovertebral tenderness without obvious cause, or new onset delir-
ium are detected [49]. In nursing home residents without indwelling catheter, the 
assessment for detecting UTI is required when:

	1.	 They start having fever or leukocytosis plus a new or a worsening urinary symp-
tom or signs (urgency, frequency, incontinence, gross hematuria, costovertebral/
suprapubic pain/tenderness) or

	2.	 They start suffering from dysuria plus gross hematuria or change in mental 
status [51].

Special treatment is recommended for geriatric men. Urine testing (urinalysis plus 
culture) is necessary when they have urinary symptoms or acute pain/tenderness of 
the testes, epididymis, or prostate [51, 69]. If some of the previous manifestations are 
present, differential diagnosis with prostatitis, epididymitis, and chlamydial infection is 
required. In this case, the presence of fever implies a complicated UTI.

It is worth to be mentioned that fever response to serious infection may be 
blunted or absent in 20–30% of the elderly population. In this sense, antipyretic 
or anti-inflammatory medications should be continuously reviewed since they can 
mask an early infectious process [6, 71].

�Treatment

The proper antibiotic selection and the UTI treatment duration should be based on 
guidelines, gender, local pathogens resistance patterns, and severity of the infection 
(cystitis, pyelonephritis, complicated, uncomplicated, worsening sepsis). In men, 
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the duration of antimicrobial treatment is often extended for a 7–14-day course. 
Additional considerations focused on the aged population are evaluation of base-
line well-being, comorbidities, living location (community, institutionalized), and 
chronic catheter insertion. The threshold for hospitalization in the elderly is low 
as general clinical decompensation comes easier in the context of hemodynamic 
instability, antibacterial intolerance or no response, and inability to cope in the 
community.

Overall, urologic evaluation is mandatory once there is suspicion of obstruc-
tion or intrarenal abscess and failure of antibacterial response after 72 h treatment. 
Furthermore, patients on warfarin who commenced on antibiotic need warfarin dose 
modification. This could be performed either by testing INR a week after antibiotic 
initiation or preemptively decreasing warfarin dose by 15–20% when antibiotics are 
introduced [72, 73].

Interestingly, Mody and Juthani-Mehta do not recommend to obtain urinalysis 
or culture after antimicrobial therapy due to the high incidence of transient and 
recurrent bacteriuria in the elderly. Instead of that, they suggest to evaluate clinical 
response only based on general status and symptoms improvement [45].

�Prophylaxis

The majority of prevention schemes applied in younger adults have been extrap-
olated to the elderly population. Long-term antibiotic prophylaxis and postcoital 
antibiotic prophylaxis for women who have UTI associated with sexual intercourse 
carry on to be the most commonly used prevention strategies. However, as the 
risk of antibacterial resistance expands, alternative measures including cranberry, 
D-mannose extracts, methenamine salts, and topical estrogen have been applied. 
Unfortunately, the natural products have not been found to limit recurrent infections 
associated with urinary catheters, and as most natural supplements pharmacoki-
netic studies are still required to demonstrate its potency, dosing, and active ingredi-
ent patterns. Future novel preventive approaches that have scientific basis and are 
underway are Lactobacillus probiotics and vaccines, made from combinations of 
dead uropathogenic strains delivered by injection or by vaginal suppository [74].

�Cranberry Supplements

Even though the cranberry effect in reducing the recurrent UTIs is not verified in 
young patients with or without urinary catheter, the studies are very favorable in 
the elderly population [6, 68, 75, 76]. Cranberry effect depends on its ingredient 
proanthocyanidin which interrupts E. coli adhesion to bladder epithelium [77, 78]. 
The optimal cranberry dose is not clear yet, and most of the studies have used doses 
ranging from 100 to 500 mg of cranberry juice or concentrated capsules provided 
once daily. Due to potential extent of warfarin action, cranberry extract is not rec-
ommended for patients on warfarin [79].
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�D-mannose

This is a pineapple extract which hampers bacterial adherence to the uroepithelium 
by blocking FimH adhesion, which is positioned at the tip of the type 1 fimbria of 
enteric bacteria [80]. Preclinical data support its favorable effect in the UTI preven-
tion, but similar to the cranberries, there is no consensus at which dose and schedule 
should be commenced [81].

The D-mannose powder used in the randomized controlled study of Kranjčec 
et al. demonstrated equal prophylactic effect to nitrofurantoin [82]. However, the 
participants were only 100; hence, more studies are necessary to confirm this 
result.

The effect of methylamine salt (hippurate or mandelate) in UTI prevention has 
already been known for a long time [6, 81, 84]. In the elderly, this beneficial effect 
is certified by few studies applying mainly methenamine hippurate [6, 84, 85]. 
This dose may be adjusted depending on the urine pH, targeting a urine ph < 6. 
Methylamine can be associated with minor gastrointestinal tract adverse effects and 
is contraindicated in patients suffering from severe renal and/or hepatic failure and 
severe dehydration or who are receiving urine-alkalinizing drugs [6, 83–85].

�Vaginally Applied Estrogens

Topical vaginal estrogens prevent infection by reparation of the normal vaginal flora 
and promoting a local acid pH [68, 86]. Conversely, oral estrogens have not dem-
onstrated any similar effect and should not be used for preventing bacteriuria in 
women [87].

�Catheter: Related UTIs

Urinary catheters should be placed when they are absolutely indicated and removed 
as soon as possible. An aseptic technique and the smallest possible catheter caliber 
helps to minimize the risk of infection.

In parallel, the use of all condom/silver-coated/hydrophilic-coated/chlorhexidine-
coated urethral catheter and intermittent catheterization are associated with infection 
and bacteriuria reduction [23, 39, 54, 88]. Prophylactic antibiotics do not minimize 
CA infection, nor the time of catheter removal or replacement, even it can lead to 
select resistant microorganisms [54, 88–90].

�Conclusion

Urinary tract infections (UTIs) are the most common type of infection in the elderly. 
The most important risk factors are a number of coexisting chronic illnesses, for-
eign bodies (stone, catheter, prosthetic devices), polypharmacy, abnormalities of 
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the renal tract (e.g., tumors, surgery, fistulae) and in renal function, and reduced 
self-hygiene. Escherichia coli (E. coli) is the most commonly identified organism. 
The prevalence of UTI in older adults is expected to grow, necessitating diagnostic, 
therapeutic, and preventive amelioration in order to improve the well-being of older 
adults.
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7Glomerulopathies in the Elderly

Arunraj Navaratnarajah and Michelle Willicombe

�Introduction

Precise data on the prevalence of glomerular disease in the elderly is lacking as 
elderly patients have often been poorly represented in biopsy registries. In addi-
tion, interpretation of the available data is complicated by the differing age defini-
tions utilised by research groups worldwide, together with disparities in the ethnic 
predisposition associated with glomerular disease. The growing elderly population, 
together with the appreciation that directed therapy for glomerular disease in this 
age group may improve renal outcomes, is altering this paradigm.

In this chapter we describe how glomerular disease is diagnosed in the elderly, 
the common renal histopathological findings reported in elderly patients and the 
recognised management strategies reported in the literature.

�Diagnosing Glomerular Disease in the Elderly

�The Ageing Glomerulus

Even in healthy individuals, the glomerulus undergoes physiological changes asso-
ciated with ageing. A study performing renal histological evaluation of elderly 
living transplant donors with normal renal function demonstrated that there is a 
development of focal and global glomerulosclerosis associated with age [1]. As the 
percentage of sclerosed glomeruli increases with age, this in turn leads to a reduc-
tion in the number of functional glomeruli. These glomerular changes are often 
accompanied by other age-related changes including tubular atrophy, interstitial 
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fibrosis and arteriosclerosis [1, 2]. This physiological ageing is associated with a 
decline in glomerular filtration rate (GFR) which occurs at approximately 0.75 ml/
min/year [3]. The proportion of glomeruli with global sclerosis will increase in the 
presence of non-age related glomerular pathology, and this has been shown to be 
associated with a poorer renal prognosis.

�Renal Biopsies in the Elderly

In the correct clinical setting, as in young patients, the nature of glomerular pathol-
ogy needs to be diagnosed by renal biopsy, and age alone should not pose a contra-
indication. Complication rates following a renal biopsy are low, with no recognised 
increased risk in elderly patients [4]. A biopsy will not only allow diagnostic confir-
mation, it can also provide prognostic information guiding appropriate therapeutic 
interventions and there have now been many studies which have shown the benefit 
of biopsies in the elderly [5–14]. However, despite the low risk, consideration is 
also required as to the suitability of therapy guided by the differential diagnosis in 
the elderly, as relative contraindications to immunotherapy are higher in the old. 
Therefore, a renal biopsy should be offered to elderly patients with suspected glo-
merular pathology providing there are no contraindications to either the biopsy (e.g. 
coagulation abnormalities) or the treatment of the underlying disease process (e.g. 
immunotherapy).

Before a biopsy can be considered, there must be recognition that an underlying 
glomerular pathology may be present. This may be considered more challenging 
in the elderly population due to the physiological decline in glomerular filtration 
rate (GFR) with age, the increased prevalence of co-morbidities associated with 
CKD and proteinuria (e.g. hypertension and diabetes), the increased prevalence 
of albuminuria on urinalysis and increased susceptibility to AKI from intercurrent 
illnesses.

Acute kidney injury is common in hospitalised patients, and the incidence 
increases in elderly patients [15]. Epidemiological studies have shown that prerenal 
and acute tubular necrosis are the commonest cause of AKI [16]. Therefore, consid-
eration of glomerular disease in the context of AKI may be overlooked. Furthermore, 
in order to appropriately detect glomerular disease in patients, urinalysis is a pre-
requisite and this may not be universally performed in AKI cases believed to be 
related to prerenal causes [17]. Adjusting for the age-related physiological decline 
in GFR which occurs after the age of 40, glomerular disease in the elderly may 
present with preserved GFR and urinary abnormalities ranging from low grade pro-
teinuria with or without haematuria to nephrotic syndrome. However, it is important 
to highlight that elderly patients with nephrotic syndrome have a higher predispo-
sition to developing co-existing AKI compared with younger patients. Therefore, 
for all elderly patients, a thorough clinical history and examination, together with 
urinalysis, renal imaging and serological markers are vital to determine the correct 
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differential diagnosis and identify a subgroup of patients who require a renal biopsy 
for suspected glomerular disease.

�Consideration of Urinalysis Interpretation in the Elderly

�Proteinuria

Proteinuria is an important biomarker for glomerular disease. Albuminuria predicts 
ESRD, cardiovascular disease and death across all age groups. Whilst the prevalence 
of albuminuria increases with age, it has not been shown to occur as part of the natu-
ral ageing process, and interpretation of albuminuria needs careful consideration 
[1]. Firstly, scrutiny of the method used to detect and define the level of albumin-
uria is required. The spot urinary albumin:creatinine (UACR) and protein:creatinine 
(UPCR) ratios are proportional to the daily excretion of creatinine, which may be 
reduced in females and older patients with less muscle mass therefore leading to 
an overestimation of albuminuria [18]. Twenty-four hour urinary collections would 
be more accurate to evaluate the degree of albuminuria in older patients, although 
they are often impractical for most patients. Newer equations have been developed 
to calculate the estimated UACR and UPCR, which may provide a more practical 
and accurate estimation of albuminuria and proteinuria than previous methods in the 
elderly population [19]. The second consideration required in assessing glomerular 
proteinuria in older patients is the relevant contribution posed by co-morbidities. 
This is an important consideration when deciding on obtaining a renal biopsy. In 
these patients a biopsy may not change management, and the risks of the procedure 
although low, may outweigh any benefits. Diabetes represents one such challeng-
ing co-morbidity. The incidence of diabetes increases with age, and albuminuria is 
one of the earliest manifestations of diabetic nephropathy. It has been shown that a 
significant proportion of non-diabetic glomerular lesions may be found on biopsy 
of diabetic patients, who would otherwise have been denied tailored treatment [20]. 
However, extrapolation of these findings specifically to the elderly population has 
not been performed. Determination of which diabetic patients may benefit from 
biopsy remains a challenge across all age groups [21].

�Haematuria

Microscopic haematuria in conjunction with proteinuria is suggestive of glomerular 
disease. Both dysmorphic red blood cells (RBCs) and red cell casts are suggestive 
of glomerular pathology. Elderly patients presenting with isolated haematuria must 
have a urinary tract malignancy excluded. Isolated haematuria of glomerular origin, 
in the absence of dysfunction or proteinuria is likely to have a benign course in the 
elderly.
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�Serological Testing

Serological testing may aid with diagnosing the aetiology of an underlying glomerular 
disease in the elderly, which is particularly helpful in situations where a renal biopsy is 
contraindicated. Serological tests required will be determined by the clinical presenta-
tion and most likely differential. Pauci-immune glomerulonephritis (granulomatosis 
with polyangiitis and microscopic polyangiitis) is one of the commonest histologi-
cal diagnoses of glomerular disease found on renal biopsy in the elderly. Therefore, 
performing a serological ANCA screen (including MPO and PR3) in elderly patients 
with evidence of glomerular disease is important, especially in the setting of rap-
idly deteriorating function. Elderly patients with nephrotic syndrome are frequently 
found to have membranous glomerulonephritis and amyloidosis, with primary light 
chain amyloidosis the most common form of amyloid described. Therefore, testing 
for anti-phospholipase 2 receptor antibody (anti-PLA2R), screening serum and urine 
with protein electrophoresis and immunofixation together with serum for free light 
chains should be considered for all elderly patients with nephrotic syndrome. Other 
serological tests may also be justified when assessing elderly patients with evidence of 
glomerular disease and include serum complement, anti-GBM, ANA, dsDNA, cryo-
globulins, rheumatoid factor and virology screens. Appropriate additional screening 
will depend upon the clinical presentation. Although a positive serological test will 
be supportive of a diagnosis in most cases, a renal biopsy remains necessary for con-
firmation and to guide appropriate treatment. Figure 7.1 summarises an approach to 
diagnosing glomerular disease in elderly patients.

�Frequency of Presentation and Histological Findings in Renal 
Biopsies in the Elderly

A list of publications over the last 15 years which have analysed the indications 
and histological findings in renal biopsies performed in patients over the age of 65 
is summarised in Table 7.1. Acute kidney injury and nephrotic syndrome are the 
most commonly reported indications for biopsies in this age group. Nephrotic syn-
drome is the reported clinical presentation in approximately 1/3 of cases described 
in each biopsy series. The definition of AKI varies between series but often includes 
the clinical picture of a rapidly progressive glomerulonephritis. The most common 
histological diagnoses found in biopsies performed for nephrotic syndrome include 
membranous glomerulonephritis, amyloidosis (predominantly primary amyloid), 
FSGS and minimal change disease. When considering biopsies undertaken for 
all causes, similar diagnoses are seen, however there is a predominance of pauci-
immune glomerulonephritis. In the studies comparing biopsy findings in the elderly 
compared with a control group, there appears to be a lower proportion of biopsies 
with a diagnosis of secondary glomerulonephritides such as lupus, diabetes and sec-
ondary FSGS or minor glomerular abnormalities in the elderly population [6, 9, 10, 
13]. This may reflect the overall frequency in elderly patients (e.g. lupus) but may 
also reflect the higher threshold for performing biopsies in elderly patients.
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�Common Glomerular Diseases in the Elderly

�Membranous Glomerulonephritis

Membranous nephropathy is one of the commonest histological findings for biop-
sies performed for nephrotic syndrome in the elderly, and occurs more frequently in 
males. Membranous nephropathy may be primary (idiopathic) or secondary, and it 
is important to distinguish between the two as there are implications for treatment. 
Differentiating between the primary and secondary forms can be aided by history 
and examination, serology and to a lesser degree histological features.

Histopathological features of membranous nephropathy include normal glo-
merular cellularity, glomerular basement membrane thickening with subepithelial 

Elderly patient
Glomerular disease

Renal history Biopsy
contraindications

Nephrotic syndrome
AKI (Non-nephrotic

proteinuria
±haematuria)

CKD (Non-nephrotic
proteinuria

±haematuria)

Serological tests

Anti-PLA2R ANCA/GBM/C3,C4 HbA1c

Ig’s, serum & urine electrophoresis and immunofixation, SFLC

Consider others: ANA/dsDNA, Cryoglobulins, Viral: HIV, HepB&C

Biopsy

Box1 Box2 Box3

Membranous GN
Minimal Change

Amyloidosis
FSGS

Pauci-immune GN
Causes in Box 1&3

IgA
Post-infectious GN

MPGN

Causes in Box1 & 2
Hypertension

Diabetes
Secondary FSGS

Extrarenal
manifestations Co-morbidities

Fig. 7.1  Management of an 
elderly patient with suspected 
glomerular disease by 
presentation and likely 
diagnosis
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Table 7.1  Summary of the spectrum of glomerular disease from biopsy series in patients over the 
age of 65

Author Country Year

Number 
of 
biopsies 
(% 
overall 
series)

Age 
criteria

Indications 
for biopsy 
(%)

Glomerular 
diseases (in 
order of 
frequency)

Biopsy findings 
by nephrotic 
syndrome 
indication

Nair et ala US 2004 100 
(3.2)

>80 NS (33)
AKI (23)
ANS (20)

Crescentic GN
FSGS
MCD

Benign 
nephrosclerosis
MCD
FSGS

Nair et ala US 2004 413 
(4.6)

66–79 AKI (41)
NS (33)
ANS (12)

Crescentic GN
MGN
FSGS

Benign 
nephrosclerosis
MGN
DM

Verde et al Spain 2012 71 (0.4) >85 AKI (47)
NS (32)
CKD (13)

Amyloidosis
Crescentic GN
MGN

Amyloidosis
MGN
MCD

Pincon et al France 2010 150 (−) >70 AKI (31)
NS (30)
CKD (19)

Pauci-immune 
GN
MPGN
MGN

MCD
MPGN
MGN

Moutzouris 
et al

US 2009 235 
(3.1)

>80 AKI (46)
CKI (24)
NS (13.2)

Pauci-immune 
GN
FSGS 
(secondary)
Hypertensive 
nephrosclerosis

MGN
Amyloidosis
MCD

Rollino et al Italy 2014 131 
(11.1)

>75 – MGN
Crescentic GN
IgA

–

Yokoyama 
et ala

Japan 2012 276 
(2.7)

>80 NS (50.7)
CNS (17.4)
AKI (22.5)

‘Primary GN’ 
except IgA
Pauci-immune 
GN
Amyloidosis

MGN
MCD
Amyloid

Yokoyama 
et ala

Japan 2012 2802 
(27)

>65–79 NS (36.2)
CNS (31.0)
AKI (18.6)

MGN
Pauci-immune 
GN
IgA

MGN
MCD
DM

Brown et al Ireland 2012 236 (17) >65 AKI (31.8)
NS (25)
Proteinuria 
(7.6)

Pauci-immune 
GN
MGN
IgA

–

Perkowska-
Ptasinska 
et al

Poland 2016 352 
(13.7)

>65 Nephrotic 
proteinuria 
(55.6)
Non-
nephrotic 
proteinuria 
(39.6)

MGN
FSGS
Amyloid

MGN
FSGS
Amyloid

aReported from same study. NS nephrotic syndrome, AKI acute kidney injury, ANS acute nephritic 
syndrome, CNS chronic nephritic syndrome, CKI chronic progressive kidney injury, MCD minimal 
change disease, MGN membranous glomerulonephritis, GN glomerulonephritis, FSGS focal and 
segmental glomerulosclerosis, MPGN membranoproliferative glomerulonephritis
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immune complexes of IgG and complement deposition. On silver stain, the deposits 
may be detected by ‘holes’ early in the disease which may develop into ‘spikes’ at 
later stages. Granular capillary wall IgG ± C3 is visible on immunofluorescence, 
and extensive foot process effacement and subepithelial deposits are present on 
electron microscopy [22]. It has been reported that in primary membranous, IgG4 
deposition dominates, whilst in secondary membranous, the other Ig subclasses are 
more prominent [23].

A useful marker that points to idiopathic membranous nephropathy is the pres-
ence of circulating IgG4 antibodies to the M-type phospholipase A2 receptor [24]. 
The anti-PLA2R antibody may be seen in up to 70% of idiopathic membranous 
cases, and as well as aiding diagnosis, may provide a useful tool to monitor dis-
ease activity [25]. In the elderly, secondary causes of membranous nephropathy are 
more common, especially malignancies [26]. One study demonstrated advancing 
age as an independent risk factor for cancer associated membranous nephropathy. In 
this cohort, 10% of 240 patients with membranous nephropathy had an underlying 
malignancy. There was an age-related difference, and cancer was diagnosed in one 
in every four patients with membranous nephropathy over the age 65 compared with 
1 of every 50 patients under age 55 [27]. It is therefore important that appropriate 
investigations to exclude secondary malignancies are conducted. The commonest 
malignancies encountered with include lung and prostate. Other secondary causes 
of membranous though less likely include lupus, chronic hepatitis B, and drugs 
including non-steroidal anti-inflammatory agents.

Patients with membranous nephropathy usually present with nephrotic syn-
drome, and elderly patients usually have significantly worse function and co-
existing hypertension compared with their younger counterparts [26]. It is 
unknown whether the renal outcomes in membranous nephropathy are worse in 
the elderly, and if the natural history differs from younger patients. It is likely 
that increased malignancy-associated membranous and increased chronic his-
tological changes in this age group may impact on patient and renal survival, 
respectively.

In general, patients with membranous and non-nephrotic range proteinuria have 
a good prognosis, whilst approximately one third of patients with heavy protein-
uria will progress to end stage renal disease [28]. Although some patients will also 
undergo an unpredictable spontaneous remission, which complicates therapeutic 
decisions. Nevertheless, all patients should have their symptoms of nephrotic syn-
drome managed supportively, particularly in view of reducing the risk of associated 
complications [28, 29]. Oedema should be treated with diuretics and salt-restriction. 
Hypertension and proteinuria should be addressed with drugs modulating the renin-
angiotensin-aldosterone axis, i.e. angiotensin-converting enzyme inhibitors or 
angiotensin receptor blockers. Management of hyperlipidaemia with statin therapy 
aids cardiovascular risk reduction. Patients with membranous who have a low serum 
albumin (<25 g/l) are at increased risk of thrombosis, it is therefore recommended 
that these patients receive anti-coagulation therapy [29]. Besides supportive therapy, 
patients with secondary associations should have management focusing on treating 
the underlying cause. For elderly patients with primary membranous, it is impor-
tant to risk-stratify when tailoring therapy, especially considering potential adverse 
effects of treatments in this co-morbid group. In the elderly, immunosuppressive 
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therapy should be reserved for those at high risk of progression to ESRD, and bal-
anced against overall life expectancy.

Corticosteroids have shown no benefit above supportive therapy in the treatment of 
membranous nephropathy. It is therefore recommended that in selected cases, initial 
therapy with a 6-month course of an alkylating agent (cyclophosphamide) in combi-
nation with corticosteroids is used in cases where heavy proteinuria persist despite 
supportive therapy. Although this regimen has been shown to have superior outcomes 
compared with supportive treatment alone in the treatment of membranous glomeru-
lonephritis, it is also associated with a significantly higher adverse event rate [28, 30]. 
Malignancy, infection and bone marrow suppression are all recognised adverse effects 
of this immunosuppression protocol, which may exacerbate the independent higher 
risk of these complications seen in elderly people. In patients who meet the criteria for 
treatment but in whom an alkylating agent is contraindicated or has failed to induce 
remission, a calcineurin inhibitor (CNI) can be used. There have been several small 
randomized clinical trials (RCTs) which have suggested potential efficacy of CNI 
therapy in treating membranous glomerulonephritis [28, 31–33]. Evidence suggests 
CNI therapy should be used for a minimum of 6–12 months. Relapse occurs follow-
ing treatment withdrawal and maintaining patients on long term low CNI treatment 
may prevent relapse, but presently there is no high quality safety data on long term 
use for this indication [29]. Although CNI inhibitors have a favourable safety profile 
compared with alkylating agents in the elderly, consideration of the nephrotoxicity of 
CNIs are required, which may compound the nephrosclerosis seen in elderly patients. 
The identification of PLA2R antibodies have resulted in the use of B-cell directed 
agents, for example, rituximab, an anti-CD20 chimeric monoclonal antibody, emerg-
ing as alternative treatment option for idiopathic membranous nephropathy [28]. The 
efficacy of such agents has not been proven in a RCT setting yet and whether the 
safety profile of such agents may be preferential over alkylating agents or CNIs in the 
treatment of membranous in the elderly needs to be determined [28].

�Minimal Change Disease

Minimal change disease (MCD) has been reported to account for between 10% and 
25% of nephrotic syndrome in adults, and is a relatively common cause of nephrotic 
syndrome from biopsy series in the elderly. The majority of cases are idiopathic but 
MCD has also been associated with drugs, infections, cancer (particularly haema-
tological malignancies) and an underlying history of allergy [34]. Minimal change 
nephropathy in the elderly is associated with a higher prevalence of renal dysfunc-
tion and hypertension [35, 36]. Concurrent AKI has been reported in about a third 
of MCD in the elderly usually with acute tubular injury.

Minimal change disease is characterised by the absence of glomerular lesions 
by light microscopy, no staining on immunofluorescence, and foot-process efface-
ment but no electron-dense deposits on electron microscopy. When examining by 
light microscopy alone, it can be difficult to make the diagnosis of minimal change 
nephropathy in the elderly given the frequently co-existing superimposed lesions of 
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nephrosclerosis. MCD and FSGS are both podocytopathies which have traditionally 
been considered as part of the same disease process. As such, FSGS should also be 
considered in MCD cases resistant to therapy and repeat biopsy is often indicated, 
particularly as the focal lesions of FSGS may have been missed with the first biopsy.

In addition to supportive care, treatment with corticosteroids is recommended 
for an initial episode of minimal change disease [29, 34]. Traditionally, response to 
steroids in adults is slower and less predictable, with estimated response rate of 75% 
by 3 months [35]. However, in another case series comparing older with younger 
Chinese patients with biopsy proven minimal change disease, steroid response was 
comparable, and furthermore elderly patients had fewer relapses [36]. Although, it 
is possible that ethnic differences may underlie steroid responsiveness in adult mini-
mal change disease. Generally however, the older individual should not be consid-
ered resistant until after 4 months of therapy. In patients who remit, corticosteroids 
should be tapered slowly over a total period of 6 months after achieving remission. 
For patients who frequently relapse or are steroid resistant, KDIGO currently rec-
ommends treatment with either cyclophosphamide or a calcineurin inhibitor [29]. 
The overall renal prognosis in adult patients with minimal change disease is good. 
Elderly patients may be considered to have a worse prognosis, as they are more 
likely to present with dialysis-requiring AKI, have underlying chronic kidney dis-
ease and experience complications associated with immunotherapy. However, it is 
recommended that these patients still receive therapy even if on dialysis as recovery 
is possible.

�Focal and Segmental Glomerulosclerosis

Focal and segmental glomerulosclerosis (FSGS) defines a histopathological lesion 
rather than a disease, and approximately 80% of cases are considered primary (idio-
pathic). Secondary causes include familial or genetic (e.g. podocin, nephrin muta-
tions), viral (e.g. HIVAN, parvovirus B19), drug-induced (e.g. heroin, interferon-α) 
or adaptive, mediated by glomerular hypertrophy or hyperfiltration in response to 
states with either reduced kidney mass (renal agenesis, dysplasia, reflux nephropa-
thy, nephrectomy) or normal kidney mass (hypertension, obesity or sickle cell 
anaemia).

FSGS is defined by scarring (sclerosis) in parts (segmental) of some (focal) 
glomeruli by light microscopy, which represent segmental obliteration of glomeru-
lar capillaries by extracellular matrix [37]. The Columbia Classification describes 
five variants based on light microscopy findings and include; FSGS not-otherwise-
specified, perihilar, cellular, tip and collapsing disease [37, 38]. These variants 
represent the differing location of the glomerular lesions, degree of glomeru-
lar hypercellularity and presence of tuft collapse. Despite differences in the light 
microscopy findings, the electron microscopy reveals diffuse foot process efface-
ment in all. The pathology alone in elderly patients may be difficult to separate from 
minimal change given co-existing global glomerulosclerosis and vascular lesions in 
the elderly kidney.
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Elderly patients with FSGS can present with acute nephrotic syndrome, they 
typically have an insidious onset of nephrosis, often presenting with a degree of 
renal impairment and hypertension. Though secondary FSGS is common in the 
elderly patient with proteinuria, particularly in the Afro-Caribbean population 
(likely with mutations of the Apolipoprotein L1 [APOL1] gene), the primary 
lesion is uncommon in the very elderly [6, 39]. It is also thought that primary 
FSGS in elderly, in contrast to the young, is not driven by pre-existing gene 
mutations.

Untreated primary FSGS usually follows a progressive course to ESRD. Poor 
prognostic factors in the elderly include severe proteinuria, marked renal dysfunc-
tion at presentation, significant interstitial fibrosis on initial biopsy, collapsing vari-
ant, and initial poor response of proteinuria to therapy. Renal survival is worse in 
patients who do not reach remission, and FSGS has the worst renal prognosis of all 
the primary glomerulonephritides [38].

In the elderly it is important to distinguish between primary and secondary 
FSGS, as the primary lesion is often responsive to immunosuppressive therapy, 
whereas in secondary FSGS, treatment should be directed at the predisposing aeti-
ology. Specific immunosuppressive treatment should be restricted to those with per-
sistent nephrotic range proteinuria, as patients with non-nephrotic proteinuria are at 
low risk for progressive kidney failure and ESRD. All patients merit optimisation 
of blood pressure and proteinuria with renin-angiotensin system (RAS) blockade 
[29]. There is a paucity of data on long-term outcomes in managing elderly patients 
with primary FSGS. Such patients if able to tolerate are usually treated with a pro-
longed course of corticosteroids for at least 4 months. Corticosteroid trials can be 
given to those who relapse late after remission (>2 months). In cases of steroid-
resistance defined by persisting nephrotic syndrome 4 months after treatment, or 
steroid-dependence (relapse within 2 months of steroid wean), a calcineurin inhibi-
tor, cyclosporine or tacrolimus, can be given for approximately 12 months with or 
without low dose steroid [29]. In those whom CNI therapy is contraindicated, the 
combination of MMF and high-dose dexamethasone can be trialled. Rituximab may 
be considered in steroid-dependent cases, but evidence in the form of controlled 
trials is lacking.

�Crescentic Glomerulonephritis

Three distinct mechanisms of crescentic glomerulonephritis are described, and all 
occur in elderly patients. The mechanisms are pauci-immune (absence of immuno-
globulins), which is frequently associated with ANCA-associated vasculitis (AAV), 
anti-glomerular basement membrane (which has a linear deposit of IgG along the 
capillary walls) and immune complex (which has a granular pattern of immuno-
globulins along the capillary wall).
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�ANCA-Associated Vasculitis

ANCA associated vasculitis (AAV) encompasses the small vessel vasculitides char-
acterised by the presence of anti-neutrophil cytoplasmic antibodies, and include 
microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA), eosino-
philic granulomatosis (eGPA) and renal limited vasculitis (RLV). Both MPA and 
GPA are considered diseases of the elderly, with a peak age at presentation of 
between 65 and 75 years [40]. There is an equal gender distribution, but there does 
appear to be an ethnic predisposition with AAV being diagnosed more frequently 
in Caucasians [40].

Microscopic polyangiitis and GPA are considered systemic diseases and may 
present with extra-renal manifestations. Patients may present with non-specific 
symptoms including fever, weight loss, lethargy, arthralgia with or without renal, 
pulmonary, skin and neurological involvement. Granulomatosis with polyangiitis 
has a specific association with upper airway, ear and ophthalmic disease, with gran-
ulomas seen in effected tissue if biopsied. The renal presentation may range from 
mild dysfunction with blood and protein on urinalysis, to a rapidly progressive glo-
merulonephritis with dialysis dependence.

Serological testing in suspected cases of AAV should be performed. Proteinase 3 
(PR3) and myeloperoxidase (MPO) are the target antigens in AAV, and PR3-ANCA 
and MPO-ANCA antibodies detected by ELISA usually correspond to the c-ANCA 
and p-ANCA staining patterns seen on immunofluorescence. Approximately 90% 
of patients with GPA and MPA are ANCA positive. In ANCA+ GPA patients, up to 
90% will have PR3 antibodies, whilst in ANCA+ MPA patients nearly all patients 
will have MPO antibodies. For patients with RLV, up to 80% have MPO antibodies. 
The sensitivity and specificity of ANCA serologies in patients is dependent upon 
the clinical presentation [41]. For patients presenting with a rapidly progressive glo-
merulonephritis, the positive predictive value of ANCA was 99%, whilst for those 
with mild renal dysfunction with proteinuria and haematuria the positive predictive 
value was much lower at 66%. This information will help decide on therapeutic 
management for those patients who present with systemic disease who are other-
wise unfit for a biopsy.

For patients in whom a renal biopsy is not contraindicated, a biopsy will confirm 
the diagnosis of a suspected AAV with renal involvement and will also provide 
prognostic information [42]. The histological features of an AAV by light micros-
copy show a necrotizing and crescentic glomerulonephritis. ANCA-associated 
vasculitides are characterised by the absence of staining for immunoglobulins or 
complement on immunofluorescence, or the ‘pauci-immune’ staining pattern. The 
first histopathological classification of AAV was described in 2010 by an inter-
national working group. The classification separates four categories of glomeru-
lar lesions: focal (≥50% of the glomeruli are normal), crescentic (≥50% of the 
glomeruli have crescents), sclerotic (≥50% of the glomeruli are globally sclerotic) 
and mixed (combination of features with <50% glomeruli being normal or globally 
sclerotic or having crescents) [42]. Patients classified in the focal group have the 
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best renal outcome, whilst sclerotic patients have the worst renal outcomes. This is 
an important tool to consider when deciding on therapeutic management in elderly 
patients.

ANCA-associated vasculitis is associated with high morbidity and mortality, and 
the prognosis is even worse in elderly patients [43]. Treatment protocols usually 
depend on the clinical presentation and immediate risk of organ or life-threaten-
ing involvement. An exception to this is in some patients with severe RLV already 
requiring dialysis at the time of presentation, in whom immunotherapy is not always 
appropriate, a clinical scenario where access to histological findings may be help-
ful in guiding management. In elderly patients, further modifications to treatment 
approaches have been made, likely due to perceived frailty and intolerance to stan-
dard treatment regimens. However, as well as the age and degree of renal impair-
ment at presentation, the treatment received in elderly patients with AAV, has been 
shown to influence overall survival [43]. Deviations from standard immunotherapy 
protocols in the elderly, which often involved a reduction in immunosuppression 
burden, have had a detrimental impact on patient survival. Therefore, it may be 
argued that elderly patients with organ-threatening or life-threatening involvement 
should be treated by standard protocols.

The mainstay of induction immunotherapy consists of oral or intravenous cyclo-
phosphamide and glucocorticoids [40]. Rituximab has shown equivalence compared 
with cyclophosphamide in achieving remission in patients [40], though its efficacy 
compared with cyclophosphamide has not been reported in patients with severe renal 
impairment or pulmonary haemorrhage. Plasmapharesis is used in AAV cases which 
present with acutely advanced renal impairment and in cases of pulmonary haemor-
rhage. Approximately 60% of patients of patients with AAV will achieve remission 
by 3 months [44]. Once remission is achieved, maintenance immunotherapy will be 
required, for which azathioprine is recommended as first line [29].

�Anti-Glomerular Basement Membrane Disease

Anti-glomerular basement membrane disease is a rare pulmonary-renal syndrome 
which may present with a rapidly progressive glomerulonephritis and pulmonary 
haemorrhage which without treatment, survival is unlikely [45]. It is characterised by 
the presence of antibodies against the α3 chain of type IV collagen. Anti-GBM anti-
bodies may be detected in most patients with the disease. It has a bimodal age distri-
bution, with peak incidences in the 20–30 age group and then in patients >60 years. 
Up to 40% of patients with anti-GBM disease are ANCA positive and the ANCA is 
usually directed against MPO [45]. Double positivity has been correlated with risk 
of relapse, and these patients require maintenance immunotherapy, and therefore it is 
important to test for a co-existing ANCA. Renal biopsy shows a crescentic glomeru-
lonephritis, with linear IgG staining of the capillary walls on immunofluorescence. 
Treatment involves plasmapheresis together with cyclophosphamide and glucocor-
ticoids [29, 45]. A prolonged course of plasmapheresis is recommended, for up to 
14 days or until the anti-GBM antibody is no longer detected. Treatment using this 
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protocol has been shown to be effective at treating lung haemorrhage in most cases, 
whilst successful treatment of the renal inflammation depends on level of function at 
presentation. Given the poor outcome if left untreated, age alone should not pose a 
contraindication to treating anti-GBM disease.

�Mesangioproliferative Glomerulonephritis Including IgA 
Nephropathy

Membranoproliferative glomerulonephritis (MPGN) is characterised by mesangial 
hypercellularity, endocapillary proliferation and thickened glomerular basement 
membrane on light microscopy, with immune-complex or complement deposition 
by immunofluorescence. As such, MPGN may be considered either an immune-
complex mediated glomerulonephritis (e.g. associated with infections, autoimmune 
disease or monoclonal immunoglobulins) or a complement-mediated glomerulone-
phritis (e.g. C3 glomerulonephritis).

In elderly patients, staphylococcus-associated glomerulonephritis is more com-
mon than post-streptococcal glomerulonephritis [46]. In cases of post-streptococcal 
glomerulonephritis, the renal biopsy demonstrates an acute endocapillary glomer-
ulonephritis with mesangial and capillary granular immune deposition. Although 
much less common in the elderly, when it does occur, post-streptococcal glomeru-
lonephritis is not benign, with mortality as high as 20%. Unlike in the young where 
progression to ESRD is rare, the long-term renal prognosis in the elderly is poor, 
especially in patients with persistent proteinuria [47]. The elderly are particularly 
vulnerable in view of co-morbidity, likely pre-existing glomerulosclerosis, and age-
related immune paresis. Unlike post-streptococcal glomerulonephritis, in cases of 
staphylococcal associated glomerulonephritis renal dysfunction occurs when the 
infection is active rather than following recovery [46]. Staphylococcal associ-
ated glomerulonephritis has been shown to occur more commonly in males and in 
those who are immunocompromised. The prognosis of staphylococcus associated 
glomerulonephritis is poor, with 44% of elderly patients failing to recover renal 
function in one series [46]. In patients with staphylococcal associated glomerulo-
nephritis there is often IgA deposition on immunofluorescence, which if present 
portends to a worse prognosis [48]. The management in all cases involves treatment 
of the underlying infection.

IgA is the commonest primary glomerulonephritis worldwide and is frequently 
reported in biopsy series from elderly patients with a prevalence ranging from 5% 
to 10% of all diagnoses. It is more common in Caucasian and Asian ethnicities. 
IgA nephropathy is characterised by IgA dominant mesangial staining by immu-
nofluorescence, with light microscopy examination commonly showing mesangial 
hypercellularity and increased mesangial matrix, which may be focal and segmen-
tal. Although most cases are primary IgA, mesangial IgA deposition may also be 
seen secondary to cirrhosis, coeliac disease, inflammatory bowel disease, dermatitis 
herpetiformis, seronegative arthropathies including ankylosing spondylitis and HIV 
infection.
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The mode of presentation of IgA nephropathy in the elderly is wide ranging from 
isolated asymptomatic microscopic haematuria to rapidly progressive glomerulo-
nephritis. Elderly patients with IgA nephropathy often have hypertension, AKI and 
nephrotic range proteinuria at the time of presentation [49]. They also tend to have a 
higher degree of tubulointerstitial fibrosis and vasculopathy on biopsy.

There is a graded association between rate of decline in renal function and degree 
of proteinuria beyond 1  g a day, with those patients with little or no proteinuria 
having a low risk of progression. Other factors important in determining prognosis 
include hypertension, GFR at presentation and histological parameters. The Oxford 
classification of IgA nephropathy now incorporates five features which can be uti-
lised to predict outcomes: mesangial hypercellularity, endocapillary hypercellularity, 
segmental glomerulosclerosis, tubulointerstitial fibrosis and crescent formation or 
the MEST-C score [50]. Elderly patients with IgA nephropathy have faster progres-
sion to ESRD, with 40% reaching ESRD in one study by 10  years [49]. Higher 
mortality rates are also observed when compared with their younger counterparts.

No specific treatment protocols have been highlighted for the elderly popula-
tion and management where appropriate should follow the published guidelines for 
managing IgA in the adult population. Treatment for proteinuric IgA nephropathy 
should begin with RAS blockade to optimise blood pressure and limit proteinuria 
[29]. Patients with persistent proteinuria of >1 g a day despite maximal RAS block-
ade for 3–6 months and relatively good function could receive a 6-month course of 
corticosteroids [29]. More potent combined immunosuppressive regimens incorpo-
rating cyclophosphamide or azathioprine should be reserved for those with rapidly 
progressive disease or histological evidence of severe active inflammation, particu-
larly the presence of crescents.

�Glomerular Disease Associated with Monoclonal 
Immunoglobulins Including Myeloma

Monoclonal gammopathies are characterised by the proliferation of a clone of B 
cells or plasma cells which synthesise monoclonal immunoglobulin or monoclonal 
immunoglobulin fragments. The term monoclonal gammopathy of renal signifi-
cance (MGRS) differentiates monoclonal gammopathies that result in renal disease 
compared with the more benign monoclonal gammopathy of undetermined signifi-
cance (MGUS). Patients with MGRS do not reach the criteria for myeloma, although 
they are at risk of progression to overt myeloma [51]. Patients with myeloma and 
glomerular disease, should have their myeloma managed accordingly. However, for 
those patients with MGRS, who do not reach the criteria for myeloma, the spec-
trum of renal pathology is wide, and given that the incidence of monoclonal gam-
mopathies increase with age, any elderly patient with unexplained AKI or clinical 
evidence of glomerular disease should have their serum and urine screened for a 
MGRS with protein electrophoresis and immunofixation, and their serum tested for 
free light chains. Recognition of MGRS is important as it will influence therapeutic 
management and subsequent renal prognosis [52].
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Light chain cast nephropathy (LCCN) is the most frequent complication of mul-
tiple myeloma, and LCCN may be diagnosed by the clinical presentation of AKI, 
high serum free light chains (SFLC) and light chains in the urine. That said, the 
heterogeneity of renal lesions and glomerular pathology seen with MGRS means a 
renal biopsy is often necessary to determine the nature of renal injury, which may in 
turn help to guide treatment [52]. The exception to this is in the case of light chain 
amyloidosis where a biopsy of alternative tissue (e.g. abdominal wall fatty tissue) 
is sufficient to diagnose the renal lesion in the relevant clinical setting. Similar to 
myeloma, in patients with monoclonal gammopathy and proteinuria or nephrotic 
syndrome, the most frequently associated glomerular pathology is primary (AL) 
amyloidosis or monoclonal immunoglobulin deposition disease (MIDD) [52]. 
However other glomerular lesions may be seen and present with varying degrees 
of proteinuria, haematuria and renal dysfunction. These lesions include prolifera-
tive glomerulonephritis with monoclonal immunoglobulin deposition (PGNMID), 
membranoproliferative glomerulonephritis, type I cryoglobulinaemia, fibrillary glo-
merulonephritis, immunotactoid glomerulopathy and C3 glomerulonephritis asso-
ciated with monoclonal gammopathy. The renal classification of MGRS may be 
categorised by their ultrastructural appearance of whether the deposits are organised 
or not [52]. Table 7.2 shows a summary of the spectrum of MGRS renal glomeru-
lar pathology together with clinical features. Given that the term MGRS was only 
coined in 2012, this is a developing field and it is likely that the clinical relevance 
and definitions of the renal lesions seen with MGRS will evolve considerably.

Therapeutic strategies for MGRS have been extrapolated from treatments used 
in overt myeloma and include proteasome inhibitors (bortezomib, carfilzomib and 
ixazomib), immunomodulatory agents (e.g. thalidomide and lenalidomide), alkylat-
ing agents (e.g. cyclophosphamide and melphalan) and monoclonal antibodies (e.g. 
daratumumab [anti-CD38]) [53]. Like in myeloma itself treatment depends in part 
on the age and co-morbidities of patients. Collaborative trials will be required to 
determine the optimal therapeutic combinations for specific renal pathologies asso-
ciated with MGRS, especially in elderly patients over the years to come.

�Treatment Considerations in the Elderly

Treatment of elderly patients with glomerulopathies needs co-ordination and col-
laboration between geriatricians, family practitioners and nephrologists. There are 
nuances to the older patient that should affect prescribing practices. A lot of mor-
bidity in this cohort can be as much attributable to drug effects than the primary 
pathology. Consideration must be given to frailty, poly-pharmacy, and the altera-
tions in drug pharmacodynamics and pharmacokinetics with ageing that can affect 
the distribution, metabolism, and excretion of drugs. The relative proportion of 
fat increases with age, and overall, there is reduction in lean body mass as well as 
diminished renal and hepatic clearance. Reduced renal clearance is particularly 
important in clearance of water-soluble drugs. There is also diminished tolerance 
and increased sensitivity to some of the adverse effects associated with medicines.
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Once the primary glomerular disorder has been defined, this should guide ther-
apy. As in younger adults, symptoms and complications of CKD should be man-
aged, and there is convincing evidence in support of use of common drugs like 
ACE-inhibitors and statins in older people [54, 55]. There is no clear consensus in 

Table 7.2  Distribution of MGRS associated glomerular disease

Deposits Glomerular disease
Renal 
presentation

Extra-renal 
involvement

Laboratory 
testing (where 
reported)

Organised Fibrils Amyloidosis Proteinuria, 
NS
CKD

Yes (heart, 
liver, nerves)

λ LC most 
common
Serum EP 
≤80% (AL)
Urine EP 
≤67% (AL)
SFLC ≤88% 
(AL)

Fibrillary GN Proteinuria, 
NS
Haematuria
CKD

No Serum EP 
~17%
Urine EP 
~17%
SFLC (Κ> λ)

Microtubules Immunotactoid GN Proteinuria, 
NS
Haematuria
CKD

Uncommon Low 
complement 
~30%
Serum EP 
≤67%
Urine EP 
≤53%
SFLC ~20%

Type I 
Cryoglobulinaemia

Proteinuria, 
NS
Haematuria
CKD/AKI

Yes (skin, 
joints, 
nerves)

Low 
complement
Serum EP: 
76%

Non-
organised

Monoclonal Ig 
deposition disease

Proteinuria, 
NS
Haematuria
CKD

Yes (heart, 
liver, lung)

Κ LC most 
common
Serum EP 
(HC>LC)
Urine EP 
(HC>LC)
SFLC: 100%

Proliferative GN with 
monoclonal Ig 
deposits

Proteinuria, 
NS
Haematuria
CKD

No Low 
complement 
~30%
Serum EP 
30%
Urine EP 30%

Monoclonal Ig C3 
GN

Proteinuria, 
NS
Haematuria
CKD

No Low C3 
common
Serum/urine 
EP 100%

Adapted from Bridoux et al.
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this age group however, on appropriate treatment targets. Due to lack of outcomes 
data in patients aged greater than 70 with GFR <60 ml/min, there is no recommen-
dation on target BP range [29]. There is also a paucity of controlled trials including 
older patients with CKD taking several key drugs together. It is known that older 
patients have an increased sensitivity to diuretics and may develop pre-renal urae-
mia, particularly with concurrent RAS blockade.

As well as pharmacotherapy for risk factor modification, immunosuppressive 
therapies in the elderly confers additional hazard. For instance, ANCA-associated 
vasculitis is one such example of a common glomerulopathy in the elderly with 
high death rate in the 1st year, particularly in the first 3  months, with majority 
of patients dying from complications of therapy, especially infection, as opposed 
to underlying pathology. However, this needs to be balanced against the inferior 
outcomes associated with modifying standard treatment protocols [43]. High-
dose corticosteroids are poorly tolerated with complications of infection, diabetes, 
hypertension, sleep disturbance, easy bruising and myalgia common in the elderly. 
Recent growing evidence for equivalent outcomes with low-dose or no steroid-reg-
imens in glomerular disease exists, and steroid-minimisation may be particularly 
of value in this age group. Rituximab may prove to be an optimal immune therapy 
for elderly patients [56].

Careful attention should be paid to tailoring the prescription to the older indi-
vidual, particularly given the marked heterogeneity among elderly individuals. 
Even when the risk of progression to ESRD is less a concern given short life 
expectancy, aiming to preserve residual renal function can alleviate and facilitate 
management of complications of other health-related issues in the elderly. Some 
misconceptions about age may result in optimal therapies being unnecessarily 
withheld from older patients. Overall, the evidence base supports the notion that 
carefully selected elderly patients can benefit from immunosuppressive therapy in 
glomerular disease, accepting a higher risk of adverse effects. Meticulous attention 
to monitoring, prophylaxis, and dose adjustment for age and GFR can negate some 
of this extra risk.

�Conclusion

The wide spectrum of glomerular disease occurring in the elderly is becoming more 
evident with the increased inclusivity of older patients in published renal biopsy 
series. Importantly, age itself should not pose a contraindication to pursuing renal 
tissue in elderly patients with suspected glomerular disease. Specific diagnoses are 
more common in the elderly and include pauci-immune glomerulonephritis and AL 
amyloidosis. In some cases, serological investigations may help in determining the 
diagnosis, but histology may provide additional prognostic information which may 
inform appropriateness of treatment, especially when immunotherapy is required. 
Careful consideration must be given in treating glomerular disease in older patients 
as they are a co-morbid group where evidence to guide optimal management is 
lacking.
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8Acute Kidney Injury in the Elderly

Myrto Giannopoulou, Stefanos Roumeliotis, 
Theodoros Eleftheriadis, and Vassilios Liakopoulos

�Introduction

The elderly represent the fastest growing subgroup of the general population in the 
developed countries. It is projected that in the United States and Western Europe 
alone there will be an increase in individuals older than 60 years from 231 million in 
2000 to approximately 400 million by 2050 [1]. Therefore, it is important to under-
stand the impact of the aging process on normal physiology, the risk factors and 
etiology of AKI in this frail group of patients as well as the accompanying clinical 
consequences that these physiologic alterations can have.

�Histologic and Physiology Alterations in Elderly Individuals 
(Table 8.1)

The histological alterations that occur in the aging kidney, start after the third 
decade of life and lead to intimal thickening of both the afferent and efferent renal 
arterioles [2]. This leads to renovascular dysautonomy resulting to impaired abil-
ity to maintain renal function in both hypotensive (due to hypovolemia, changes in 
cardiac output or medication effects, i.e., nonsteroidal anti-inflammatory drugs) and 
hypertensive states. The aging kidney has a decreased production of vasodilatory 
prostaglandins, leading to an altered balance in arteriolar tone regulation [3, 4]. 
Inflammatory cell accumulation and fibroblast deposition in the interstitial matrix 
result to interstitial fibrosis [5, 6]. Glomerular tissue is slowly replaced by fibrous 
tissue over time [7], ending up in glomerulosclerosis which is manifested by an 
average loss of approximately 4500 nephrons per kidney per year during the aging 
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process and a yearly average decrease in glomerular filtration rate (GFR) of 0.8–
1.0 mL/min/1.73m2 [8]. Nephrosclerosis has been found to progressively increase 
with age, reaching 58% for 60 to 69-year-olds and 73% for 70 to 77-year-olds [9], 
whereas renal mass reaches approximately 75–80% of young adulthood weight by 
the age of 80–90 years [10].

The renal tubules are also affected by aging, with decreased tubular number and 
length leading to increased tubular frailty especially in nephrotoxic or hypoxic con-
ditions [11, 12]. Renal medullary hypotonicity resulting in subsequent decreased 
response to antidiuretic hormone and reduction in water reabsorption, causes a 
reduced capacity to maximally concentrate urine and predisposes elderly patients 
to dehydration [13, 14]. Furthermore, in elderly patients, a decrease in thirst regula-
tion in combination to the aforementioned blunted response of arginine vasopressin 
release in hypovolemic states, result in more pronounced alterations in water equi-
librium. Sodium reabsorption by the thick ascending loop of Henle is also affected 
in the aging kidney and is believed to be secondary to a decreased availability of 
functional sodium-potassium-chloride transporters [15]. As a result, hyponatre-
mia secondary to senile sodium leakage and water disequilibrium is common in 
geriatric patients. In summary, the most important of renal changes that make old 
people prone to AKI are (1) disturbance in the autoregulatory vascular defense, 
(2) reduction in the number of glomeruli and glomerular capillaries, and (3) renal 
tubular frailty and salt and water wasting secondary to a reduced tubular reabsorp-
tion capability.

�Epidemiology of AKI in the Elderly

Significant proportions of the population both in USA and Western Europe are older 
than 65 years of age (approximately 17.5% in Italy, 16% in the UK, 16% in Spain, 
and 12.5% in USA) [16]. In China, patients aged 80 years or older are the age group 
of population in which the incidence of AKI has been reported to increase most rap-
idly [17]. The relative risk of AKI in the elderly has been reported to be increased 
from a 3.5- to 10-fold compared to younger individuals. The incidence of AKI in 
elderly hospitalized patients in the United States was 3.1% in 2000 [18], whereas in 
another study AKI has been estimated to occur in 2–7% of all hospital admissions 
and at even higher rates in elderly patients [13]. Groenveld et al. showed that the 
age-related yearly incidence of AKI rose from 17 per million in adults under the 

Table 8.1  Histologic and 
physiologic alterations in 
elderly individuals

Intimal thickening of both the afferent and efferent renal 
arterioles
Renovascular dysautonomy
Decreased production of vasodilatory prostaglandins
Increased glomerulosclerosis
Decreased tubular number and length
Renal medullary hypotonicity
Sodium and water wasting secondary to a reduced tubular 
reabsorption
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age of 50 years to 949 per million in the 80–89 years age group [19]. A 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 in patients 
older than 65 years [20]. Long-term recovery is also less likely and it is believed 
that AKI in the elderly results more often in CKD [20]. Acute kidney injury has con-
sistently been associated with increased morbidity and mortality [18], and multiple 
studies have demonstrated worse outcomes in the elderly [20].

�Risk Factors for Acute Kidney Injury in the Elderly

Several risk factors have been associated with AKI in the elderly population 
and can be broadly divided into three categories: presence of comorbidities, for 
instance, diabetes mellitus (DM), chronic kidney disease (CKD), congestive heart 
failure, and atherosclerosis; use of nephrotoxic medications, aminoglycosides, 
angiotensin-converting enzyme inhibitors (ACEI), nonsteroidal anti-inflammatory 
drugs (NSAIDs), vancomycin, amphotericin B, cyclosporine, tacrolimus, etc; and 
genetic profile. Preexisting DM, hypertension, and proteinuria have been deter-
mined to be independent risk factors for developing AKI during hospitalization 
in elderly patients [21]. There is a correlation between increasing severity of pre-
operative proteinuria and development of AKI as well as with the need for renal 
replacement therapy (RRT) in patients undergoing coronary artery bypass grafting 
surgery [22]. Elderly patients with an eGFR between 45 and 59 mL/min/1.73 m2 
have approximately two times the risk of AKI compared with matched cohorts 
with an eGFR of 60 mL/min/1.73 m2 or greater. In patients with baseline eGFR 
less than 60 mL/min/1.73 m2, the presence of DM further augments the risk for 
AKI [23]. Elderly patients taking ACEI, angiotensin receptor blockers (ARB), 
or NSAIDs before their hospitalization also seem to be at an increased risk of 
developing AKI, secondary to the effects that those medications have on the 
autoregulatory ability of the aging kidney in times of stress and hemodynamic 
changes. Furthermore, decreased body mass, altered medication clearance, and the 
long half-lives of certain medications (such as NSAIDs) have a detrimental effect 
and augment the risk for AKI. Within the intensive care unit (ICU), the most fre-
quent specific adverse drug reaction in the elderly is drug-induced AKI; common 
offending agents include aminoglycosides, ACE inhibitors, NSAIDs, vancomycin, 
amphotericin B, cyclosporine, and tacrolimus [24]. Recent research has suggested 
that a variety of genetic factors are involved in mechanisms affecting the devel-
opment and recovery from AKI, including the expression of specific microRNA, 
degree of telomere shortening, heme-oxygenase modulated autophagy, and chor-
din 1–regulated expression of bone morphogenic protein 7 in restoring tubular epi-
thelium after injury [9]. Other age-related factors, such as the telomere shortening 
[25], the relationship between autophagy and heme-oxygenase-1 [26] and Klotho 
deficiency [27], are thought to be involved in mechanisms predisposing to AKI or 
its recovery [28]. Prediction models for postoperative AKI and RRT, based on the 
clinical risk factors, have been suggested and externally validated [29].
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�Causes of AKI in the Elderly

Approximately 35% of AKI cases have prerenal causes, 40% have intrarenal 
(intrinsic) causes, and 25% are secondary to postrenal (obstructive) causes [29]. 
Alterations in renal structure and physiology with aging lead to some potential dif-
ferences in the distribution of frequency of etiologies of AKI in this population, 
when compared to general population.

�Prerenal

As in the general population, prerenal AKI is most commonly a result of volume 
depletion, which can be secondary to gastrointestinal losses, renal losses, or intra-
vascular losses. Elderly patients are particularly prone to the development of dehy-
dration during times of physiologic stress and have a decreased adaptive ability 
to maintain renal blood flow and GFR.  Diuretic use exacerbates the underlying 
predisposition to volume depletion and may contribute in up to 25–40% of cases 
of prerenal AKI in elderly patients [30]. The use of NSAIDs by approximately 
10–25% of the elderly [31], has been associated with an absolute risk of prerenal 
AKI of 13% in a nursing home cohort [32]. Factors like prolonged NSAID half-life, 
decreased body mass and the age-related physiologic changes make this age group 
more susceptible to AKI, as they are more dependent on prostaglandin production 
to maintain afferent arteriolar vasodilation [33]. Diminished effective arterial blood 
volume states (i.e., congestive heart failure, nephrotic syndrome, or cirrhosis) can 
also lead to the development of AKI [34]. Profound hypercalcemia, often secondary 
to an underlying malignancy, can likewise lead to a state of volume depletion in the 
elderly patient. Diuretics are frequently prescribed medications in the elderly popu-
lation and have been estimated to contribute to volume depletion in approximately 
25–40% of the cases of prerenal AKI in elderly patients [30]. As mentioned earlier, 
ACE inhibitors, ARBs, and NSAIDs all can alter renal hemodynamics and lead to a 
prerenal state especially when combined with volume depletion, underlying chronic 
kidney disease, bilateral renal artery stenosis (or unilateral renal artery stenosis with 
a solitary kidney), CHF, and concomitant diuretic use [31].

�Renal

The most prevalent form of intrinsic AKI in the elderly patient is acute tubular 
necrosis (ATN), which can be caused by nephrotoxic agents (drugs, i.e., amino-
glycosides, amphotericin, cis-platinum, and heme-pigment deposition), ischemia, 
sepsis, and prolonged volume depletion with delayed resuscitation. Risk factors for 
ischemic ATN like pre-existing chronic kidney disease, diabetes, atherosclerosis, 
active malignancy, and low serum albumin are more prevalent among the elderly 
[35]. In the elderly, due to loss of lean body mass, serum creatinine can overes-
timate renal function, leading to inappropriate dosing of medications and other 
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nephrotoxic agents (e.g., radiocontrast agents) [33]. Contrast-induced nephropathy 
(CIN) is a major cause of AKI in hospitalized elderly patients, due to a higher preva-
lence of chronic kidney disease [36], which is a major risk factor for CIN. Surgical 
interventions, with cardiac surgery and aortic aneurism repair being the most com-
mon procedures, are associated with almost one third of cases of ischemic ATN in 
the elderly [37]. The available data suggest that elderly patients are at an increased 
risk of developing CIN compared with younger patients [38]. Septic ATN results 
from endotoxemia-induced renal vasoconstriction and is the underlying cause of 
approximately one-third of cases of ATN in elderly patients. Sepsis has been linked 
to 30% of ATN cases in the elderly and endotoxemia-triggered renal vasoconstric-
tion may heighten the elderly patient’s susceptibility to ATN [39]. Another cause of 
intrinsic AKI in the elderly patient is acute interstitial nephritis (AIN), implicated 
in approximately 5% of cases [8]. Some common medications leading to AIN are 
sulfonamides, penicillin-based antibiotics, cephalosporins, proton-pump inhibitors, 
and NSAIDs. Due to the fact that over-the-counter medications (e.g., NSAIDS) 
are more frequently taken by the elderly, AIN seems to be more common in this 
population than young patients [40]. Furthermore, age is a well-known risk factor 
for the development of aminoglycoside nephrotoxicity [41]. Atheroembolic disease 
that leads to showering of cholesterol plaques into the microcirculation and renal 
occlusive inflammatory response [42], vasculitis, renal vein thrombosis and renal 
artery dissection are the main vascular causes that can result in intrinsic acute kid-
ney injury in elderly patients. In several studies it has been suggested that rapidly 
progressive glomerulonephritis is more common in the elderly and has a poorer 
prognosis [43].

�Postrenal

Postrenal or obstructive causes in the elderly account for 9–30% of the AKI cases 
[44]. Depending on whether the obstruction is proximal or distal to the bladder, 
obstructive causes are subdivided into upper and lower. Upper urinary tract related 
causes include previous radiation therapy, nephrolithiasis, and malignancy and may 
result in unilateral hydronephrosis, which leads to AKI only if the contralateral kid-
ney cannot compensate, whereas lower can usually cause bilateral hydronephrosis 
and include prostatic hypertrophy or malignancy in men and pelvic malignancy in 
women. Other causes in both sexes are neurogenic causes, previous trauma with 
subsequent urethral stricture or blood clots causing a bladder outlet obstruction.

�Diagnosis of AKI

Despite the recent advances in defining AKI with RIFLE [45] and AKIN criteria 
[46], they are predominantly based on changes in serum creatinine concentra-
tion, which has multiple limitations and poor accuracy to its use as a marker of 
kidney function, especially in the non-steady states that accompany AKI. This 
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can explain the previous lack of consensus and the existence of more than 30 
different definitions of AKI. Furthermore, it is even more difficult to use serum 
creatinine as a marker for GFR evaluation as its values are depended on various 
factors that are altered in the elderly population. Elevations in creatinine are often 
delayed in relation to the onset of AKI and serum creatinine levels are influenced 
by factors other than kidney function including muscle mass, volume of distribu-
tion, catabolic state, and medications [47, 48]. As per the KDIGO criteria, moni-
toring relative (and not absolute) changes in the serum creatinine level, may be 
a better marker of AKI in the elderly patient [49]. Recent studies have proposed 
novel biomarkers for the early diagnosis of AKI in critically ill elderly patients, 
such as urinary interleukin 18, cystatin C, and neutrophil gelatinase-associated 
lipocalin (NGAL) [50]. However, none of them have been adequately validated, 
and therefore their use in routine clinical practice cannot be recommended. The 
features of prerenal AKI like low urine sodium concentration (UNa <20 meq/L), 
low fractional excretion of sodium (FENa <1%), low fractional excretion of urea 
(FEUrea <35%), high urine osmolality (UOsm >500 mosm/kg), and an elevated 
blood urea nitrogen (BUN)/serum creatinine ratio (>20:1) can be less useful in 
the elderly due to age-associated defects in sodium and water conservation [51]. 
A kidney biopsy is a low-risk procedure that is well tolerated by patients, even 
among the elderly. Approximately 30% of diagnoses were altered in one case 
series of kidney biopsies for AKI in older adults (age >60 years) [52].

�Outcome of AKI

Many studies have shown that the elderly suffer from higher AKI-associated mor-
bidity and mortality. A meta-analysis has shown that 31% of elderly patients did 
not show recovery of their renal function after an episode of AKI compared with 
26% of younger patients [20], whereas in another study the risk of end-stage renal 
disease (ESRD) was 13 times higher in hospitalized elderly patients with AKI than 
in elderly patients without AKI [17]. In rapid onset ESRD (SORO-ESRD) which is 
an accelerated progression to ESRD from a priory stable CKD after an AKI event, 
age appeared to be a significant contributing pathogenetic factor [53–55]. Of the 15 
patients with SORO-ESRD first described in 2010, mean age was 68 years, 9 of the 
15 (60%) patients were aged 65 years and older and 6 of the 15 (40%) patients were 
aged 80 years or older [56]. These observations suggested that this syndrome was 
more common in the older adult CKD patient and that such acute yet irreversible 
ESRD may be related to the changes that occur concurrently in the aging kidney, 
otherwise described as renal senescence [2, 55]. There is also an absolute 2-year 
mortality risk increase of 29% for elderly patients with AKI compared with their 
elderly counterparts without AKI [18]. In the BEST Kidney study, 5.7% of 29,269 
critically ill patients had ARF during their ICU stay and the overall hospital mor-
tality was 60.3% whereas among survivors with a median age 67 years, dialysis 
dependence at discharge was 13.8%.
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�Conclusion

Age-related changes in the kidney make the elderly more prone to develop AKI and 
the AKI more severe. Furthermore, age-related changes in body composition and 
functioning require special assessment and care in this population.

References

	 1.	Van Den Noortgate N, Mouton V, Lamot C, et al. Outcome in a post-cardiac surgery popula-
tion with acute renal failure requiring dialysis: does age make a difference? Nephrol Dial 
Transplant. 2003;18:732–6.

	 2.	Musso CG, Oreopoulos DG.  Aging and physiological changes of the kidneys including 
changes in glomerular filtration rate. Nephron Physiol. 2011;119(Suppl 1):p1–5.

	 3.	Castellani S, Ungar A, Cantini C, et al. Excessive vasoconstriction after stress by the aging 
kidney: inadequate prostaglandin modulation of increased endothelin activity. J Lab Clin Med. 
1998;132:186–94.

	 4.	Crane MG, Harris JJ. Effect of aging on renin activity and aldosterone excretion. J Lab Clin 
Med. 1976;87:947–59.

	 5.	Silva FG. The ageing kidney: a review I. Int Urol Nephrol. 2005;37:185–205.
	 6.	Silva FG. The ageing kidney: a review II. Int Urol Nephrol. 2005;37:419–32.
	 7.	Glassock RJ, Rule AD. The implications of anatomical and functional changes of the aging 

kidney: with an emphasis on the glomeruli. Kidney Int. 2012;82:270–7.
	 8.	Abdel-Kader K, Palevsky PM.  Acute kidney injury in the elderly. Clin Geriatr Med. 

2009;25:331–58.
	 9.	Del Giudice A, Piemontese M, Valente G, et al. Acute kidney injury in the elderly: epidemiol-

ogy, risk factors and outcomes. J Nephrol Ther. 2012;2:129.
	10.	Lindeman RD. Overview: renal physiology and pathophysiology of aging. Am J Kidney Dis. 

1990;16:275–82.
	11.	Musso CG, Liakopoulos V, Ioannidis I, et al. Acute renal failure in the elderly: particular char-

acteristics. Int Urol Nephrol. 2006;38:787–93.
	12.	Baylis C, Corman B. The aging kidney: insights from experimental studies. J Am Soc Nephrol. 

1998;9:699–709.
	13.	Pascual J, Liano F, Ortuno J, et  al. The elderly patient with acute renal failure. J Am Soc 

Nephrol. 1995;6:144–53.
	14.	Musso C, Liakopoulos V, Pangre N, et al. Renal physiology in elderly persons with severe 

immobility syndrome. Int Urol Nephrol. 2009;41:437–41.
	15.	Musso CG.  Geriatric nephrology and the ‘nephrogeriatric giants’. Int Urol Nephrol. 

2002;34:255–6.
	16.	Ali T, Khan I, Simpson W, et al. Incidence and outcomes in acute kidney injury: a comprehen-

sive population-based study. J Am Soc Nephrol. 2007;18:1292–8.
	17.	Wen J, Cheng Q, Zhao J, Ma Q, Song T, et al. Hospital-acquired acute kidney injury in Chinese 

very elderly persons. J Nephrol. 2013;26:572–9.
	18.	 Ishani A, Xue JL, Himmelfarb J, et al. Acute kidney injury increases risk of ESRD among 

elderly. J Am Soc Nephrol. 2009;20:223–8.
	19.	Groeneveld AB, Tran DD, van der Meulen J, et al. Acute renal failure in the intensive care unit: 

predisposing, complicating factors affecting outcome. Nephron. 1991;59:602–10.
	20.	Schmitt R, Coca S, Kanbay M, et al. Recovery of kidney function after acute kidney injury in 

the elderly: a systematic review and meta-analysis. Am J Kidney Dis. 2008;52:262–71.
	21.	Hsu CY, Ordonez JD, Chertow GM, et  al. The risk of acute renal failure in patients with 

chronic kidney disease. Kidney Int. 2008;74:101–7.

8  Acute Kidney Injury in the Elderly



130

	22.	Huang TM, Wu VC, Young GH, et al. National Taiwan University Hospital Study Group of 
Acute Renal Failure. Preoperative proteinuria predicts adverse renal outcomes after coronary 
artery bypass grafting. J Am Soc Nephrol. 2011;22:156–63.

	23.	Coca SG, Cho KC, Hsu CY. Acute kidney injury in the elderly: predisposition to chronic kid-
ney disease and vice versa. Nephron Clin Pract. 2011;119(Suppl 1):c19–24.

	24.	Musso CG, Belloso WH, Scibona P, et al. Impact of renal aging on drug therapy. Postgrad 
Med. 2015;127:623–9.

	25.	Westhoff JH, Schildhorn C, Jacobi C, et al. Telomere shortening reduces regenerative capacity 
after acute kidney injury. J Am Soc Nephrol. 2010;21:327–36.

	26.	Bolisetty S, Traylor AM, Kim J, et  al. Heme oxygenase-1 inhibits renal tubular macroau-
tophagy in acute kidney injury. J Am Soc Nephrol. 2010;21:1702–12.

	27.	Hu MC, Kuro-o M, Moe OW. The emerging role of Klotho in clinical nephrology. Nephrol 
Dial Transplant. 2012;27:2650–7.

	28.	Anderson S, Eldadah B, Halter JB, et al. Acute kidney injury in older adults. J Am Soc Nephrol. 
2011;22:28–38.

	29.	Coca SG. Acute kidney injury in elderly persons. Am J Kidney Dis. 2010;56:122–31.
	30.	van Kraaij DJ, Jansen RW, Gribnau FW, et al. Diuretic therapy in elderly heart failure patients 

with and without left ventricular systolic dysfunction. Drugs Aging. 2000;16:289–300.
	31.	Pilotto A, Franceschi M, Leandro G, et al. NSAID and aspirin use by the elderly in general 

practice: effect on gastrointestinal symptoms and therapies. Drugs Aging. 2003;20:701–10.
	32.	Gurwitz JH, Avorn J, Ross-Degnan D, et al. Nonsteroidal anti-inflammatory drug associated 

azotemia in the very old. JAMA. 1990;264:471–5.
	33.	Jerkic M, Vojvodic S, Lopez-Novoa JM. The mechanism of increased renal susceptibility to 

toxic substances in the elderly. Part I. The role of increased vasoconstriction. Int Urol Nephrol. 
2001;32:539–47.

	34.	Macias-Nunez JF, Lopez-Novoa JM, Martinez-Maldonado M. Acute renal failure in the aged. 
Semin Nephrol. 1996;16:330–8.

	35.	Chawla LS, Abell L, Mazhari R, et al. Identifying critically ill patients at high risk for develop-
ing acute renal failure: a pilot study. Kidney Int. 2005;68:2274–80.

	36.	Mehran R, Aymong ED, Nikolsky E, et  al. A simple risk score for prediction of contrast-
induced nephropathy after percutaneous coronary intervention: development and initial valida-
tion. J Am Coll Cardiol. 2004;44:1393–9.

	37.	Rosner MH, Okusa MD. Acute kidney injury associated with cardiac surgery. Clin J Am Soc 
Nephrol. 2006;1:19–32.

	38.	Song W, Zhang T, Pu J, et al. Incidence and risk of developing contrast-induced acute kidney 
injury following intravascular contrast administration in elderly patients. Clin Interv Aging. 
2014;9:85–93.

	39.	Brenner BM, Rector FC.  Brenner & Rector’s the kidney. 8th ed. Philadelphia: Saunders 
Elsevier; 2008.

	40.	Davison AM, Jones CH.  Acute interstitial nephritis in the elderly: a report from the UK 
MRC Glomerulonephritis Register and a review of the literature. Nephrol Dial Transplant. 
1998;13:12–6.

	41.	Moore RD, Smith CR, Lipsky JJ, et al. Risk factors for nephrotoxicity in patients treated with 
aminoglycosides. Ann Intern Med. 1984;100:352–7.

	42.	Scolari F, Ravani P, Pola A, et al. Predictors of renal and patient outcomes in atheroembolic 
renal disease: a prospective study. J Am Soc Nephrol. 2003;14:1584–90.

	43.	de Lind van Wijngaarden RA, Hauer HA, Wolterbeek R, et al. Clinical and histologic determi-
nants of renal outcome in ANCA-associated vasculitis: a prospective analysis of 100 patients 
with severe renal involvement. J Am Soc Nephrol. 2006;17:2264–74.

	44.	Feest TJ, Round A, Hamad S. Incidence of severe acute renal failure in adults: results of a 
community-based study. BMJ. 1993;306:481–3.

	45.	Bellomo R, Ronco C, Kellum JA, et al. Acute renal failure – definition, outcome measures, 
animal models, fluid therapy and information technology needs: the Second International 

M. Giannopoulou et al.



131

Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care. 
2004;8:R204–12.

	46.	Bagshaw SM, George C, Bellomo R, ANZICS Database Management Committe. A compari-
son of the RIFLE and AKIN criteria for acute kidney injury in critically ill patients. Nephrol 
Dial Transplant. 2008;23:1569–74.

	47.	Perrone RD, Madias NE, Levey AS.  Serum creatinine as an index of renal function: new 
insights into old concepts. Clin Chem. 1992;38:1933–53.

	48.	Cheung CM, Ponnusamy A, Anderton JG. Management of acute renal failure in the elderly 
patient: a clinician’s guide. Drugs Aging. 2008;25:455–76.

	49.	Palevsky PM, Liu KD, Brophy PD, et al. KDOQI US commentary on the 2012 KDIGO clini-
cal practice guideline for acute kidney injury. Am J Kidney Dis. 2012;61:649–72.

	50.	Joannidis M, Druml W, Forni LG, et  al. Critical Care Nephrology Working Group of the 
European Society of Intensive Care Medicine. Prevention of acute kidney injury and protec-
tion of renal function in the intensive care unit. Expert opinion of the Working Group for 
Nephrology ESICM. Intensive Care Med. 2010;36:392–411.

	51.	Lash JP, Gardner C. Effects of aging and drugs on normal renal function. Coron Artery Dis. 
1997;8:489–94.

	52.	Haas M, Spargo BH, Wit EJ, et al. Etiologies and outcome of acute renal insufficiency in older 
adults: a renal biopsy study of 259 cases. Am J Kidney Dis. 2000;35:433–47.

	53.	Onuigbo MA, Onuigbo NT. The syndrome of rapid onset end-stage renal disease – a new mayo 
clinic dialysis services experience, January 2010-February 2011. In: Di Iorio B, Heidland A, 
Onuigbo M, Ronco C, editors. Hemodialysis: how, when and why. Hauppauge: NOVA Science 
Publishers; 2012. p. 443–85.

	54.	Onuigbo MAC, Onuigbo NT, Musso CG. Syndrome of rapid onset end stage renal disease in 
incident Mayo Clinic chronic hemodialysis patient. Indian J Nephrol. 2014;24:75–81.

	55.	Musso CG, Reynaldi J, Martinez B, et al. Renal reserve in the oldest old. Int Urol Nephrol. 
2011;43:253–6.

	56.	Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure in critically ill patients: a multina-
tional, multicenter study. JAMA. 2005;94:813–8.

8  Acute Kidney Injury in the Elderly



133© Springer Nature Switzerland AG 2019
C. G. Musso et al. (eds.), Clinical Nephrogeriatrics, 
https://doi.org/10.1007/978-3-030-18711-8_9

M. M. Capotondo 
Nephrology Division, Hospital Italiano de Buenos Aires, Buenos Aires, Argentina 

C. G. Musso (*) 
Nephrology Division, Hospital Italiano de Buenos Aires, Buenos Aires, Argentina 

Physiology Department, Instituto Universitario del Hospital Italiano de Buenos Aires,  
Buenos Aires, Argentina 

Ageing Biology Unit, Hospital Italiano de Buenos Aires,  
Buenos Aires, Argentina
e-mail: carlos.musso@hospitalitaliano.org.ar

9Nephroprevention in the Elderly

Maria Mercedes Capotondo and Carlos Guido Musso

�Introduction

The nephroprevention strategies are practically the same to young and old individuals 
except for those applied to very old (≥80 years) or frail elderly patients, where it has 
to be evaluated if they should be modified based on the following fundamental 
geriatric principles [2, 3]:

	1.	 Individualized therapy (always an ideal objective in medicine) is crucial in the 
elderly, since people age at different rhythms (aging is a heterogeneous pro-
cess); consequently, at the age, for instance, 80 years, they can present differ-
ent clinical status, even if they suffer from the same stage of chronic kidney 
disease.

	2.	 Frailty phenotype consists of the decline in multiple physiological systems 
and the coordination among them (reduced homeostasis), while sarcopenia 
consists of a generalized decline in muscle mass and strength secondary to 
aging. Both conditions are tightly related and they can lead old individuals to 
diminish their physiological reserve and to increase their vulnerability to 
stressors, making them prone to lose their autonomy and increase their mor-
tality risk. The appearance of frailty and sarcopenia reduce the homeostatic 
capability in the elderly, causing aging to become senescence. Thus, the 
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presence of frailty phenotype and sarcopenia should be evaluated in CKD 
elderly patients in order to adequate the nephroprevention strategies to their 
status of dependency.

	3.	 In the oldest old patients, and particularly in frail ones, quality of life is much 
more important than quantity of life since the time of life is already short in this 
group. Thus, some therapies usually prescribed for the young patients could 
become harmful or futile in the very old frail patients, therefore they should be 
avoided for this population.

�Dietary Salt

The KDIGO clinical practice guidelines (2012) for managing CKD in young adults 
recommend the consumption of ˂2.3 g of sodium per day (corresponding to 5 g of 
sodium chloride), unless it would be contraindicated (e.g., hypotension, etc.) [4].

The Dietary Guidelines for Americans (2015–2020) also recommends consuming 
<2.3 g of sodium per day as a healthy diet [5].

However, since there is an increased urine sodium loss in the elderly due to their 
reduced sodium reabsorption capability at the thick ascending limb of the loop of 
Henle and collecting tubules (nephrogeriatric giants) [4], it should be taken into 
account that when old patients become salt restricted, they could develop hypona-
tremia (senile sodium leakage hyponatremia), volume depletion (ortostatism, hypo-
tension), and/or even prerenal acute renal failure, particularly those who are very 
old or frail individuals. Thus, low sodium diet prescription in the very old and/or 
frail patients should be followed by monitoring blood pressure, serum sodium level, 
and renal function in order to rule out any of the abovementioned complications, 
and if these complications are detected, a normal salt diet (e.g., 5 g/day) instead of 
a low sodium diet should be prescribed [6–8].

�Serum Hemoglobin (Hb) and Anemia Management

The KDIGO clinical practice guidelines (2012) for managing CKD in young adult 
define anemia as a hemoglobin (Hb) <13.0 g/dl in males and <12.0 g/dl in females 
[9, 10]. However, these guidelines recommend that nondialysis CKD young adult 
patients who have Hb ˂10.0 g/dl should have to initiate erythropoiesis-stimulating 
agent (ESA) therapy, since higher Hb values increase the risk of suffering from 
hypertension and stroke [9].

In addition, ESA therapy has to be individualized depending on the Hb fall rate, 
response to iron therapy, need of blood transfusion, ESA adverse effects, and pres-
ence of symptomatic anemia [10, 11].

Anemia is associated with disability, poorer physical performance, and lower 
muscle strength, particularly in the elderly; and treating anemia has a beneficial effect 
on the functional status in elderly patients [9]. Moreover, anemia can exacerbate the 
geriatric syndromes (delirium, gait disorders, falls, immobility, incontinence), as 
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well as the neurocognitive dysfunction in the elderly [12–15]. Therefore, it should 
be taken into account that very old and/or frail elderly patients often require higher 
Hb target (e.g., 11.5–12 g/dL) compared to recommended Hb target in the young, in 
order to avoid cognitive and gait disorders [8, 14–16].

�Blood Pressure (BP) Targets

The KDIGO clinical practice guidelines (2012) for managing CKD in young adult 
recommend that diabetic and nondiabetic patients with CKD and urinary albumin 
excretion <30 mg/day whose office BP is >140 mm Hg systolic or >90 mm Hg 
diastolic should be treated with medications that lower BP to maintain it a <140 mm 
Hg systolic and <90 mm Hg diastolic levels. Regarding the diabetic and nondiabetic 
CKD young adult patients with urine albumin excretion > 30 mg/day, and office BP 
systematically >130 mm Hg systolic or >80 mm Hg diastolic, these guidelines rec-
ommend treating these patients with antihypertensive drugs to maintain BP 
<130 mm Hg systolic and <80 mm Hg diastolic. The guidelines recommend to treat 
diabetic CKD patients who have microalbuminuria (urine albumin: 30–300  mg/
day) and CKD patients (diabetic or not) who have macroalbuminuria (urine albu-
min: >300 mg/day) with angiotensin converting enzyme inhibitors (ACEI) or angio-
tensin II receptor antagonists (ARA) [4].

Meta-analysis of observational studies indicate that the incidence of stroke, 
myocardial infarction, and overall mortality increased with increasing blood 
pressure in old and very old patients, although the relative risk decreased with 
increasing age. Additionally, the INVEST study highlighted a J-shaped relationship 
between systolic and diastolic BP and outcomes in hypertensive old individuals 
suffering from coronary arterial disease [17].

In this study, the mortality risk in the oldest old patients (≥80 years) increased 
when systolic BP was <140  mmHg or  blood pressure was <70  mmHg. Even 
though, it has been documented that antihypertensive treatment in the oldest old 
was associated with a reduction in the frequency of strokes and major cardiac 
events, it showed no benefit in cardiovascular nor in general mortality [18]. 
Furthermore, the evidence provided by several studies (INVEST, STONE, HYVET) 
reassures to target a relatively higher BP level in the very old patient (BP <150–
80  mmHg), although these aforementioned studies did not specifically address 
CKD patients [17]. Nonetheless, it has been recommended that target BP in the 
oldest old with CKD should be <150/90  mmHg and <140/80  mmHg in non-
albuminuric and albuminuric patients, respectively. It is worth mentioning that 
these BP targets should be reached gradually, taking into account the patient’s 
comorbidities to avoid the interactions between these conditions and the prescribed 
medication. For instance, antihypertensive drugs can induce, particularly in the 
oldest old and frail elderly, orthostatic hypotension, falls and bone fractures, and/
or higher glomerular filtration rate (GFR) decline. In this sense, a clinical entity 
called “normotensive acute renal failure “has been reported, which consists of an 
acute GFR deterioration in CKD elderly patients whose blood pressure has been 
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reduced to “normal range” [19, 20]. This phenomenon has been attributed to 
reduced kidney perfusion secondary to senile renal dysautonomy (nephrogeriatric 
giants) [21]. Moreover, it is worth noting that concomitant sodium sensitivity and 
endothelial dysfunction are increased in the very elderly people; therefore, low 
sodium diet (used with caution) and exogenous nitric oxide donors are often useful 
for treating resistant hypertension in this group [22]. Other antihypertensive drugs, 
such as thiazides, ACEI, ARA, and aldosterone antagonists should be used with 
caution in this population, specially with GFR <30 mL/min/1.73 m2 due to the pos-
sibility of inducing a further GFR reduction, precipitating an acute renal injury, 
and/or water, electrolytes and acid-base disorders. In this sense, even though a 
recent meta-analysis did not find evidence that the use of RAAS blocking agent 
expedited the need for renal replacement therapy in patients with CKD stages 3–5, 
it has been described the syndrome of rapid onset end stage renal disease (SORO-
ESRD), unanticipated acute and irreversible end-stage renal disease, more preva-
lent in CKD elderly patients on potential kidney damaging agents, such as ACEIs 
and ARBs [8, 23–26].

KDIGO clinical practice guideline for the management of BP in CKD also 
recommends a healthy weight (body mass index: 20–25), a low sodium diet, an 
exercise program compatible with the patient’s cardiovascular health and tolerance 
(at least 30 minutes five times per week), low alcohol intake (no more than two 
standard drinks per day for men and no more than one standard drink per day for 
women), and no smoking [26].

In addition, the European Renal Best Practice (ERBP) guidelines on management 
of patients suffering from diabetes mellitus and 3b or higher CKD (eGFR <45 mL/
min/1.73 m2) recommends adjusting the BP to a target <140 mmHg of systolic BP, 
while monitoring tolerance and avoiding side effects. This population could suffer 
from autonomic dysfunction and consequently they are more prone to complications 
associated with sudden hypotension. Moreover, if diastolic BP is too low 
(˂60 mmHg), it can jeopardize coronary perfusion [27].

�Hemoglobin A1C

Elderly people are at high risk of developing diabetes mellitus because of the 
presence of insulin resistance and pancreatic islet senile dysfunction [28, 29]. Since 
aging alters the counter-regulatory response to hypoglycemia, hypoglycemic epi-
sodes may present practically without previous symptoms in the elderly since these 
symptoms are mild and appear at lower levels of glycemia. Moreover, psychomotor 
coordination is more affected in hypoglycemic old individuals.

The KDIGO clinical practice guidelines (2012) for managing CKD in 
young adults recommends hemoglobin A1c (HbA1c) target <7.0% in order to 
prevent or delay the progression of microvascular complications of diabetes 
mellitus, including diabetic nephropathy [4]. However, it has been suggested 
that this HbA1c target can induce hypoglycemia in individuals with limited life 
expectancy, such as very old and/or frail elderly patients. Therefore, therapeutic 
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strategies with less stringent HbA1c levels are recommended in the oldest old or 
frail diabetic patients since this subgroup visits the hospital twice as much due 
to hypoglycemia episodes than the general diabetic patients, and it has also been 
documented that hypoglycemia is related to cognitive impairment in the elderly. 
Thus, the consensus recommendation is a hemoglobin HbA1c target <8% for very 
elderly patients or for those who suffer from major clinical complications and/
or comorbid conditions. Finally, a hemoglobin HbA1c target of 8–9% has been 
recommended for patients with low life expectancy (≤5 years) [8]. Additionally, 
diabetes mellitus is usually associated with high comorbidity in old people, and 
this subgroup cannot obtain cardiovascular benefit from strict glycemia control. 
Thus, glycemic control should be part of a complex therapeutic strategy in 
CKD diabetic patients, which addresses the BP and cardiovascular risk control, 
promoting the use of ACEI, ARA, statins, and platelet antiaggregant, of course if 
they are indicated [2, 28, 29].

Regarding glycemic control recommendations in diabetic advanced CKD older 
and/or frail individuals, the European Renal Best Practice (ERBP) says that inten-
sive glycemic control is not appropriate for many or even most of this population; 
and if more intensive treatment is needed, it should be implemented with a medica-
tion that has a good safety profile and lower risk of hypoglycemia [30].The HbA1C 
targets in diabetic stage 3b-5 CKD patients should be 8.5% in those who have high 
risk of hypoglycemia, decreased general life expectancy, cardiovascular disease, 
and/or presence of microvascular complications.

In those who do not belong to the previously mentioned group and who receive 
treatment with drugs of low risk of hypoglycemia, the target of HbA1C should be 
<6.5%. Finally, those patients who do not belong to any of the aforementioned 
groups, the HbA1C target depends on the diabetes duration, being <7.2% if diabetes 
duration <10 years or <7.9% if diabetes duration >10 years [27].

�Lipid Metabolism

The major determinants of the appearance of dyslipidemia in CKD patients are 
glomerular filtration rate (GFR) reduction, severe proteinuria, use of immunosup-
pressive agents, renal replacement modality, some comorbidities (e.g., diabetes 
mellitus, etc.), and nutritional status. An initial lipid profile evaluation mainly serves 
to establish the diagnosis of severe hypercholesterolemia (LDL >190 mg/dl), and/or 
severe hypertriglyceridemia (TG >1000 mg/dl), and potentially rule out secondary 
causes of dyslipidemia [31, 32].

In nondialysis CKD adults older than 50 years with GFR >60 ml/min/1.73 m2, 
the recommended treatment is statins, while if their GFR < 60 ml/min/1.73 m2, the 
recommended treatment is a combination of statins or statins/ezetimibe. Regarding 
nondialysis CKD adult patients (aged 18–49 years), treatment with statins is recom-
mended in those who suffer from the following conditions: coronary disease, diabe-
tes mellitus, ischemic stroke, estimated 10-year incidence of coronary death, or 
nonfatal myocardial infarction >10% [32]. Prior guidelines emphasized to achieve 
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the specific LDL cholesterol targets by increasing the statin dose and/or combined 
therapy progressively [1, 7]. However, this approach is no longer recommended in 
CKD patients because of the lack of evidence to support this approach, the substan-
tial personal variability in measured LDL cholesterol values, and the potential 
hypolipemiant toxicity [7, 8].

Since high cardiovascular risk in CKD patients who have nonelevated LDL 
cholesterol is currently the primary indication to initiate or adjust lipid-lowering 
treatment, further monitoring of LDL cholesterol may not be required for many 
patients, since normal LDL cholesterol variability over time reduces the clinical 
utility of its follow-up [29].

Regarding lipid lowering therapy in this population, an interesting study in 
very elderly patients documented a 15% reduction in coronary events in those 
treated with pravastatin. This suggests that this drug can be prescribed in the old-
est old suffering from diabetes mellitus except in those with very poor life expec-
tancy [8, 33].

�Protein Diet and Physical Exercise

The KDIGO clinical practice guidelines (2012) for the evaluation and management 
of the young adult suffering from CKD recommend to lower the protein intake to 
0.8 g/kg/day in patients with or without diabetes mellitus who have GFR <30 ml/
min/1.73 m2.

They recommend avoiding high protein intake (>1.3 g/kg/day) in young adult 
patients at risk of CKD progression. Additionally, these guidelines recommend that 
individuals suffering from CKD be encouraged to undertake physical activity com-
patible with cardiovascular health and tolerance (aiming for at least 30 minutes five 
times per week), and to achieve a healthy weight (BMI: 20–25) and to avoid smok-
ing [4].

Although energy needs decline with age, very elderly people can be exposed to 
malnutrition because of anorexia, impaired taste and smell, chewing and swallow-
ing problems, geriatric syndromes, and senile prevalent comorbidities which lead 
to difficulties in cooking and eating. Because of the above exposed reasons, a low 
protein (0.8/g/kg/day) diet should be prescribed with caution in very old and/or 
frail elderly patients in order to avoid their malnutrition. In these cases a normal 
protein diet (1/g/kg/day) could be a more appropriate prescription for this popula-
tion [8].

The nutritional intervention in order to improve the nutritional status in the oldest 
old patients consists of using smaller but more frequent and fortified portions of 
food and/or adding nutrition supplements between meals. Moreover, sarcopenia is a 
prevalent entity in the elderly which may worsen when old individuals are on a low 
protein diet or suffer from conditions usually associated with aging, such as diabe-
tes mellitus, heart failure, etc. Conversely, physical activity adequate to each 
patient’s clinical situation can further improve functional status, even in those who 
have poor health status [8, 16, 28, 32].
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�Senescent Nephropathy in Nephroprevention

Frailty is a construct originally coined by gerontologists to describe cumulative 
declines across multiple physiological systems that occur with aging and lead indi-
viduals to a state of diminished physiological reserve and increased vulnerability to 
stressors (senescence) [33, 34]. Fried et al. coined the concept of “frailty pheno-
type,” which is based on the evaluation of five clinical domains: shrinking, weak-
ness, poor endurance and energy, slowness, and low physical activity, aiming to 
identify old people who are at risk of disability, falls, institutionalization, hospital-
ization, and premature death [35]. Some authors consider the presence of sarcope-
nia as part of the “shrinking domain” of the frailty phenotype [35–39]. This 
phenomenon could explain why the frailty phenotype is more prevalent in women 
than in men in all age categories [40–43].

Sarcopenia diagnosis is based on muscle mass assessment by body imaging 
techniques (computed tomography or magnetic resonance imaging), bioimpedance 
analysis (lean body mass), and muscle strength evaluated by measuring handgrip 
strength (hand-held dynamometer), and clinical scores (clinical sarcopenia stages) 
[32]. Sarcopenia explains why when kidney function is assessed in elderly people 
using estimating glomerular filtrate rate equation based on serum creatinine levels 
(eGFR-Cr), those patients with the lowest and highest eGFR values were associated 
with the highest mortality. This U-shape is more prominent in octogenarians, prob-
ably because higher eGFR-Cr partly reflects those with lower muscle mass and 
malnutrition [44].

From this concept of the frailty phenotype, those patients with three or more of 
the five domains are judged to have a frail phenotype, those with one or two domains 
as vulnerable individuals (pre-frail), and those with no domain as fit or robust 
elderly people [35–38]. Besides, it should be taken into account that the frailty phe-
notype is often exacerbated by three additional and prevalent problems in the 
elderly, such as the social isolation, depression, and cognitive impairment, which 
usually reinforce the frailty status [16, 37]. The frailty phenotype has been docu-
mented in 7% of elderly population and 14% of nondialysis CKD elderly patients, 
who are at a higher risk of hospitalization and mortality [39].

The Clinical Frailty Scale is the simplest and clinically useful and validated 
tool for evaluating a frailty phenotype, while the diagnosis of sarcopenia is 
based on muscle mass assessment by body imaging techniques, bioimpedance 
analysis, and muscle strength evaluated with a handheld dynamometer. Frailty 
treatment can be based on different strategies, such as exercise, nutritional inter-
ventions, drugs, vitamins, and antioxidant agents. Additionally, ACEI may 
improve the structure and biochemical function of skeletal muscle, and they 
may halt or slow senile decline in muscle strength. These interventions may 
slow patient’s functional decline, reducing their need for hospitalization and 
risk of death [41–47].

Normal aging should be distinguished from pathological aging (senescence) as 
they occur through different mechanisms, and the latter characteristically reduced 
the homeostatic capability which makes the elderly frail [48].
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CKD is usually associated with several conditions such as malnutrition, chronic 
inflammation, increased oxidative stress, protein-energy wasting, acidemia, 
impaired hormonal changes, anemia, accumulation of advanced glycation end-
products, insulin resistance, vessels calcification, and reduction in bone mass, 
altered regulation of body methionine transmethylation reactions by the kidney and 
low physical activity, all of which contribute to the acceleration and worsening of 
the aging process (senescence), and consequently to induce the frailty phenotype 
[48]. Additionally, sarcopenia increases progressively along with the loss of renal 
function in CKD patients, and this phenomenon seems to be primarily due to type 
II fiber atrophy influenced by altered protein turnover rates, mitochondrial deple-
tion, and low protein diet associated to CKD [37]. Moreover, coexistence of CKD 
and frailty has been shown to further increase risks of falls, fractures, hospitaliza-
tion, and mortality [49].

Thus, there is a deteriorating interdependence between CKD and aging where 
CKD makes aging accelerate and worsen (senescence), while senescence makes 
CKD accelerate its deterioration (senescent nephropathy), being frailty status the 
common path which catalyzes this spiral of damage. This particular subgroup of 
CKD frail elderly patients suffers from a condition which has been called senescent 
nephropathy, since it usually has different clinical complications, therapeutic needs, 
and worse overall prognosis compared to CKD fit elderly patients (chronic nephrop-
athy) (Table 9.1). Consequently, CKD elderly patients should be evaluated in order 
to discard the presence of the frailty phenotype. If the presence of the frailty pheno-
type is documented, rehabilitation therapy should be added to the CKD treatment, 
and standard nephroprevention targets should be adequate to the senescent nephrop-
athy condition. In this sense, a practical algorithm for achieving this purpose, which 
should be validated, is proposed in Fig. 9.1 [48–58].

Finally, the dialytic treatment seems to prolong longevity in elders compared to 
conservative treatment, but not in the sickest elderly patients. Some authors have 
reported a loss of independence in very old CKD who started dialysis treatment, 
observing that many patients deteriorate their functional state at 3 months from the 
beginning of dialysis with a negative impact on their daily activities. Moreover, they 
can become more frail and sarcopenic since they have fewer activities which are 
limited by the dialysis treatment (time on dialysis, post-dialysis fatigue, etc.). In 
these cases conservative treatment could be a better therapeutic alternative [4, 20]. 

Table 9.1  Differences between chronic kidney disease (CKD) in fit elderly from senescent 
nephropathy (SN) patients

CKD SN
CKD diagnosis Positive Positive
Frailty 
phenotype score

Negative Positive

Treatment Corresponding CKD 
therapy

Corresponding CKD therapy adjusted to frailty status 
+ frail rehabilitation and home assistance

CKD follow-up Standard control rate Tighter
CKD prognosis Standard Worse
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Interestingly, a study suggested an association between frailty and increased GFR at 
the start of dialysis, phenomenon which could be explained because the signs and 
symptoms of end-stage renal disease are not specific and it is possible that the pre-
sentation of frailty in these patients is assumed as a symptom of uremia and in this 
way leads to an earlier onset of dialysis. In addition, it is considered that GFR may 
be overestimated in these patients since their creatininemia is relatively lower 
because of their sarcopenia [18, 56–58]. Thus, in order to determine the best time to 
initiate dialysis, it would be important to consider factors other than the nephrologi-
cal ones (GFR, electrolyte levels, etc.), and frailty status should also be included in 
this assessment [18].

The Guideline Development Group considers that it is important to identify 
those patients who would not benefit from closer nephrologic follow-up, and this 
evaluation can be based on the Bansal score, which is acceptable to determine the 
predicted mortality risk in older patients. As a consequence, the treatment for those 
patients who have a high predicted mortality risk should be focused on planning 
advanced care, while nephroprevention measures should be installed, as far as they 
do not interfere with their quality of life.

Since Bansal score was obtained and validated in a cohort with few frail patients, 
a low predicted mortality risk can be inaccurate in frail patients. Thus, in these frail 
patients an additional assessment of frailty should be performed, using a 
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Fig. 9.1  Nephroprevention algorithm in chronic kidney disease (CKD) elderly patients
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well-validated tool, and if the frailty risk is high, the patient should be considered to 
have a high mortality risk, regardless of the Bansal score, and he/she should be man-
aged accordingly [59].

Finally, the prescribed therapy should be individualized and based on a shared 
decision-making process which would be ideally initiated when the elderly patient 
is healthy enough to participate and share their goals and priorities (autonomy prin-
ciple) [48, 53] (Table 9.2).

�Conclusion

Even though, the nephroprevention strategies are similar between young adult and 
senior chronic kidney disease patients, standard targets should be adequate to very 
old and/or frail elderly individuals. Additionally, the diagnosis of senescent 
nephropathy in this population implies the need of prescribing anti-frailty interven-
tions in order to slow patient’s functional decline, hospitalization, and mortality.
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10Hemodialysis in the Elderly

Luminita Voroneanu and Adrian Covic

The global population is aging. In 2017, there are an estimated 962 million people 
aged 60 or over in the world, comprising 13% of the global population [1, 2]. The 
number of older is expected to more than double by 2050 and to more than triple by 
2100, rising to 2.1 billion in 2050 and 3.1 billion in 2100 [3]. Simultaneously, the 
number of elderly patients with ESRD has increased. For this category of patients, 
some essential question should be addressed:

	1.	 Renal replacement therapy or conservative care?
	2.	 What renal replacement therapy (RRT) modality is more appropriate for our 

elderly patients?
	3.	 When to start dialysis?
	4.	 What type of vascular access is proper for our patient?
	5.	 Which is the adequate prescription of dialysis in the elderly?

�Epidemiology

Data provided by the ERA-EDTA registry (2015) showed that 44% of the prevalent 
dialysis patients were aged ≥65 years [4]. Almost 52% of the incident dialysis patients 
were aged ≥65 years. The mean age of the patients commencing RRT in all countries 
and regions combined was 64.6 years. However, data provided by a large and compre-
hensive cohort from the 29 European registries showed a significant difference between 
the incidence of RRT among the elderly across European countries and regions; the 
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difference between the highest and the lowest incidence is almost sixfold (from 157 to 
924 per million age-related population, whereas among patients 20–74 years of age the 
difference was only twofold) [5]. These differences could be partly explained by: (1) 
diverse usage of conservative management in the care of patients with ESRD; (2) 
Information provided to patients by nephrologists and other renal unit staff plays an 
important role when older adults are choosing between dialysis and conservative man-
agement; (3) different management of patients during the progression of CKD; a better 
management could reduce the number of comorbidities and increase the number of 
elderly patients who benefit from dialysis [5]. In Canada, the proportion of incident 
dialysis patients who are 65 years or older has increased from 41.8% in 1994 to 53.5% 
in 2013 [6]. In United States, nearly half of incident dialysis patients are senior citizens, 
with the median age at dialysis initiation over 64 years [7, 8].

�Renal Replacement Therapy or Conservative Care in the Elderly? 
(Survival and Quality of Life)

Elderly undergoing dialysis are at an amplified risk for poor outcomes, including 
death, with a mortality rate of up to 37.0 deaths/100 person-years within the first 
6 months of dialysis therapy initiation [9]. The median survival for elderly in dialy-
sis is almost 4 years for patients who start dialysis over the age of 70 [7]. Because 
elderly patients with ESRD could be associated with multiple comorbid conditions, 
frailty, or cognitive and functional decline, a decision regarding dialysis initiation is 
frequently difficult. It has been doubted if these categories of patients are expected 
to benefit from dialysis. The option of a conservative care as an alternative to dialy-
sis had produced increased interest for this category of patients. However, adequate 
survival data, particularly in elderly patients, are limited. A number of studies have 
showed survival in elderly dialysis patients compared with conservative care [10–
13]. However, in these studies, the numbers of enrolled patients are usually small, 
the studies are performed in heterogeneous study populations, and there is signifi-
cant variability in starting points used in survival analyses. In the largest cohort 
analysis that has been published so far, Chadna et  al. studied 844 patients, 689 
(82%) of whom had been treated by dialysis and 155 (18%) with conservative care. 
Median survival was less in conservative management than in dialysis (21.2 vs. 
67.1 months; p < 0.001) [12]. However, in patients aged > 75 years when corrected 
for age, high comorbidity and diabetes, the survival advantage from dialysis was 
only 4 months, which was not statistically significant [12]. In a retrospective sur-
vival analysis performed in a single-center cohort in the Netherlands, 311 patients 
with ESRD ages ≥70 years old opted for conservative care or dialysis. In total, 107 
patients chose conservative management, and 204 chose dialysis. Median survival 
was higher in the dialysis group (median; 75th to 25th percentiles: 3.1, 1.5–6.9 ver-
sus 1.5, 0.7–3.0 years; log-rank test: p < 0.001). However, the survival advantage of 
these patients was no longer noticed in patients aged ≥80 years old (median; 75th–
25th percentiles: 2.1, 1.5–3.4 versus 1.4, 0.7–3.0 years; log-rank test: p = 0.08) and 
in patients aged ≥70 years old with Davies comorbidity scores of ≥3, particularly 
with cardiovascular comorbidity [13, 14]. Similar data were reported by Hussain 
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et al. The survival benefit of dialysis was also lost in patients >80 years, with a poor 
performance status and high comorbidity score [15].

In a prospective observational study, including 273 predialysis patients who had 
usual nephrology care and 122 nondialysis pathway patients who also attended a 
renal supportive care clinic adding the skills of a palliative medicine team and further 
72 patients commenced dialysis during this period without attending, Brawn et al. 
found that elderly patients managed via a nondialysis pathway that includes renal 
supportive survived a median of 16 months [13]. These patients had a lower survival 
than (younger) patients attending the predialysis clinic but there was no substantially 
difference in their adjusted survival compared with dialysis patients who had not 
attended the predialysis clinic. During this time, the majority of patients had improve-
ment in their symptoms by utilizing the skills of a palliative care team [13].

In a recent systematic review and meta-analysis of cohort studies (12 studies, 
11.515 patients) the authors founded that elderly who chose dialysis therapy were 
younger (mean age: 72 years), were able to care for themselves, and had an average 
Karnofsky performance score of 73; in contrast, patients who opted for conservative 
care were elderly (mean age: 80 years old), required occasional assistance, and had 
an average Karnofsky performance score of 63 [16]. In multivariate analysis, 
patients preferring dialysis had a pooled adjusted hazard ratio for mortality of 0.53 
(95% CI 0.30–0.91, p = 0.02) relative to those deciding for conservative manage-
ment; however, significant heterogeneity precluded definitive conclusions [16].

As an intermediary conclusion, all these studies seem to suggest that dialysis 
may extend life among elderly patients without comorbidities; there is no signifi-
cant survival advantage in patients >80 years old and with important comorbidities. 
However, the decision is often very difficult.

In this context, clinical risk prediction tools may help patients and providers in 
this decision-making process by comparing their risk for mortality to that of other 
similar patient. There are several scores developed in the last 10 years. Couchoud 
et al. derived a clinical score to predict 6-month mortality based on a national end-
stage renal disease registry of adults 75 years and older initiating dialysis therapy 
in France; the Couchoud score consisted of nine predictors, body mass index 
<18.5 kg/m2 (2 points), diabetes (1), congestive heart failure stages III–IV (2), 
peripheral vascular disease stages III–IV (2), dysrhythmia (1), active malignancy 
(1), severe behavioral disorder (2), total dependency for transfers (3), and 
unplanned dialysis (2) [17]. Mortality rates ranged from 8% in the lowest risk 
group (0 point) to 70% in the highest risk group (≥9 points) and 17% in the 
median group (2 points) [17]. Thamer et al. did a comparable score with US-based 
Medicare and Medicaid patients 67 years and older initiating dialysis therapy in 
2009–2010. The simple risk score (total score: 0–9) included age (0–3 points), 
low albumin level, assistance with daily living, nursing home residence, cancer, 
heart failure, and hospitalization (1 point each) [18]. A median score of 3 indicat-
ing 12% risk in 3 months and 20% in 6 months, and the highest scores (≥8) indi-
cating 39% risk in 3 months and 55% in 6 months [18]. A third prediction score 
was published last year. This is the first score developed using population-level 
data—a cohort of 2199 older adults (aged >65 years) in Alberta, Canada; it is a 
19-point risk score for 6-month mortality that included age 80 years or older (2 
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points), glomerular filtration rate of 10–14.9  mL/min/ 1.73  m2 (1 point) or 
>15 mL/min/1.73 m2 (3 points), atrial fibrillation (2 points), lymphoma (5 points), 
congestive heart failure (2 points), hospitalization in the prior 6 months (2 points), 
and metastatic cancer (3 points) [19]. A score <5 equated to <25% of individuals 
dying in 6 months, whereas a score >12 predicted that more than half the individu-
als would die in the first 6 months [19].

Another important issue is the impact of dialysis on the quality of life in elderly 
patients. It was already demonstrated 10 years ago a marked decline in functional 
status during the period surrounding the initiation of dialysis; these functional 
decline continues despite the initiation of dialysis; at 1 year after the start of dialysis 
only one by eight U.S. nursing home residents had functional capacity that was 
maintained at the predialysis level [20]. The lowest level of physical functioning 
was seen in patients aged over 75 years old. In contrast, emotional health is well 
preserved in patients over 75  years old; the relatively good emotional health in 
elderly patients may reflect lower expectations and a higher level of satisfaction 
with being alive despite functional disabilities [20].

In this context (moderate survival benefit, decline in functional status), several 
elderly patients may regret their initial decision. In a cross-sectional study including 
103 elderly dialysis patients from Singapore, 81% reported no decision regret about 
choosing dialysis over conservative management; 11% reported ambivalence 
(“Neither agree nor disagree”) and 8% reported clear regret [21]. Additionally, 16% 
indicated they would not undergo dialysis if they had to do it over again and 19% 
felt that dialysis had led to harm [21]. One possible explanation for this perception 
is the significant healthcare-related burden reported by participants, in terms of the 
number of daily medications they needed to take, their number of comorbidities, 
monthly medical costs, and past year hospitalization days.

�What RRT Modality Is More Appropriate for Our Elderly Patients? 
(Mortality, Quality of Life)

Elderly patients on dialysis typically receive in center hemodialysis, and only a small 
proportion are on peritoneal dialysis. The principal benefit of PD is the avoidance of the 
disturbance and discomfort of visits to hospital in all types of weather and regardless of 
how the patient is feeling. Some other advantages are as follows: no need for vascular 
access, less surgical procedures required, no use of central venous catheter and reduced 
risk of related infection, better hemodynamic tolerance, no need for transportation, and 
better residual renal function preservation. Realistically, although some elderly patients 
are able to perform their own PD, for many it is impossible. Family members could 
help, but typically, when this is not possible, patients are included in HD with all its 
difficulties, or on conservative care or in best cases, on assisted PD.

A recent meta-analysis of observational studies (15 studies involving >631,421 
elderly patients) suggested a higher risk for death in elderly patients receiving PD 
than in those receiving HD was noticed (HR with PD was 1.10 (95% CI, 1.01 to 
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1.20)) [22]. When the subgroup analysis was stratified by possible confounding fac-
tors, the decreased survival of the PD group was more prominent in the presence of 
diabetes mellitus and long dialysis durations [22]. However, there was significant 
heterogeneity among the included observational studies. Also, because the incorpo-
rated studies are observational and mainly from registry databases, it is likely that 
crucial confounders may not have been corrected for (for example frailty), limiting 
the validity of the study [22].

There are several observational studies which particularly compared QoL out-
comes in elderly patients on HD or PD. The North Thames Dialysis study explicitly 
examined outcomes and quality of life in dialysis patients older than 70 years of age 
who were starting dialysis [23]. The 1-year survival of 71% was influenced by age 
but not by dialysis modality. There was no difference in survival, hospitalization 
rate, or quality of life at 6 and 12 months [23]. The Broadening Options for Long-
term Dialysis in the Elderly (BOLDE) study is a cross-sectional, multicenter study 
which assessed quality of life, depression, symptoms, and illness intrusion in 140 
(aged 65 years or older) on PD and HD patients from 3 large hospitals in South East 
England [24]. Although HD and PD patients did not differ in the quality of life, in 
physical component scores, PD patients had marginally but significantly better 
mental component scores. PD patients also had a lower number of symptoms, sig-
nificantly less possible depression and lower illness intrusion (caused by greater 
intrusion of HD in the domain of health and diet, with no significant difference in 
the other 11 intrusion scales) [24].

Most of the elderly could not choose PD because of functional impairment and 
cognitive dysfunction. In several countries, assisted PD is used in elderly ESRD 
patients. Assisted PD program is available in French, Danish, Italy, Belgium, The 
Netherlands, Norway, Sweden, Canary Islands, UK, Canada, Brazil, and China. 
Data from the French Peritoneal Dialysis Registry for 1615 patients older than 
75 years of age (1232 on assisted PD) showed that the median survival is 27.1 months; 
median pure technique survival was 21.4 months and the median survival free of 
peritonitis was 32.1 months [25]. Assisted PD seems to be a safe alternative to in-
center HD also in terms of hospitalization risk. Oliver et al. in a recent paper publi-
cation analyzed the hospitalization rate in 203 assisted PD patients and 872 in-center 
HD patients and reported similar findings in both groups, i.e., 11.1 versus 12.9 days/
year, which corresponds to 0.8 versus 0.7 hospital/admissions per year [26]. Patients 
on assisted peritoneal dialysis were more likely to be hospitalized for dialysis-
related complications (admitted for 2.4 day/year) compared with 1.6 day/year in the 
hemodialysis group; p = 0.04). This difference was partly explained by more hospi-
tal days because of peritonitis. The assisted PD seems to be also cost effective. 
Additional assistance from normal PD could increase the cost to the same level as 
HD.  In an observational study including 251 patients (129 assisted PD and 122 
HD), there were no differences in measures of QoL and physical function, except 
for treatment satisfaction, which is higher in patients on PD [27]. Assisted PD 
should be considered as an alternative to HD for older patients, allowing them to 
make their preferred choices [27].

10  Hemodialysis in the Elderly



152

�When to Start Dialysis?

The optimal timing for dialysis initiation in the elderly is unknown. The IDEAL 
study found no advantage when dialysis was started with a higher (10–14 mL/min 
per 1.73 m2) versus lower eGFR; however, these finding could not be adequately 
extrapolated in elderly population, because elderly, particularly with frailty or seri-
ous comorbidities were underrepresented in this trial [28]. O’Hare et al. reviewed 
the medical records of a random sample of patients who initiated maintenance dial-
ysis in the Department of Veterans Affairs (n = 1691) and showed that the mean 
eGFR at initiation increased from 9.8 ± 5.8 to 11.0 ± 5.5  mL/min per 1.73  m2 
(p < 0.001) between fiscal years 2000 and 2009 [29]. This trend was not elucidated 
by variations in clinical presentation over time: neither the percentage of patients 
presenting with an acute illness or the distribution of different types of clinical signs 
and/or symptoms at the time of dialysis initiation different substantially during this 
time period [29].

In a contemporary cohort of United States veterans with advanced CKD 
(n = 73,349), Tamura et al. founded that the eGFR at which survival with dialysis 
exceeded survival with medical management varied by age; an apparent benefit of 
dialysis was evident at higher eGFRs for older patients [30]. At the same time, the 
potential gain in life expectancy associated with dialysis was diminished for older 
patients and at higher eGFRs [30]. Provision of dialysis at higher levels of kidney 
function may extend survival for some older patients, but the corresponding increase 
in life expectancy may not outweigh the burden of therapy.

�Vascular Access in Elderly

The optimal vascular access in elderly hemodialysis patients remains controversial. 
Many national clinical guidelines recommended arteriovenous fistulae (AVFs) as 
the optimal vascular access in HD patients, based on several justifications: better 
longevity, less intervention to maintain long-term patency, lower mortality and 
infection risk for this category of patients, and less access-related costs [31].

However, in elderly HD patients, there are some suggestions that AVFs are not 
always the right choice [32]. There are some possible explanations for this particu-
lar situation: (1) many elderly patients have a heavy burden of comorbidities and an 
increased risk of death before dialysis initiation in this group or if they are already 
on hemodialysis they may not live long enough to see the benefits of prolonged AVF 
survival; (2) many elderly patients have inadequate vasculature for fistula matura-
tion, resulting in a reduced rate of AVF patency [33]; in a systematic review and 
meta-analysis including 13 relevant studies a statistically significantly higher rate of 
radial-cephalic arteriovenous fistula failure in elderly patients compared with non-
elderly adults at 12 (odds ratio [OR], 1.525; p = 0.001) and 24 months (OR, 1.357, 
p = 0.019) was reported [34].

The selection of a site for AV access must be individualized for each elderly 
patient. Guidelines advise performing distal limb AVF procedures first as an 
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approach to preserve more proximal venous anatomy [35]. But in the elderly, the 
mortality rates are higher, so the preservation of the vein in proximal sites is of 
smaller importance. Additionally, peripheral vascular disease (frequently founded 
in the elderly) can prejudice the inflow of blood to the AVF and consequently affect 
its maturation. This has led to a surgical preference for creating a brachiocephalic 
AVF rather than a radio cephalic AVF in elderly [36]. In a systematic review and 
meta-analysis, McGrogan et al. described the pooled 12-month AVF patency rates 
in elderly patients and compared the primary and secondary AVF patencies at 
12 months for radio cephalic versus brachiocephalic AVFs [37]. This meta-analysis 
showed that adequate 12-month primary and secondary AVF patency rates can be 
achieved in elderly patients (the pooled 12-month primary AVF patency rates were 
53.6% and secondary AVF patency was 71.6%). Brachiocephalic AVFs have both 
superior primary and secondary patency rates at 12 months compared with radio 
cephalic AVFs (primary (OR, 0.72; 95% CI, 0.55–0.93; and secondary (OR, 0.76; 
95% CI, 0.58–1.00; patency rates) [37].

What about the optimal time for AVF placement in the elderly? The Fistula First 
Breakthrough Initiative and 2006 KDOQI9 recommend that “a fistula should be 
created at least 6 months or with sufficient lead time before the anticipated start of 
haemodialysis treatments for fistula maturation [38–40].” This allows for adequate 
time for an AVF to mature and necessary interventions to be performed to ensure 
successful AVF use at dialysis initiation. If the access is created too late, the patient 
is more likely to initiate dialysis with a catheter and to experience sepsis. However, 
if dialysis access is created too early, it may not be necessary, especially in the 
elderly, because it is more likely to die before the start of dialysis. Additionally, the 
progression rate of CKD is slowly in the elderly; moreover, the rate of clotting and 
stenosis necessitating invasive procedures may be also augmented [40].

Using data from the US Renal Data System with Medicare claims data (17,511 
patients ≥67 years old on incident HD, with an AVF placed as the first predialysis 
access), Hod et al. founded that placing an AVF >6–9 months before first HD did not 
improve the success rate at HD initiation but was associated with an increased num-
ber of interventional procedures [41]. The subgroup analysis revealed that the trends 
were more pronounced in patients with chronic heart failure and with diabetes [41]. 
One potential explanation is that, in patients with comorbidities, it may lead to 
endothelial dysfunction and vascular wall abnormalities, and the hemodynamic 
shear stress of an AVF might cause increased neointimal hyperplasia with a lack of 
vascular dilation [41]. In this context, placing an AVF too early may increase the 
exposure time to neointimal hyperplasia and AVFs failure [41]. Similar data were 
reported by Richardson et al. [42]. Among patient’s ≥70 years old undergoing AVF 
creation, only 39% of AVFs were patent at 1 year, and only 50% of patients were 
alive at 18 months. As a consequence, only 35% of patients who died ever used their 
AVF [42]. Comparable results were reported also in a large nationally representative 
cohort of 3418 elderly patients with predialysis CKD undergoing preemptive AVFs 
or AVG. Sixty-seven percent of the patients initiate dialysis during a 2-year follow-
up [40]. Two recent Canadian studies found analogues results. Similar data were 
also reported in two canadian cohorts; 70% of patients (in the first study) and 81% 
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(in the second) initiated dialysis within 2 years of access placement [43, 44]. 
Moreover, as a consequence of maturation failure almost one half of patients receiv-
ing AVFS initiated dialysis with a catheter.

In this context, some authors suggest that elderly patients should be referred 
later to decrease the risk of creating an AVF that will never be used. In this interest, 
the AVG converts into a valid option form of vascular access if no appropriate 
anatomy for AVF creation and slow renal progression are present. In this context, 
the use of early stick graft might be proper. It was already demonstrated that almost 
half of those with AVF placement-initiated dialysis using a central venous catheter 
(CVC); in contrast, among patients that received a graft as first access only 25.4% 
started dialysis with a CVC; in other words, patients who obtain a graft are less 
probable to necessitate a catheter at first HD treatment compared to those who 
receive a fistula [45].

But do not forget that a substantial number of elderly have poor vasculature, 
leading to poor fistula or graft function or arterial steal syndromes; also, other 
number of patients have short predicted survival times, fistula arm swelling, or 
prolonged bleeding periods after each dialysis, which compromise their quality of 
life. In this context, CVC prevalence in the elderly dialysis population remains 
high. In 14,966 elderly, incident HD patients from the MUNDO initiative, CVC 
prevalence ranged from 32 to 69% and significantly decreased in all regions in the 
first year on dialysis [46]. North America had the highest prevalence of CVC by the 
end of the 1st year, while Asia Pacific showed the largest decrease in CVC preva-
lence at the end of year 1. Younger (70–79  years) patients were more likely to 
convert to a non-CVC access as compared to those ≥80 years old [46]. Similar data 
were showed in the DOPPS cohort; the prevalence of permanent, as the dialysis 
access was highest among those older than 75 years [47]. Permanent central venous 
catheters were used more frequently in the elderly versus younger patients in 
Europe, ANZ, and North America but were very rarely used in Japan. These data 
indicate that the elderly is less probable to start dialysis with an AV fistula and 
predominantly elderly women have a higher percentage of catheters than men [47].

That about vascular access and main outcomes? In reported comparisons, 
patients initiating hemodialysis with a catheter have greater mortality rates of more 
than 70% than those starting with an AVF, encouraging a strong emphasis on the 
fistula first, catheter last initiative. In the first large population-based study in the 
elderly evaluating survival outcomes with the vascular access placed in the predi-
alysis period, fistula first is not the clearly superior strategy in the elderly popula-
tion, particularly for octogenarians and nonagenarians. The patients with a catheter 
as the first predialysis access placed had significantly inferior survival compared 
with those patients with a fistula (HR = 1.77; 95% CI = 1.73 to 1.81; p < 0.001) 
[45]. However, no significant mortality difference was found between those patients 
with a graft as the first access placed and those patients with a fistula (HR = 1.05; 
95% CI = 1.00 to 1.11; p = 0.06). Moreover, analyzing mortality stratified by age 
groups, grafts as the first predialysis access placed had inferior mortality outcomes 
compared with fistulas for the 67 to ≤ 79 years’ age group (HR  =  1.10; 95% 
CI = 1.02–1.17; p = 0.007) [45, 48].
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In a cohort of 115,425 patients on incident hemodialysis ≥67 years old from the 
US Renal Data System with linked Medicare, Brawn et al. compared mortality out-
comes in patients initiating hemodialysis with a fistula placed first (9794 patients), 
a catheter after a fistula placed first failed (8230), or a catheter placed first 
(n = 90,517)—the reference group (47). The patients receiving an AVF first were 
younger, men, whites, those who were normal or overweight by body mass index 
rather than underweight or obese, and those who had more predialysis nephrology 
care than those in the CVC group. The fistula group had the lowest mortality over 
58 months (HR, 0.50; 95% CI 0.48–0.52; p < 0.001). However, the group initiating 
hemodialysis with a catheter after fistula placement failed also had significantly 
lower mortality rates than the catheter group had over 58 months (hazard ratio, 0.66; 
95% confidence interval, 0.64–0.68; p < 0.001). The authors concluded that patient 
factors affecting fistula placement, even when patients are hemodialyzed with a 
catheter instead, may explain at least two thirds of the mortality benefit observed in 
patients with a fistula [49].

Conversion from a CVC to a non-CVC access within the first 6 months does 
result in a significantly lower risk of death in all age groups, particularly beneficial 
in those older than 80 years. Furthermore, patients who were maintained on CVC as 
their primary vascular access had a higher risk of death compared to those who 
converted from CVC to arteriovenous graft (AVG) or AVF. In conclusion, it seems 
that elderly patients who started HD with a CVC should be changed to a non-CVC 
access as soon as possible [50].

Economically speaking, AVFs have been found to be the most cost-effective 
form of hemodialysis access; however, in elderly HD patients, the cost-effectiveness 
is critically dependent on life expectancy [51]. Using a Markov model to estimate 
the cost-effectiveness of placing an AVF or AVG or continued CVC use in a hypo-
thetical cohort of elderly (age ≥65 years old) patients initiating hemodialysis with a 
CVC, Hall et al. founded that placement of an AVF was more cost-effective than 
continued CVC use for all age and life expectancy groups except 85- to 89-year-
olds in the lowest life expectancy quartile. AVFs were more cost effective than 
AVGs for all quartiles of life expectancy among the 65- to 69-year-old age group 
[52]. AVFs are no more cost effective than AVGs for those with a life expectancy of 
<2 years, and neither form of vascular access is more cost effective than catheters 
for patients with a life expectancy of <6 months. These results support continued 
CVC use after dialysis initiation as reasonable vascular access options for older 
adults with limited life expectancy [52, 53].

Probably the best decision regarding the optimal vascular access in the elderly 
should be based on life expectancy in addition to age. A definitive answer about the 
relative benefits of AVFs and AVGs in terms of pattern survival, mortality, hospital-
ization, and costs would necessitate large, multicenter, randomized clinical trials 
(RCTs), in which patients are randomized to receive one of these vascular access 
types.

Until then, the optimal choice depends on the clinical judgment of nephrologists 
and surgeons caring for these patients. Probably the best decision regarding the 
optimal vascular access should be based on (1) life expectancy in addition to age; 
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(2) the possibility of efficacious AVF maturation; (3) the outcomes of a preceding 
vascular access.

�Which Is the Adequate Prescription of Dialysis in the Elderly?

The current European guidelines as well as American guidelines recommend a min-
imum of three dialysis sessions per week, with a Kt/V of at least 1.2 for each session 
(this target generally requires 4 h of treatment) [2]. The guidelines accept for modi-
fication to take account of renal function. This recommendation is independent of 
patient’s age, frailty, or comorbidities [54].

Kt/V is defined as the dialyzer clearance of urea (K) multiplied by the duration 
of the dialysis treatment (t, in minutes) divided by the volume of distribution of urea 
in the body (V, in mL), which is approximately equal to the total body water, cor-
rected for volume lost during ultrafiltration. In the elderly, some important changes 
are founded on these parameters [55]:

–– Body water volume (TBW) has a major influence on Kt/V. In elderly, a relatively 
lower total body water volume has been described, changing from around 65% 
in young people to around 50% in male, and 40% in female elderly people. Thus, 
old people have 10–20% lower TBW content compared to young people. 
Conversely, TBW is relative high (60%) in elderly patients suffering from immo-
bility syndrome [56];

–– Moreover, when Kt/V is considered using online clearance, V calculated using 
anthropometric data is often used. This is likely to be highly inaccurate in the 
elderly.

–– Elderly patients associate a reduced metabolic rate and a reduced protein intake; 
in this context, these patients have lower levels of uremic toxins [57].

The current guidelines recommend a hemodialysis dose of an eKt/V ≥1.2 (standard 
Kt/V ≥1.4) per session in a thrice-weekly program. The optimum dialysis dose in 
elderly patients with or without comorbidities is unknown. There is no study in the 
literature which had specifically determined hemodialysis characteristics in the elderly.

Elderly patients have also lower salt and water intake. The interdialytic weight 
gain is reduced. This has a tendency to decrease the necessity for ultrafiltration, 
permitting either a slower ultrafiltration rate at the same dialysis time or a shorter 
dialysis with the same ultrafiltration rate compared with younger patients. The 
DOPPS recent analysis confirms this theory. The mean ultrafiltration rate was lower 
in the elderly than in the younger age groups [47]. These selected elderly patients 
with lower generation of uremic toxins and lower interdialytic weight gain could 
also tolerate twice-weekly HD.  The comparison of the outcomes between twice 
versus thrice weekly dialysis is needed.

Additionally, these patients associate important cardiovascular comorbidities; in 
this context, a decreased tolerance to ultrafiltration and an amplified risk of hypo-
tension is present. Hypotension often causes premature cessation of dialysis and 
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inadequate dialysis dose. Moreover, vascular problems may cause a poor vascular 
access and finally, insufficient/disrupted dialysis.

In this context, an ERBP paper recently published conclude that the prescription of 
dialysis in the elderly should be individualized, taking multiple factors into account [54].

Incremental dialysis uses the idea of adjusting dialysis dose according to residual 
renal function so that the dialysis dose is individualized [58]. The foundation is to 
provide enough dialysis to minimum removal of uremic solutes and control of 
hypervolemia and then escalating the dose of dialysis as residual renal function 
decline. There are only few observational studies that examined clinical outcomes 
in those incremental HD. A recent large one found that there was no difference in 
survival rates between patients treated by incremental versus standard HD. However, 
higher mortality rates are noticed in patients with inadequate baseline renal urea 
clearance (≤3.0 mL/min/1.73 m2; HR, 1.61; 95% CI, 1.07–2.44) or urine volume 
<600 mL/day. The advantages of this type of HD could be particularly important for 
the elderly. An RCT is required to compare the safety and efficacy of incremental 
dialysis with standard full-dose HD in elderly dialysis patients [59]. In a recent nar-
rative review of 12 observational cohort studies of twice weekly compared with to 
thrice weekly HD, incremental HD was associated with several benefits including 
preservation of residual kidney function as well as extending the event-free life of 
arteriovenous fistulas and grafts. However, serious risks must also be considered, 
including increased hospitalization and mortality perhaps related to fluid and elec-
trolyte shifts after a long interdialytic interval [60].

The recent ERBP paper on this subject recommends that the prescription of dial-
ysis in the elderly should be individualized, taking multiple factors into account 
[54]. An individualized Kt/V may be useful in controlling dialysis dose and detect-
ing problems in delivery. However, achievement of a specified Kt/V may not result 
in any benefit to an elderly patient and could be counterproductive.

�Additional HD-Related Complications

Elderly patients are at increased risk of accidental falls; this risk is amplified in 
hemodialysis patients due to added risk of the kidney disease burden as well as the 
HD technique itself [61, 62]. Anemia and malnutrition, depression, cognitive impair-
ment, sleep disorder, the fluid and electrolyte shift from HD session, the increased 
risk of hypotension, and arrhythmias are additional risk factors in the elderly hemo-
dialysis patients [63]. In this context, a higher rate of falls compared with general 
elderly population was described (1.2–1.8 vs. 0.6–0.8 falls per patient-year, respec-
tively) [62–64]. Falls are likely to occur annually among 25% or more of HD patients, 
even in a cohort that is not primarily elderly. Falls in the elderly population are related 
with increased hospitalization, need for long-term care, and mortality [65]. Other 
concerns include fear of falling, resulting in physical activity restriction, functional 
decline, and frailty [63]. Compared with non-fallers, HD elderly fallers had a 2.13-
fold increase in risk of death, a 3.5-fold increase in risk of nursing home admission, 
and nearly a 2-fold increase in the number and duration of hospitalizations [65]. 
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Given the increased incidence of seniors in an outpatient dialysis setting and the 
reported fall rate in these patients, clinical nephrologists and other health care pro-
viders should consider fall risk when providing general care for these patients.

There is increasing evidence that HD procedure itself might contribute to brain 
injury in the elderly [66]. It was already reported an increased risk of stroke in first 
month on HD in the elderly; the stroke rate decreased in the months after dialysis 
initiation but remained approximately twice the baseline rate by 1 year [66]. This 
stabilization may signify partial recovery of cerebrovascular autoregulation in 
response to acute volume and electrolyte shifts after the first months of dialysis ses-
sions. It may also be a survivor phenomenon, with dialysis functioning as a stress 
test [66]. Using [15O]H2O positron-emission tomography-computed tomography to 
measure cerebral blood flow (CBF), Polinder-Bos et al. demonstrated a significant 
decline in global CBF by 10% ± 15% during hemodialysis session [67]. The decline 
in CBF was similar for the various individual brain regions that were studied and 
therefore, most likely, affected both the anterior (i.e., the internal carotid arteries) 
and posterior (i.e., the vertebral and basilar arteries) circulation. The decline in CBF 
was symptomatic in only one patient. HD treatment-related factors that might 
explain the intradialytic CBF decline were a higher tympanic temperature, a greater 
UF volume and UF rate, and a higher pH [67].

Cognitive impairment, including dementia, is a usual but poorly recognized 
complication among elderly dialysis affecting 16–38% of patients [68]. Dementia 
increases the risk for death, disability, hospitalization, and dialysis withdrawal and 
increases costs of care [68]. Additionally, may interfere with capacity for self-care 
and informed decision-making. Besides common traditional risk factors, like 
increasing age, diabetes, male gender, smoking, hypertension, or hypercholesterol-
emia, and CKD-related factors (inflammation, oxidative stress, vascular calcifica-
tion, etc.), some other important factors, induced by hemodialysis session itself, like 
intradialytic hypotension, cerebral edema, and hyperviscosity, are significant in the 
development of dementia [68]. The risk of dementia is higher in elderly hemodialy-
sis patients compared with PD.  A recent analysis of a large national database 
(121.623 patients) demonstrated that persons whose initial dialysis modality is PD 
have a 25% lower risk of acquiring a dementia diagnosis than persons who initiated 
dialysis on HD, even adjusting for a comprehensive set of demographic and clinical 
characteristics in a well matched analysis [69].

�Conclusion

	1.	 Conservative care/dialysis modality choice should be a patient-centered, indi-
vidual decision.

	2.	 No survival advantage for elderly with comorbidities; functional decline after 
dialysis initiation.

	3.	 No essential difference in survival on HD compared with PD, in mortality, qual-
ity of life in technique survival or peritonitis free period.
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	4.	 The optimal time for dialysis initiation is unknown. There are some data that 
facility of dialysis at higher levels of kidney function may extend survival for 
some older patients, but the corresponding increase in life expectancy may not 
outweigh the burden of therapy.

	5.	 Fistula first could be a right choice for elderly patients with good chance of AVF 
maturation and a reasonable life expectancy; for elderly patients with little 
chance of successful maturation and reasonable life expectancy, an AVG is a 
reasonable alternative. However, for patients with extensive peripheral vascular 
disease, short life expectancy from other comorbidities, or chronic hypotension, 
a tunneled dialysis catheter is a judicious choice.

	6.	 The optimum dialysis dose in elderly patients, with or without comorbidities is 
unknown. There is no study in the literature which had specifically determined 
hemodialysis characteristics in the elderly. Use of incremental dialysis or 
changes in hemodialysis frequency could be used as a substitute and can amelio-
rate quality of life in elderly patients.

	7.	 Hemodialysis can be complicated by vascular access-related problems, decreased 
tolerance to ultrafiltration, and an amplified risk of hypotension, brain injury, 
dementia, and increased risk of accidental falls.
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�Introduction: Definition of Frailty

Frailty is a medical syndrome that is characterized by diminished strength, endur-
ance, and reduced physiologic function, and it increases an individual’s vulnerabil-
ity for loss of independence and death [1]. Frailty is a clinical state in which there is 
an increase in an individual’s vulnerability for developing increased dependency 
and/or mortality when exposed to a stressor [1]. There are several measures of 
frailty in clinical medicine.

They include the Fried phenotype scale and the 7-point Clinical Frailty Scale 
(CFS) developed by The Canadian Society of Health and Aging [2, 3].

In the Fried phenotype scale, frailty was defined as a clinical syndrome in which 
three or more of the following criteria were present: unintentional weight loss 
(10 lbs in past year), self-reported exhaustion, weakness (grip strength), slow walk-
ing speed, and low physical activity (Table 11.1) [2]. For the Clinical Frailty Scale, 
the following were the 7-point categories of frailty: (1) very fit; (2) well without 
active disease; (3) well with treated comorbid disease; (4) apparently vulnerable; (5) 
mildly frail; (6) moderately frail; and (7) severely frail (Table 11.2) [3].

Besides, the prevalence of frailty is considerably higher among patients on 
hemodialysis than among community-dwelling elders: more than five times as high 
as community-dwelling older adults, at 30–42% [4, 5]. Furthermore, frail patients 
are at higher risk of hospitalization and mortality than nonfrail patients [5, 6]. 
Indeed, a higher severity of frailty as defined by the Clinical Frailty Scale (CFS) 
score at dialysis initiation has been demonstrated to be associated with higher 
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mortality [7]. Moreover, overall, there is a general tendency to associate frailty sim-
ply with aging. Indeed, de Labra in a recent published study, the VERISAÚDE 
study, introduced frailty as a multidimensional clinical geriatric syndrome [8].

In this chapter, without prejudice to the foregoing discussion about frailty, we 
would present evidence from the Mayo Clinic Health System, Wisconsin, 
Hemodialysis Program, that frailty sometimes could be very dissociated with age 
and that octogenarians can indeed present with minimal frailty scores and have a 
sustainable and good quality life on outpatient maintenance in-center hemodialysis. 
We shall present clinical summaries of three patients all aged >65 years who were 
in our hemodialysis program and who exhibited excellent quality of life outcomes 
while on maintenance hemodialysis.

Table 11.1  Fried frailty phenotype criteria

Domains Definition
Weight loss ≥10 lb (4.5 kg) of unintentional weight loss in last 12 months
Weakness Grip strength in the lowest 20% at baseline, adjusted to gender and 

body mass index
Poor endurance and 
energy

Self-report exhaustion

Slowness Walking time/15 ft (4.5 m)—slowest 20%
The slowest 20%, adjusting to gender and standing height

Low physical activity 
level

Kilocalories expended per week—lowest 20%

Frail: 3 or more domains
Prefrail or intermediate: 1 or 2 domains
Robust: no domain

Table 11.2  Clinical frailty scale criteria

1. Very fit People who are robust, active, energetic, and motivated. These people 
commonly exercise regularly. They are among the fittest for their age

2. Well fit People who have no active disease, symptoms but are less fit than category one. 
Often they exercise or are very active occasionally

3. �Managing 
well

People whose medical problems are well controlled, but are not regularly active 
beyond routine walking

4. Vulnerable While not dependent on others for daily help, often symptoms limit activities. A 
common complaint is being “slowed up” and/or being tired during the day

5. �Mildly 
frail

These people often have more evident slowing and need help in high orders 
(finances, medication, transportation, heavy housework)

6. �Moderately 
frail

People need help with all outdoor activities. Indoors they need help with 
housekeeping, and often have problems with stairs. They also need help with 
bathing and might need minimal assistance with dressing

7. �Severely 
frail

Completely dependent for personal care, from either cause (physical or 
cognitive). Even so, they seem stable and not at high risk of dying

If dementia is present, the degree of frailty usually corresponds to the degree of dementia
  Mild dementia: includes forgetting the details of recent events though still remembering the 
event itself, repeating the same question/story and social withdrawal
  Moderate dementia: recent memory is very impaired, even though they seemingly can remem-
ber their past life events well. They can do personal care with prompting
  Severe dementia: they cannot do personal care without help
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�Number of Patients Aged 65 Years and Older on Maintenance 
Outpatient In-Center Hemodialysis in August 2017 at the Mayo 
Clinic Health System Hemodialysis Units, in Wisconsin, USA

The first author was an attending nephrologist at the Mayo Clinic Health System 
Hemodialysis Program, Wisconsin (WI), USA, from September 2002 to January 
2018.

We had completed a one-time cross-sectional assessment of all the end-stage renal 
disease (ESRD) patients on maintenance outpatient in-center hemodialysis in all four 
Hemodialysis Units in Eau Claire, WI (2), in Barron, WI (1), and in Menomonie, WI 
(1). Specifically, on August 27, 2017, of the 139 listed patients on maintenance outpa-
tient hemodialysis in all four hemodialysis units, 69 (50%) were 65 years of age or 
older. They consisted of 43 males and 26 females; mean age 75.8 ± 7.8 (Standard 
Deviation, SD) years, range 65–92 years. They had been on hemodialysis for a mean 
of 45.8 ± 37.4 months (SD), range 1–162 months. Age at first hemodialysis treatment 
for these 69 patients was 71.9 ± 8.4 years (SD), range 53–87 years.

Figure 11.1 below shows the age distribution of the 69 patients who were aged 
65 years and older in August 2017.

We shall now present three of these older ESRD patients aged 80 years and older 
as at August 2017 who despite the older age were still able to continue with outpa-
tient maintenance in-center hemodialysis while maintaining a near-normal quality 
of life.

�Case Reports

We present below brief synopses of three ESRD patients currently aged 
80 years or older, as at January 2018 at the Mayo Clinic Dialysis Services in 
Northwestern Wisconsin, revealing the spectrum of quality of life/wellness 
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Fig. 11.1  Age distribution of the 69 ESRD patients aged ≥65 years in August 2017
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associated with ongoing renal replacement therapy (RRT) for end-stage renal 
disease (ESRD) despite advanced age.

	1.	 A is a Caucasian female patient, now aged 80 years as at January 2018, and had 
otherwise been on dialysis for nearly 10  years. She started hemodialysis in 
September 2010 for ESRD. She has a past medical history that included hyper-
tension, obesity, type II diabetes, non-ST acute myocardial infarction in April 
2011, coronary artery bypass graft (CABG) procedure in January 2005, redo 
sternotomy with one vessel CABG and aortic valve replacement for severe aortic 
stenosis in September 2011, against a background for a prior left nephrectomy 
over 40 years ago for recurrent urinary tract infection, recurrent kidney stones 
and a nonfunctional left kidney.

She was switched to peritoneal dialysis in 2012 by choice. We note that some-
time in September 2013, while on peritoneal dialysis (PD), she had experienced 
an unusual set of hypersensitivity reactions to Icodextrin that manifested as 
increasing lightheadedness, fatigue, exertional dyspnea, early-morning flu-like 
symptoms of the upper respiratory tract, dysgeusia, and hypotension [9]. She 
subsequently continued to do well on night-cycled PD without Icodextrin but 
was returned to outpatient in-center hemodialysis in June 2014 following 
repeated episodes of recurrent peritonitis.

The patient, presently at age 80 years, remains otherwise cheerful, lives an 
active life, and in January 2018 was out shopping for a replacement new car, 
assisted by one of her grown daughters. She travels often to visit with her several 
grandchildren. More recently, the spouse was diagnosed with multiple myeloma 
and was started on chemotherapy and the patient is now a caregiver. She other-
wise has an excellent quality of life as an octogenarian despite having been on 
maintenance RRT in the last 7 years for ESRD. She has remained very functional 
(Clinical Frailty Scale score of 3—well with treated comorbid disease), frailty 
phenotype 1, drives herself to and from dialysis, and has been the caretaker for 
the sick spouse in the last several months.

	2.	  B is a Caucasian male patient, who encountered our Nephrology Service in July 
2012 following a fall and a right hip fracture when he was shown to have expe-
rienced worsening renal failure with hyperkalemia and metabolic acidosis 
against a background of obstructive uropathy, hypertension, sleep apnea, chronic 
obstructive pulmonary disease (COPD), gout, previous kidney stones, anemia, 
and secondary hyperparathyroidism. The hip fracture was managed nonopera-
tively, and in mid-July 2012, he started hemodialysis initially via a tunneled 
dialysis catheter and subsequently via an arteriovenous (AV) fistula.

He has now dialyzed for over 6 years and continues to have a good qual-
ity of life. He has always remained very functional (Clinical Frailty Scale 
score of 3—well with treated comorbid disease), and frailty phenotype 1. 
Now at 92  years, he remains very functional and still enjoys the great 
Wisconsin outdoors, and as at the last summer in 2017, he was still able to 
drive and take out his boat once a week sailing in the local waters and still 
carried out some fishing.
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	3.	 C is a Caucasian male patient who had been followed up in our Nephrology 
Clinic for nearly a decade [10]. He is an ex-smoker with a history of hyperten-
sion and had otherwise stable CKD V for about 8 years between 2005 and 2013, 
with a serum creatinine that ranged between 4.0 and 5.0 mg/dL (eGFR 8–14 mL/
min per 1.73 m2 BSA). During this period, he had remained asymptomatic from 
a renal point of view. Indeed, he had an AV fistula created in June 2004 and this 
AV fistula was revised in January 2006 due to poor maturation in anticipation of 
the need for renal replacement therapy. Nevertheless, he had become symptom-
atic in July 2013 with nausea, vomiting, and anorexia and has been on mainte-
nance hemodialysis since August 2013 via his AV fistula. He was aged 85 years 
in August 2017, 4 years later, and was doing generally well. He lived with his 
spouse who at the time drove him back and forth for his hemodialysis treatments. 
He was still able to do some farm work at his farm between hemodialysis 
treatments.

�Conclusions

Whereas frailty is significantly more common among the hemodialysis population 
and commonly associated with ageing, we have demonstrated in this report the real-
ity that ageing alone is not the sine qua non lone determinant of frailty. Older 
patients, far into their 80s, could still live a near-normal life while on maintenance 
hemodialysis. The three patients described above, despite being 80 years or older, 
demonstrate evidence of mildly frail scores when subjected to either the Fried phe-
notype scale or the 7-point CFS developed by The Canadian Society of Health and 
Aging [2, 3].

Our message therefore is that frailty scores be utilized very early in the assess-
ment of patients, both old and younger, who are about to transition to maintenance 
hemodialysis. Recently, there has been an increasing interest in the trauma of dialy-
sis initiation which is addressed below.

�Postscript: The Trauma of Dialysis Initiation

Recently, there has been an increasing interest in the trauma of dialysis initiation. 
Within nephrology, clinicians do not have a ready perspective, or even a language, 
with which to understand these turbulent transitions [11]. The evolution to dialysis 
therapy is a fragmenting experience, disturbing previously unexamined internal and 
external cohesions [11]. Externally, profound shifts in old and new interpersonal 
connections may distort one’s sense of self [11]. The premises on which intimate 
relationships were built become warped [12]. Furthermore, the tensions introduced 
by altered roles and innate anxieties, which now place more demands on others, 
may lead to interpersonal discord [13].

From the foregoing, even for a younger nonfrail ESRD patient, the decision to 
initiate and continue hemodialysis must be a joint one between the medical team 
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led by the nephrologist, the patient, and the patient’s family. These exigencies of 
the trauma of dialysis initiation and maintenance are exaggerated and aggravated 
several-fold for the frail ESRD patient. We posit that frailty becomes a major con-
sideration in the decision-making process to initiate dialysis for ESRD patients. 
But again, we must insist that frailty exists in both the old and the young and we 
conclude that frailty is not simply a matter of chronological age. Indeed, Alfaadhel 
et al. in a study of frailty and mortality among ESRD patients, published in 2015, 
showed that age at the start of dialysis did not modify the association between 
frailty and outcome; the mortality hazards ratio (HR) was comparable whether 
young or old [7].

We encourage the assessment of frailty scores as an additional clinical tool to 
help in the decision-making process of if and when to start or continue hemodialysis 
treatment, whether in the older or younger patients.
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12Peritoneal Dialysis in the Elderly Patient
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�Dialysis in the Elderly Population

The general population is getting older, and dialysis patients are ageing too. In 
the United States, end-stage renal disease (ESRD) prevalence per million is high-
est in the 65–74-year age group and the highest incidence rate is found in patients 
aged 75 and over [1] (Figs. 12.1 and 12.2). In short, the elderly are the largest 
group of patients on dialysis. This is a trend seen throughout the developed 
world. Indeed, in some European regions, the median age of the dialysis popula-
tion is now over 70 [2].

The decision whether to commence renal replacement therapy (RRT) or to pur-
sue a conservative nondialytic management path in elderly patients is complex. The 
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(often) competing factors of poor long-term prognosis coupled with the desire to 
control symptoms while maintaining quality of life can create a challenging discus-
sion with the patient and family. As clinicians, we should always strive to maintain 
patient autonomy while being mindful of individual family dynamics and cultural 
backgrounds.

�Where Are We Now?

A longitudinal study by Jain et al. reviewed data from 130 countries from 1996 to 
2008 and reported that 11% of chronic dialysis patients around the world are treated 
with peritoneal dialysis, with increasing prevalence of utilization in developing 
countries [3]. However, the proportion of dialysis patients managed with PD is 
declining in the developed world. Health care financing and delivery play an impor-
tant role in determining dialysis modality. Countries with private dialysis providers 
tend to use PD for a smaller proportion of patients compared to countries where 
publicly-funded providers predominate.

In most countries, elderly patients who commence RRT are much more likely to 
be commenced on hemodialysis (HD) than peritoneal dialysis (PD) [2]. This is 
despite PD offering comparable medical outcomes and potentially a better quality of 
life than hemodialysis, as will be discussed. In the United States, the prevalence of 
PD use is relatively low in the general dialysis population. However, this situation is 
further exacerbated in the elderly. USRDS data reveals that only 6.3% of the 65–74 
age group and 5.6% of the over 75 age group are on PD as their mode of RRT [1].

In countries where PD is utilized more widely, such as in Canada, Australia, and 
parts of Europe, the trend of lower PD use in the elderly population persists. For 
example, in Denmark, Belgium, and Holland, 13–25% of dialysis patients aged 
65–74 years and 9–13% of those aged over 75 start on PD compared to 20–41% of 
patients aged between 45 and 64 (Fig. 12.3) [4].

In contrast, France has a well-developed PD program for older patients where 
assisted peritoneal dialysis (usually CAPD) is frequently employed. Community 
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nurses utilize a “non-disconnect” UV flash system as it shortens the time needed for 
the nursing visit. The nurse can call the patient or relative to start the drain proce-
dure so that on arrival, the nurse can remove the old bag and connect the new one 
leaving the fluid to drain in and the patient to fold up the bag [6]. In 2006, 54% of 
males and 59% of females on PD in France were over the age of 70. Other countries 
such as Hong Kong have adopted a “PD first” policy where PD is the default first-
line RRT modality unless there is a contraindication or the patient wishes to pay for 
hemodialysis. As a consequence, PD is the modality used by 75.6% of the dialysis 
population. In Hong Kong, this policy has been in effect since 1985 and has proven 
to be cost-effective. Paradoxically, in other countries this may be the case from a 
payer’s perspective but the use of PD may offer lower revenue or income margins 
for the provider [7].

�Why Is PD Generally Underutilized in the Elderly?

PD has advantages for the elderly patient, not least the fact that it can be undertaken 
at home and is a gentle, continuous therapy. However, its relative low use compared 
to hemodialysis in this demographic is not congruent with these potential benefits.

�How Are the Elderly Different?

The elderly patient with end-stage renal disease (ESRD) almost invariably has con-
siderable co-morbidity—in part related to their renal disease and increased 
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cardiovascular burden, but also secondary to the conditions affecting many older 
people, such as arthritic and mobility issues, cognitive impairment, and hearing or 
visual impairment [4].

The elderly are more likely to be prescribed multiple medications, often suffer-
ing the effects of polypharmacy, drug interactions, and adverse effects. To com-
pound matters, psychosocial issues such as housing problems, financial compromise, 
social isolation, and depression are often particularly prevalent in the older 
population.

In addition, the elderly are more likely to be frail. The concept of frailty far 
exceeds its colloquial constraints of “weak and delicate” and is an important medi-
cal description which encompasses a state of increased vulnerability with reduced 
physical reserve and loss of function [8]. It is a strong predictor of morbidity and 
mortality and is known to be more common in the CKD population. Recognizing 
frailty is key to improving patient care and helps ensure patients and their families 
feel confident about the care their loved ones receive.

The NECOSAD study was a large prospective cohort study carried out in the 
Netherlands. The relationship between dialysis modality and health-related qual-
ity of life was explored. It reported that 50% of dialysis patients would choose 
PD if given a chance. However, patients over 70 were six times more likely to 
choose HD compared to patients aged 18–40. The factors that were associated 
with not choosing PD were older age, being female and living alone. The study 
also highlighted that patients who had received predialysis care were more likely 
to choose PD [9].

The use of PD in the elderly is likely limited by numerous factors. These include:

�Health Policy
This varies among countries but greatly impacts dialysis trends. As previously dis-
cussed, high use of PD is found in countries such as Hong Kong where a “PD first 
policy” exists, whereas in the United States, peritoneal dialysis is reimbursed differ-
ently than hemodialysis [7].

�Physician Bias
In many parts of the world, physicians have minimal experience with peritoneal 
dialysis which can significantly impact utilization. This factor is exemplified by the 
wide variation of PD uptake between different units even within the same country 
and payor system. Nephrologists with more training and experience with PD are 
more likely to effectively manage peritoneal catheter insertion and malfunction, 
volume status, infectious complications, and cardiovascular disease.

�Patient Contraindications
Medical contraindications (although seldom absolute contraindications) include 
previous lower abdominal surgery, severe obesity, dexterity problems, and signifi-
cant sensory impairment without a willing partner (although the latter could be 
overcome by the use of assisted PD) [10].
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Psychosocial concerns include poor housing with limited storage space, anxiety 
regarding the ability to learn a new technique, the fear of undertaking dialysis at 
home and cognitive impairment.

There is some suggestion that the elderly are more likely to “crash land” onto 
dialysis. In other words, they present to a nephrologist late in the course of their 
disease affording minimal time for prognostic discussions and management plan-
ning. Roderick et al. conducted a retrospective study of 361 patients accepted for 
renal replacement therapy. Thirty-five percent were referred within 4  months of 
their needing to start dialysis and 23% within 1 month. These patients were found 
to be older and with more co-morbidity and had a high 6-month mortality rate [11]. 
Unfortunately, this group of patients is almost invariably commenced on hemodi-
alysis and is likely to remain on this modality indefinitely.

�Is Peritoneal Dialysis “Better”?

Over the past 30 years, numerous retrospective survival studies have been published 
comparing in-centre hemodialysis to peritoneal dialysis with variable and often 
conflicting results. Suffice to say; in the modern era survival is very comparable 
between the two modalities. However, we could, in this era of an ageing co-morbid 
population where prognosis in the elderly on ESRD is extremely poor, provoca-
tively ask the question, who cares about length of survival [12]?

A large epidemiological study by Bloembergen et al. in 1995 paved the way for 
an overwhelming preference for hemodialysis as the dialysis modality of choice, 
particularly in the US population [13]. It was based on USRDS data and showed 
higher mortality rates in the PD population, particularly in older diabetics. Later 
work by Heaf et  al. suggested that PD may confer an initial survival advantage 
which then resumes equality with hemodialysis after 2 years [14]. This has been 
explained by the preservation of residual renal function for longer in patients on 
peritoneal dialysis which in itself is known to confer survival benefits. Additional 
theories have stated that a “sicker” cohort of patients tend to be cordoned onto 
hemodialysis from the beginning. In other words, the initial survival advantage of 
PD is really the result of an accelerated early mortality on hemodialysis, especially 
in those starting with a venous catheter [15, 16].

These and other similar studies suffer from inherent methodological issues; con-
clusions are frequently based on complex statistics, subgroup analysis and are guilty 
of selection bias. It is considered impossible to conduct a randomized study on such 
an issue, and appropriately so. Patients value their autonomy and a decision regard-
ing dialysis modality is clearly a personal and subjective one.

More recent work has focused specifically on elderly patients and attempts 
have been made to incorporate complex issues such as quality of life factors 
and examination of frailty. The North Thames dialysis study (NTDS) was the 
first prospective study looking at incident and prevalent elderly patients (over 
the age of 70) on dialysis. Mortality was not affected by dialysis modality and 
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adjusted analyses also showed no significant differences in quality of life 
between PD and HD patients [17].

In the Broadening Options for Long-term Dialysis in the Elderly (BOLDE) 
study, 140 prevalent dialysis patients aged 65 and over were recruited with the 
intention of determining quality of life (amongst other variables) in patients on peri-
toneal dialysis compared to hemodialysis. Fifty percent of the cross-sectional cohort 
was on peritoneal dialysis. Illness intrusion rating scores (IIRS) were significantly 
lower in the peritoneal dialysis group. The IIRS assesses the impact of chronic ill-
ness on 13 life domains including health, diet, active recreation, relationship with 
partner and family relations [4].

�How Important Is Survival?

As we have transitioned into the next millennium, our attitudes regarding medical 
care have, rightly, become more patient-focused. This ethos is particularly apt in the 
context of our ageing and co-morbid population. One could question why survival 
in terms of mortality rates on dialysis matters and it is becoming evident that patients 
themselves often do not care about this metric at all. If a survival advantage does 
exist for hemodialysis, any extended survival is likely to be spent in the hemodialy-
sis unit.

Contrary to what may historically have been important to physicians with regard 
to their patients, a study by Manns et al. in Canada sought to identify concerns and 
unanswered questions important to patients nearing or on dialysis and to their fami-
lies. The top 10 questions included issues such as access to transplantation and how 
intractable itch can be treated. There was only one question pertaining to survival in 
relation to modality but this only made it to the top 30 and was in the context of 
quality of life improvements [18].

Ahmed et  al. demonstrated that independence is greatly valued in the elderly 
population. Patients are willing to initiate dialysis therapy as long as independence 
is sustained and symptoms are alleviated [19].

�What Are the Benefits of PD in the Elderly?

Arguably PD is the superior dialysis therapy for both the “fit” and the “frail” elderly 
patient. At the fitter end of the spectrum, PD enables easier travel and encourages 
independence whereas for frailer patients, assistance is becoming increasingly 
available. As described above, PD appears to have, at least, comparable survival 
rates compared to hemodialysis and offers quality of life benefits. Other potential 
benefits are discussed below.

�No Dependence on Vascular Access
Vascular access is the Achilles heel of hemodialysis. There is a high rate of fistula 
maturation failure in the elderly. Consequently, there is a higher rate of central 
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venous catheter use which incurs issues with high infection risk and subsequent 
mortality [20]. A study by Perl et al. looked at mortality rates in hemodialysis versus 
peritoneal dialysis and found that mortality on hemodialysis was significantly worse 
in the 1st year when the patient had a central line as vascular access [15]. On the 
other hand, the frequently quoted mantra of “fistula first” may not always be appro-
priate in the elderly, and decisions regarding vascular access should be made on an 
individual patient basis.

�Reduced Myocardial Stunning
Although cardiovascular related morbidity and mortality appear to be similar in 
hemodialysis and PD, there is evidence that PD is not associated with myocardial 
stunning [21]. In hemodialysis, hemodynamic changes can precipitate subclinical 
myocardial ischemia which negatively impacts morbidity. There is no evidence that 
this positively affects outcomes in PD as studies have been small and there are likely 
multiple conflicting and converging factors. However, at least in the elderly, the lack 
of regional wall motion abnormalities identified during PD may at least suggest that 
it is a more tolerable therapy for our frail elderly. The large swings in blood pressure 
and hemodynamic instability that are frequently experienced during a hemodialysis 
session are not usually an issue during the continuous and gentler nature of PD 
treatment.

This may also tie in to the evidence that “recovery time” after a conventional 
hemodialysis session (even for younger patients) may be as long as 6 h [22]. If trav-
elling time to and from the hemodialysis unit 3 days a week is taken into consider-
ation, it is understandable why conventional hemodialysis is associated with a 
greater degree of illness intrusion compared to PD.

�Lower Incidence of De Novo Dementia
Similarly to cardiovascular disease, cerebrovascular disease and cognitive impair-
ment is also more prevalent in the ESRD population compared to the general popu-
lation. A large retrospective US cohort study by Wolfgram et al. evaluated the effect 
of initial dialysis modality on incidence of dementia. They found that patients who 
started RRT on PD had a 25% lower risk of acquiring a diagnosis of dementia com-
pared to those on HD, despite adjusting for other risk factors/contributors such as 
age and diabetes [23]. Similarly to theories explaining myocardial stunning in 
hemodialysis, it has been postulated that the fluctuations in volume status and blood 
pressure that occur during HD can result in repeated episodes of cerebral ischemic 
injury.

There is also evidence that the incidence of subdural hematoma is higher in 
patients on hemodialysis which contributes to cerebrovascular morbidity and mor-
tality [24].

�Logistical Benefits
PD is a home-based therapy, meaning that there are few transportation costs. 
Additionally, for the elderly patient, travelling is frequently uncomfortable and time 
consuming.

12  Peritoneal Dialysis in the Elderly Patient



178

�Nutritional Benefits?
Nutrition is a vital component of a patient’s well-being, particularly in the elderly 
dialysis patient. Malnutrition is common in dialysis patients and PD has some poten-
tial benefits with regard to this. Depending on the type of PD undertaken, the patient 
may absorb between 300 and 450 kcal per day via their dialysis. However, this may 
also be an undesirable effect for some resulting in unwanted weight gain [25].

A competing risk with the potential nutritional gain is the loss of protein that can 
occur via the dialysate. For example, APD has been shown to result in 10 g of pro-
tein loss each day [26]. Consequently, patients on PD are generally found to have 
lower serum albumin levels compared to patients on hemodialysis. Hypoalbuminemia 
has a striking correlation with mortality. However, a large cross-sectional study 
showed that the equivalent mortality risk in people on PD compared with HD 
occurred at different albumin thresholds; albumin levels were 0.2–0.3 g/dl lower in 
the PD patients [27].

PD solutions using amino acids instead of dextrose have been proposed as a 
treatment for protein malnutrition in PD patients. It is a 1.1% amino acid containing 
dialysate and has similar effective tonicity to a 1.5% glucose dialysis solution. It is 
most appropriately used for a 4–6 h dwell so could be used as part of a CAPD regi-
men or for the last fill/day dwell in APD. It has been shown to improve some nutri-
tional markers but is most effective if the patient consumes calories whilst the fluid 
is indwelling. Since most malnutrition is the result of inflammation and not insuf-
ficient access to nutrients, the results have been disappointing. In addition, meta-
bolic acidosis can supervene with potential catabolic effects [28].

�Promoting PD in the Elderly

Many nephrology centres now pursue a multidisciplinary approach to patients who 
are predialysis but have progressively worsening renal function. This enables non-
biased information to be provided and patients given the opportunity to consider 
and decide upon dialysis versus nondialytic care and, if dialysis, home dialysis ver-
sus in-centre, and finally the dialysis modality. Peer support is also offered in some 
programs. The cognitive abilities of patients should be borne in mind during such 
discussions as well as the possible influence of uremia.

A retrospective study by Goovaerts et al. evaluated the influence of a predialysis 
education program on the mode of renal replacement therapy. This comprised talks 
from experienced nurses and the use of audiovisual tapes [29]. They found that a 
high percentage of patients opted for a self-care RRT modality following the educa-
tion program [29].

Another study by Chanouzas et al. questioned 118 patients regarding the factors 
contributing to their choice of dialysis modality. It also highlighted that predialysis 
education encourages patients to choose self-care therapies. Furthermore, there was 
an overwhelming association of having a strong social support network and being 
functionally able, with choosing PD, emphasizing the need for assisted PD. The 
study helped to elucidate important factors for a dialysis education program 
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including good quality information provision, written and easy to understand infor-
mation, an education day and sufficient time for decision making. The study also 
focused on the importance of lifestyle preservation and coping skills [30].

As discussed previously, “crash-landers” are invariably commenced onto hemo-
dialysis. However, in centres with willing surgeons or nephrologists capable of 
inserting PD catheters, initiating emergency PD in these circumstances should not 
be discounted.

�Training and Assessment of Older Patients

Careful assessment of the potential PD candidate is essential and includes psycho-
logical, social and cognitive assessment in addition to consideration of medical 
issues. The utilization of the multidisciplinary team is key and may include the 
skills and knowledge of a social worker, geriatrician and psychiatrist.

�Psychosocial Barriers
Accommodation issues including limited storage space, financial problems, trans-
port limitations and functional impairment such as impaired dexterity can all sig-
nificantly impact choice of modality. It is important to appreciate how involved 
families are likely to be in the care of the patient.

�Cognitive Barriers
This is a particularly important as it may impact on an individual’s ability to per-
form PD independently and safely, to comply with therapy and also whether they 
will even tolerate dialysis at all.

A MOCA (Montreal Cognitive Assessment) is a simple tool that can be per-
formed in 10 minutes and can provide a quick initial screening method [31].

�Medical Barriers
Have been discussed previously in “patient contraindications.”

Training the elderly patient may take more time than for younger patients. 
Trainers should aim to be flexible; shorter more frequent training sessions may be 
appropriate. Educational materials may require adaptation such as the use of larger 
fonts or pictures to explain procedures. Aids such as clamp adaptors for those with 
dexterity problems can prove helpful.

�MATCH-D

The Method to Assess Treatment Choices for Home Dialysis (MATCH-D) was 
developed by the Medical Education Institute, Inc., for Home Dialysis Central 
(www.HomeDialysis.org) to help nephrologists and dialysis staffs identify and 
assess candidates for home dialysis therapies. It is a useful “checklist” or aide mem-
oire to refer to when assessing a predialysis patient.
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�Method to Assess Treatment Choices for Home Dialysis 
(MATCH-D)

This figure is reproduced with permission from the Medical Education Institute

Strongly encourage PD if a
patient

Is interested in doing dialysis at
home

May not be able to do PD
Encourage PD after assessing &

eliminating barriers

Limited vision: consider using assist devices

Hearing impairment: consider using light or
vibrations for alarms

Illiteracy: consider using pictures/videos

Inability to understand language of intruction:
use pictures/videos or an interpreter

Cognitive impairment that inhibits short-term
memory and ability to learn and/or make
decisions related to treatment: assess
availablity of assistance

Angry or disruptive behavior: consider whether
PD may help by providing increased control of
their health

Neuropathy in both hands or no use of hands:
consider using assist devices

Frailty: assess availability of assistance

Poor personal hygiene: provide education

Simple abdominal surgeries: consider
laparoscopic PD catheter insertion

Obese: consider using a presternal catheter,
optimize dialysis prescription

Colostomy: consider using a presternal
catheter

Large polycystic kidneys or back pain: consider 
night cycler with dry days or low volumes
during daytime

Unreliable electricity: consider CAPD

Limited storage space at home: consider
increased frequency of deliveries

Pets at home: keep out of room during
connections

Lives in a nursing home: assess feasibility of
training nursing home staff to do PD

Uncontrolled psychiatric symptoms
(anxiety, psychosis)

Active chemical dependency (alcohol,
drugs) that impairs ability to asses
health needs

Inability to communicate (stroke or
vegetative state), or significant cognitive
impairment with no avaliable helper

Uncontrolled seizure disorder

Homeless or hazardous home
environment

Inability to maintain personal hygiene
(even after education)

Absence of or unreliable electricity for
CAPD and unable to do CAPD

Wants control of their health

Is new to dialysis or has a failing
renal transplant

Is unhappy in the in-center
environment

Wants or needs a flexible schedule

Wants or needs to travel

Is a caregiver

Lives far from the dialysis center
and/or has ureliable transportation

Has the manual dexterity to button a
shirt

Has the mental acumen to use an
ATM

Has hemodynamics that make in-
center HD difficult (diabetic
neuropathy, amyloidosis, severe
ischemic cardiomyopathy, cirrhosis)

Is no longer able to do HHD but
would like to continue doing dialysis 
at home

 

�PD Catheter Insertion

In recent times, the options for peritoneal dialysis catheter placement have broad-
ened. Depending on the centre, open surgical, peritoneoscopic, laparoscopic, fluo-
roscopic, or the percutaneous Seldinger approach of peritoneal catheter insertion 
may be employed.

In the elderly patient, PD catheter insertion is not an insignificant undertaking. 
The patient may be on antiplatelet medications or anticoagulants and is less likely 
to tolerate the often heavy duty bowel preparation.
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Percutaneous approaches obviate the use of general anesthesia and the risks that 
this entails, particularly for the elderly morbid patient. In some centres, nephrolo-
gists are undertaking these procedures at the bedside which can markedly reduce 
wait times for catheter insertion. Clearly, a percutaneous bedside approach may not 
be suitable for all patients. For example, those with a history of lower abdominal 
surgery or significant obesity would be better served with catheter insertion under 
direct visualization.

Laparoscopic surgery affords additional benefits. It permits the ability for simul-
taneous omentopexy, rectus sheath tunneling and adhesiolysis for those patients 
with prior abdominal surgery to maximize catheter function potential.

A meta-analysis by Boujelbane reviewed 13 peritoneal dialysis access studies 
comparing surgical and percutaneous placement of PD catheters and found no sig-
nificant difference between rates of catheter dysfunction or in 1-year catheter sur-
vival rates [33].

Additionally, the concept of buried PD catheters may be appropriately utilized in 
the elderly. This is a concept whereby the PD catheter is inserted in advance of clini-
cal need and the external tubing is embedded under the skin in the subcutaneous 
space. This helps to minimize the risk of a last-minute hemodialysis catheter being 
placed in the event of a sudden and unexpected change in renal function. It also 
means that the patient does not necessarily have to commence PD using low vol-
umes as is often the case if the catheter has only just been inserted. However, espe-
cially in the elderly population, there may be a measurable number of futile 
placements, where the patient dies before ever needing dialysis [34].

�Specific Considerations in the Elderly: Dialysis Modifications

Unfortunately, an elderly patient with ESRD on dialysis has a fairly dismal progno-
sis with USRDS data showing that the adjusted survival rate for patients greater 
than 75 years is 62.5% at 1 year and 17.1% at 5 years [1].

�The Aim of PD in the Elderly Should Be Within the Remit 
of the Individual Patient’s Goals of Care

Many of the dialysis guidelines and protocols we work towards in general may not 
be appropriate for the elderly patient. Parameters such as blood pressure recommen-
dations and dialysis adequacy markers such as Kt/Vurea were formulated based on 
younger cohorts and their relevance and applicability for the elderly is 
questionable.

Dialysis modifications to consider in the elderly include:

�Delayed Start of Dialysis Initiation
There is no good evidence to dictate the optimal dialysis initiation time in the 
elderly.

12  Peritoneal Dialysis in the Elderly Patient



182

Anemia, volume overload and metabolic acidosis can be managed with erythro-
poietin stimulating agents (ESA’s), judicious use of diuretics, salt restriction and 
sodium bicarbonate before dialysis is commenced.

A prospective study from the NECOSAD group looked at the association 
between the timing of dialysis initiation and the effect on survival [35]. Thirty-seven 
percent of the 253 patients started dialysis later than US guidelines advise. Timely 
starters had a small survival benefit after 3  years on dialysis; however, this was 
thought to be a reflection of lead time bias rather than a clear survival advantage.

�Continuous Automated Peritoneal Dialysis (CAPD) v Automated 
Peritoneal Dialysis (APD)
The decision regarding whether to opt for CAPD or APD is ultimately patient pref-
erence. However, the decision may also be reliant on what assistance is available in 
the community (see Table 12.1).

�Minimizing the Dialysis Prescription
The concept of incremental peritoneal dialysis is gaining momentum in the general 
dialysis population. It describes the gradual up titration of the dialysis prescription 
as residual kidney function (RKF) declines over time.

In a not dissimilar fashion, the elderly frail patient may often “get away” with a 
fairly minimal PD prescription. The elderly may be nutritionally challenged, of low 
muscle mass and have minimal energy expenditure. Their urea removal and ultrafil-
tration requirements may not be high and the patient can therefore achieve symptom 
benefit with fewer hours on dialysis and/or fewer exchanges but with some preser-
vation of quality of life [36].

Table 12.1  Summary Table [32]

PD advantages PD disadvantages
Medical Better preservation of residual kidney 

function
Gentle treatment modality—avoids 
hemodynamic compromise → potentially less 
myocardial and cerebral stunning
Vascular access not required

Risk of peritonitis, exit site 
infection, membrane failure
Requires surgical procedure to 
insert PD catheter
Inability to “fine tune” fluid 
removal, particularly in the 
anuric patient
Risk of technique failure

Psychosocial Performed at home—by patient, family 
member or nursing staff
Less disruption to day-to-day life; particularly 
for frail patients with cognitive impairment
Can continue to travel and engage in social 
activities
Enables treatment flexibility—incremental 
dialysis, CAPD v APD, days off can be 
negotiated
Avoids long, expensive, uncomfortable travel
Fewer hospital visits

Reliance on family, caregivers or 
nurses to perform dialysis in 
many cases
Treatment burden
Less contact with medical staff
Home storage space required
May promote social isolation 
and dependence
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Indeed as time goes by and the patient ages further, there may be the possibility 
of reducing dialysis complexity and hours further. The over-riding intention should 
be effective symptom control rather than a desire to achieve a certain Kt/Vurea.

For example, the elderly patient with cardio renal syndrome and resistance to 
large diuretic doses may benefit from CAPD with two exchanges of icodextrin over 
each 24 h period. There may also be a case for scheduling a “day off” intermittently 
in order to provide respite.

�Assisted PD

Many older patients are simply not candidates for self-care or autonomous home-
based dialysis and multiple studies have highlighted the benefits and successes of 
assisted peritoneal dialysis.

Assisted PD is available in parts of Europe, Canada and Australasia using health-
care workers and also in the Middle East and Asian countries where help is provided 
by family members. In Canada, assisted APD or CCPD is generally offered and in 
France, the modality is usually CAPD.  In the United States, assisted PD is not 
reimbursed.

In France, the elderly have been treated with assisted PD for more than a decade. 
The recent Frail Elderly Patient Outcomes on Dialysis (FEPOD) study suggested 
that quality of life is similar on assisted PD and in-centre hemodialysis although 
treatment satisfaction was higher on assisted PD [37]. The French experience also 
suggests that the cost of assisted PD is equal or even less expensive to that of in-
centre hemodialysis. In France, registry data shows that in patients over the age of 
75, the median survival for those requiring nursing assistance was 24 months which 
is similar to that in many parts of the world (the majority of whom would be on 
hemodialysis) [38].

APD is the most suited PD modality for the elderly requiring assistance as the 
home care nurse will need to attend the home just once or twice per day. Adequate 
training is clearly crucial and 24 h back-up from a medical centre is needed.

In France, private nurses provide care for those patients on assisted PD and 
they are seen by a nephrologist in a clinic every 8 weeks where the PD prescrip-
tion is reviewed. The private nurses can send patients to the nephrologist on 
duty whenever necessary. Assisted CAPD is the norm but more places are begin-
ning to offer assisted APD.  In the 2010 report from the French Peritoneal 
Dialysis Registry (RDPLF), 76% of French PD patients over the age of 75 were 
on assisted PD. The median patient survival was 27.1 months, the median tech-
nique survival was 21.4  months and the median peritonitis free survival was 
32.1 months [6].

Telemedicine is a growing area that could prove particularly useful in the man-
agement of elderly patients. More sophisticated systems including video conferenc-
ing and the ability to monitor patients’ blood pressure, weight and ultrafiltration rate 
have been developed. Certain PD machines have programmable data cards—
prescribed treatment details can be programmed onto this and data from each 
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dialysis session can be captured. A health professional can access this remotely by 
modem/broadband; alternatively, the data can be accessed via a disc.

�PD in the Nursing Home

PD is particularly appropriate for nursing home patients. The overnight cycler can 
be utilized and the patient then has time free in the day to partake in activities.

�Potential Complications of PD

�Peritonitis
Peritonitis is a serious complication of PD. However, it carries less morbidity com-
pared to hemodialysis related central line infections. Studies regarding PD peritoni-
tis in the elderly have revealed mixed findings. Overall, the risk of peritonitis does 
not appear to be increased in the elderly. For example, RDPLF data shows that the 
overall risk of peritonitis was not increased in the elderly and actually even lower in 
older patients compared to younger counterparts in those who have nursing assis-
tance. However, there is evidence that elderly patients have higher short-term mor-
tality rates and, in some cases, higher rates of relapsing peritonitis [39, 40].

Data was analyzed by Nessim et al. from the Baxter POET (Peritonitis Organism 
Exit Sites Tunnel Infections) database. Age was not associated with peritonitis 
among patients initiating PD between 2001 and 2005 [41].

Treatment should follow the International Society for Peritoneal Dialysis (ISPD) 
guidelines. However, antibiotic dosing may require specific attention particularly in 
frail elderly patients and a conscious observation for antibiotic-related side effects 
which may be more prevalent and more problematic in this population.

Of note, there is an association between peritonitis due to enteric organisms and 
severe constipation which is particularly common in older patients.

�Exit Site Infections
This is another recognized complication that should be monitored and treated. 
However, a study by Szeto found that there appears to be a lower risk of exit site 
infections in the elderly than in younger patients. Whether this is related to fewer 
PD exchanges and therefore fewer connections and disconnections each day, or the 
result of reduced physical activity, is unclear [42].

�Technique Survival
Observational studies vary in their assessment of this; some work has suggested an 
increased risk of transfer to hemodialysis in older adults whereas other studies 
found a reduced risk with increasing age [43]. On the one hand, one could theorize 
that the elderly are more likely to incur a change in health status necessitating a 
switch whereas on the other hand, arguably, the elderly are less likely to run into 
issues such as membrane failure due to their shorter expected duration on dialysis.
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However, for patients who do require transfer to hemodialysis, there is evidence 
that this carries significant risk. The transfer may be due to modality related issues 
such as refractory peritonitis or patient factors such as change in health or social cir-
cumstance such as loss of housing. Additionally, transfer to HD as an emergency will 
likely involve hospitalization and central venous access and the risk that this entails.

�Nutrition
Gastrointestinal symptoms are particularly prevalent in PD patients in comparison 
to age matched controls and also compared to patients on hemodialysis. This can 
further impact on the inability to reach nutrition targets. For example, they experi-
ence more dyspepsia, bloating and early satiety.

Contributing to the nutritional concerns for the elderly on PD are socioeconomic 
factors which may impede access to food and food preparation. However, in this 
scenario the absorbed calories from the PD solutions may be beneficial.

A significant proportion of the elderly on PD also have diabetes. The dextrose 
containing dialysis solutions frequently lead to increased blood glucose concentra-
tions. To complicate this issue the action of hypoglycemic agents and insulin is 
likely to be prolonged in patients on dialysis [25].

�Palliative Care in Peritoneal Dialysis

As expressed by Kidney Disease Improving Global Outcomes (KDIGO); 
(Controversies Conference on palliative care in Chronic Kidney Disease 
Populations): “the need for supportive care for kidney patients is equal to that for 
cancer patients and should be available based on need, not prognosis for patients at 
any stage of kidney disease” [44].

This statement is probably particularly pertinent for the elderly patient on dialy-
sis who is more likely to experience multisymptom burden.

The BOLDE study showed that the median number of symptoms for patients on 
PD over the age of 65 was almost 9 [4]. Dialysis physicians should be particularly 
mindful of this and routinely enquire about symptoms [4].

Goals of care discussions and prognostication with patients and their families are 
critical to ensure optimal care for the elderly patient. This enables realistic and sen-
sible decision making for the future. Prognostic scores are available to aid these 
frequently challenging consultations.

It is paramount for physicians to appreciate that one size does not fit all; each 
individual comes with their own collection of experiences, religious, and cultural 
beliefs. Much of the palliative care literature focuses on patient autonomy; shared 
decision making and honesty. There are many parts of the world where families take 
the burden of bad news, thus protecting their family member/patient from the grim 
reality. Empathy with these and other such ideals should be strived for. Many prog-
nostication scores have been developed in the hemodialysis population but are likely 
to hold relevance in peritoneal dialysis too. However, studies have demonstrated 
that patients generally feel that advanced care planning is important [45, 46].

12  Peritoneal Dialysis in the Elderly Patient



186

As the end of life approaches, decisions need to be made regarding continuation 
of dialysis. If dialysis is chosen to be continued, the focus should centre on symp-
tom control as previously discussed. Other measures that can help alleviate burden 
for patients are to tolerate hypertension in order to avoid symptoms of low blood 
pressure and also to prevent the adverse effects of polypharmacy. Laboratory moni-
toring is not always necessary, particularly if it will not affect therapy and also a 
removal in dietary restrictions can enhance quality of life.

�Conclusion

Our dialysis population is ageing. This fact has opened up new challenges for the 
nephrologist. In most countries, elderly people who start RRT are more likely to be 
commenced on hemodialysis rather than peritoneal dialysis. However, PD can offer 
unique benefits. Crucially, it is a home therapy permitting continued independence 
and can be “tailored” according to an individual’s needs and treatment goals. 
Additionally, some countries such as France and Canada offer successful assisted 
PD programs to support even very frail patients at home.

Despite this, the number of elderly patients on PD in general remains low, which 
may be due to a combination of factors including health policy, physician bias, and 
perceived medical or psychosocial barriers. However, PD offers similar survival and 
quality of life benefits compared to HD with no dependence on vascular access. 
There may also be additional medical benefits such as less myocardial stunning 
compared to HD and potential nutritional advantages.

The use of multidisciplinary predialysis programs is vital to ensure that patients 
and their families receive balanced and relevant information in order to make 
informed choices about their care. It is also imperative that the necessary long-term 
support is available to enable elderly patients to pursue PD confidently.
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13Kidney Transplant in Elderly

Lucas Petraglia and Kristian Heldal

�Introduction

As survival rates improve, the prevalence of older patients with end-stage renal 
disease (ESRD) increases markedly. Both USA and European registries have shown 
a rise in the elderly population (≥60 years old) with renal replacement therapies 
(RRT) [1, 2]. In this scenario, kidney transplant is a relatively new discipline, and 
older adults have their own characteristics that determine organ availability, donor 
evaluation, and recipient outcomes including their clinical complications. Taking 
this into account we can make a comparison with their younger counterparts.

�The Asymmetry in Transplant

The incidence and prevalence of ESRD patients in RRT over the last decades 
have shown a significant growth mostly due to an increased number of patients 
above 65 years of age. This pattern is seen in most western societies, including 
the USA, Europe, and the UK where the number of patients younger than 
60 years old has been steady since the 1990s in contrast with the age group of 
70 years and above that was substantially enlarged and reached a plateau just a 
few years ago [2–4].
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Regarding the access to kidney transplant, data from the USA show an inverse rela-
tionship between percentage of patients wait-listed or transplanted and age. In 2012, 
56% of US patients aging 0–17 years were waitlisted or transplanted within the first 
year after initiation of RRT compared to only 13% of patients aging 65–69 years [1].

Although there is a significant asymmetry in the total number of transplants in both 
age groups, the USRDS, the Eurotransplant, and the Scandiatransplant registries all show 
evidence that the proportion of organ recipients of 65 years and older have increased 
since 1992 while staying fairly constant for patients below 45 years [5] (Table 13.1).

�Allocation Strategies

In 2002, the Organ Procurement Transplant Network (OPTN)/United Network for 
Organ Sharing (UNOS) adopted the extended criteria donor (ECD) allocation pol-
icy [6]. The intention was to use the marginal organs by allocating them to patients 
that otherwise would have low probability to receive a transplant. This resulted in 
more procurement and transplant, but the number of organs discharged did not 
change [7–9]. Those kidneys that were initially rejected in some centers proved no 
significant difference in 5-year patient survival and graft survival when allocated 
[10]. To optimize and guide the distribution, the Kidney Donor Risk Index (KDRI) 
was introduced as a refined version of the ECD score [11]. This was used in the 

Table 13.1  Comparison between young (<65 years old) and old (≥65 years old) kidney trans-
plant patients

Young patient Old patient
Same incidence of ESRD in the last 
decades

Growing incidence of elderly with ESRD and RRT

Higher probability to receive an organ 
within the 1st year

Lower chance of being wait-listed or transplanted

Stable proportion of transplanted 
individuals in the last decades

Increasing proportion of elderly recipients

Survival benefit over dialysis Survival benefit over dialysis
HRQoL benefit over dialysis HRQoL benefit over dialysis
Higher risk of death-censored graft 
failure in <35 years old

Higher mortality in the early post-transplant and in 
the long term

Higher chronic allograft failure Higher incidence of comorbidity and frailty
Higher risk of acute rejection with ECD 
organs

Higher risk of death-censored graft failure in 
>75 years old

Lower drug compliance Higher death-censored graft survival than younger 
patients
Decrease in the overall immune response and less 
acute rejection with aging
Acute rejection is a strong predictor of premature 
death and graft loss
Higher immunosuppressive drug levels and toxicity 
with a median lower dosage
Higher drug compliance but lower adherence

ESRD end-stage renal disease, ECD extended criteria donor, RRT renal replacement treatment
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“longevity matching program” that aims to pair kidneys expected to last the longest 
with people expected to live the longest [12]. In 1999, some years before the ECD 
was adopted, the Eurotransplant Senior Program was developed as an age matching 
policy in Europe. Organs from donors aged ≥65 years are allocated locally to recipi-
ents aged ≥65 years without HLA matching, ranked exclusively by waiting time. 
This led to shortened waiting and cold ischemia times for elderly but no significant 
change in graft or patient survival at the 1st and 5th year of follow-up, compared to 
the regular allocation strategy [13, 14].

�Outcomes: Patient and Graft Survival

Most available evidence on recipients of ECD kidneys show worse outcomes includ-
ing more delayed graft function (DGF) and lower glomerular filtration rate (GFR), 
more primary non-function and acute rejection when compared to “standard 
organs”. Older transplant recipients also have higher mortality than the younger 
ones [15–24]. However, the benefit for this age group comes when comparing sur-
vival rates with their dialysis counterparts [23, 25].

Back in the 1990s, evidence describing the beneficial effect of renal transplant over 
staying wait-listed on the expected survival rates in patients older than 60 years (diabetic 
and non-diabetic) emerged [26, 27]. This was also described for patients 70 years and 
older in studies done in the following decade [28, 29]. Recently, favorable outcomes have 
been described even in octogenarians [30, 31]. Even for patients receiving marginal 
organs with high Kidney Donor Profile Index (KDPI), the cumulative survival at 5 years 
was better for transplantation than waiting for a more “favorable organ” [32]. 
Consequently, an absolute upper age limit for transplantation is not advocated.

Although the long-term outcomes are favorable for older recipients, it should be 
mentioned that a higher mortality is registered during the early post-transplant 
period, especially in the most comorbid individuals and high-KDPI organs [33, 34].

Using old to old allocation strategies, elderly patients will most probably receive 
organs from older donors that may be suboptimal. Although the survival after transplan-
tation with organs from donors of advanced age has been described as acceptable and far 
better than expected for comparable patients on dialysis, there is evidence describing that 
recipients of kidneys from very advanced aged donors (70 years and over) have higher 
risk of graft loss and recipient mortality than recipients of ordinary ECD grafts [18].

The use of dual kidney transplants as a way to maximize the graft outcomes in 
recipients of margigal donors has been introduced in USA and Spain [35–38]. The 
incidence of DGF and graft loss at 1st year has been found to be similar to single trans-
plants, but mortality results described were variable, showing in some cases a rise in 1st 
year mortality but a beneficial effect in the 5 year analysis [35–37, 39–43]. To our 
knowledge, most transplant centers do not use this dual kidney transplant strategy.

Recipient characteristics also have a fundamental role in the graft outcomes.
To this matter some pathological conditions of the elderly population, like cogni-

tive impairment (although this is considered as a contraindication to transplantation 
by most centers), and comorbidities like diabetes mellitus and hypertension, have 
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been described to be associated with morbidity and mortality after kidney transplan-
tation [44–47]. In addition, increased dialysis vintage is found to be negatively asso-
ciated with survival after transplantation [48].

There are two more elements that should be examined due to their impact on the 
transplant outcomes. The first of them is frailty, a syndrome characterized by dimin-
ished strength, endurance, and reduced physiologic function that increases an indi-
vidual’s vulnerability for developing increased dependency and/or death [49]. 
Frailty is more frequent with advanced age, particularly in combination with chronic 
kidney disease [50]. Frailty in the general population is associated with an increased 
mortality risk [51, 52]. Some studies of kidney transplant recipients have found a 
higher risk of delayed graft function and hospital readmission in frail patients [43, 
53, 54]. There are several scores developed to determine frailty, but none of them is 
validated for elderly transplanted patients, and there are no existing guidelines that 
include frailty in the selection algorithm for kidney transplantation.

The second element of importance in older recipients is poor adherence to pre-
scriptions. Seventy percent of nontransplanted patients older than 65 years showed 
nonadherence to medication after 3 months of hospital discharge, and compliance 
declines with the number of daily doses, which is of significant practical value con-
sidering the amount of medication used by this particular population [55, 56]. These 
observations may not be directly transferable to older transplant recipients since the 
recipients constitute a carefully selected group of patients eligible for transplanta-
tion. Interestingly, elderly transplant recipients tend to be more compliant to therapy 
than younger adults, but the rate of adherence is lower as a consequence of forget-
ting or confusing prescription and dosage [57]. This lack of adherence to medica-
tion and clinical visits has been related to late rejection episodes, graft failure, graft 
loss, and occurrence of infection, tumor, and cardiovascular disease [58–60].

Fortunately, there seems to be a trend over the past years toward even better out-
comes after transplantation in older patients [61]. The most frequent cause of graft 
loss in older kidney transplant recipients is death with functioning graft and conse-
quently patient survival has become the main factor that determines the organ sur-
vival [31, 62]. As a matter of fact, large cohorts show that the highest risk of 
death-censored allograft failure is found in young adults (18 ≤ 35 years old) and 
very old patients (≥75  years old). Compared with young adults, death-censored 
allograft failure risk was lower in patients aged 65 or older and decreased with every 
5 years until the age of 75 [63, 64]. In older recipients, the incidence of death with 
a functioning organ due to cardiovascular disease, infection, or malignancy is higher 
than the incidence of chronic allograft failure [65].

�Outcomes: Health-Related Quality of Life

It is not only the survival time that is important to evaluate as an outcome after an 
intervention. Also the quality of the remaining years is considered as important for 
the patients, especially in older patients for whom the expected life span is relatively 
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short, regardless of any intervention. Up to recently, only limited data describing the 
effect of kidney transplantations was published [48, 66]. However, in a prospective, 
longitudinal study published in 2018, the authors describe that health-related qual-
ity of life (HRQoL) in recipients older than 65 years improves significantly for most 
dimensions 1 year post engraftment [67]. Time on dialysis was the most important 
variable associated with impaired HRQoL after transplantation. Data from the same 
study also describe that HRQoL decreases while the patients are waiting for a trans-
plant [68].

�Immunosuppression

As part of the physiological aging, metabolism, pharmacokinetics, and immune sys-
tem experience noticeable changes that determine a decrease in the overall immune 
response. There is evidence in murine models supporting the reduction in memory 
T cell helper function, effector T-cell alloreactivity, production of interferon by 
CD4+ memory T cell, proliferative response of T cells, and a rise in oligoclonal 
expansion of a memory T-cell subpopulation with reduced CD28 expression and 
impaired intracellular signaling [69–76], as well as B cell alterations characterized 
by a decreased antibody response [77]. On the other hand, organs from older donors 
are suspected to be more “immunogenic” than organs from younger donors, and as 
a consequence, receiving an organ from an older donor is associated with increased 
risk of rejection [48, 68, 78].

In humans this is reflected in the fact that organs from older donors have higher 
risk of rejection when allocated to younger individuals, in contrast to elderly 
recipients where there seems to be a reduced activation of the immune system [64, 
79, 80].

The presence of reduced gastric emptying, impaired gastrointestinal motor func-
tion, decreased splanchnic blood flow, decreased renal clearance, changes in cyto-
chrome IIIA isoenzymes and P-glycoprotein, decreased protein binding, and 
decreased hepatic blood flow are particularities of this age group that could poten-
tially interfere with immunosuppressant drug metabolism [81].

There are no protocols specially designed for old patients receiving ECD 
organs. Pharmacokinetics should also play a fundamental role when deciding 
immunosuppressive regimens. Older adults reach higher calcineurin inhibitor 
(CNI) levels with a median lower dosage [82]. This is important knowing that 
older recipients tend to have higher frequency of CNI-induced nephrotoxicity, 
infections, cardiovascular events, and malignancies. There is also a trend toward 
a higher proportion of infections as a cause of death in elderly recipients, espe-
cially among those who received rejection treatment [48, 83].

It has been proposed that older recipients should profit from less intense immu-
nosuppressive regimens, and studies have been designed to find the balance between 
targeting lower blood levels of immunosuppressant drugs and the risk of acute 
rejection [84].
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European studies have described fewer episodes for patients over 60 years in 
comparison to the younger patients [24]. The risk of acute rejection also seems to 
be reduced with increasing age. An analysis of Norwegian data made by Heldal 
et al. found that recipients older than 70 had acute rejection rates of 35% within 
the first 12 weeks of post-transplantation in contrast with the 44% in patients aged 
60–69 years and 45% among the control group aged 40–54 years [24, 85]. Even 
though the incidence of acute rejection decreased with increasing age, it seems to 
be more detrimental once it occurs. Acute rejection episodes during the first 
3 months post engraftment were a strong predictor of premature death and graft 
loss in the elderly (≥70 years) and in the senior (60–69 years) age groups [48]. A 
likely explanation for these findings could be that the older recipients do not toler-
ate the intense immunosuppression that is included in the treatment of an acute 
rejection. According to this theory, immunosuppression should not be reduced in 
older recipients unless they experience side effects or complications to the 
treatment.

As for induction agents in recipients older than 60 years, many centers will con-
sider antithymocyte globulin (ATG) as the drug of choice in high-risk recipients 
with high-risk donors [86], but because of the increased risk of infections and the 
reduced survival described in patients receiving more than 6 mg/kg of ATG, it would 
be advisable to aim lower doses [87]. Interleukin-2 antagonist (IL2R) may also be 
an attractive alternative for older recipients due to better tolerability. In a Norwegian 
study comparing outcomes after transplantation with kidneys from donors older 
than 60 years, induction therapy with IL2R was, compared to no induction therapy, 
associated with reduction in incidence of acute rejection episodes as well as 
improved 2-year graft survival [48, 88]. A direct comparison of IL2R versus ATG in 
older recipients has however to our knowledge not been performed.

�Aging Kidney Transplantation

It is worth mentioning that there are several immunological and nonimmunological 
factors related to kidney graft deterioration and histological lesions as is the case of 
interstitial fibrosis and tubular atrophy overlap with those observed in aging kid-
neys. Therefore, it has been proposed that renal transplant aging could contribute to 
graft loss. In this sense, the cell aging process displays characteristics such as an 
increased expression of specific aging suppressor genes, shortened telomeres, 
increased expression of negative regulators of the cell cycle, and mitochondrial 
changes [89].

Tubular frailty, which is one of the main aged-related renal changes, makes aged 
kidney graft susceptible to ischemia, reperfusion, toxic injury, and inflammation. 
Moreover, renal tissue injury not only predisposes the older graft to progressive 
deterioration due to glomerular hyperfiltration but also triggers acute rejection due 
to increased immunogenicity [89, 90].
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�Conclusion

Kidney transplantation is an attractive treatment option for ESRD patients that after 
a standard medical evaluation are found suitable for the surgery and the following 
medical treatment. Both survival and HRQoL are improved in transplanted patients 
compared to what should be expected if they were not transplanted, and conse-
quently transplantation should be considered as the treatment of choice provided 
that there are organs available and no contraindications exist. There should be no 
absolute upper age limit for accepting patients for transplantation.
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�Introduction

Although kidney stones are famously painful, they are also often viewed merely as 
inconvenient and relatively minor on the list of common disorders affecting the 
world’s populace. When they affect the elderly, however, there is a likelihood that 
they may lead to adverse effects that become more meaningful when experienced in 
the context of the comorbidities of the older population. As a disorder that is ame-
nable to prevention, we are often struck that primary care practitioners, including 
geriatricians, apply their expertise in prevention to treatment of diabetes, metabolic 
syndrome, hypertension, and atrial fibrillation, without any regard for the possibility 
of preventing stone disease. In this review, we first offer some facts regarding stones 
in the general population and then consider how risk factors and treatment might be 
different in an older population.

�General Considerations

Kidney stones are becoming more common and are associated with significant mor-
bidity. The overall prevalence of kidney stones has increased in the United States from 
3.8% of the population in 1976–1980 to 8.8% of the population in 2007–2010 based 
on NHANES data [1]. Non-Hispanic white men have the highest prevalence of stones, 
followed by Hispanic men, non-Hispanic white women, and Hispanic women. 
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Non-Hispanic black men and women have the lowest prevalence of stones at 4.8% 
and 4.2% respectively [1]. The prevalence of kidney stones increases with age: 16% 
of men and 7% of women over the age of 70 had passed at least one stone in their 
lifetime. The prevalence of kidney stones increased in men until the age of 65, and in 
women until the age of 70 [2]. In a group of calcium oxalate stone formers, the preva-
lence of diabetes mellitus, hypertension, and increasing BMI, all risk factors for stone 
disease, increases from age 18 to 69 prior to declining in those aged 70 or more [3].

�Risk Factors

Nutritional factors play a role in the development of kidney stones. Diets rich in mag-
nesium, potassium, and calcium with good fluid intake decrease the risk of kidney 
stones, while diets high in fructose, sucrose, or sodium with low fluid intake increase 
risk of kidney stones [4]. Being overweight or obese increases the risk for a kidney 
stone in both men and women [1]. Lower household income also increased risk of 
developing a kidney stone [1]. Stones are more common in warmer climates [5].

Certain occupations may also increase risk of kidney stones. For example, taxi 
cab drivers [6], who have infrequent access to rest rooms, are at higher risk, as are 
those who work in hot environments or with infrequent access to fluids.

Risk factors for kidney stones which may disproportionately affect older indi-
viduals include diabetes mellitus, gout, obesity [1], and immobilization [7]. 
Institutionalized older patients may be at additional risk because of limited access 
to water and to an appropriate diet. Older individuals may be more likely to limit 
fluid intake due to concerns of worsening urinary incontinence or lower urinary 
tract symptoms (LUTS) and gastroesophageal reflux disease (GERD). Older indi-
viduals may have more lactose intolerance, or other dietary restrictions which fur-
ther limit adherence to the dietary guidelines discussed below.

An initial evaluation of a kidney stone patient should include a detailed medical 
history. Bowel disease leading to chronic diarrhea or malabsorption increases risk 
of kidney stones. Bariatric surgery (Roux-en-Y gastric bypass), small bowel resec-
tion, and ileostomy will increase risk. Systemic diseases which increase urine or 
serum calcium will also increase risk and include primary hyperparathyroidism and 
sarcoidosis. Certain medications such as topiramate and other carbonic anhydrase 
inhibitors will increase risk. Hyperthyroidism [7] will increase risk of kidney stones. 
Renal anomalies leading to urinary stasis will also increase risk of recurrence.

Kidney stone composition varies with age and between men and women. 
Although calcium oxalate stones remain the most common type of stone, both men 
and women show an increased prevalence of uric acid and struvite stones with age. 
The percentage of uric acid stones shows significant increase after the age of 50. 
Young women have a higher prevalence of calcium phosphate stones. This 
decreases with age, as calcium oxalate becomes the predominant stone type [8]. 
Metabolic abnormalities noted by 24-hour urine measurements also vary with age 
and gender. Men are more likely to have hyperuricosuria, hyperoxaluria, and 
hypocitraturia [3].
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�Appropriate Diet and Dietary Guidelines

Dietary intake is a modifiable risk factor in the development of kidney stones. 
Maintaining a normal BMI, drinking an adequate amount of fluid (2  L or 
greater), eating a diet high in fruits and vegetables, and high in low-fat dairy 
products (such as the DASH diet), with adequate calcium intake (about 1000 mg 
per day), and low intake of sugar-sweetened beverages was associated with a 
significantly lower risk of incident kidney stones [9]. The only randomized clin-
ical trial to demonstrate the ability of a diet to prevent stones was successful in 
Italian men with urine calcium excretion greater than 300  mg/day [10]. 
Compared with a low calcium, low oxalate diet, the higher calcium, low salt, 
oxalate, and animal protein diet was associated with nearly half as many recur-
rent stones after 5 years. Based on the findings of these population-based studies 
and review of existing clinical trials, both the American Urologic Association 
(AUA) [11] and the European Association of Urology (EAU) [12] recommend 
“normal” dietary calcium intake, limited sodium, and limited animal protein for 
patients with calcium-containing stones (Table 14.1). A recent Cochrane review 

Table 14.1  AUA and EUA dietary guidelines for management of kidney stones

AUA guidelines General preventative measures (EAU)
All stone formers should have fluid intake that will 
achieve a urine volume of 2.5 L daily

Fluid intake of 2.5–3.0 L/day
Circadian drinking
Neutral pH beverages
Goal urine output of 2.0–2.5 L/daily
Goal urine-specific gravity <1.010

Patients with calcium stones and high urinary 
calcium should limit sodium intake and consume 
1000–1200 mg daily of dietary calcium

Nutritional advice: balanced diet
Rich in vegetables and fiber
Normal calcium content (1–1.2 g/day)
Limited sodium chloride (4–5 g/day)
Limited animal protein 0.8–1.0 g/kg/day

Patients with calcium oxalate stones and high 
urinary oxalate should limit intake of oxalate-rich 
foods and maintain normal calcium consumption

If a 24-hour urine shows hyperoxaluria, 
oxalate should be restricted

Patients with calcium stones and low urinary citrate 
should increase intake of fruits and vegetables, and 
limit non-dairy animal protein

If a 24-urine shows high sodium 
excretion, sodium should be restricted

Patients with uric acid stones or calcium stones 
with high urinary uric acid should limit non-dairy 
animal protein

If a 24-hour urine shows a small urine 
volume then fluid intake should be 
increased

Patients with cystine stones should limit sodium 
and protein intake

If a 24-hour urine shows high intake of 
animal protein, then excess animal 
protein intake should be avoided
Lifestyle advice
BMI for adults: 18–25 kg/m2

Stress limitation measures
Adequate physical activity
Balancing excessive fluid loss

AUA American Urologic Association, EUA European Association of Urology, BMI body mass 
index
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also found a benefit from a normal calcium, low protein, and low salt diet for 
stone patients with hypercalciuria [13]. The EAU recommends general preven-
tative measures for all stone formers, including specific dietary management 
based on a 24-hour urine.

In contrast, the American College of Physicians (ACP), which limits its recom-
mendations to those based on randomized clinical trials (RCTs), only has a single 
guideline for dietary management of kidney stones, promoting a goal of increased 
fluid intake, spread throughout the day to achieve a daily urine volume of at least 
2 L. Beyond stating that sodas acidified with phosphoric acid should be avoided, 
there were no strong, evidence-based recommendations for additional dietary inter-
ventions [14].

The AUA and EAU note that high risk stone formers are likely to benefit from 
medical therapy and have issued guidelines regarding appropriate treatment based 
on stone composition or metabolic factors. The ACP also evaluated the role of medi-
cal therapy. None of the guidelines specifically address the most appropriate strate-
gies in older adults, or ask whether such strategies might be different than those of 
younger people.

The mainstays of pharmacologic management of calcium kidney stones include 
thiazides, to lower urinary calcium excretion, potassium citrate to inhibit calcium 
oxalate precipitation, and allopurinol to reduce hyperuricosuria in those without 
higher urine calcium. Uric acid stones are best treated with alkali to achieve an 
increase in urine pH [11, 12, 14]. Each of these therapies may potentially pose 
greater risk in older patients. Use of thiazides may lead to hyponatremia (espe-
cially when patients are advised to increase their fluid intake), or orthostatic hypo-
tension, increasing fall risk. Thiazides may also cause erectile dysfunction, 
fatigue, and muscle symptoms, further limiting use [15]. On the other hand, thia-
zides also have the potential for important benefits in older people. They are gen-
erally considered effective therapy for systolic hypertension, associated with 
better cardiovascular outcomes [16]. In addition, probably by lowering urine cal-
cium, they are associated with increased bone mineral density and reduced frac-
ture rates [17].

Potassium citrate may cause GI symptoms, especially in older patients. 
Careful monitoring is advised in patients with reductions in estimated glomeru-
lar filtration rate (eGFR), particularly those who are adherent to low salt diets 
(which will further limit potassium excretion), or those treated with medications 
which impair potassium excretion such as angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, or mineralocorticoid antagonists. Sodium 
bicarbonate may worsen a tendency toward fluid retention and heart failure, 
though this risk is small compared with sodium chloride. Allopurinol can be used 
safely in patients with reduced eGFR if started at lower doses and titrated 
upwards gradually. Thus, the risks and benefits of medical treatment of kidney 
stones need to be carefully considered in older individuals. If medical therapy is 
initiated, more frequent monitoring for side effects and laboratory abnormalities 
would be prudent.
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�Are Older Patients at Risk of Recurrent Stones?

Usui and colleagues examined metabolic risk factors in stone patients over the age 
of 65 [18]. Most patients in stone clinic were younger than 65; those older than 65 
comprised only 9.6% of the total patient population. Recurrent stones were noted in 
about 15% of those over the age of 65, with higher urinary calcium associated with 
recurrence. However, the probability of stone recurrence was the same in the older 
patients compared to the younger ones.

A unique calculator was developed to predict the risk of stone recurrence. The 
Recurrence of Kidney Stone (ROKS) nomogram [19] assigns a point score based on 
the sum of 11 predictors (age, male gender, white race, family history of kidney 
stones, gross hematuria with a symptomatic stone, uric acid stones, stone in the 
uretero-vesicular junction, stone in the renal pelvis, any concurrent asymptomatic 
stones, and history of a prior suspected stone event). The older the age of a first time 
stone former, the lower the risk of recurrence. Thus, a low-risk patient, for instance, 
a 65-year-old woman with an obstructing calcium oxalate stone, and no other risk 
factors, may have only a 10% risk of recurrence over 10 years and may therefore not 
benefit from either dietary or medical therapy to further reduce her risk of recur-
rence. Utilization of the ROKS nomogram may therefore be helpful in identifying 
low-risk patients. Unfortunately, the ROKS nomogram may underestimate those 
patients at higher risk, because it does not include known metabolic risk factors, 
such as hypertension, diabetes mellitus, presence of metabolic syndrome, or obe-
sity, in the risk calculation. It also has not been validated in a population other than 
that seen at Mayo Clinic, and does not take into account the results of 24-hour urine 
collections.

�How Do Metabolic Risk Factors for Kidney Stones Change 
with Age?

We examined differences in urine and serum chemistry in patients greater than 
60 years compared to younger patients [20]. In the referral clinic at University of 
Chicago, 12.8% of women (97 out of 760) and 5% of men (81 of 1617) were older. 
Each patient had three baseline 24-hour urine collections and a corresponding 
serum chemistry sample drawn 12 hours after the last meal. Older patients (both 
men and women) had higher baseline creatinine and potassium values. Significant 
changes noted in the 24-hour urine collections are shown in Table 14.2.

Older men and women had lower urinary calcium, uric acid, creatinine, magne-
sium, and phosphorus compared to younger men and women. Lower urinary cal-
cium led to a lower (better) supersaturation (SS) for calcium oxalate and calcium 
phosphate despite a decline in urine pH with age. In these older patients, other 
factors in addition to supersaturations may be determining the increased risk for 
stones. This could be due to a defect in inhibitors of crystallization (the decline in 
urinary magnesium, for instance). Alternatively, it may be that although the urinary 
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calcium is lower, it is still sufficient for stone formation. Walker et al. show that 
although urinary calcium and creatinine decline with age, calcium clearance as a 
percentage of creatinine clearance increases with age in male and female stone 
formers [21].

Perinpam et al. [22] also found that urinary calcium, magnesium, and uric acid 
decreased with age, while urinary oxalate remained relatively stable. Similar results 
were noted by Friedlander et al. [23], with a decline in urine pH, uric acid, creati-
nine, and SS of CaOx and CaP with age in adjusted multivariate analysis.

Otto et al. found a linear association with age and urinary oxalate, lower urinary 
pH, and lower urinary uric acid [3] in calcium oxalate stone formers. Urinary cal-
cium peaked in the age 40 to 49-year-old age group. There was no association 
between age and calcium oxalate supersaturation, but older patients had a lower 
supersaturation of calcium phosphate.

Some of the differences in these studies may be explained by the high rates of 
patients who were overweight (30%) or obese (40%) in the Otto cohort, as a higher 
BMI was associated with hyperuricosuria, hyperoxaluria, hypocitraturia, a lower 
urine pH, and hypercalciuria. They found that age, gender, and BMI performed best 
in predicting urinary abnormalities and suggested that the risks for calcium oxalate 
stones change with age. Younger patients may have hypocitraturia, middle-aged 
patients may have more calcium excretion, and older patients may have more hyp-
eroxaluria [3].

�Managing Osteoporosis and Kidney Stone Disease

Kidney stones can be conceptualized as a chronic pathophysiologic process [24], 
impacted by prevalent chronic diseases of diabetes mellitus, hypertension, and obe-
sity. Factors affecting bone health, and the development of osteopenia or osteoporo-
sis may also affect stone disease and influence therapy.

Table 14.2  A comparison of urinary risk factors in older (age >60) and younger (age <60) stone 
patients

Males Females
Measurement Younger Older Younger Older
Calcium 240 204 197 171
Uric acid 708 613 534 485
Creatinine 1872 1608 1186 1006
Sodium 187 177 139 115
Potassium 63 67 48 53
Magnesium 108 102 88 80
Phosphorus 1032 920 745 668
Urine pH 6.00 5.85 6.18 6.00
SS CaOx 9.24 7.77 9.08 7.75
SS CaP 1.60 1.04 1.70 0.84

All comparisons were significantly different p ≤ 0.05. Calcium, uric acid, creatinine, magnesium, 
and phosphorus are in mg/dL; sodium and potassium in mEq/L
SS supersaturation, CaOx calcium oxalate, and CaP calcium phosphate [20]
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Osteoporotic fractures are reported to occur more commonly in patients with 
stones than in the general population [17], with symptomatic kidney stone patients 
having fourfold higher incidence of a vertebral fracture than a non-stone-forming 
population. Nephrolithiasis was associated with an increased risk of wrist but not 
hip fractures [25] based on data from the Nurses’ Health Study (NHS) and Health 
Professionals Follow-up Study (HPFS). In contrast to these results, analysis of over 
150,000 women from the Women’s Health Initiative (WHI) showed no association 
between urinary tract stones and osteoporosis in postmenopausal women [26]. 
However, a recent meta-analysis of 26 smaller studies found an association with 
lower bone mineral density (BMD) and nephrolithiasis [27].

Reduced bone mineral density (BMD) is common in stone formers with higher 
urine calcium excretion [28]. Multiple factors contribute to this association. High 
salt consumption may lead to increased renal calcium loss, reducing BMD. High 
protein consumption may lead to an increase in metabolic acidosis which decreases 
bone formation and increases bone reabsorption and inhibits tubular calcium reab-
sorption. Hyperparathyroidism, hyperthyroidism, or genetic causes of higher urine 
calcium excretion may lead to a net negative calcium balance if dietary calcium 
intake is not optimal. However, patients with fasting higher urine calcium excretion, 
who are at high risk of bone loss, had PTH-independent calcium efflux, presumably 
from mobilization of calcium stores from bone although markers for bone turnover 
were not increased [28]. Based on these unique risks for both risks of bone loss and 
kidney stones in patients with higher urine calcium excretion, Arrabal-Polo and col-
leagues proposed tailored strategies for treatment including evaluation of bone den-
sity, and thiazide for patients with higher urine calcium excretion, or citrate for 
patients with an elevated calcium/citrate ratio [29].

Appropriate treatment with thiazide or indapamide to lower urine calcium and 
potassium citrate to minimize stone formation resulted in a decrease in stone forma-
tion and an improvement in bone density [30].

25-OH vitamin D deficiency is common in stone formers (roughly 30%) and is 
associated with higher parathyroid hormone levels [31]. However, 25-OH vitamin 
D status (levels between 20 and 100 ng/ml) was not associated with kidney stone 
incidence [32], and 25-OH vitamin D levels were not associated with an increased 
risk of incident kidney stones [33]. Since 25-OH vitamin D deficiency may be more 
common in older patients, we and others [34] recommend repletion of vitamin D in 
patients with deficiency and appropriate dietary intake of vitamin D.  Short-term 
repletion studies show no increase in urinary calcium excretion or supersaturation 
for calcium oxalate or calcium phosphate in known stone formers [35], and longer-
term studies show no increase in stone prevalence [36].

�Appropriate Calcium Intake for Elderly Stone Formers

The WHI examined the role of calcium and vitamin D supplementation for the pre-
vention of fractures in healthy postmenopausal women. Daily calcium (1000 mg of 
calcium carbonate) and vitamin D (400 IU of D3) resulted in a small but significant 
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improvement in hip bone density but did not reduce hip fracture. However, there 
was an increased incidence of kidney stones in the group receiving supplementation 
[37]. A subsequent analysis of these data showed a modest increase in the risk of 
cardiovascular events associated with use of calcium supplements [38]; however, 
this topic remains controversial [39]. The USPSTF recommends against 25-OH 
vitamin D supplementation for the prevention of fractures; however, calcium and 
vitamin D supplements are still important in the treatment of bone disease [40, 41]. 
Urinary calcium concentration, and therefore risk of kidney stone formation could 
be effectively mitigated in patients taking 500 mg/day in calcium supplements if the 
urine volume was >2 L daily [42].

Therefore, we recommend vitamin D3, and calcium in the form of calcium-rich 
foods, not supplements, along with fluid intake of 2–3 L daily, for our stone patients 
who are postmenopausal or have been diagnosed with osteopenia or osteoporosis. 
In those lactose-intolerant patients we recommend lactose-free dairy products and 
calcium-fortified orange juice. If calcium supplements are absolutely necessary, we 
prefer calcium citrate, which may have a slightly more favorable effect on urinary 
supersaturation [43]. In addition, calcium citrate should be taken with or shortly 
after meals in order to bind oxalate in the intestinal lumen and reduce its 
absorption.

�Role of Additional Therapies for Osteoporosis in Managing 
Kidney Stones

Currently there are many therapies, in addition to appropriate calcium and vitamin 
D intake, and weight-bearing exercise, which may be used for treatment of osteopo-
rosis or management of osteopenia. Whether the combined use of medications for 
treatment of stone disease and for treatment of osteoporosis will have an additive 
affect in preserving bone mass remains largely unknown.

A recent small study suggests that there may be a synergistic effect in the use of 
thiazides and aminobisphosphonates [29, 44]. Presumably by reducing osteoclast-
mediated bone turnover, some studies show that urinary calcium excretion declines 
and may be expected to reduce stone recurrence [29, 44]. Patients with hypercalci-
uria and decreased bone mineral density were randomized to receive either 50 mg/
day hydrochlorothiazide and 70 mg/week of alendronate or 70 mg/week of alendro-
nate alone. Both groups were encouraged to have 1000–1200 mg of dietary calcium 
from food, with moderate oxalate intake. After 2  years of treatment, the group 
receiving both hydrochlorothiazide and aminobisphosphonates showed improved 
urinary calcium and improved bone mineral density of the hip and lumbar spine. 
Given the concern about the relatively minor effects of vitamin D and possible risks 
of calcium supplementation, bisphosphonates may be a preferred therapy for 
reduced BMD in stone formers. Potassium citrate, which acts as potential base to 
neutralize acid, is also associated with increased BMD in older postmenopausal 
women [45]. The benefits of the pharmacologic prevention of stones should be 
clear: treatment is associated with increased BMD and reduced fracture rates.

N. K. Dahl and D. S. Goldfarb



209

There are no data regarding use of newer agents such as teriparatide, abalopara-
tide, denosumab, or selective estrogen receptor modulators (SERMs) in the man-
agement of patients with bone loss and kidney stones.

�Kidney Stones, Chronic Kidney Disease (CKD), and Coronary 
Artery Disease (CAD)

Nephrolithiasis is associated with a twofold increase risk of chronic kidney disease 
(CKD) and end-stage kidney disease independent of other known CKD risk factors 
[46]. Some of the explanations may be patient-specific. For example, patients with 
the metabolic syndrome, diabetes mellitus, or hypertension are predisposed to neph-
rolithiasis as well as CKD. Patients with anatomic urinary tract abnormalities that 
predispose to stone formation may also be predisposed to renal disease, and those 
with infection stones may develop renal scarring due to chronic infection.

Recently, a large cohort study demonstrated that patients with nephrolithiasis 
have an approximately 18% increased risk of CAD compared to non-stone formers 
[47]. The effect was more pronounced in women (HR of 1.18 (1.08–1.28) in NHS I 
and HR of 1.48 (1.23–1.78) in NHS II). There was no association found in a cohort 
of men (HPFS). Alexander et  al. conducted a cohort study of over three million 
members of the Alberta, Canada universal health care system between 1997 and 
2009. They found that compared to non-stone formers, stone formers had a higher 
risk of acute myocardial infarction, angioplasty, and coronary artery bypass surgery 
and a higher risk of stroke. The risk was more pronounced for younger people and 
for women [48].

The mechanisms underlying these associations, including lifestyle, genetics, or 
diet, for example, remain to be discovered. It will be interesting to see if new insights 
into the physiology of stone formation and its interaction with CKD or CAD can be 
determined.

�Proactive Care of Older People Undergoing Surgery (POPS)

Older patients with kidney stones have more risk factors for complications of ure-
teroscopy [49]. The prevalence of hypertension, diabetes mellitus, and use of anti-
coagulants increased with age. Diabetes mellitus, use of anticoagulants, 
cardiovascular disease, and obesity all increased the complication rate; older 
patients were more likely to have complications [49]. Given this increased risk of 
surgical complications. It is important to remember that uric acid stones, even those 
which are quite large, may respond to medical dissolution therapy [50]. For patients 
with multiple comorbidities, and non-obstructing uric acid stones, characterized by 
lower Hounsfield units (<500), a trial of either citrate or bicarbonate therapy for 
urinary alkalinization may therefore be an appropriate initial choice.

Patients aged 65 or older are an increasing demographic for urologists [51]. 
Awareness of this changing demographic has led to the development of geriatric 
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urology. This has led to the development of a novel ward-based geriatric liaison 
service for older urological surgical patients [52]. Geriatrics team members rounded 
with the urology team. Improved outcomes included decreased length of stay, fewer 
postoperative complications, and fewer readmissions 30 days after discharge. These 
single center results are encouraging, and hopefully will lead to development of 
more programs in the future.

�Conclusion

Older patients with kidney stones may have similar but not identical risk factors as 
younger patients. The comorbidities associated with stones including diabetes mel-
litus, hypertension, metabolic syndrome, and coronary artery disease however are 
more common in the geriatric population. Attention to treatment of these conditions 
is likely to address stone disease risk factors as well. It is particularly important for 
geriatricians to recognize that pharmacologic therapy of stone disease can also 
address osteoporosis, a related disorder clearly associated with an increase in mor-
tality. In the summary below, we offer some of the recommendations for addressing 
calcium stones in the older patient population.

Summary of Recommendations for Older Stone Formers with Calcium-
Containing Stones
	1.	 Encourage fluid intake with a goal of 2–3 L daily, spread throughout the day to 

achieve a consistently diluted urine. If 2–3 L daily intake is not possible, then 
strict adherence to a low salt, lower protein diet should be advocated.

	2.	 Replete vitamin D deficiency if present.
	3.	 Minimize use of calcium supplements, particularly in individuals incapable of 

achieving high fluid intake.
	4.	 Encourage intake of 1000 mg (men) to 1200 mg (postmenopausal women) of 

calcium through dietary sources.
	5.	 Limit further medical therapy (thiazides, urinary alkalinization, or acidification) 

to individuals at high risk of recurrence. Start with lowest possible treatment 
doses, and monitor for side effects regularly.
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�Who Is the True Elderly Renal Patient and Which Target 
for Treatment?

The level of kidney function of healthy elderly individuals differs from that of 
young people; from a clinical perspective, however, it is not well defined whether or 
when the lower kidney function in the elderly has to be considered as a 
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physiological or a pathological condition. The kidney function is multidimensional 
and includes either quantitative or qualitative elements; actually, the kidney dys-
function can result from impaired filtration or epithelial transport, which respec-
tively represents glomerular or tubular failure, but also from vascular damage. In 
addition, the intrinsic renal aging has to be distinguished from the vascular aging 
which impacts on glomerular function and can simulate the renal aging [1]. Also, 
renal aging and chronic kidney disease (CKD) have several shared conditions; 
besides the lower glomerular filtration rate (GFR) levels, the maximum urine con-
centration and the dilution capability, such as the reduction of urea and sodium 
reabsorption or the renal functional reserve, are similarly impaired; in contrast, 
other conditions such as urine acidification, erythropoietin synthesis, and parathy-
roid (PTH) levels are quite normal in the elderly [2].

The prevalence of CKD, defined by estimated GFR (eGFR) <60  ml/min per 
1.73 m2 or albuminuria persisting for 3 months or more, increases in the adult popu-
lation [3]. However, the prevalence by these markers of kidney disease is strikingly 
related to age, increasing from 4% in 20–39-year-old individuals to 47% in 70- and 
more year-old subjects. Nonetheless, in elderly the prevalence of reduced eGFR is 
much higher than the presence of albuminuria [4]. Overall, it seems the eGFR level 
alone is not truly representative of the renal function impairment in the elderly. In 
other words, the eGFR per se is not capable to discriminate among aging and dis-
ease (subclinical vascular disease or renal structural changes), which may also be 
both present at the same time in an elderly subject. Hence, in elderly the diagnosis 
of CKD by mean of eGFR should take into account potential sources of bias (e.g., 
sarcopenia or malnutrition). Since to identify patients who will benefit from closer 
renal follow-up is of paramount importance, the European Best Practice Guidelines 
suggested to base this decision on two factors: the risk prediction for survival and 
the risk prediction for progression of renal insufficiency [5]. The preferred tool for 
the risk prediction for survival in older patients is the Bansal score. High-risk 
patients should be admitted to an advanced care plan and nephroprotective mea-
sures which should not interfere with their quality of life. Nevertheless, a low pre-
dicted mortality risk can be misleading in frail patients, and additional assessment 
of frailty should be performed using a specific geriatric multidimensional assess-
ment. It is worth mentioning that patients with high frailty risk should be considered 
like high mortality risk patients, regardless of the Bansal score, and be managed 
accordingly.

The current thresholds of eGFR to identify the CKD should not be modified 
in the elderly [6], mainly because in the elderly the reduced relative risk associ-
ated with the lower eGFR is counteracted by the higher absolute risks for acute 
kidney injury, end-stage renal disease (ESRD), and death related to age. Of 
note, early diagnosing of CKD in elderly allows to focus on any other patient 
risks, leading to a better cardiovascular care. The evaluation of both the comor-
bid conditions and the trajectory of eGFR and urinary albumin together allows 
to better predict the outcomes; stable, slightly impaired renal function without 
other risk factors (i.e., eGFR 45–59 ml/min, no albuminuria) identifies a low-
risk condition that usually can be followed without intensive cardiovascular 
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care. In contrast, the presence of albuminuria, mainly above 300 mg albumin/g 
creatinine, identifies a true CKD irrespective of the eGFR level.

Likely to young peoples, the elderly with advanced CKD are at higher risk for 
myocardial infarction, kidney failure, stroke, and death as compared with age-/
gender-matched individuals with normal or slightly reduced eGFR [7]. Though 
death is by far the most common hard outcome in elderly with advance CKD, older 
patients with severe CKD can benefit from timely renal care referral [8]. Even in the 
very old patients with advanced CKD, the appropriate intensive renal care may slow 
the kidney function decline rate; may improve the metabolic acidosis, the anemia, 
and the hyperparathyroidism; may lower the cardiovascular risk; and allows an 
aware choice of renal replacement strategies [9].

�Nutritional Status and Evaluation in Elderly Patients 
with Renal Disease

Chronic kidney disease (CKD), especially in the advanced stages, can lead to the 
development of a compromised nutritional status or “a state of metabolic and nutri-
tional derangements,” termed protein energy wasting (PEW). This impacts nega-
tively on hospitalizations and survival [10]. Older people with CKD are even more 
vulnerable to developing PEW which can affect physical and mental well-being [11]. 
The evaluation of nutritional status has added complexity in older people with CKD.

Several studies have demonstrated that as people on dialysis age, nutritional sta-
tus worsens with the prevalence of PEW in older people ranging from 50% to 68% 
compared to 27–50% in younger people [12, 13]. As the dialysis population ages, 
nutritional status worsens [14, 15].

Aging leads to loss of muscle, strength, and dentition as well as cognitive ability, 
potentially culminating in sarcopenia and dementia. Emotional and social support 
networks can suddenly diminish with bereavements and changes in housing. 
Overlap this with ill health, such as CKD, and it is clear why older people experi-
ence greater nutritional issues.

Evaluating nutritional status/PEW therefore requires assessment of multiple 
systems to determine the outcome. A single system cannot reliably reflect overall 
nutritional status as indicated in Table  15.1. Composite nutritional assessment 
tools commonly used in evaluation of PEW in CKD are the subjective global 
assessment (SGA) and malnutrition inflammation score (MIS). SGA and MIS have 
several features in common such as weight loss, dietary intake, gastrointestinal 
symptoms, functional capacity, and fat and muscle wasting. MIS has additional 
features of comorbidity and time on dialysis, body mass index (BMI), and labora-
tory parameters. The Mini Nutritional Assessment (Short Form) was designed for 
older people and includes pertinent questions on chewing and swallowing prob-
lems, mobility, psychological stress, and neuropsychological problems. SGA, 
MIS, and MNA had hazard ratios of 2.63, 5.13, and 2.53, respectively, for mortal-
ity in participants identified with PEW compared to those who were well nourished 
[16] (Table 15.1 [17–24]).
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Table 15.1  Assessment of nutritional status in elderly CKD patients

Systems

Indicators of 
poor nutritional 
status Interpretation

Cutoffs for poor nutritional status 
and conclusions

Biochemical 
indices

Low serum 
albumin and 
prealbumin

Albumin reduces 
through loss of protein, 
e.g., through dialysis 
process

Low albumin = <38 g/L

Albumin is a negative 
acute-phase protein so 
levels decrease with 
inflammation

Low albumin levels are not 
exclusively due to poor nutritional 
intake or poor nutritional status [17] 
so doubts as to whether this is an 
appropriate indicator for poor 
nutritional status [18]

Levels dilute (i.e., 
decrease) if plasma 
volume increases as 
occurs in renal patients 
with fluid retention

Low total iron 
binding 
capacity 
(transferrin)

Levels reflect changes in 
nutritional status

Low total iron binding 
capacity = <250 mg/dL [18]

Whole body Low body mass 
index (BMI)

Inappropriate method to 
determine obesity levels 
in older people (as body 
composition changes 
with age)

ESPEN consensus BMI <22 kg/m2 
in older people >70 years [18]

Higher BMI needed in 
older people to capture 
cases of poor nutritional 
status

Protein energy wasting: BMI 
<23 kg/m2 for adults [20]

Weight must be edema 
free

Significant 
weight loss

Unintentional weight 
loss evaluated relative to 
body mass as a %

>5% over the last 3 months for 
acute illnesses

Weight must be edema 
free

>10% of usual weight, independent 
of time for chronic condition [18]

Body 
composition

Decreased fat 
free mass

Fat free mass, in 
particular muscle, has 
important functions in 
relation to undertaking 
activities

Fat free mass index <15 kg/m2 and 
<17 kg/m2 for women and men [18]
Skeletal muscle index for 
sarcopenia assessment ≤6.75 kg/m2 
in women and ≤10.75 kg/m2 in men 
[23]

Physical 
function

Decreased 
muscle strength 
(by handgrip 
strength)

Used in diagnosis of 
sarcopenia and frailty as 
opposed to poor 
nutritional status

Mobility limitations <20 kg and 
<30 kg for women and men [24]
Weakness <16 kg and <26 kg for 
men and women [22]

Dietary 
intake

Decreased 
energy intake

Significant contributor to 
a poor nutritional status

Unintentional low dietary energy 
intake <25 kcal/kg/day for at least 
2 months [20]
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In summary, older people with renal disease are more at risk of PEW due to the 
additional risk factors that accompany aging and increased comorbidities. Evaluating 
these additional risk factors as part of the nutritional assessment would be expected 
to deliver a more accurate diagnosis of PEW; however, this has not been evidenced. 
Improving nutritional status in older people is likely to require a multifaceted 
approach by improving dietary intake, inflammation, and symptoms as well as sup-
port with managing shopping, cooking, cognitive dysfunction, depression, and 
social isolation.

�Safe Approach for Nutritional Treatment in Elderly 
Non-dialysis Renal Patients

Global population is aging rapidly. The number of patients affected by chronic 
kidney disease (CKD) is growing, and this is mainly related to the increasing 
elderly patients, and more than half people reaching the end-stage renal disease 
(ESRD) are older than 65 years [25, 26]. The transition toward dialysis is critical 
in elderly patients. The functional capacity in the daily activities in older patients 
reduces before the start of dialysis, has a steep decline in few months and 1 year 
after dialysis start only 13% of patients maintain their non-dialysis functional sta-
tus [27]. In older people, the functional status, that is the capacity to perform the 
common activities in the daily living, represents a priority according to the World 
Health Organization which promotes the health aging, that is, any strategies to 
preserve and maintain the individual functional ability in the older age in order to 
guarantee the well-being and a good quality of life [28]. Hence, the elderly CKD 
non-dialysis patients transiting toward dialysis need special healthcare.

A key question in elderly patients with advanced non-dialysis CKD is to start 
dialysis early with the risk to reduce the functional status or continue the 

Table 15.1  (continued)

Systems

Indicators of 
poor nutritional 
status Interpretation

Cutoffs for poor nutritional status 
and conclusions

Decreased 
protein intake

Significant contributor to 
a poor nutritional status

Unintentional low dietary protein 
intake <0.80 g/kg/day for at least 
2 months for dialysis patients or 
<0.6 g/kg/day for patients with 
CKD stages 2–5

Symptoms Anorexia/
nausea/
vomiting/
diarrhea

Significant contributor to 
a poor nutritional status 
either through decreased 
dietary intake and/or 
through increased loss of 
nutrients

Daily for 2 weeks [21]
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conservative care as far as possible with the related risks. A cornerstone of the con-
servative treatment in CKD is the nutritional treatment based on the low-protein diet 
(LPD) which has advantages but also potential concerns [29]. The LPD may slow 
down the GFR progression rate, lower the uremic toxicity, and improve several 
renal and cardiovascular risk factors (i.e., proteinuria, hypertension, hyperparathy-
roidism, hyperphosphatemia, metabolic acidosis, insulin resistance), thus improv-
ing the outcome. In contrast, especially in the elderly the LPD may enable several 
conditions (low energy intake, negative nitrogen balance, impaired glucose homeo-
stasis, etc.) which may cause protein-energy wasting (PEW) and the resulting worst 
clinical outcome [30]. Hence, the outcome advantages of the nutritional treatment 
in the elderly may be overcome by the PEW.  Is this risk related to proteins or 
energy?

The minimum protein requirement to maintain a body neutral nitrogen balance 
in adult subjects is 0.46 g per kilo of body weight per day if essential amino acids 
are provided, otherwise the amount rise to 0.60 g/kg/day; it has been evidenced that 
also patients with advanced CKD can maintain a neutral nitrogen balance with such 
an amount of protein intake of 0.60 g/kg/day in absence of metabolic acidosis and 
catabolic illness [31]. Due to the individual variability the recommended dietary 
allowance for proteins to assure the metabolic requirements in 97.5% of the popula-
tion has been fixed in 0.8 g/kg/day [32].

The protein intake progressively reduces with increasing age in all people [33]. 
In young people there is no difference between CKD at any stage and normal indi-
vidual, but among elderly CKD patients the protein intake reduces along the renal 
disease and mainly in CKD stages 4–5 as compared to normal; nonetheless, the 
daily protein intake never falls below 1 g/kg/day, thus largely over the safe threshold 
[33]. In contrast, the mean actual energy intake in elderly CKD patients is around 
25 kcal per kilo of body weight per day with a progressive reduction in advanced 
CKD; this reduction is related in part to the reduced protein intake but mostly to the 
spontaneous lowering of carbohydrates intake [34]. So, most elderly patients with 
advanced CKD have an adequate or even high intake of proteins but a low intake of 
energy. This is a critical condition since the suggested intake of energy to maintain 
the nitrogen balance in elderly is between 30 and 35 kcal/kg/day and, in presence of 
the minimum intake of proteins, a low energy intake make the body nitrogen bal-
ance negative [35].

In CKD elderly, indeed, a supervised low-protein and normal energy diet does 
not reduce the muscle mass as well as in young CKD patients [36]. In CKD stage V 
elderly patients, even a very low-protein diet, while was able to delay the start of 
dialysis, did not cause major adverse effect or death and had a lower morbidity [37]. 
Neither a negative impact on both nutrition and outcomes was observed also in the 
long-term during the dialysis period after the low-protein diet [38].

In CKD elderly patients a nutritional approach satisfying the nutrient needs, does 
not impact negatively on the nutritional status, may delay the start of dialysis and 
improve the morbidity, without a negative effect on survival. The practical recom-
mendation for elderly, high-risk, frail patients with advanced CKD suggest to 
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choose first the CKD conservative treatment, hence including the nutritional treat-
ment, with the strong advice to preserve the nutritional status over any other nutri-
tional intervention [39]. Consequently, the safe nutritional approach in elderly CKD 
patients is, first to provide high energy to preserve the nutritional status and, and 
second to introduce any other needed dietary restrictions, including the protein 
restriction [40].

�Healthy Dietary Patterns in Elderly Patients with Chronic 
Renal Disease

Most specific nutritional recommendations for chronic kidney disease (CKD) are 
focused on the restriction of certain nutrients such as sodium, potassium, phos-
phates or animal proteins and this positioning leads to restrictive renal diets. In the 
elderly, the abrupt either modification of dietary habits or prescription of too restric-
tive diets could lead to a striking lowering of nutrients intake and, consequently, to 
a worsening of the nutritional status.

In either the general population [41] or the CKD patients, eating habits and life-
style may impact on the both the onset and worsening of chronic diseases. For 
instance, the western diet rich in animal proteins, refined sugar and poor in fruits 
and vegetables is associated with chronic cardiovascular and kidney diseases. In 
opposite, diets rich in fruits and vegetables and poor in sodium and meat are now 
recommended as “healthy diets” for the general population and the elderly as well. 
In the dietary guidelines advisory board for US population, the global healthy diet 
such as healthy US pattern, Mediterranean diet or vegetarian diet had been recom-
mended [42].

In the CKD patient a diet richer in fiber and less rich in salt, refined sugars and 
animal proteins is associated with a lower mortality as shown by a recent meta-
analysis [43]. Likewise, in CKD the Mediterranean diet has been proposed as a diet 
of choice [44].

What about the elderly? Few data are available specifically in older adults but 
point towards a protective effect of healthy diets. Analysis of the NHANES study 
based on adherence scores to a DASH or Mediterranean diet shows that the associa-
tion between healthy diet and chronic diseases is less evident in older age groups 
because of interaction with other factors such as physical activity [45]. These results 
are similar to those of Martins et al., which analyzes the multi-decade follow-up of 
the AHS-2 (Adventist Health Study). Age is associated with a reduction in protein 
intake and an increase in fruits and vegetables. Those who have kept the same 
healthy diet the longest, are the ones with the least metabolic complications [46]. In 
other words, it is preferable to propose a diet close to a Mediterranean diet for 
younger generations [42]. The results of maintaining a healthy diet over time is sup-
ported by the results of the NHANES study; the decline in renal function in 3121 
women, mean age 67, who completed the nutritional questionnaires since 1984 was 
evaluated. A Western-type diet is associated with a faster decline in renal function 
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and proteinuria while a DASH type regime is protective against the progression of 
CKD [47]. A Japanese study of 99,000 participants showed that the adoption of a 
healthy both diet and lifestyle is associated with a lower incidence of proteinuria 
even in the highest age groups including patients who have changed their diet a year 
ago [48].

Even if few studies report a specific effect of a healthy diet in elderly people 
with kidney failure, it has been shown that reducing the acid load slows the pro-
gression of kidney failure in this population. Two-hundred-seventeen elderly 
CKD patients (eGFR 23 ml/min, age 71 years) with normal serum bicarbonate 
were retrospectively studied; subjects with higher net endogenous acid produc-
tion had a higher progression of CKD [49]. The same result was obtained in 
diabetic CKD from CRIC study [50]. Mediterranean diet and DASH diet are 
associated with lower dietary acid load and contribute to a lower CKD progres-
sion [51]. In the elderly, adherence to a Mediterranean diet is associated with a 
reduction in the risk of many comorbidities, such as the slightest risk of frailty 
[52], lower diabetes incidence [53], lower cognitive decline [54], and risk of 
osteoporosis [55].

In summary, in elderly people with CKD it may be advisable to maintain or 
adopt a healthy dietary pattern which is associated with better outcomes and possi-
bly a lower kidney function decline.

�Combination of Nutritional Treatment and Low-Frequency 
Dialysis

In CKD elderly subjects with extremely reduced renal function, the start of dialysis 
may prolong survival but reduces the quality of life, lowers the functional status 
making personal relationships and social life very poor [27]. In addition, in this 
conditions the nutritional status worsens due to anorexia, inflammation and meta-
bolic derangements with consequent high risk of protein-energy wasting [56]. 
Moreover, the costs of the transition of elderly to dialysis are very high for the 
health system [57].

Delay the start of dialysis may be possible by mean of a strict comprehensive 
treatment associated with a rigorous control of the clinical complications related to 
the end-stage renal disease [29]. A dietary-nutritional treatment may target this aim, 
but in elderly, frail end-stage renal disease (ESRD) patients, it may also further 
expose the subjects to severe risks, and, therefore, this treatment alone cannot be 
always safe. A strategy which can help to solve this dilemma (i.e., conservative or 
dialysis treatment in elderly ESRD) may be the combination of both treatments, that 
is, a strict conservative/dietary treatment and a low-dose/low-frequency dialysis 
treatment, together.

The combination of a dietary treatment and a once-weekly hemodialysis ses-
sion was tested in ESRD patients (residual renal function < 5 ml/min) with the 
aim to reduce the uremic toxins source and to attain a blood purification, with 
the final purpose to ensure an adequate metabolic control and to preserve the 
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residual renal function [58]. This integrated program is based on a very low-
protein diet (0.3–0.4  g proteins per kg/day) supplemented with a mixture of 
essential amino acids and keto acids for 6 days per week, a strict sodium and 
water restriction, one hemodialysis session per week, and unrestricted diet on 
the dialysis day [59].

A combined dietary/dialysis approach deserves a careful care and is demanding 
for patient itself, for his family and for the caretakers as well. Indeed, despite the 
promising clinical effects, some concerns can be related to diet adherence and nutri-
tional status [60]. Thus, a close monitoring by physician, dietitian and caregivers is 
required to avoid complications in frail, elderly patients.

Recently, a more accurate combined dietary/dialysis program has been pro-
posed with the aim to further improve the patient’s adherence and reduce the 
nutritional risks [61]. The program was extended to patients with higher residual 
renal function (>5 ml/min), the dietary protein regimen was less severe (0.6 g of 
proteins per kg/day), and there was a more careful attention to phosphorus 
restriction and to high energy provision. As compared to patients on full dialysis 
regimen, the combined program showed better preservation of residual renal 
function and daily urine output, better metabolic control, lower drug need, 
reduced morbidity and hospitalization while deferring the start of full dialysis by 
almost 1 year [61].

In an integrated diet and dialysis strategy, the peritoneal dialysis (PD) is the ideal 
companion for the diet. The low-dose PD should be preferable to weekly HD for 
several reasons. Mainly, PD is an home-based, less invasive, and best tolerated treat-
ment, and it is continuous with lower hemodynamic impact and less ischemic insult 
on the kidney. Therefore, PD may better preserve the patient functionality and the 
residual renal function. A preliminary report evidenced that in incident ESRD 
(GFR, >3 – <10 ml/min) patients over 60 years, a low-dose PD is safe and compared 
to standard PD has similar survival, lower hospitalization, and slower renal function 
decline [62].

Overall, in elderly ESRD patients the combined dietary/dialysis approach could 
be an actual bridge strategy in the transition toward full dialysis [63], allowing to 
preserve the functional status while not exposing the patients to high risks 
(Table 15.2). This strategy could be proposed to selected, motivated and supported 
patients in which may improve the quality of life and help the transition to end-of-
life, even it is also cost-saving [64].

Table 15.2  Advantages and concerns of combined diet and dialysis in elderly ESRD patients

Advantages Concerns
Improvement of metabolic control of uremia Strict therapeutic regimen
Improvement of clinical symptoms Low palatability diet
Maintenance of diuresis and RRF Risk of malnutrition
Maintenance of physical function Requirement of a renal dietician
Reduction of patient’s hospital visits Requirement of a multi-disciplinary 

approach
Favoring end-of-life dignity Involvement of family or caregivers
Maintenance of direct and indirect costs Requirement of close nutritional monitoring

15  Nutrition in the Elderly with Renal Disease



222

�Target Nutritional Needs in Elderly Dialysis Patients

Nutritional interventions must ensure that the nutritional needs for any individual 
dialysis patient are met. Most elderly dialysis patients have low, if not very low, 
spontaneous intakes, making this goal a challenge in order to maintain and/or 
improve their nutritional status. There are no specific clinical studies which exclu-
sively investigated nutritional interventions in elderly dialysis patients. However, 
data from interventional studies in nonrenal geriatric patients and those in the over-
all dialysis population, which involve many elderly patients, provide useful infor-
mation likely to be applied in elderly dialysis patients.

Nutritional interventions in elderly dialysis patients may be targeted to reach 
three aims:

	(a)	 To tackle age-related causes of protein-energy wasting (PEW) such as reduced 
metabolic rate, loss of muscle mass and function, sedentary behavior, and 
anorexia

	(b)	 To address psychosocial and medical issues related with advanced age such as 
loneliness, depression, dependency, poverty, dementia, early satiety, comorbidi-
ties, and polypharmacy

	(c)	 To counteract dialysis-related causes including uremic toxicity, metabolic 
derangements, inflammation-related catabolism, dialysis-related acute, and 
chronic complications.

�Interventions Tackling Age-Related Causes

Advanced age is associated with sarcopenia, progressive decline in skeletal muscle 
mass, strength, and function [65]. Sarcopenia, which is part of frailty, is prevalent in 
the elderly dialysis population and is associated with higher morbidity and mortality 
[66]. Several studies from nonrenal elderly patients investigated the use of oral 
nutritional supplements (ONS) to address sarcopenia. A recent non-blinded ran-
domized study evaluated the addition of ONS, i.e., two daily cans of β-hydroxy-β-
methylbutyrate (HMB) in patients aged 65  years and older with hip fractures 
admitted to rehabilitation facilities. The addition of HMB prevented the onset of 
sarcopenia, improved muscle mass, and was associated with functional improve-
ment [67]. Another observer-blinded controlled randomized study in patients sub-
jected to hip fracture surgery, aged 60 years and older, tested the addition of an ONS 
(18–24  g protein and 500  kcal per day) to the usual hospital diet. Both groups 
received rehabilitation therapy and calcium plus vitamin D supplements. Patients 
who received ONS, on top of standard diet, had a significantly shorter length of stay 
in the rehabilitation ward and a reduced number of infections [68]. Flakoll et al. 
evaluated the effects of a combination of arginine, lysine, and HMB dietary supple-
mentation in 50 elderly female subjects (mean age of 76.7 years old) and observed 
an increase of 17% in the “get-up-and-go” test and an increased leg circumference 
and leg extensor and handgrip strengths in the experimental group, but not in the 
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control group after 12 weeks [69]. Baier et al. showed an increase in lean body cell 
mass and lean mass after supplementation for 1 year with HMB, lysine, and argi-
nine in elderly subjects aged 76 ± 1.6 years [70]. Similarly, de Luis et al. reported in 
an open-labeled study from elderly patients a beneficial effect of an enhanced 
enteral formula with HMB and vitamin D, on handgrip strength and some domains 
of quality of life [71]. Finally, Deutz et al. evaluated the effect of high-protein ONS 
containing HMB (two servings per day, with 1.5 g of HMB per serving) in malnour-
ished hospitalized elderly patients. Mortality at 3 months was significantly lower 
and the nutritional status improved in the ONS group compared with the control 
group (placebo) [72]. Some studies evaluated the use of ONS in combination with 
exercise. A recent meta-analysis addressed this combination and showed that HMB 
supplementation in addition to resistance exercise resulted in better preservation of 
muscle mass versus resistance exercise alone [73]. Although most of studies 
reported an efficacy of ONS in maintaining or improving lean mass and increasing 
muscle strength in older adults suffering from nonrenal diseases, studies are war-
ranted in renal elderly patients, in particular those undergoing dialysis.

�Interventions Addressing Psychosocial and Medical Causes

A multicenter cross-sectional study on patterns of cognitive impairment in adult 
hemodialysis patients (median age of 70.9 years) showed that cognitive impairment 
was extremely common [74]. A longitudinal cohort study showed that hemodialysis 
patients had cognitive decline and older age was the only risk factor for steeper 
executive function decline [75]. Efforts should be made to identify modifiable risk 
factors for cognitive impairment in this population, of which nutritional and nutrient-
dependent risk factors are of vital importance. Recently, raised plasma total homo-
cysteine has been proposed as a modifiable risk factor for the development of 
cognitive decline and dementia in the older population [76]. Several interventional 
trials in elderly with cognitive impairment have indeed showed that homocysteine-
lowering therapy with supplementation of B vitamins retarded cognitive decline 
[76]. However, studies exploring this issue are crucially needed in elderly dialysis 
patients. Finally, socialization at meal times can improve nutritional intake in older 
people. Locher et al. indeed showed that older people increased their intake during 
meals when eating in the presence of others [77].

�Interventions Counteracting Dialysis-Related Causes

Eating during dialysis has been promoted by a recent consensus of the International 
Society of Renal Nutrition and Metabolism (ISRNM) [78]. It has been shown to 
reduce protein degradation [79]. In our dialysis center, snacks are routinely pro-
vided to hemodialysis patients with respect for eating habits, preferences, and cul-
tural/religious interest. The nutrient content of typical snacks is shown in Table 15.3. 
The role of daily ONS to improve nutritional status has been demonstrated. An 
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open-labeled randomized controlled trial in dialysis patients (mean age of 73 years 
old) with low nutritional intakes evaluated the effect of a renal-specific oral supple-
ment (two daily packs of 125 ml Renilon 7.5® for 3 months) compared with stan-
dard care. ONS helped to meet energy and protein requirements, and nutritional 
status remained constant in the group supplemented, whereas nutritional parameters 
declined in the control group. In addition, quality of life improved in the supple-
mented group [80]. A randomized controlled trial in malnourished hemodialysis 
patients (mean age 68 years old) receiving ONS, with or without intradialytic par-
enteral nutrition (IDPN), reported improvements in nutritional parameters such as 
BMI, serum albumin, and prealbumin levels in both groups. An increase in prealbu-
min of >30 mg/L within 3 months was associated with a 54% decrease in mortality 
at 2 years [81]. Finally, a recent multicenter randomized controlled trial in hemodi-
alysis patients with PEW (mean age of 73 years old) showed that the addition of 
IDPN three times weekly over 16  weeks to standardized nutritional counseling 
increased serum prealbumin compared to nutritional counseling alone [82].

In summary, although no studies have investigated nutritional interventions in 
elderly dialysis patients exclusively, nutritional interventions are effective in 
improving nutritional status and quality of life in randomized controlled trials 
including dialysis patients with an elevated mean age (68–73 years old). In nonrenal 
elderly patients, nutritional interventions have been shown to improve muscle 
strength, functional performances, and cognitive functions. In hospitalized elderly 
patients, some studies reported significant effects of nutritional supplementation on 
hard end points such as length of stay and mortality. These findings should convince 
nephrologists to integrate nutritional care in the overall management of elderly dial-
ysis patients.

�Conclusions

The majority of renal patients are old, more frail, and at high risk of impaired nutri-
tional status; in these subjects, the nutritional intervention may have many benefits 
but also some harms and is a real challenge in the daily clinical practice. The older 

Table 15.3  Nutritional content of common snacks during hemodialysis

Kcal
Protein 
(g)

Glucose 
(g)

Phosphate 
(mg)

Potassium 
(mg)

Sodium 
(mg)

2 slices of bread 360 8.6 60 110 140 550
Ham sandwich 380 20 47 215 205 1175
Cheese sandwich 490 21 47 380 170 830
15 g protein powder + 2 
slices bread

420 22 60 220 145 550

250 ml (2×) Renilon 
7.5®

500 19 50 15 0.8 150

200 ml resource 2.0® 
fiber

400 18 44 180 320 120

200 ml Fortimel® 200 20 21 400 400 100
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renal patients have to be regularly monitored for the nutritional status, the nutrient 
intakes, and the nutritional risk factors associated with aging and kidney disease by 
trained dietitians and physicians to early discover a nutritional impairment. In these 
people, the nutritional treatment requires a multifaceted approach not merely on 
dietary prescription but also on support with managing food preparation, cognitive 
dysfunction, depression, and social integration. A basically, safe dietary recommen-
dation for elderly patients with advanced CKD is to first provide high energy and 
then introduce the other dietary restrictions. Elderly renal patients should be advis-
able to maintain or adopt a healthy dietary pattern (i.e., Mediterranean or DASH 
dietary regimens) and a healthy and active lifestyle which may reduce the risk of 
comorbidities, frailty, and cognitive decline also in these individuals. Also, the com-
bination of nutritional treatment and low-frequency substitutive renal treatment 
could be a novel strategy to make more acceptable the transition of elderly patients 
to chronic dialysis. Overall, nephrologists should routinely integrate the nutritional 
care in the comprehensive management of elderly individuals in all the stages of 
renal disease in order to improve the nutritional status, the functional status, the 
quality of life, and the patient’s outcomes.
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�Introduction

Life expectancy is increasing in most parts of the world, probably in relation to 
improvements in health care and access to better treatment, but this trend toward 
longevity is associated with an increased demand on health services and health-care 
expenditure [1, 2].

Older people constitute a particular group regarding pharmacotherapeutics for 
many reasons. They are high consumers of prescription drugs (up to 30% of all 
commonly prescribed medications); the age-related pharmacokinetic and pharma-
codynamic changes and high rate of comorbidities put them at an increased risk of 
drug interactions, adverse effects, and inadequate dosing. Furthermore, pharmaco-
logical studies and clinical trials in this age group are scant, especially in those with 
significant comorbidities, and so there is often inadequate information available to 
guide safe and effective use of drugs [3].

�Pharmacological Considerations in Older Adults

Aging is associated with many changes that can affect pharmacokinetics and 
pharmacodynamics, even in the absence of specific disease [4]. Some of the 
changes relating to the aging are as follows: reduction in total body water deter-
mines a decrease in the volume of distribution (VD) for hydrophilic drugs, while 
increase in total body fat produces a 20–40% increase in VD for lipophilic drugs 
[5, 6].
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VD increases with age partly due to a decrease in protein binding, and mainly 
due to a relative increase in fat mass [3, 16]. Nevertheless, the increase in free 
plasma fraction and the decrease in total clearance compensate for the aging effect 
on VD, and, with the exception of loading doses for some antimicrobials, dose 
increments are usually not necessary [17]. In contrast, when total clearance (Cl) of 
free-drug is reduced in older people due to end-organ disease, the need for dose 
reduction becomes increasingly apparent [16, 18]. Dose adjustments in older 
patients are especially required for drugs with a narrow therapeutic range [19, 20]. 
In this context, predictive tools for dose individualization and the availability of 
measuring plasma drug concentrations become highly desirable, since the net 
effect of age-related pharmacokinetic variations is particularly difficult to predict. 
Aging usually reduces gastrointestinal motility and blood flow, and gastric acid 
secretion is reduced, but the net effect of all these changes is difficult to predict, 
and variations in drug absorption in older patients are generally considered to be 
small [7, 8].

Age-related decrease in liver volume and blood flow determines a reduction in 
metabolic reactions, in particular those collectively known as Phase I, catalyzed by 
cytochrome P450 enzymes (CYP450), which in turn may reduce total and free-drug 
clearance [7, 9, 10].

Loss of renal parenchyma is another hallmark of increasing age, which in con-
junction with a decrease in renal plasma flow determines a progressive decline in 
glomerular filtration rate (GFR) [11–13]. At least 0.4  mL/min of GFR is lost in 
individuals of Caucasian race per year [14], and this decline is also associated with 
an age-related prolongation in the half-life (T1/2) of different drugs that have first-
order elimination. This is more evident when GFR is <30 mL/min, since the T1/2 
rises in a hyperbolic manner in relation to renal function [4, 15].

Pharmacodynamics may also change in older people, mainly in relation to drug 
sensitivity [21]. This may, in turn, suggest the need for further dose adjustment for 
some drugs. The same pharmacokinetic concentration in biophase can produce 
reduced or, more frequently, increased effects (usually adverse effects) in older 
patients compared to those younger [22, 23]. The risk of fixed adjustment approaches 
is that the desirable effect could be missed due to the sigmoidicity of the relation 
between effect and concentration (known as Hill coefficient). In contrast, in some 
cases older patients show less sensitivity, such as with drugs affecting beta-
adrenergic receptors [24]. The preferred therapeutic approach in older people has 
usually been to start with lower doses in order to avoid untoward effects, with the 
exception of antimicrobials; however, this poses a risk for potential suboptimal 
therapy [25–27].

The main pharmacokinetics aspects in the early people are those related to the 
renal excretion of the drugs. These renal physiological factors are GFR reduction; 
tubular back-filtration; sodium, calcium, and magnesium loss; potassium retention; 
altered dilution-concentration capability, tubular frailty, and genetics; internal 
milieu; body composition senile changes; and dysautonomy. Table 16.1 summarizes 
the major pharmacokinetic changes in older patients.
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�Glomerular Filtration Rate (GFR) Reduction According to Age

There is a physiologic trend toward a progressive GFR reduction secondary to senescence 
process. The GFR reduction secondary just to aging starts around age 30 and continues to 
decline at a rate of about 1 mL per year. It is worth noting that this GFR reduction typi-
cally runs with normal serum urea and creatinine levels [14] because serum creatinine 
does not reflect the real magnitude of a GFR reduction since muscle mass, which is the 
source of creatine (creatinine precursor), is reduced in this population [1] and the urea 
urinary excretion is increased [14]. Thus, a serum creatinine concentration of 1 mg/dL 
reflects a GFR of 120 mL/min in a 20-year-old person but 60 mL/min in an 80-year-old 
individual [12]. Similarly, the effective renal plasma flow (ERPF) is reduced by 50%; 
therefore it falls proportionally more than GFR during aging, and thus the fractional filtra-
tion (GFR/ERPF) is increased in the elderly [14]. Finally, regarding renal reserve, which 
is the kidney’s ability to increase basal GFR by at least a 20% after an adequate stimulus 
(e.g., protein load), although it is preserved in healthy old and very old people, its mag-
nitude decreases significantly with aging [13]. In elderly people, serum cystatin C was 
documented as a more reliable GFR marker with respect to serum creatinine [15–17].

As it has been mentioned above, there is a GFR reduction according to age, and this 
GFR decline is also associated with an age-related prolongation in the half-life (T1/2) of 
different non-lipophilic drugs which have predominant renal clearance [12, 14]. Since 
pharmacokinetics of these drugs (and their active by-products) which are excreted by 
GFR is affected by aging, their dose should be adjusted according to aging-related GFR 
reduction before their initial prescription [12, 18]. Thus, patient’s GFR should be mea-
sured or calculated (GFR equations) in order to perform these required dose adjustments 
[12]. Several calculating GFR equations can be used for this purpose, such as calculated 
creatinine clearance obtained by Cockcroft-Gault formula or calculated GFR obtained 
by MDRD (creatinine-based), CKD-EPI (creatinine-based), BIS1 (creatinine-based), or 
BIS2 (creatinine and cystatin C-based) equations [11, 19–23]. The BIS2 equation is cur-
rently considered the most accurate equation to estimate GFR in persons aged 70 years 
or older with normal or mild to moderately reduced kidney function, but if cystatin C is 
not available, the BIS1 equation is an acceptable alternative [23].

Table 16.1  Renal changes secondary to aging

Glomerulus Reduced glomerular blood flow
Glomerular degeneration
Reduced glomerular filtration rate

Thick ascending limb of loop of Henle Low free water clearance
Low sodium, calcium and magnesium 
reabsorption

Renal medulla Low tonicity
Collecting duct Reduced sensitivity to antidiuretic hormone

Reduced clearance of drugs and toxic
Low water and sodium reabsorption
Low potassium secretion
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Since this threshold represents a condition of advanced renal function decline irre-
spective of renal aging, the warning works also for young subjects. It should be noted 
that few drugs are to be avoided or even totally contraindicated when GFR is <60 mL/
min such as methotrexate since it accumulates after 4–8 weeks of use and can cause 
long-lasting myelotoxicity, antidiabetics such as glibenclamide/glimepiride because 
of the risk of hypoglycemia, and enoxaparin because of the risk of hemorrhage.

Newer antiepileptic drugs present reduced clearance in older patients and thera-
peutic drug monitoring (TDM) might be helpful to guide changes in dosing. Similarly 
older patients may face a higher risk of concentration-dependent side effects of some 
antidepressants –particularly tricyclic compounds  – and antipsychotics due to 
reduced clearance and an absolute increase in serum drug concentrations [23, 24].

Prevention and Recommendations  Measure or estimation of creatinine clearance 
or GFR should be performed before initiating any renal excreted drug in the elderly 
(even in a setting of normal creatinine levels), and subsequent dose adjustments 
should follow changes in renal function (Tables 16.1 and 16.2).

�Proximal Tubule Back-Filtration

It has been documented that creatinine secretion is reduced in healthy old persons, 
and it can even show a slightly reabsorption pattern: creatinine clearance/GFR = 0.9. 
It is possible that the senile tubular changes could make the aged tubules more sus-
ceptible to creatinine back-filtration, as it happens in newborns but in this case due 

Table 16.2  Aging physiologic changes and dose prescription

Aging body and renal 
changes Recommendation
Dysautonomy Beware of potential rapid deterioration of renal function in patients 

on ACE or ARA
GFR reduction Measure or estimation of GFR should be performed before initiating 

any renal excreted drug in order to adjust their dose
Reduced tubular 
secretion

To adjust dose of drugs susceptible of renal secretion

Reduced sodium 
reabsorption

Beware of diuretics and cathartic drugs

Reduced potassium 
excretion

Beware of potassium-sparing drugs

Reduced free water 
clearance

Beware of hypotonic solution load

Hypotonic medulla Beware of dehydrating drugs
Divalent ions renal 
handling

Beware of diuretics and cathartic drugs

Tubular frailty Beware of nephrotoxic drugs
Low body water, fat and 
lean mass

Drug dose adjustment

ACE angiotensin converting enzyme inhibitors, ARA angiotensin II receptor antagonists, GFR glo-
merular filtration rate
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to tubular immaturity [25, 26]. Since aging process reduces tubule secretion capa-
bility, this should be taken into account that pharmacokinetics of those drugs which 
are usually submitted to significant renal secretion can be affected, and consequently 
their retention promoted in the elderly [25].

Prevention and Recommendations  Particularly for drugs that use the organic 
acid or basic transporters (such as penicillin, furosemide, indomethacin, amiloride, 
or dopamine), the possibility of higher plasma concentration due to back-filtration 
should be considered (Tables 16.1 and 16.2).

�Reduced Sodium Reabsorption and Reduced Potassium 
Excretion

Sodium reabsorption is reduced in the thick ascending loop of Henle in the old and 
very old individuals, and consequently the amount of sodium loss is increased in 
this population [6, 27, 28]. Moreover, low serum aldosterone levels and reduced 
response to this hormone by collecting ducts can also explain the usually enhanced 
sodium loss in this aged group [12]. Finally, the elevated serum and urinary natri-
uretic peptide levels usually observed in the elderly may constitute another factor 
for the characteristic urinary sodium loss in this group [21] (Table 16.1). Because of 
the senile sodium loss, drugs which promote salt and water excretion (thiazides, 
loop diuretics, and cathartics) can induce hyponatremia, hypovolemia, and even 
acute renal failure, particularly in elderly patients who are on a low sodium diet, or 
their salt and water losses are in excess of sodium [12, 28].

Renal potassium excretion is significantly reduced in the elderly, and this phe-
nomenon is justified by combined mechanisms: low aldosteronemia and aldoste-
rone tubular resistance which induce a reduction in distal potassium secretion by 
principal cells and an increase potassium reabsorption by intercalated cells of the 
papillary ducts [6, 29, 30] (Table 16.1). It is worth to highlight, that despite the ten-
dency to retain potassium usually observed in old people, they can also develop 
significant potassium depletion when they are submitted to an intense pharmaco-
logical therapy based on thiazides, loop diuretics or cathartics drugs in a context of 
an inadequate potassium supplementation. This phenomenon has been explained as 
a consequence of senile sarcopenia, since muscles are the potassium body reserve 
[21, 31] (Tables 16.1 and 16.2).

Due to the abovementioned potassium retention trend observed in the elderly, a 
group of drugs, such as ACEI, ARA, aliskiren, digoxin, potassium-sparing diuretics, 
nonsteroidal anti-inflammatory drugs (NSAIDs), and beta-blockers, can induce 
hyperkalemia even in elderly patients not suffering from any nephropathy [13, 21, 
25, 31].

Prevention and Recommendations  One should be aware of the use of cathartic 
drugs in oldest old patients since they can contribute to induce an excessive water 
and salt negative balance and consequently hypovolemia. Blood sodium levels, 
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weight, and blood pressure should be closely monitored in patients of advanced age 
receiving major diuretic drugs (Tables 16.1 and 16.2).

Serum potassium levels should be monitored in older patients receiving NSAIDs, 
ACEI, ARA, beta-blockers, and potassium-sparing diuretics among other poten-
tially hyperkalemia-inducing drugs.

�Altered Calcium and Magnesium Renal Handling

Serum calcium and magnesium levels and their urinary fractional excretion are 
similar in the healthy young, old, and very old individuals [6, 32]. However, since 
elderly people usually have low vitamin D diet, reduced sun light exposure, 
decreased renal vitamin D hydroxylation (activation), poor calcium intestinal 
absorption and low serum levels of sexual hormones, then they have a tendency to 
develop calcium metabolism disorders [32, 33]. Even though magnesium renal 
reabsorption is preserved in old and very old people, magnesium urine excretion is 
significantly increased in volume expansion. Besides, elderly people often need 
magnesium supplements probably due to a combination of diminished spontaneous 
intake of magnesium, and poor intestinal absorption [6, 32, 33]. Because of the 
divalent cations handling characteristics in the elderly mentioned above, hypocalce-
mia can easily be induced by loop diuretics, and hypomagnesemia by loop diuretics, 
thiazides, cisplatin, amphotericin, aminoglycosides, and calcineurin inhibitors 
(cyclosporine and tacrolimus) in this population [31–34].

Prevention and Recommendations  Serum magnesium levels should be regularly 
monitored in elder patients receiving diuretics, amphotericin B formulations, ami-
noglycosides, cisplatin, and calcineurin inhibitors (Tables 16.1 and 16.2).

�Reduced Free Water Clearance

Urinary dilution capability is decreased in the healthy elderly. Thus, there is a 
minimum urine concentration of only 92 mOsmol/kg in the old people compared 
to 52 mOsmol/kg in the young. Maximum free water clearance is also reduced in 
the elderly from 16.2 to 5.9 mL/min in average. The functional impairment of the 
diluting segment of the thick ascending limb appears to account for the decrease 
in the capacity to dilute urine observed in the aged [6, 13, 21] (Table  16.1). 
Because of the senile reduction in urine dilution capability, drugs such as thia-
zides, thiazide-like diuretics, opioids, antiepileptic (carbamazepine), and psy-
chotropic medications, increase their risk of inducing hyponatremia in this 
population [25, 31].

Prevention and Recommendations  Free water overload should be avoided in this 
population, and the use of drugs with risk of inducing hyponatremia should be care-
fully monitored (Tables 16.1 and 16.2).
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�Hypotonic Medulla

Aging reduces the capacity of the kidney to concentrate the urine. The maximum 
urinary concentration capacity remains normal until about the third decade of life 
and then it falls by 30 mOsmol/kg per decade. This phenomenon can be explained 
by a relative increase of medulla blood flow (wash out), the defect in sodium reab-
sorption in the ascending limb of Henle’s loop, and reduced distal urea reabsorption 
in the elderly. Another mechanism that contributes to the impairment of the urine 
concentration ability is the decreased responsiveness of tubular epithelium of the 
collecting tubules to antidiuretic hormone [6, 13, 28] (Table  16.1). Due to the 
reduced sense of thirst and reduced urine concentration capability observed in the 
elderly, all medications that may induce salt and water excretion in excess of water 
(loop diuretics and cathartics) or which can prevent an adequate water ingestion by 
consciousness impairment (e.g., benzodiazepines) may promote clinically signifi-
cant dehydration in the elderly [12, 13, 21, 28].

Prevention and Recommendations  Maintaining adequate water ingestion is para-
mount in this population particularly when receiving cathartics or diuretics 
(Table 16.2).

�Tubular Frailty

It has extensively been documented that renal tubular cells are more vulnerable to 
any insult (ischemic or toxic), and also that they recover more slowly from acute 
tubular necrosis in the elderly [6]. Consequently, acute renal injury is a frequent 
complication in the elderly, and if the kidney does not recovered after approxi-
mately 3 months it remains as chronic kidney disease [6, 7]. On the other hand, 
polypharmacy, defined as the presence of five or more concomitant medications, 
makes old people more susceptible to develop severe acute renal injury, especially 
if they receive potential nephrotoxic substances such as NSAIDs, ACEI, statins, or 
radio-contrast, which for different reasons are frequently prescribed in this group 
[7, 13, 25].

Prevention and Recommendations  One should be aware of potentially danger-
ous drug-drug interactions as inducers of severe acute renal injury in this popula-
tion, particularly in the context of polypharmacy (Table 16.2).

�Internal Milieu and Body Composition Changes in the Elderly

Total body water is diminished with age: it comprises only 54% of total body weight 
in older patients compared to 65% in the young [35, 36]. Since the reduction in 
aged-body water content takes place in the intracellular compartment, hypovolemia 
always represents a pathologic condition in the elderly [13, 35]. Total body 

16  Pharmacogeriatrics and the Kidney



238

potassium content is lower in this population and the correlation with age is linear. 
This phenomenon can be explained by the reduced muscle mass (senile sarcopenia), 
which constitutes the main body potassium store, and by poor potassium intake 
characteristic in the elderly [13, 35, 36]. Regarding body fat content, it is usually 
increased in healthy old people yet furtherly reduced in very old people. Conversely, 
despite the aforementioned exaggerated natriuresis in the elderly, total body sodium 
is not significantly decreased with age [13, 35]. Reduction in total body water deter-
mines a decrease in the VD for hydrophilic drugs, while increase in total body fat 
produces a 20–40% increase in VD for lipophilic drugs [36, 37]. VD increases with 
age partly due to a decrease in protein binding, and mainly due to a relative increase 
in body fat content [38, 39]. Nevertheless, the increase in free plasma fraction and 
the decrease in total clearance compensate for the aging effect on VD, and, with the 
exception of loading doses for some antimicrobials, dose increments are usually not 
necessary [40]. In contrast, when total clearance of free-drug is reduced in older 
people due to end-organ disease, the need for dose reduction becomes increasingly 
apparent [39, 41]. Dose adjustments in older patients are especially required for 
drugs with a narrow therapeutic range, such as some of the antiarrhythmic, antiepi-
leptic, and anticoagulant drugs [42, 43]. In this context, predictive tools for dose 
individualization and the availability of measuring plasma drug concentrations 
become highly desirable, since the net effect of age-related pharmacokinetic varia-
tions is particularly difficult to predict. Modifications in VD must be taken into 
account when dosing a particular drug in older people. As such, loading dose for 
initial administration should be considered for some drugs – particularly antimicro-
bials – in order to obtain the target effect immediately [40]. Subsequent doses in 
repetitive administration should be adjusted as per the reductions in GFR [40, 41]. 
Different adjustment approaches can be used, based on reduction of individual 
maintenance doses, increase in administration interval, or a combination of both, 
depending on whether the area under the curve (frequency adjustment is preferred) 
or the peak concentration (dose adjustment is preferred) constitutes the main phar-
macokinetic characteristic associated with efficacy and/or toxicity [44] (Table 16.2).

�Atherosclerosis and Vascular Dysautonomy

Renal arteries suffer structural and functional changes in the elderly. These changes 
consist of a progressive atherosclerotic vascular stenosis, and a dysfunction of their 
autonomic vascular reflex, which usually protects renal parenchyma from blood 
flow alterations [6] (Table 16.1). Thus, all these vascular changes predispose elderly 
patients who are on vasodilator drugs to suffer from a decreased kidney perfusion, 
and consequently to develop an ischemic acute renal injury [7]. This phenomenon 
can particularly occur in those patients who are on angiotensin converting enzyme 
inhibitors (ACEI) and/or angiotensin II receptor antagonists (ARA) [8, 9]. Two 
clinical scenarios of acute renal injury associated to these drugs have been described: 
First, a reversible acute renal failure in patients with bilateral renal artery stenosis or 
unilateral renal artery stenosis in a solitary kidney, which improves after ACEI or 
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ARA withdrawal [8]. Second, a syndrome of unpredictable and rapid onset end-
stage renal disease (SORO-ESRD) over a previously stable chronic kidney disease 
[9]. It seems that some aging renal changes, such as effective renal blood flow 
reduction and senile glomerulosclerosis, could represent risk factors for installing 
SORO-ESRD syndrome in situations of hemodynamic instability, particularly in 
the oldest old [9].

Prevention and Recommendations  Evaluate renal artery flow (e.g., by renal 
Doppler ultrasound) in elder patients before prescribing ACEI or ARA [10, 11]. One 
should be aware of potential rapid deterioration of renal function in patients on ACE 
or ARA with stable kidney disease undergoing acute hemodynamic decompensa-
tion [10–12] (Tables 16.1 and 16.2).

�Other Considerations

�Pharmacogenetics and Therapeutic Drug Monitoring (TDM) 
in Older People

The pharmacological effects of most drugs depend on the result of a series of phar-
macokinetic processes (including its renal handling), which determine the amount 
of a drug that reaches the biophase (target tissues), as well as on pharmacodynam-
ics, involving the interaction between the drug and its site of action [25]. These 
processes occur at variable rate in different individuals and depend on many factors 
such as sex, age, diet, environmental factors, drug interactions, demographics, and 
clinical, but one of the major determinants of this variability is patient genetics [45]. 
The structure, function, and expression of most enzymes involved in drug transport 
and metabolism, as well as the specific drug receptors, may be affected by the pres-
ence of genetic variants, which may in turn modify the intended therapeutic effect 
or the appearance of adverse effects. In cases in which polymorphisms or mutations 
affect the structure or expression of these proteins, with corresponding implications 
for their function, genomic analyses can be applied prior to treatment to predict the 
patient’s response. This concept represents the central aim of pharmacogenomics 
[24, 45]. However, importantly, pharmacogenomic knowledge does not explain all 
of the variability in drug responses. Consequently, the individualized therapy must 
combine genetic information and nongenetic factors. Given the consequences for 
the administration of drugs of the renal variations in the elderly, this population is a 
potential candidate for pharmacogenetic analysis, since both individual variability 
sources may overlap [25].

TDM refers to the individualization of drug dosing within a target range and 
involves measurement of plasma or serum concentrations of drugs in individual 
patients [46]. TDM may be useful as individual patients may respond differently to 
the same therapeutic dose regimen, based on changes and variability on drug absorp-
tion, distribution, and elimination, such as the pediatric population, the critically ill, 
and the elderly [44]. The aging process implies progressive loss in the functional 
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capacities of organs and changes in kinetic performances [24, 48]. Furthermore, 
older patients present a higher susceptibility to toxic effects of medications. The 
unexpected or altered response to drugs in this group compared to younger indi-
viduals can thus be explained mainly by changes in pharmacokinetics, dynamic 
changes or polymedication interaction [24]. As such there are many different clini-
cal scenarios (sepsis, cardiac arrhythmias, etc.) in older patients that may benefit 
from therapeutic drug monitoring [49–54].

�Polypharmacy, Interactions, and Adverse Effects

It has been reported that older patients use up to 30% of all medications, although 
they account for only 12% of the total population [24]. Often, they receive a large 
number of medications prescribed by one or more different practitioners, and the 
risk of “polypharmacy” – the use of five or more concomitant medications usually 
being excessive or unnecessary – is greater when there is no primary health-care 
provider [28, 29]. Beyond the issue of unnecessary costs, polypharmacy runs the 
risk of inadequate dosing, increased adverse effects, and drug interactions [30, 31].

In elderly patients affected by multiple disorders, it is appropriate to set treat-
ment priorities and always consider an initial non-pharmacological therapeutic 
approach (e.g., exercise and weight reduction). This helps to avoid polypharmacy, 
as well as to monitor and oversee the benefits and potential harms of the prescribed 
drugs in order to reduce their adverse effects. In addition, other strategies have been 
reported as effective for avoiding adverse drug events. These include adequate com-
munication between health providers, particularly during transitions from hospital 
to outpatient care, the use of computer decision support systems, the use of low dose 
and slow titration, and the consideration of drug-drug and drug-disease interactions 
at the time of prescription [24, 32–35].

Adverse drug effects are responsible for 30% of ambulatory geriatric consulta-
tions and 10–17% of hospital admissions [24]. Adverse drug reaction should be 
suspected whenever an elderly patient has an unexpected change in function, for 
example, gait disorder, change in mental status or behavior, or urinary or fecal 
incontinence. Warfarin is implicated in about one third of these hospitalizations, 
while insulin, oral antiplatelet agents, and oral hypoglycemic agents accounted for 
about another third. Medications commonly designated as high risk or potentially 
inappropriate (according to widespread Beers Criteria) were rarely implicated [38, 
39].

�Dose Adjustments in Older Patients

This underscores the intrinsic difficulty of drug adjustments in older people based 
upon scant and insufficient data [42].

Different adjustment approaches can be used, based on reduction of individual 
maintenance doses, increase in administration interval, or a combination of both, 
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depending on whether the area under the curve (AUC) or the peak concentration 
(Cpeak), constitute the main pharmacokinetic characteristic associated with efficacy 
and/or toxicity [40].Modifications in VD must be taken into account when dosing a 
particular drug in older people. As such, a loading dose for initial administration 
should be considered for some drugs, in order to obtain the target effect immedi-
ately [17]. Subsequent doses in repetitive administration should be adjusted as per 
the reductions in GFR and total Cl. It should be noted that some drugs are to be 
avoided or even totally contraindicated when GFR is <60 mL/min: methotrexate 
since it accumulates after 4–8 weeks of use and can cause long-lasting myelotoxic-
ity, antidiabetics such as glibenclamide/glimepiride because of the risk of hypogly-
cemia, and enoxaparin because of the risk of hemorrhage. When GFR is <30 mL/
min, there is high prevalence of hyperkalemia with spironolactone/eplerenone and 
central nervous system toxicity with antibiotics such as cefepime [43]. A particular 
consideration involves regarded the use of antibiotics. Patients with renal insuffi-
ciency may need a higher starting dose, so beginning with the standard dose and 
then adjusting the maintenance dose to renal function depending on half-life should 
be the rule [4, 43].

Some drugs, regardless of their dosage, may be “inappropriate” for older people. 
For example, the use of long-acting benzodiazepines and psychotropics with anti-
cholinergic properties has been clearly associated with an increased risk of falling 
in older people and with functional impairment [44, 45].

Successful dosing in older patients should also consider behavioral influences on 
compliance. Adherence rate is higher in acute rather than chronic conditions, and 
persistence among patients with chronic conditions is disappointingly low, drop-
ping dramatically after 6 months. Organizing an easy medication schedule for older 
people therefore is paramount [46]. In a systematic review of the associations 
between dose regimens and drug compliance, Claxton et al. confirmed that the pre-
scribed number of doses per day is inversely related to patient compliance. Drug 
compliance was significantly higher for once-daily versus three-times-daily 
(P = 0.008), once-daily versus four-times-daily (P < 0.001), and twice-daily versus 
four-times-daily regimens (P = 0.001) [47]. However, there were no significant dif-
ferences between once-daily and twice-daily regimens, or between twice-daily and 
three-times-daily regimens. In multivariate, meta-regression analyses by Coleman 
et  al., the adjusted, weighted-mean, percentage adherence rate for twice-daily, 
three-times-daily, and four-times-daily dosing regimens were all significantly lower 
compared with once-daily regimens [48]. Moreover, the risk of nonadherence is 
especially high in the presence of cognitive impairment, when the use of numerous 
medications for multiple chronic conditions is commonplace.

In a thorough review of pharmacokinetics and pharmacodynamics of the aging 
kidney, Aymanns et al. analyzed three major kinetic determinants of drugs (T1/2, VD, 
Cl) from data published in PubMed. After recording approximately 90,000 values 
of 3000 drugs and metabolites, the data revealed an average 1.39-fold age-related 
prolongation of T1/2 and, surprisingly, only modest changes in Cl and VD. This 
might mean that, from a kinetic point of view, only a few of the most commonly 
prescribed drugs may need significant dosage modifications [4].
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Using a different approach, Denneboom et  al. conducted a pharmacotherapy 
analysis by a multidisciplinary expert panel (including general practitioners and 
clinical pharmacists) of about 100 home-dwelling older patients on polypharmacy. 
In this study, the prescription of drugs in an inappropriate dosage was seen in 56% 
of cardiovascular drug users and in 40% of neurological drug users [41]. In addition, 
on a two-round modified Delphi survey, an expert panel of geriatric clinical pharma-
cists was convened to reach consensus for oral dosing in primarily renally cleared 
medications prescribed for older adults, based on the fact that approximately 25% 
of the population over 70  years old may have a Cl <60  mL/min. For ten of the 
reviewed medications (chlorpropamide, colchicine, cotrimoxazole, glyburide, 
meperidine, nitrofurantoin, probenecid, propoxyphene, spironolactone, and triam-
terene), a consensus was reached not to use when Cl <30 mL/min. For a group of 
eight medications (acyclovir, amantadine, ciprofloxacin, gabapentin, memantine, 
ranitidine, rimantadine, and valacyclovir), consensus was reached and a dosing 
reduction guideline was completed. Interestingly, there was no agreement on appro-
priate dosing for commonly prescribed drugs, such as metformin, allopurinol, aten-
olol, hydrochlorothiazide, and metoclopramide.

Despite significant methodological limitations, Zedler et  al. systematically 
reviewed the available data from randomized controlled trials, concluding that cal-
endar packaging, especially in combination with education and other reminder 
strategies, may be useful in improving adherence in long-term treatment [49].

�Conclusions

Renal physiology changes secondary to aging, such as dysautonomy; glomerular 
filtration rate reduction; tubular back-filtration; sodium, calcium, and magnesium 
loss; potassium retention; altered dilution-concentration capability; tubular frailty; 
genetics; internal milieu; and body composition changes, can predispose elderly 
people to suffer from pharmacological adverse effects. Knowledge of these physi-
ological modifications associated with aging and their impact over the pharmacol-
ogy of particular drugs may help to optimize drug use and to avoid complications in 
this age group.
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The phenomenon of population aging is inexorably accompanied by a rising num-
bers of deaths occurring among people at older age. A growing proportion of people 
will live into advanced age and, if current trends prevail, will die following a period 
of increasing dependency and disability associated with chronic illness and frailty. 
The World Health Organization (WHO) estimates that in high-income countries, 
seven in every ten deaths are among people aged 70 years and older. People pre-
dominantly die from chronic diseases: cardiovascular diseases, cancer, dementia, 
chronic kidney disease (CKD), diabetes, or a combination of them.

�Epidemiology of Old Age End-Stage Renal Disease

The few population-based studies designed specifically to assess the prevalence of 
CKD in elderly population have shown great diversity, ranging from 23.4% to 
58.5% [1, 2]. In developed countries, trends in adjusted end-stage renal disease 
(ESRD) incidence rate are displaying a rising trend, particularly in the older age 
group. For example, in the United States between 2009 and 2015, the annual num-
ber of incident cases of ESRD has increased by 7.5%, due to several factors, yet one 
of the most relevant ones is the aging of the population. Not surprisingly, hospital-
ization rates in older patients are greater than for younger age cohorts. In the 
advanced CKD group, those over 85 years of age had a 44.3% higher admission rate 
than those aged 66–69 years and, in 2015, Medicare spending for beneficiaries with 
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CKD aged 65 and older exceeded $55 billion, representing 20% of all Medicare 
spending in this age group [3].

These trends pose major challenges to healthcare systems, given the greater 
healthcare utilization by and more comorbid conditions among elderly adults. 
Chronic kidney disease is a major concern for health systems, given the high and 
increasing prevalence of ESRD and of patients being treated with renal replacement 
treatments. With the rise in prevalence of obesity, diabetes, and hypertension in 
middle-aged adults, we will likely witness further increases. In countries where 
funding and universal health coverage is available, given the constant percentual 
increase of the aging population, a continued growth in the elderly dialysis popula-
tion is also anticipated. In the United States and Europe, for example, the increase 
in the dialysis population is strongly driven by the increased incidence of octogenar-
ians and nonagenarians starting dialysis. Their poor outcomes, in particular in elder 
individuals with multiple comorbidities, strongly suggest that alternative paths, 
such as decision for palliative care rather than initiation of dialysis, should be incor-
porated in discussions around chronic predialysis settings [4].

The changing demographics mandate a discussion of individual and societal 
goals and priorities. A recent study noted that elderly nursing home residents initiat-
ing dialysis in the United States experienced a marked decline in functional status 
during the period surrounding the initiation of dialysis and, by 1 year after the start 
of dialysis, only one of eight nursing home residents had functional capacity similar 
to the predialysis level [5].

It is now commonly agreed that the presence of advanced CKD (stages 4–5 of the 
Kidney Disease: Improving Global Outcomes (KDGIO) classification) identifies a 
higher risk state in older adults, with increased risk for multiple adverse outcomes, 
including cardiovascular disease, cognitive impairment, and death. Accordingly, 
ESRD in older adults is worthy of attention by both healthcare providers and 
patients, with the concomitant presence of frailty potentially informing therapeutic 
and diagnostic decisions for these individuals.

�Characteristics and Outcomes of Old Age ESRD Patients

Major risk factors for progression of CKD to ESRD include hypertension and 
diabetes, both common in the elderly. Additionally, older persons are at high risk 
for development of acute kidney injury (AKI), which is also a major risk factor 
for progression in patients with some degree of CKD, for several reasons. First, 
a high prevalence of comorbid diseases, such as prostatic hypertrophy or conges-
tive heart failure, both of which can directly induce and favor AKI development. 
Second, medications and medical interventions commonly used to treat comor-
bid conditions may either cause or predispose to the development of AKI (e.g., 
nonsteroidal anti-inflammatory drugs). And third, structural changes in the kid-
ney that normally occur with aging may preclude successful compensation for 
acute decreases in glomerular filtration rate (GFR). Data from a large healthcare 
system demonstrate that on average patients developing AKI are approximately 
10  years older than those who do not develop it [6] and elderly patients 
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developing AKI are less likely to recover kidney function [7] and thus liable for 
rapid progression to ESRD.

Older patients with kidney disease face both a shortened life expectancy and a 
high symptom burden. They will benefit from early supportive care interventions. 
The goal of supportive care is to relieve suffering and to support the best possible 
quality of life for patients and their families, regardless of their stage of disease or 
the need for other therapies in accordance with their values and preferences. People 
affected by kidney failure usually have a difficult scenario ahead. They tend to be ill 
for many months or years with the possibility of sudden acute, severe relapsing 
episodes, and then remitting periods, but with an underlying downward trend in 
function. Usually relapsing episodes are associated with hospitalization and inten-
sive treatment; possibly, every relapsing episode could be fatal. How to be accurate 
in predicting prognosis and time of death is very challenging in this context. In addi-
tion, there is a unique need for advanced care planning for these patients, most of 
whom have more than one life-limiting illness.

There is a growing recognition that skills in palliative and end-of-life supportive 
care are required for physicians, nurses, and others who treat patients with CKD and 
ESRD. The two principal reasons are as follows: they have a significantly shortened 
life expectancy; just over half of dialysis patients (52%) are still alive 3 years after 
the start of renal replacement therapy (RRT), and very often they have multiple 
comorbidities and a multiplicity of symptoms such as pain, fatigue, itching, and dif-
ficulty with sleep.

Palliative care will help with complex pain and symptom management and 
advance care planning, including shared decision-making about the goals of care. 
Collaboration with geriatrics departments and/or hospices, can help renal and dialy-
sis units implement a palliative and supportive care program and appropriately treat 
or refer patients for palliative care at the end of life.

�Person-Centered Care

Developing a patient-centered approach, with a patient-centered care plan, which 
includes conservative, nondialytic care, is increasingly recognized as an important 
issue when caring for advanced CKD patients, in particular those who are elder and 
with multiple comorbidities. In a patient-centered model, an attainable treatment 
goal for each patient is based upon the patient’s medical condition and treatment 
options, the patient’s preferences and expectations within his or her psychosocial 
context, and the patient’s prognosis. Considering these variables, most of the time, 
one of the following three clinical pathways may follow for the treatment of ESRD:

•	 Dialysis as a bridging treatment
•	 Dialysis as a final destination treatment
•	 Active medical management without dialysis

Palliative or supportive care should be integral to each and every pathway within 
the view of patient-centered care.
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The education of relevant healthcare providers regarding the importance of an 
integrated multidisciplinary renal palliative care approach in the overall care of 
patients with ESRD is then essential.

At all times, the patient is the focus of care, and he/she should be encouraged, 
together with his family to be actively involved in the decision-making process. 
In this vein, developing good and open two-way communication with patient, 
caregivers, and primary care practitioner regarding prognosis, expectations, and 
other issues which may arise is of upmost importance. It is necessary to be 
always aware and ready to recognize and manage debilitating symptoms in 
order to sustain and if possible improve continuously patient’s functionality and 
quality of life.

Indeed, the management of the patient’s symptoms should be based on the high-
est level of clinical evidence and the team must facilitate timely withdrawal from 
dialysis when indication arises. This will be easier if advanced healthcare directives 
are obtained early in the assessment process. In addition, this will facilitate, as well, 
the timely introduction of available palliative care support and services and may 
promote a smooth transition to end-of-life care by early decision-making and refer-
ral to community palliative care or hospice services to avoid unnecessary hospital 
admissions.

�Advance Care Planning

Advanced care planning is the process by which patients, family members, and 
providers reflect upon the patient’s goals and values to help inform current and 
future medical care plans, and this begins with the initial conversation of whether to 
elect or not conservative care. There should also be a meaningful discussion address-
ing the end-of-life trajectory with conservative care and outlining the patient’s care 
preferences. Advanced care planning means also a continuous process of communi-
cation among patients, families, healthcare providers, and other important individu-
als about the follow-up of patient’s preferences and the appropriate medical care. A 
significant proxy or tutor should be systematically considered if and when a patient 
is unable to make his or her own decisions.

The American Society of Nephrology and Renal Physicians Association have 
recommended that advance care planning for advanced CKD and ESRD patients 
should be considered, including a patient-specific estimate of prognosis and 
shared decision-making prior to dialysis initiation [8, 9]. Clinicians are respon-
sible for advanced care planning, although aspects of this process can be shared 
with other health professionals. Advanced care planning is important for CKD 
KDIGO stages 4 and 5 patients as it can ensure that patients’ wishes for end-of-
life care are respected, that unwanted interventions are avoided, and that patients 
and their families are satisfied with the care provided. Although most clinicians 
are expected to possess primary palliative care skills, they are encouraged to 
consult geriatrics or palliative care physicians for more complex cases.
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�Treatment Decisions

Even though older adults facing ESRD will eventually consider the need of renal 
replacement therapy (RRT) and they may be offered hemodialysis (HD), peritoneal 
dialysis (PD), or kidney transplantation; increasingly, attention is driven to also con-
sider the alternative of conservative treatment. All four options should generally be 
considered and unbiased information should be provided by the treating physician 
as there are no definitive age limits for any of the treatments.

Not every older adult with ESRD will accept RRT. During the last few years, 
conservative care for old ESRD patients has become a genuine alternative. There is 
a growing body of literature addressing issues of prognosis, quality of life, and 
symptom burden [10, 11]. The burden of transporting a frail elderly person, the 
effect of hypotension and fatigue related to ultrafiltration, and the feeling of depen-
dence late in life all associated with performing HD make conservative manage-
ment an appropriate option for many older ESRD patients, in particular for those 
with significant comorbidities.

A usual challenge faced by clinicians is to convey the necessary information to 
the patient and his family so that they will be able to make an informed decision 
about dialysis or conservative care, where the patient’s perspective should be in the 
center of the decision process. A crucial element is that patient and family have a 
clear understanding of prognosis and of the fact that conservative management also 
means care. Even if it is difficult to estimate prognosis on an individual level, there 
is data that predicts carrying a poor prognosis such as comorbid conditions, particu-
larly frailty, poor functional status, significant cardiovascular disease, diabetic 
nephropathy, and malnutrition [12, 13]. Quality of life is closely related to func-
tional status. Older patients starting dialysis are likely to experience a decline in 
functional status [14, 15]. Thus, frailty, quality of life, and comorbid conditions 
should be incorporated into estimates of prognosis and outcomes for older ESRD 
adults and for informed decision-making about dialysis or conservative care. For 
certain patients a predefined period of time where dialysis treatment can be experi-
enced may be helpful followed by a re-evaluation of decision. Survival in older 
adults with advanced CKD but low comorbidity and without frailty is generally 
better with dialysis treatment compared to conservative care. However, the benefit 
of living longer might be outweighed by a poorer quality of life in a significant 
percentage of elderly individuals undergoing dialysis.

Regarding prognosis, several illness trajectories have been used to conceptualize 
the life course of people dying for malignant and nonmalignant conditions. Beyond 
these trajectories a real challenge for physicians is to predict survival, communicate 
prognosis, and recognize the active process of dying in order to make appropriate 
choices regarding therapeutic decisions.

Patients who perceive themselves to be more ill will, every day that goes by, regu-
larly question their physicians about whether they can be cured and if they will die of 
their current condition. It is essential to be prepared to answer to them and not to deny 
what could be a fact, and to evaluate the benefits, harms, and cost (social, economic, 
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spiritual, and ethical) of medical decisions and interventions. That is why the ability 
to establish a prognosis should be a core skill in the practice of medicine, as it is the 
science of evaluating what is likely to happen in terms of health outcomes.

The success of scientific medicine carries the risk of the false assumption that 
science offers a cure for every illness and the indefinite postponement of death. 
Within this triumphant perspective, death has assumed a connotation of failure. The 
palliative care movement has contributed to reemphasize prognosis as a process of 
foreseeing. Thus, the abilities of estimating the likelihood of an illness to be life-
threatening become crucial to balance the benefits of potential interventions. A phy-
sician in this clinical context should be confident in prognostication and recognition 
of dying for many reasons: Death is most common in elderly patients; frailty and 
dementia both common comorbidities are like a progressive illness which if you do 
not die with them, you will die from them. The use of prognostic tools to estimate 
life expectancy is necessary to move beyond arbitrary age-based cutoffs in clinical 
decision-making for older people. Prognostication will help to drive decision-
making, balancing benefits and harms of tests and treatments, and identification of 
who is in need of palliative care and comfort measures. Recognition of active dying 
will allow the management of specific symptoms towards a dignified death.

Prognostication can be divided into two separate processes: on the one hand, the 
ability to formulate a prediction of survival, and on the other hand, the ability to 
communicate this prognosis to patients and families. These skills are learnable, and 
when appropriate, they play a central role in decision-making. The first task for a 
physician is to acknowledge uncertainty with an honest approach. Prognostic tools 
usually give a probabilistic prediction, and the vast majority have been developed 
and validated for cancer to assist clinicians in assessing short-term survival (e.g., 
≤6 months). Nonetheless, in older adults, specific prognostic indicators have been 
developed with a much wider life span of several years.

In practical terms, the Charlson’s comorbidity index [16], the patient’s functional 
status, the presence of frailty [17], and the surprise question (would I be surprised if 
this patient died within the next year?) [12] are all useful in predicting prognosis, 
especially in older adults.

There is a need for accurate prognosis in order to shed light into decision-making. 
The challenge is to ameliorate current prognostic tools and develop innovative ones 
that are feasible, accurate in routine clinical use, and not just in research studies. 
However, current medical culture remains a significant challenge and educating 
healthcare professionals to consider the establishment of a prognosis as a learnable, 
core clinical competency is a priority. Recognition of dying and care during the last 
days/hours of life should also be a core competency of every physician.

�Ethical Issues

When treating patients with ESRD, unavoidably ethical issues arise. Current clini-
cal practice guidelines consider some of them but there is a lack of comprehensive 
information about the full range of relevant ethical issues in this condition.
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Despite the wide possible range of ethical issues that can be present in healthcare 
decisions for patients with advanced CKD, major professional organizations mostly 
focus on the ethical issues of withdrawing dialysis. For example, the US Renal 
Physicians Association (RPA) and the American Society of Nephrology (ASN) 
issued a clinical practice guideline called “Shared Decision Making in the 
Appropriate Initiation of and Withdrawal from Dialysis” [18], while the Renal 
Association in the United Kingdom issued the guideline “Planning, Initiating and 
Withdrawal of Renal Replacement Therapy” [19].

Moral and technological imperatives to treat patients irrespective of age and 
prognosis, coupled with a push for earlier dialysis start, have the potential to 
disproportionately affect patients older than age 75 years. Clinicians should be 
aware of this and ensure that the patient’s rights to be informed about the poten-
tial benefits and burdens of renal replacement therapy are respected, particularly 
because frailty, functional status, nutritional status, and comorbidities affect the 
net balance between benefits and burdens. Nephrologists in particular are called 
on to help patients make a decision, for which the patient’s goals of care guide 
determination of potential benefit from dialysis in the elder population. There 
should be concern as well about potential overtreatment and eventual risk of 
under treatment of older adults with ESRD. Providers can ethically approach the 
question of initiation of renal replacement treatment in the older patient by 
including patient-specific estimates of prognosis, shared decision-making, and 
the use of specialist palliative care or geriatrics clinicians or ethics consultants 
for complex cases.

In order to approach the patient, the potential goals of care must be addressed: In 
this context, being cured is rarely possible, to live longer is usually an issue, but 
with increasing frailty. Improving or maintain function, quality of life, and indepen-
dence and being comfortable become increasingly relevant. Within this perspective, 
achieving life goals and eventually the need to provide support for family or care-
giver should also be considered in decision-making.

A compassionate and effective practical approach should:

•	 Assess the patient’s goals of care and establish advance care planning.
•	 Assess the patient’s risk profile and prognosis (assessment of frailty, functional 

and mental status, and comorbidities).
•	 Evaluate the patient’s prognosis in the context of his/her goals of care.
•	 Communicate individualized treatment options and likely outcomes (best case/

worst case).
•	 Engage both the patient and family in deliberation on treatment choice.
•	 Convene a meeting in order to make individualized treatment recommendations 

to fit the patient’s goals of care if the patient prefers a physician-led decision-
making process or if patients or surrogate decision struggle with their choices.

•	 Consider recommending against dialysis in patients with very poor prognosis, 
potential contraindications, or safety concerns.

•	 Consider a time-limited trial with predefined milestone measures of success/fail-
ure if there is significant ambivalence or lack of consensus.
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•	 Consider involving a geriatrician and the ethics consult team or use other due 
process in challenging cases.

•	 Identify and treat burdensome symptoms and aim to minimize treatment burden. 
Involve specialist geriatric or palliative care physicians for complex cases.

•	 Periodically reassess the patient’s willingness to continue dialysis as well as pal-
liative care eligibility.

•	 Enable and support the patient to opt out of dialysis if continuation is no longer 
consistent with his/her goals of care.

�Conservative and Supportive Care

A conservative approach to the management of CKD stages 4 and 5 may be appro-
priate for some patients who have opted not to receive RRT. Many renal specialists 
and organizations across the world are offering conservative management as a rec-
ognized treatment option [20]. In more recent data, an analysis of the Austrian 
Dialysis and Transplant Registry compared survival of 8622 individuals of >65 years 
old to 174 patients with eGFR <10 mL/min who were managed conservatively. In 
this study, while the hemodialysis group did demonstrate benefit in general survival, 
the comparative benefit of hemodialysis is lost after the first 2 months of follow-up; 
this is explained by early mortality among the conservative treatment group, which 
probably included very poor risk cases, some of which could have not been eligible 
for dialysis as well as a significant age difference, being those with conservative 
treatment 7 years older in average [21].

As those patients who are elder and have added comorbidities experience dete-
rioration in their general health and increased frailty, the management focus should 
be shifted toward advanced care planning and planning for end-of-life care. 
Conservative care of ESRD means medical management without renal replacement 
therapy. Conservative care is appropriate for patients with coexisting advanced 
comorbidities who are not eligible for transplantation and who may not gain mean-
ingful benefit from renal replacement therapy; or who prefer to avoid intensive 
medical therapies and instead want to receive care that focuses on quality of life. 
Conservative or palliative care in this context essentially means treatment of symp-
toms in the first place and the implementation of measures that delay the loss of the 
renal residual function that is present and that could be essential to prolong life as 
well as to reduce symptomatology, in particular the one related to fluid overload. 
Most common symptoms are fatigue which may be associated to anemia, which can 
be managed by proper iron store replenishment and erythropoiesis-stimulating 
agents, dyspnea treated with water restriction and diuretics in those patients with 
renal residual function, pain, pruritus, loss of appetite, nausea, and other concerns. 
Symptoms may resemble those of advanced cancer patients in the month before 
they die yet the renal patient is often resilient and may survive significantly longer 
periods [22]. The clinical relevance of these observations has prompted new prac-
tice guidelines addressing the issue of supportive care in advanced CKD and ESRD 
patients [23, 24]. Skills to communicate with patients and family members and to 
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convey topics of existential content will have to be learned by specialized trainees. 
Thus, the ideal interdisciplinary setting is one which may include a nephrologist, a 
primary care physician ideally a geriatrician, a specialized nurse, a dietician, a pal-
liative care specialist, a social worker, and/or psychologist.

The option for conservative care should be discussed with all patients who may 
not meaningfully benefit from dialysis or whose goals focus on quality over quan-
tity of life. Conservative care is a reasonable treatment option alongside renal 
replacement options for those who are less likely to benefit from dialysis. In particu-
lar, frail and/or multi-morbid patients are candidates for conservative care since they 
tend to incur in more of the burdens and complications of dialysis rather than 
intended benefits. It is important to point out that conservative care should be offered 
only when all other options for renal replacement are discussed and the treatment 
plan must be reconsidered regularly, as shifts in the decision process are often pres-
ent and could happen in either way.

The components of conservative care include medical management of kidney 
disease, symptom management, and advance care planning (ACP), including qual-
ity end-of-life care. All patients should have treatments designed to manage symp-
toms. The degree to which treatments to delay progression of kidney disease or 
prolong life are used is individualized for each patient and depends upon prognosis, 
quality of life, and patient desire to prolong life. The medical management is often 
essentially the same as that of advanced CKD patients who are awaiting the initia-
tion of renal replacement therapies. Nevertheless, some considerations are specific 
to patients undergoing conservative care: While renin-angiotensin system (RAS) 
inhibitors may be used, there should be a low threshold to discontinue them in the 
setting of hyperkalemia or hypotension. Erythropoiesis-stimulating agents (ESAs) 
and iron administration are used to treat anemia which often is the cause of symp-
toms of fatigue and weakness. Doses of ESAs may exceed standard guidelines to 
achieve improvement in symptoms, but it is clear we should not target hemoglobin 
(Hb) levels >12.5 g/dL, as this has been demonstrated to be deleterious and of car-
diovascular risk. Phosphorous-binding agents and vitamin D analogs should be used 
to treat hyperphosphatemia and hyperparathyroidism only in order to avoid accom-
panying symptoms such as pruritus and renal-related bone disease but would then 
allow higher parathyroid hormone (PTH) and phosphorus concentrations than com-
monly recommended, given the difficulty of achieving standard target PTH and 
phosphorus goals in advanced kidney disease in the absence of dialysis. 
Hyperkalemia that persists in the absence of RAS inhibitors should be treated with 
cation exchange resins such as sodium polystyrene sulfonate (Kayexalate), other 
more modern hyperkalemia treating agents as patiromer and in cases with residual 
renal function, diuretics may be of use. We should always remember that attention 
should prioritize symptom relief as a critical component of conservative care. 
Symptoms should be evaluated at each visit and assessment tools or surveys can be 
useful for a systematic approach [25]. Symptoms are more effectively managed in 
conjunction with a geriatric or palliative care team.

Symptom management can occur concurrently with medical management or as 
the primary treatment goal, yet symptom treatment alone can be more appropriate 
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for patients who have a predictable poor prognosis, and for those whose prognosis 
is uncertain but whose goals are focused on comfort. Medications that do not 
address comfort or whose benefits will not be reached because of a limited survival 
should be stopped.

The most common and disturbing symptoms usually are: fatigue, anorexia and 
nausea, pain, dyspnea, pruritus and psychological symptoms; mainly depression, 
anxiety, and delirium.

Conservative management should also incorporate community and palliative 
support services to maximize quality of life until the terminal phase of life is 
reached. At this point, specialized supportive care should be provided with particu-
lar attention directed to bereavement care for the family following the patient’s 
death.

�Palliative Care

The World Health Organization (WHO) defines palliative care as “an approach 
that improves the quality of life of patients and their families facing the problem 
associated with life-threatening illness, through the prevention and relief of suf-
fering by means of early identification and impeccable assessment and treatment 
of pain and other problems, including those of physical, psychosocial and spiri-
tual natures” [26].

Palliative care provides relief from pain and other distressing symptoms, affirms 
life and regards dying as a normal process intends neither to hasten nor to postpone 
death. It integrates the psychological and spiritual aspects of patient care offering a 
support system to help patients live as actively as possible until death and helping 
the family cope during the patient’s illness and in their own bereavement.

Palliative care uses a team approach to address the needs of patients and their 
families, including bereavement counseling, if indicated and focuses on enhancing 
the quality of life, and whenever possible, positively influence the course of illness. 
For best results, it should be introduced early in the course of illness, in conjunction 
with other therapies intended to prolong life, such as chemotherapy or renal conser-
vative therapies and includes those investigations needed to better understand and 
manage distressing symptoms and clinical complications.

Palliative care is sometimes referred to as supportive care; its goal is always to 
achieve the best possible quality of life by controlling symptoms, relieving pain, 
and restoring functional capacity while respecting the patients personal, cultural, 
and spiritual beliefs and practices. The traditional belief that palliative care is asso-
ciated with only end-of-life care tends to remain firm in the general community. But 
there is an increasing awareness among physicians that palliative care is not just 
end-of-life management but rather a supportive care pathway leading over time to a 
dignified end of life for an individual patient.

Providing palliative care to patients with advanced CKD begins at diagnosis and 
continues throughout the patient’s life. Palliative care assumes increasing 
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importance with time and leads to “good deaths” as the disease progresses. The 
concept of a renal palliative care approach within renal units, to provide supportive 
care to patients, their family, and primary caregivers in addition to their usual renal 
care, is not new. However, the actual delivery around the world is inconsistent as 
there is no systematic and formalized pathway model yet, with some exceptions as 
is the case for Australia [27].

Palliative care addresses as well the physical, psychological, social, spiritual, and 
existential needs of patients within the context of family and community. The goal 
of palliative care is to achieve the best possible quality of life by relieving suffering, 
controlling symptoms, and restoring functional capacity, while maintaining sensi-
tivity to personal, cultural, and spiritual beliefs and practices. Palliative care in 
patients with ESRD incorporates all members of the interdisciplinary team (physi-
cians, nurses, social workers, peers, and families). Important aspects of palliative 
care include assessment of quality of life and prognosis and the development of 
appropriate advance directives through an advance care planning process. The 
advance care planning process should include options for conservative care versus 
dialysis, symptom control after dialysis discontinuation, and bereavement care for 
family and community. Dialysis patients have symptoms (pain, fatigue, and pruri-
tus, among other) that are commonly undertreated. Hospice is underutilized in those 
with ESRD and should be considered in any patient refusing or withdrawing from 
dialysis.

Specific elements to be considered within its scope comprise [23]:

•	 Pain and symptom assessment/management
•	 Shared decision-making for informed consent
•	 Patient-specific estimates of prognosis using the surprise question
•	 Timely discussions prompted by prognosis
•	 Inclusion of family/legal agent in discussions
•	 Completion of advance directives
•	 Completion of physician orders for life-sustaining treatment paradigm form as 

appropriate
•	 Immediately actionable medical orders
•	 Transferrable throughout healthcare setting specifications, and referral to hos-

pice when indicated.

Consider for eligibility the following groups as suitable candidates for palliative 
care service:

•	 Patients with advanced CKD who have opted for conservative management
•	 Patients with advanced ESRD who are considering withdrawal from RRT
•	 Patients with advanced CKD with unresolved symptoms affecting quality of life
•	 Patients under dialysis who have exhausted all options for on-going dialysis 

access, for example, peritoneal dialysis catheter or arteriovenous fistula methods 
in hemodialysis
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•	 Patients with declining transplant graft function who have opted not to return to 
dialysis therapy

•	 Patients with advanced CKD who have other life-limiting comorbidities result-
ing in physical and functional decline. For example: malignancy, end-stage car-
diac and/or respiratory disease, Alzheimer’s disease, or other forms of dementia

�Palliative Care Needs in Low- and Middle-Income Countries

Improving access to affordable palliative care is an important priority in response to 
the challenges posed by the global rise in ESRD. This need is not reflected at pres-
ent in the emerging body of literature related to the global response to CKD [28]. 
Palliative care needs of patients with ESRD not treated with renal replacement treat-
ment in low- and middle-income countries (LAMIC) settings concur with what has 
been described in high resource settings where patients express concerns about 
symptom burden limiting their functional ability. Other areas identified reflect some 
of the contextual realities of a low-resource environment. The diagnosis and conse-
quent treatment of ESRD poses extreme financial challenges and in many LAMIC 
nations, universal health coverage is not provided. This therefore impacts on the 
quality of medical care, including routine visits to hospital and purchase of essential 
medication. In many instances, roles within the family, as caregiver, sexual partner, 
and breadwinner constitute losses of great importance. Nevertheless, in some 
instances, spiritual and cultural beliefs are a source of hope as well as framing 
understanding and acceptance of the disease itself [29]. A growing number of 
patients with ESRD managed without renal replacement treatment will require care 
in this context in the coming years. For the majority of patients who are diagnosed 
and reviewed by renal services without access to renal replacement therapy or for-
mal palliative care provision, clinicians and nurses should adopt some simple tools, 
using a symptom-based approach. By asking the patient about his main concerns, 
patient-centered priorities can be identified and supported to optimize the quality of 
life up to and beyond the time of death.

�Research Priorities

Older adults with advanced CKD often have frailty, functional impairment, multi-
ple comorbid conditions, a high symptom burden, and limited life expectancy. 
There is growing concern that the intensive patterns of care that many of these 
patients tend to receive at the end of their lives are often not aligned with their 
values and preferences. This has been underlined in a recent report by WHO, where 
the geriatric community recognizes that person-centered care is often not consid-
ered and besides that there are significant unmet needs in this population [30]. 
Also, there are several areas of knowledge deficit where more evidence is needed 
to support the best possible care for this population: knowledge about intrinsic 
capacity and frailty and the role they play in advanced CKD evolution and 
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therapeutic needs; knowledge about person-centered care and what matters most to 
older adults with advanced CKD and their caregivers near the end of life; better 
knowledge about how can we best support older adults with advanced CKD to 
prepare timely advanced directives so that they can navigate complex treatment 
decisions throughout their illness; and evidence to support the adaptation of the 
healthcare system in order to serve the best interest particularly of frail older adults 
with advanced CKD and ESRD. Research priorities should include identifying 
opportunities for improving the end-of-life experience of older adults with CKD 
and their caregivers and developing and testing clinical pathways before and dur-
ing dialysis and communication strategies to ensure that treatment decisions reflect 
patients’ preferences. Besides, more evidence is needed on assessing the effective-
ness of palliative care in improving quality of life for patients and caregivers, sat-
isfaction with care, and aligning treatment decisions with patient goals and 
preferences particularly in low resource settings.

�Conclusion

Palliative and supportive care must be considered as alternatives from the outset 
when dealing with ESRD in frail patients. A patient-centered approach and early 
definition of advance care planning are essential to fulfil patient’s expectations.
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