
   

Managing Renal 
Injury in the 
Elderly Patient

Michael Haase
Anja Haase-Fielitz
Editors



  Managing Renal Injury in the Elderly Patient    



 



    Michael   Haase     •    Anja   Haase-Fielitz    
 Editors 

  Managing Renal Injury 
in the Elderly Patient                    



  ISBN 978-3-642-39946-6      ISBN 978-3-642-39947-3 (eBook) 
 DOI 10.1007/978-3-642-39947-3 
 Springer Heidelberg New York Dordrecht London  

 © Springer-Verlag Berlin Heidelberg   2014 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection 
with reviews or scholarly analysis or material supplied specifi cally for the purpose of being entered and 
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this 
publication or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher's 
location, in its current version, and permission for use must always be obtained from Springer. 
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations 
are liable to prosecution under the respective Copyright Law. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specifi c statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
 While the advice and information in this book are believed to be true and accurate at the date of 
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for 
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with 
respect to the material contained herein. 

 Printed on acid-free paper 

 Springer is part of Springer Science+Business Media (www.springer.com)  

 Editors 
   Michael   Haase, MD (MH)   
  Department of Nephrology and Hypertension,
Diabetology and Endocrinology
University Hospital 
 Otto-von-Guericke University 
  Magdeburg 
 Germany   

   Anja   Haase-Fielitz, PharmD (AHF)   
  Department of Nephrology and Hypertension,
Diabetology and Endocrinology
University Hospital 
 Otto-von-Guericke University 
  Magdeburg 
 Germany   

www.springer.com


v

1 Managing Kidney Injury in Older Patients. . . . . . . . . . . . . . . . . . . . . .  1
Michael Haase and Anja Haase-Fielitz

2 Incidence, Risk Factors, and Outcome. . . . . . . . . . . . . . . . . . . . . . . . . .  3
Mitchell H. Rosner, Claudio Ronco, and Dinna N. Cruz

3 Assessing Glomerular Filtration Rate in Older Adults  . . . . . . . . . . . .  13
Elke Schaeffner

4 Risk Assessment and Diagnostic Criteria of Acute 
Kidney Injury: The Role of Tubular Damage Markers . . . . . . . . . . . .  19
Michael Haase and Anja Haase-Fielitz

5 Pathogenesis and Susceptibility to Injury  . . . . . . . . . . . . . . . . . . . . . . .  33
Mitchell H. Rosner, Dinna N. Cruz, and Claudio Ronco

6 Drug Kinetics, Dosing, and Renal Toxicity in Older Adults  . . . . . . . .  47
Frieder Keller and Ulla Ludwig

7 Acute Dialysis in Older Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59
Celine Foote and Meg J. Jardine

8 Quality of Life, Functional Status, and Specifi c Medical 
Problems in Older Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73
Gargi Banerjee, Anja Haase-Fielitz, and Edwina A. Brown

9 End-of-Life Decision Making in Older Patients with 
Acute Kidney Injury and End-Stage Renal Disease: 
Ethical Perspectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85
Sana R. Akbar and Rebecca J. Schmidt

 Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97     

  Contents



1M. Haase, A. Haase-Fielitz (eds.), Managing Renal Injury in the Elderly Patient, 
DOI 10.1007/978-3-642-39947-3_1, © Springer-Verlag Berlin Heidelberg 2014

        It is a matter of fact – people grow older all over the world and increased life 
 expectancy is associated with specifi c health issues. A recent meta-analysis using 
the data from 187 countries reported that, during the last 40 years, global male life 
expectancy increased from 56 years to 68 years and global female life expectancy 
increased from 61 years to 73 years [ 1 ]. 

 Currently an estimated 40–50 % of all hospital and intensive care admissions are 
older people – aged 60 years and plus. Older patients are more susceptible to noso-
comial infections, medication interactions and surgical complications. Due to cog-
nitive and physical decline, they have a high risk of being unable to return home and 
requiring nursing home placement as they often have lost the ability in some basic 
activity of daily living during even a very short hospitalization. As the world’s pop-
ulation is growing older, in the future years we are faced with specifi c and complex 
issues in critical care also affecting geriatric nephrology. 

 Acute kidney injury (AKI) represents a frequent and devastating problem in hos-
pitalized patients and is associated with an increased risk of dying that persists after 
discharge from the hospital even if a (near) complete recovery of renal function 
occurs. An estimated 5–10 % of all hospitalized patients and up to 40 % of critically 
ill patients experience an episode of AKI during the course of their illness with 
increasing incidence observed during the last decades. Reasons for this include 
more aggressive medical treatment, the increasing number of comorbidities that 
accumulate during increasing lifespan and the ageing population in general. Patients 

    Chapter 1   
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with severe AKI requiring acute dialysis have a higher likelihood of developing 
chronic kidney disease and eventually needing chronic dialysis. Also, AKI induces 
injury to extrarenal organs including the lungs, heart and brain – with all of them 
being more susceptible to injury in older patients – leading to prolonged ventilation 
time, longer hospital stay but also increased rate of hospital readmission. 

 Internists, nephrologists, geriatricians, critical care physicians, and surgeons all 
treat critically ill patients with AKI or are regularly involved in the care of patients 
at risk of this syndrome. It is the editors’ hope that this book will provide a reference 
for clinicians to help guide their care of older patients with AKI. We have brought 
together a group of international authors to cover the most recent information on 
epidemiology, pathogenesis and prevention of AKI in older patients. The earlier 
parts of this book present paragraphs on age-related changes in the kidney and the 
role of renal biomarkers in the diagnosis of the disease, whereas the subsequent 
parts are dedicated to drug kinetics and renal toxicity and paragraphs on acute dialy-
sis in this patient population. In the fi nal parts of the book, issues on quality of life 
and end of life decision-making in older patients with kidney injury will be 
discussed. 

 Leading us to the horizon of modern medicine in older patients, a recent case 
report on a 101-year-old patient with severe kidney injury illustrated the issues and 
uncertainties during the management of this patient until his death after 56 dialysis 
treatments [ 2 ]. While this book does not aim to give an answer to each of the 
reported problems, many aspects the patient and his physicians were facing while 
treating him are covered here. 

 Key messages at the beginning of each chapter and numerous fi gures and tables 
enable easy access to complex interrelationships between ageing and renal patho-
physiology and function and clinical consequences and may contribute to make this 
book a popular reference book for clinicians, researchers, and students. Special 
emphasis is placed on the most recent publications important for the fi eld carrying 
implication for the clinical practice. The chapters included in this book are derived 
from clinical experience and report the evidence for current clinical practice 
extracted from consensus statements if available or systematic analyses of the litera-
ture. When gaps of knowledge were identifi ed, common sense for practical manage-
ment of older patients with kidney injury was used until these gaps may be closed. 
We are truly indebted to the authors for their timely and expert contributions.    

   References 

    1.    Wang H, Dwyer-Lindgren L, Lofgren KT et al (2012) Age-specifi c and sex-specifi c mortality 
in 187 countries, 1970–2010: a systematic analysis for the Global Burden of Disease Study 
2010. Lancet 380:2071–2094  

    2.    Gabbay E, Hersch M, Shavit L et al (2013) Dialysis by the book? Treatment of renal failure in 
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    Chapter 2   
 Incidence, Risk Factors, and Outcome 
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 Key Messages 
     1.    Acute kidney injury is a disease of the elderly with the highest incidence 

in patients older than age 70 years.   
   2.    Etiologies of acute kidney injury can be grouped according to the typical 

schema of prerenal, intrarenal, and postrenal etiologies. However, certain 
etiologies such volume depletion, obstruction due to prostate disease and 
ischemia due to sepsis are more common in older age groups.   

   3.    Treatment of acute kidney injury is largely supportive, and in those elderly 
patients who require renal replacement therapy, the decision to initiate this 
support measure must require a careful thought process that takes into 
account family and patient wishes as well as the overall prognosis for 
 functional recovery.     
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2.1             Epidemiology of AKI in Older Individuals 

 Throughout the world, the population is getting older [ 1 ,  2 ]. With medical, societal, 
and environmental changes, the probability of survival to older age has improved and 
the absolute number and proportion of older people is projected to increase in the next 
few decades. Of critical importance is that the fastest growing age cohort is made up 
of those aged ≥80 years, increasing at an estimated 3.8 % per year, and projected to 
represent one-fi fth of all older people by 2050 [ 2 ]. There are important consequences 
associated with these demographic changes, namely, that we will face a population 
with an increased prevalence of chronic illness and functional impairment [ 3 ]. These 
chronic illnesses include chronic kidney disease (CKD) as well as other comorbidi-
ties that predispose to AKI [ 4 ]. Despite widely varying incidences of AKI reported in 
the literature (largely a refl ection of differing defi nitions of AKI), most studies sup-
port the fi nding that elderly people are at higher risk for development of AKI. 

 For instance, there is a three- to eightfold age-dependent increase in the frequency 
of development of community-acquired (out of hospital) AKI in patients older than 
60 years of age [ 5 ]. Not surprisingly, the past 25 years have seen the mean age of 
patients with AKI increase by at least 5 years and perhaps as much as 15 years [ 6 ]. 

 Elderly patients make up the majority of hospitalized patients. By virtue of the 
fact that they require numerous diagnostic and therapeutic interventions as well as 
due to their numerous comorbid conditions, they are at risk for the development of 
hospital-acquired AKI. In hospitalized patients, the reported incidence of AKI var-
ies between 5 and 7 % [ 7 – 9 ], and the incidence in the postoperative period ranges 
from 0.1 to 30 %, depending on the criteria used to defi ne AKI and the type of 
surgery performed (higher rates associated with cardiovascular procedures) 
[ 10 ,  11 ]. Nearly 1 % can develop severe AKI with creatinine level above 4 mg/dl 
and/or need for dialysis [ 12 ,  13 ]. Unfortunately, postsurgical mortality rates in the 
setting of AKI can range from 20 to 80 %, depending on the presence of other 
comorbidities [ 10 ,  12 ,  14 ]. The average age of patients suffering AKI in the hospi-
tal setting is >60 years [ 7 ]. 

 In the subset of elderly patients who develop AKI in the critical care unit, the 
outcomes can be devastating. It is important to realize that the elderly are becoming 
a greater proportion of patients in the intensive care unit (ICU). Fifty-fi ve percent of 
all American intensive care unit (ICU) bed days are occupied by patients aged ≥65 
years [ 15 ,  16 ]. Of the 17,440 patients in medical and surgical ICUs from 40 institu-
tions in the USA, the proportion of patients who were over age 65 was 48 %. 
Twenty-fi ve percent were 65–74 years old, 17.2 % were 75–84 years old, and 5.3 % 
were >85 years old [ 17 ]. In a multicenter study, Australian New Zealand Care 
Society Adult Patient (ANCIZS) database researchers determined that 13 % of 
120,123 adult patients were aged ≥80 years and that the admission rate for this age 
group increased by 5.6 % per year during the period between 2000 and 2005 [ 18 ]. 
Thus, very elderly patients with numerous comorbid conditions increasingly popu-
late the ICU. In the ICU setting, AKI is a common and important occurrence with a 
reported incidence of 1–25 %, depending on the population being studied and the 

M.H. Rosner et al.



5

criteria used to defi ne its presence [ 19 ,  20 ]. AKI, which usually appears in the 
 setting of acute lung injury, sepsis, and trauma in ICU patients, is associated with a 
mortality rate of 50–70 %, which has remained relatively constant over the last 
decades [ 21 ]. 

 There is no doubt that the elderly patient in the ICU is at higher risk for AKI. The 
BEST Kidney collaborators, in a prospective multicenter study on 26,269 critically 
ill patients with a median age of 67 years, determined that 5.7 % of the patients 
developed severe AKI [ 22 ]. Moreover, in a recent study comparing the RIFLE and 
AKIN criteria, the incidence of AKI in the fi rst 48 h of ICU stay ranged between 
28.5 and 35.5 %. The mean age of the patients was 63 years, with 25 % aged >75 
years, highlighting the fact that AKI is common in the elderly [ 23 ].  

2.2     Etiologies of AKI in Older Individuals 

 Even though elderly    patients often have the same spectrum of clinical conditions 
responsible for AKI as the general population, there are specifi c differences in the 
incidence and in the presentation of these etiologies, making this group of patients 
unique (Table  2.1 ).

    Prerenal AKI  and acute tubular damage (formerly referred to as acute tubular necro-
sis and discussed further below) account for nearly a third of cases of AKI [ 24 ]. In 
prerenal AKI, the mechanism responsible for kidney injury is reduced renal perfusion. 
Decrease in renal perfusion stimulates sympathetic nervous system activity and the 
release of vasoconstrictor substances (such as angiotensin II) which can lead to 

   Table 2.1    Etiologies of acute injury in the elderly   

 Prerenal 
  (a)  Intravascular volume depletion (blood loss, insensible loss, adrenal insuffi ciency, 

 gastrointestinal losses (vomiting, diarrhea), urinary losses (diuretics, osmotic diuresis), 
third spacing of fl uid) 

  (b)  Decreased effective arterial circulating volume (decreased cardiac output (systolic heart 
failure, cardiac arrhythmias, pericardial disease), cirrhosis, nephrotic syndrome) 

  (c)  Medications (nonsteroidal anti-infl ammatory drugs, angiotensin-receptor blockers, 
angiotensin-converting enzyme inhibitors, calcineurin inhibitors) 

 Intrinsic renal 
  (a) Tubular injury: acute tubular necrosis (ischemic, nephrotoxic (medications, pigments) 
  (b) Interstitial: acute interstitial nephritis (allergic due to drugs) 
  (c) Vascular: vasculitis, thromboembolic, atheroembolic, and occlusion 
  (d) Glomerular: acute glomerulonephritis 
 Postrenal (obstructive) 
  (a)  Upper tract obstruction (usually bilateral or with a single kidney (nephrolithiasis), papillary 

necrosis, pelvic neoplasms, retroperitoneal processes (neoplasms, adenopathy, fi brosis, 
hematoma), gastrointestinal neoplasms, radiation therapy) 

  (b)  Lower tract obstruction (urethral strictures, nephrolithiasis, blood clots, prostatic disease 
(carcinoma, benign hypertrophy, calculi), neurogenic bladder) 

2 Incidence, Risk Factors, and Outcome
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a further reduction in glomerular fi ltration rate and, if the renal perfusion is impaired for 
a long period to kidney injury, ischemic acute tubular damage. Renal hypoperfusion 
can develop in different clinical conditions, such as reduced cardiac output (myocardial 
dysfunction, pericardial disease, cardiac arrhythmias), intravascular volume redistribu-
tion to interstitial spaces (cirrhosis, nephrotic syndrome, sepsis, and malnutrition), and 
external loss of fl uids with insuffi cient fl uid replacement (vomiting, diarrhea, bleeding, 
and excessive sweating due to febrile illnesses). While many of these causes can be 
reversed with adequate fl uid replacement or vasopressor/inotropic support, others prog-
ress to ischemic acute tubular damage, especially if the insult is prolonged and severe. 

 Dehydration and volume depletion are commonly encountered in the elderly 
[ 25 ]. Being bedridden with cognitive impairment and having poor fl uid oral intake 
are important risk factors for dehydration, which, if untreated, has a very high mor-
tality rate [ 26 ]. This can be compounded by the impaired ability of the kidney to 
retain sodium in the elderly as well as by the common use of loop or thiazide diuret-
ics in this population [ 25 ]. 

 Numerous  intrarenal  (affecting the vasculature, glomerulus, tubules, or inter-
stitial compartments) causes of AKI can also affect the elderly, of which ischemic 
or nephrotoxic acute tubular damage is the most common with an incidence rang-
ing from 25 to 87 % [ 24 ,  27 ]. Sepsis is a particularly important cause of acute 
tubular damage, and in the setting of sepsis, the development of AKI requiring 
dialysis has a mortality rate greater than 80 % [ 28 ]. Vascular diseases, such as renal 
artery occlusion or thromboembolism, can be responsible for AKI in the elderly as 
well. They are usually associated with atherosclerosis, atrial fi brillation, or myo-
cardial infarction. Older patients seem to have a higher incidence of certain rapidly 
progressive glomerular diseases such as antineutrophil cytoplasmic antibody and 
anti- glomerular basement membrane associated glomerulonephritis [ 29 ,  30 ]. These 
conditions should be suspected when the urine sediment demonstrates the presence 
of dysmorphic red blood cells or red blood cell casts. Older patients are also suscep-
tible to developing rhabdomyolysis and pigment-induced acute tubular damage in 
the setting of acute immobilization, infectious diseases, cerebrovascular accidents, 
hyperosmolar state, hyponatremia, hypernatremia, hypothermia, and after falls. 
This should be suspected in patients who have positive urine dipstick test for blood 
but who have a negative urine microscopy and who have a positive urine myoglobin. 

 Older patients are frequently subjected to medical procedures and pharmaco-
logical treatments, which can lead to AKI. In most cases, the injury takes the form 
of nephrotoxic acute tubular damage, but allergic interstitial nephritis and other 
pathological entities may be seen. Among the drugs commonly prescribed to older 
patients, nonsteroidal anti-infl ammatory drugs (NSAIDs), angiotensin-converting 
enzyme inhibitors (ACEi), and angiotensin-receptor blockers (ARBs) are associated 
with AKI. These agents interfere with the protective autoregulatory mechanisms 
that maintain renal blood fl ow and glomerular fi ltration rate across a wide range of 
blood pressure. While NSAIDs inhibit prostaglandin production, with subsequent 
increased vascular resistance in the afferent arteriole, ACEi and ARBs reduce vas-
cular resistance in the efferent arteriole, thus impairing intra-glomerular pressure 
[ 7 ]. In states of marginal renal perfusion, such as heart failure, volume depletion, 

M.H. Rosner et al.
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and renal artery stenosis, these drugs may lead to precipitous falls in renal blood 
fl ow and glomerular fi ltration rates, thus resulting in ischemic acute tubular dam-
age [ 31 ,  32 ]. Moreover, the concomitant administration of diuretics, laxatives, and 
drugs that decrease appetite or the level of consciousness can worsen dehydration 
and volume depletion further increasing the risk for hemodynamically mediated 
AKI when these drugs are administered. 

 Acute tubular damage is the most frequent cause of AKI in the elderly and it is 
often associated with the use of directly nephrotoxic drugs, such as antibiotics and 
antifungals (particularly aminoglycosides and amphotericin B), immunosuppres-
sive medications (cyclosporine and tacrolimus), and chemotherapeutic agents (cis-
platin). Well-known risk factors for drug-induced acute tubular damage include age 
greater than 60 years, atherosclerotic cardiovascular disease, diabetes mellitus, pre-
existing chronic kidney disease, and hypoperfusion (volume depletion) states [ 7 ]. 

 Although there are no available data on the incidence of  acute interstitial nephri-
tis  (AIN) in the elderly, this group of patients is likely to be at increased risk due to 
a large number of medications that are prescribed. Antibiotics (penicillins, cephalo-
sporins, and fl uoroquinolones), diuretics, and NSAIDs are some of the more com-
mon agents responsible for this syndrome in older patients. The dose of the drug 
administered and the duration of the treatment and past exposure are important risk 
factors for the development of AIN. Recently, proton pump inhibitors, usually safe 
and frequently prescribed in the elderly, have been associated with AIN as well [ 33 ]. 
AIN should be suspected in patients with allergic symptoms (rash), presence of 
white blood cells (especially eosinophils) or white blood cell casts in the urine, and 
presence of eosinophilia on a complete blood cell count. However, none of these 
fi ndings are sensitive or specifi c and a high degree of clinical suspicion must be 
present to make the diagnosis. In some cases, renal biopsy may be required. 
Recovery occurs after withdrawal of the drug, but it is often incomplete and some 
patients may require therapy with corticosteroids to improve kidney function [ 34 ]. 

 Given the high number of diagnostic and therapeutic radiographic procedures per-
formed in this population of patients, AKI due to iodinated radiocontrast agents is com-
mon. Contrast-induced nephropathy is often observed after cardiac and/or peripheral 
vascular catheterization and revascularization. Other than age, factors such as baseline 
renal function, diabetes, cardiac failure, emergent procedures, a high volume of contrast 
agent, and female sex also contribute to a higher risk for contrast-induced AKI [ 35 ]. 

 Surgical procedures account for about one-third of acute tubular damage cases in 
the elderly [ 36 ]. The incidence of AKI ranges from about 0.1 % in general surgery 
to 31 % or more with cardiac surgery [ 37 ]. Advanced age is a risk factor for AKI 
development in most of these settings, but factors such as emergency surgery, pres-
ence of CKD, and baseline comorbidities are also important risk factors [ 37 ]. 
Hypotension during and after surgery, postoperative fl uid loss, and arrhythmias are 
commonly encountered in the elderly and in combination with impaired renal auto-
regulation may induce hemodynamically mediated AKI. As stated above, concomi-
tant use of ACEi or ARBs may exacerbate already tenuous renal perfusion. The 
postoperative period can often complicate by severe infections, which may also 
result in acute tubular damage associated with sepsis [ 38 ]. 

2 Incidence, Risk Factors, and Outcome
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 Finally,  postrenal  (obstructive) AKI accounts for 7.9–9 % of cases in patients 
over 65 and 70 years respectively [ 39 ,  40 ]. The obstruction may be either intrinsic 
or extrinsic and can occur at any level of the urinary tract. Among the causes of 
lower urinary tract obstruction, the most common in males is prostatic enlargement 
due to benign prostatic hypertrophy or carcinoma. Prostate cancer is the most com-
mon neoplasm in men, affecting 50 % of males aged 50 years and increasing to 
90 % by the ninth decade of life. A small percentage of these patients develop severe 
obstructive AKI, which if not treated can progress to irreversible renal failure. The 
second most common cause of obstructive AKI in males is urethral stricture disease, 
often secondary to trauma or past Foley catheter use. In women, important causes 
of ureteral obstruction, responsible for postrenal AKI, are pelvic malignancies, such 
as carcinoma of the cervix and ovarian neoplasms. Lymphoma and bladder and 
rectum carcinomas are other causes of obstructive AKI in the geriatric population.  

2.3     Outcome of AKI in the Older Patients 

 In general, the treatment of AKI in the elderly follows the same principles as for the 
general population. This means careful attention to dosing medications, avoidance 
of further nephrotoxic insults, management of fl uid, electrolyte and acid-base bal-
ance, mandatory urinary tract catheterization in case of obstructive AKI, and provi-
sion of adequate nutritional support. If iatrogenic AKI (nephrotoxic acute tubular 
damage) or acute interstitial nephritis is diagnosed, withdrawal of the drugs respon-
sible for these syndromes is critical and can reverse the course of AKI especially if 
this is done early in the course. In case of rapidly progressive glomerulonephritis, 
caution must be paid in the use of immunosuppressive agents, such as corticoste-
roids and cytotoxic drugs, given their altered pharmacokinetics and the higher risk 
of opportunistic infections and complications in the elderly. Particular attention 
must be paid to the development of signs of sepsis, which is often occult in frail 
elderly patients [ 41 ]. 

 The decision to initiate renal replacement therapy (RRT) in the elderly may be 
diffi cult. This is especially true for those individuals with signifi cant baseline renal 
impairment where the likelihood of renal recovery may be low. Furthermore, 
patients with multiple comorbid conditions and multisystem organ failure will have 
a poor overall prognosis. Decisions regarding initiation of renal support therapy 
undoubtedly must be individualized, taking into consideration the particular clinical 
situation, the patient’s wishes, the chances for functional renal recovery, and the 
probability of survival. Clinical management decisions should never be made on the 
basis of chronological age alone. 

 If a decision is made to initiate dialysis, there should be careful consideration as 
to the optimum mode of renal support (continuous or intermittent therapy). Owing 
to increased autonomic dysfunction, decreased cardiovascular reserve, and other 
comorbidities, older patients are more prone to hemodynamic complications during 
dialysis, such as intradialytic hypotension and arrhythmias [ 7 ]. Older patients are 

M.H. Rosner et al.
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also more vulnerable to bleeding problems and to neurologic complications  resulting 
from rapid changes in serum electrolytes and osmolarity that occur during the dialy-
sis session [ 42 ]. Although it has not been studied specifi cally in the elderly, continu-
ous renal replacement therapy (CRRT) is associated with a more stable hemodynamic 
profi le than intermittent dialysis in the general population and is also associated 
with a reduced risk of disequilibrium syndrome owing to slower osmolality shifts, 
which might make this modality useful in the fragile elderly population [ 43 ]. 
However, when choosing the type of modality, clinicians must also consider the 
increased risk associated with continuous anticoagulation in a population prone to 
bleeding as well as the higher costs associated with CRRT. 

 Although AKI can be fully reversible, the renal repair process also can be incom-
plete and result in chronically decreased kidney function. This can range from sub-
clinical decreases in glomerular fi ltration rate to dialysis-dependent end-stage renal 
disease. Incidence rates of end-stage renal disease (ESRD) after AKI in the elderly 
differ widely among studies, ranging from less than 1 % to greater than 40 % 
[ 44 – 46 ]. For example, Ishani and coworkers demonstrated a 13-fold higher risk of 
ESRD in hospitalized elderly patients with AKI as compared to elderly patients 
without AKI [ 47 ]. A recent systematic review and meta-analysis has demonstrated 
that recovery of kidney function after AKI is approximately 28 % less likely to 
occur when the patient is older than 65 years [ 48 ]. These fi ndings imply that hospi-
talized elderly patients with AKI require close follow-up of their renal function 
upon discharge as a signifi cant proportion will have residual functional defects and 
many may eventually require RRT. Little is known about mortality in elderly 
patients who experience AKI and do not require dialysis. In a prospective, multi-
center study including hospitalized patients, no increased risk of death with 
advanced age was found [ 49 ]. An older study by Lameire failed to show any differ-
ences in mortality or renal recovery between patients older than 65 years and those 
aged 17–64 years [ 50 ]. On the contrary, a recent study by Ali et al. showed a signifi -
cant and incremental increase in mortality risk with age and comorbid conditions 
[ 51 ]. Thus, in the absence of clear data, individualized decision making continues to 
be of critical importance. 

 Existing outcome data for elderly ICU patients requiring dialysis vary widely, 
with reported mortality ranging from 31 to 80 % [ 22 ]. This is due to differences 
between studies in terms of the defi nition of advanced age, treatment intensity, 
severity of illness, and length of follow-up. Some studies report an increased mor-
tality risk in elderly critically ill patients with AKI [ 22 ]. Conversely, other well- 
conducted studies found no difference in mortality attributable to older age (although 
these studies are older and may not be applicable to current care patterns) [ 49 ]. One 
of these studies found multiple organ dysfunction syndrome (MODS) to be an inde-
pendent risk factor for increased mortality [ 52 ,  53 ]. Interestingly, those patients 
with MODS often have a higher acute severity of illness and short-term mortality, 
but in those who survive, there is lower long-term mortality likely attributable in 
part to less comorbid illness. Another feature of AKI that has important implications 
for long-term outcomes is the duration of AKI [ 54 ]. In one study, those patients with 
a duration of AKI greater than 7 days had a higher mortality than those with shorter 

2 Incidence, Risk Factors, and Outcome
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durations of AKI [ 54 ]. Indeed, several studies on long-term outcomes of hospital 
survivors of MODS and AKI treated with RRT have documented a surprisingly low 
post-discharge mortality rate and an acceptable self-perceived quality of life 
[ 55 ,  56 ]. In a multicenter study, Australian New Zealand Care Society Adult Patient 
(ANCIZS) researchers demonstrated factors associated with lower survival in 
elderly patients admitted to the ICU [ 19 ]. Admission from a chronic care facility, 
comorbid illness, nonsurgical admission, greater illness severity, mechanical venti-
lation, and longer stay in ICU were found to be associated with lower patient 
survival.  

2.4     Summary 

 AKI in the older patient is a relatively common occurrence. The etiologies of AKI in 
this population include prerenal, intrarenal, and postrenal causes. The elderly kidney 
is predisposed to AKI due to molecular, cellular, structural, and functional changes 
associated with aging itself as well as age-related comorbidities. Once AKI is estab-
lished, older patients may have a similar prognosis to younger cohorts, but this area 
requires further study and an individualized approach to decision making is required.     
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3.1  Introduction

Glomerular filtration rate (GFR) is still worldwide considered the best indicator 
of kidney function. In clinical daily routine, GFR is often estimated (eGFR) by 
mathematical equations in order to avoid a time-consuming clearance measurement 
requiring an exogenous contrast agent. Accurate assessment of kidney function 
is important as the chronic kidney disease (CKD)-staging system is significantly 
determined by the GFR value. It also has clinical implications such as adequate 
adjustment of drug dosing, improved decision making in imaging testing, help in 
the timing of initiation of renal replacement therapy, and evaluation for kidney dona-
tion. In older adults where prevalence rates of CKD are considerably higher than 
in younger populations, all clinical scenarios named above are of great importance.

Chapter 3
Assessing Glomerular Filtration  
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Key Messages
 1. Currently available methods of glomerular filtration rate (GFR) estimation 

have limitations in older adults.
 2. Although not specifically validated in this patient population, the 

Modification of Diet in Renal Disease (MDRD) and Chronic Kidney 
Disease Epidemiology Collaboration formula (CKD-EPI) are the most 
widely used equations to estimate renal function in older adults.

 3. The recently published Berlin Initiative Study [BIS]1 and BIS2 equations 
are the only equations specifically developed for estimating GFR in older 
adults. Confirmation by external validation is needed.
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3.2  Endogenous Filtration Markers

Serum creatinine as an endogenous filtration marker has determined GFR  estimating 
equations for the last decades. Whereas creatinine is an imprecise marker as it is 
influenced by muscle mass, serum cystatin C seems to be less vulnerable to extrare-
nal factors and has been included as additional test in recent clinical practice guide-
lines of Kidney Disease: Improving Global Outcomes (KDIGO) to estimate baseline 
renal function when eGFR estimation based on serum creatinine is less accurate [1]. 
Clinical laboratories that determine serum cystatin C should measure cystatin C 
using an assay with calibration traceable to the international standard reference 
material [1]. Advantages of serum cystatin C compared to creatinine are its indepen-
dence of muscle mass as well as age- and gender-specific illnesses. Especially in 
older age where loss of muscle mass is a common condition, cystatin C is suggested 
to be a more adequate marker [2]. The wide use of serum cystatin C is limited by 
thyroid dysfunction, use of moderate- to high-dose corticosteroids, and the fact that 
not all laboratories offer cystatin C analysis. Besides, serum cystatin C measure-
ment is more expensive than creatinine.

3.3  Current GFR-Estimating Equations

Several of the most common equations to estimate GFR are listed in Box 3.1.
The worldwide most often used creatinine-based formula is the abbreviated 

(four variables: serum creatinine, age, race, and gender) Modification of Diet in 
Renal Disease (MDRD) Study equation [3] which derived from the original six-
variable MDRD equation which additionally included blood urea nitrogen and 
albumin [4].

The MDRD Study equation [3] was developed and validated in CKD popula-
tions not including individuals older than 70 years [5]. Although the four-variable 
MDRD equation is more practical in daily routine for older people compared with 
the formerly used Cockcroft Gault formula [6] or creatinine clearance measure-
ment, as it does not require weight or any urine collections, the MDRD equation 
[3] still overestimates GFR in older, often malnourished adults with reduced mus-
cle mass and is therefore not a precise equation to be recommended in subjects 
aged 70 and older.

The chronic kidney disease epidemiology collaboration (CKD-EPI) study equa-
tion, which was published 10 years later [7], is also creatinine based, did include few 
older adults only, and was also predominantly created in CKD populations. The CKD-
EPI is somewhat more precise and accurate than the MDRD Study equation, espe-
cially at higher GFR values, but is not explicitly validated in elderly persons either. 
A very recently published consecutive CKD-EPI creatinine-cystatin C equation contains both 
creatinine and cystatin C and performs better than equations based on either of these 
markers alone and thus may be useful as a confirmatory test for CKD [8].

E. Schaeffner
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The goal of the Berlin Initiative Study (BIS) was to assess kidney function 
 exclusively in adults aged 70 years and older by comparing existing equations to a 
gold standard measurement (iohexol plasma clearance) and to derive a novel esti-
mating equation that would estimate GFR more correctly in this patient group [9]. 
The new Berlin Initiative Study [BIS]1 (creatinine based) and BIS2 (creatinine and 
cystatin C based) equations showed better precision and sufficient agreement with 
measured GFR, especially in patients with CKD stages 1–3 [9]. Both equations 
were developed and internally validated in a population with a mean age of 78 years 
in order to fill the gap of nonexisting eGFR equations for older adults. The BIS1 
equation was recently externally validated and showed excellent results [12].

A 24-h collection of urine (creatinine clearance) may for certain individuals be a 
more useful method to assess kidney function instead of any eGFR equation. 
However, especially in older age, correct urine sampling can be difficult due to 

mental or physical problems such as incontinence or prostate hyperplasia or other.

3.4  Acute Kidney Injury

Estimating GFR in patients with non-stable renal function as it occurs during acute 
kidney injury is challenging due to fluctuations in creatinine production and fluid 
balance. GFR prediction equations overestimate kidney function in patients with 
acute kidney injury but are however still useful to estimate preoperative or prehos-
pital baseline renal function. The Jelliffe equation [10, 11] was developed to esti-
mate GFR in the setting of non-steady-state kidney function. However, validation in 
older patients is lacking.

In summary, accurate assessment of eGFR is difficult especially in older adults. 
Only the two recent BIS equations [9] were exclusively created for older adults. 
Confirmation of these findings by external validation is needed.

References

 1. Kidney Disease: Improving Global Outcomes (KDIGO). Acute Kidney Injury Work Group 
(2012) KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl 2:1–138

 2. Shlipak MG, Katz R, Sarnak MJ et al (2006) Cystatin C and prognosis for cardiovascular and 
kidney outcomes in elderly persons without chronic kidney disease. Ann Intern Med 
145:237–246

 3. National Kidney Foundation (2002) K/DOQI clinical practice guidelines for chronic kidney 
disease: evaluation, classification, and stratification. Am J Kidney Dis 39:S1–S266

 4. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D (1999) A more accurate method 
to estimate glomerular filtration rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Ann Intern Med 130:461–470

 5. Stevens LA, Coresh J, Feldman HI et al (2007) Evaluation of the modification of diet in renal 
disease study equation in a large diverse population. J Am Soc Nephrol 18:2749–2757

E. Schaeffner



17

 6. Cockcroft DW, Gault MH (1976) Prediction of creatinine clearance from serum creatinine. 
Nephron 16:31–41

 7. Levey AS, Stevens LA, Schmid CH et al (2009) CKD-EPI (Chronic Kidney Disease 
Epidemiology Collaboration). A new equation to estimate glomerular filtration rate. Ann 
Intern Med 150:604–612

 8. Inker LA, Schmid CH, Tighiouart H et al (2012) CKD-EPI Investigators. Estimating glomeru-
lar filtration rate from serum creatinine and cystatin C. N Engl J Med 367:20–29

 9. Schaeffner ES, Ebert N, Delanaye P et al (2012) Two novel equations to estimate kidney func-
tion in persons aged 70 years or older. Ann Intern Med 157:471–481

 10. Jelliffe R (1973) Creatinine clearance: Bedside estimate. Ann Intern Med 79:604
 11. Jelliffe R (2002) Estimation of creatinine clearance in patients with unstable renal function, 

without a urine specimen. Am J Nephrol 22:320–324
 12. Koppe L, Klich A, Dubourg L et al (2013) Performance of creatinine-based equations com-

pared in older patients. J Nephrol 26:716–723

3 Assessing Glomerular Filtration Rate in Older Adults



19M. Haase, A. Haase-Fielitz (eds.), Managing Renal Injury in the Elderly Patient, 
DOI 10.1007/978-3-642-39947-3_4, © Springer-Verlag Berlin Heidelberg 2014

4.1             Introduction 

 Over the next 30 years, the number of over-65s is predicted to more than double, from 
506 million in 2008 to 1.3 billion [ 1 ]. Older hospitalized patients are at increased risk of 
developing acute kidney injury (AKI) and progression to end-stage renal disease 
(ESRD) which can be explained by age-related changes in the kidney and systemic 
vasculature, higher susceptibility to sepsis, in addition to frequent comorbidities, and 
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after an episode of acute kidney injury are reported to be up to 20–40 %.   
   2.    Clinicians are encouraged to perform frequent clinical risk assessment 

(incl. routine laboratory renal parameters) for development of acute kidney 
injury because patient management depends on it.   

   3.    Serum creatinine and urine output are not ideal for early diagnosis of acute 
kidney injury.   

   4.    Acute tubular damage markers are recommended to be used as additional 
parameters for AKI diagnosis or risk assessment. Their use may contribute 
to earlier diagnosis (which already is the fi rst intervention) and likely to 
improved patient outcomes.   

   5.    Medical or nephrological follow-up of renal function in older patients who 
had developed AKI is required.     
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high exposure to iatrogenic insults such as surgery, radiocontrast agents, and  medications 
[ 2 – 4 ]. An almost linear increase in mortality with increasing degree of acute renal fi ltra-
tion function loss has been described [ 5 ]. Experimental and strong clinical data impli-
cate AKI as one of the most important factors for the transition of acute tubular damage 
to CKD [ 3 ,  6 – 8 ]. Additionally, during critical illness, AKI has been implicated as an 
instigator and multiplier of pulmonary, cardiac, hepatic, and neurologic dysfunction 
[ 9 – 12 ]. Identifi ed pathways include infl ammatory cascades, apoptosis, the induction of 
remote oxidative stress, and differential molecular expression. For example, isolated 
AKI can cause interstitial erythrocytes and intra-alveolar bleeding in the lungs within 
hours to a day as shown in animal experiments applying ischemia reperfusion to the 
kidneys [ 9 ]. Macrophage inhibition reversed the effect. Following AKI, the number of 
pulmonary aquaporin channels decreased [ 10 ], which may, in part, explain the early 
increased susceptibility of patients with AKI to develop pulmonary edema.  

4.2     Chronic Kidney Disease and Risk of Acute Kidney 
Injury or Vice Versa 

 Preexisting chronic kidney disease (CKD) has been demonstrated to be a risk factor 
for AKI [ 3 ,  13 ,  14 ]. Ishani and colleagues demonstrated that older patients with CKD 
(mean age 79.2 years) who had an episode of AKI were 41 times more likely to 
develop ESRD than patients without CKD [ 3 ]. Also, in AKI survivors, risk factors 
associated with progression to CKD after hospital discharge have been identifi ed and 
include advanced age, diabetes mellitus, decreased baseline glomerular fi ltration rate 
(GFR), and severity of AKI [ 15 ,  16 ]. In a cohort of 353 critically ill patients (mean age 
60 years) with AKI requiring renal replacement therapy (RRT), 64.0 % of all patients 
left the hospital with an eGFR ≤60 mL/min/1.73 m 2 , and 8.2 % of all cases and 21.1 % 
of patients with preexisting CKD required dialysis after hospital discharge [ 16 ]. 

 Older patients constitute the fastest growing segment of the ESRD population in 
the USA with an increasing incidence from 28.6 % in 1980 to 49.5 % in 2000 [ 17 ]. 
A meta-analysis including data from 17 studies compared renal recovery – defi ned 
as independence of dialysis requirement – in patients aged 65 years or older with that 
of patients being younger than 65 years [ 18 ]. Recovery of renal function after AKI is 
about 28 % less likely to occur in older patients, a fi nding which was consistent in 
various subgroup and sensitivity analyses. Even AKI with apparently full recovery 
confers an increased risk for subsequent development of CKD [ 6 ]. However, only a 
minority of patients after an episode of AKI are referred to nephrology care after 
hospital discharge [ 19 ], diminishing the chance for improved long- term patient care.  

4.3     Renal Function Markers for Diagnosis of AKI 

 Serum creatinine has been the basis by which renal function has been estimated for 
several decades; however, its value – especially in older and sicker individuals – has 
been frequently debated. By consensus, AKI is defi ned by a time-dependent and 
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magnitude-graded increase in serum creatinine or decline in urine output, a concept 
fi rst suggested in 2004 by the Acute Dialysis Quality Initiative (ADQI) as the 
RIFLE criteria [ 20 ]. Such renal fi ltration function-based AKI defi nition was early 
adapted by the AKI Network [ 21 ], and 8 years after initial publication, the KDIGO 
Initiative embraced the concept and classifi cation [ 22 ]. 

 Just recently, the ADQI proposed –  in addition  to such renal fi ltration function- 
based AKI defi nitions – to use acute tubular damage markers [ 23 ]. Under this new 
diagnostic approach, in the appropriate clinical setting, AKI can be defi ned by 
abnormal levels of tubular damage biomarkers even in the absence of oliguria or 
elevated serum creatinine. 

4.3.1     Serum Creatinine 

 The concentration of serum creatinine is affected by factors that infl uence its gen-
eration (e.g., age, gender, muscle mass, diet), glomerular fi ltration rate (e.g., hyper-
tension), and tubular secretion (e.g., CKD or acute events such as AKI). The clinical 
usefulness of serum creatinine to timely diagnose and assess the severity of AKI is 
limited, as serum creatinine only rises 24–48 h after the renal injurious event. This 
relates to the fact that the GFR must decline to approximately half the normal level 
before the serum creatinine concentration begins to rise above the upper limit of 
normal. Also, fl uid resuscitation in critically ill patients often results in a positive 
fl uid balance, diluting serum creatinine and delaying timely diagnosis of AKI [ 24 ]. 

 These limitations of serum creatinine are even much more pronounced in older 
and sicker patients especially due to changes in body composition, comorbid condi-
tions that cause malnutrition, and the frequent use of medications that can interfere 
with the measurement of serum creatinine. Interpretation of renal function based on 
serum creatinine or urea concentration alone should be avoided in older individuals. 

 In the light of high probability for renal (tissue) salvage early after injury, the Kidney 
Disease: Improving Global Outcomes (KDIGO) Initiative suggests that delay in the 
diagnosis of AKI, at least in part, results from currently used diagnosis parameters bas-
ing on renal function such as serum creatinine and urine output. To protect as much 
salvageable kidney tissue as possible, in their recently published clinical practice guide-
lines for AKI [ 22 ], the KDIGO Initiative highlights the importance of risk assessment 
for individual patient management and concludes that acute tubular damage markers 
may feature AKI diagnosis if proven to be of better diagnostic performance than the 
classical clinical and routine biological parameters [ 22 ] (see Sects.  4.4  and  4.5 ).  

4.3.2     Fluid Balance and Urine Output 

 Fluid overload especially in the setting of oligo-anuric AKI is an important 
 modifi able prognostic factor. Fluid overload participates in the pathogenesis of 
hypoxemia and myocardial and lung edema, leading to a delay in recovery. Evidence 
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suggests that even a relatively small positive fl uid balance contributes to increased 
morbidity and mortality in various patient cohorts [ 25 – 28 ], although specifi c data in 
older patients are missing. 

 Positive fl uid balance early after admission to the intensive care unit was associ-
ated with increased mortality in patients with AKI [ 25 ]. The mean age in this study 
was 61 years [ 25 ]. In 601 critically ill patients (mean age 63 years), fl uid balance 
and urine volume were independent risk factors for 28-day mortality after adjusting 
for age and other modifi ers [ 26 ]. A combined volume and creatinine kinetic model 
demonstrated that fl uid resuscitation leads to signifi cant underestimation of serum 
creatinine and AKI severity [ 24 ]. This factor alone further delayed diagnosis of AKI 
by up to 9 h. Fluid dilution alone, however, could not explain the rapid reduction of 
creatinine observed in the majority of patients, suggesting a reduction of serum 
creatinine production to be a potential further cause for the disability of creatinine 
to function as early marker for AKI. In contrast, tubular damage biomarkers 
increased within a few hours after cardiac arrest, indicating AKI even in the absence 
of an increase in serum creatinine [ 24 ]. 

 By consensus, oliguria is an important part of detecting acute renal function loss. 
Hourly urine output measurements are part of the RIFLE [ 20 ] and AKIN [ 21 ] clas-
sifi cation as changes in urine output might precede changes in serum creatinine. 
However, most episodes of oliguria (urine output <0.5 mL/kg/h for more than 6 h) 
are not followed by AKI [ 28 ]. The sensitivity of urine output is limited when diuret-
ics are administered, a frequent confounder in critically ill older adults, and its spec-
ifi city is reduced in the presence of (undetected) dehydration. Further, the urine 
output criterion for AKI diagnosis lacks practicability when an indwelling urinary 
catheter is not present. 

 Therefore, reduced urine output is not easily interpretable and may occur in dif-
ferently severe affected patient groups. Mild to moderate oliguria according to 
RIFLE class R or I (or AKIN 1 or 2) may indicate (i) physiological downregulation 
of urine output however still associated with increased risk of a subsequent loss of 
renal fi ltration function or (ii) an already existing mild to moderate acute loss of 
renal function. More severe oliguria (RIFLE class F or AKIN 3) may identify 
patients with severe loss of GFR.  

4.3.3     Serum Cystatin C 

 Serum cystatin C may have advantages as renal function marker compared to serum 
creatinine especially for older, malnourished patients with long periods of hospital-
ization. Thus, serum cystatin C has been proposed as better fi ltration marker than 
serum creatinine not being affected by factors such as age, gender and weight, mus-
cle mass, diet, and physical activity. A large body of evidence over the past several 
years supports the use of serum cystatin C as an alternative and more sensitive 
endogenous renal function marker for detecting even minor GFR reduction com-
pared to serum creatinine [ 29 – 31 ]. Cystatin C is an endogenous protease inhibitor 
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produced at a constant rate by nucleated cells. It is freely fi ltered by the glomerulus, 
reabsorbed and catabolized, but it is not secreted by the tubules. 

 In older cardiac surgery patients, a signifi cant increase in cystatin C was observed 
1 day earlier than plasma creatinine [ 32 ]. Also, in the setting of older critically ill 
patients (mean age 70 years), serum cystatin C detected AKI (defi ned as serum cre-
atinine increase >50 %) 1–2 days earlier than serum creatinine and was a moderate 
predictor of the need for acute renal replacement therapy [ 33 ]. 

 Prevalence estimates of reduced renal function vary considerably depending on pre-
diction formula used, making an accurate assessment of GFR – especially in older indi-
viduals – diffi cult. In the light of variation in creatinine metabolism especially amongst 
older comorbid patients, new equations based on standardized serum cystatin C mea-
surements have been proposed by the CKD-EPI consortium [ 34 – 36 ]. A better perfor-
mance of the equations combining creatinine and cystatin C compared to the CKD-EPI 
equation was demonstrated [ 34 ], a fi nding which is supported by studies showing a 
better estimate of mortality risk when using cystatin C compared to creatinine-based 
equations particularly in older population [ 29 ,  37 ,  38 ]. Differences between the observed 
underestimation of GFR obtained with MDRD compared to CKD-EPI equations seem 
to decrease with age, especially in subjects older than 70 years [ 36 ]. Two recent equa-
tions (BIS1 and BIS2) using serum creatinine and serum cystatin C were exclusively 
created for older adults and might prove favorable in estimating GFR in persons aged 
70 years or older with normal or mild to moderately reduced renal function [ 39 ]. 

 Finally, cystatin C has prognostic relevance particularly in older population [ 37 ,  38 ].  

4.3.4     Proteinuria 

 Evidence exists that proteinuria is toxic to the tubules due to multiple pathways such as 
induction of tubular chemokine expression and complement activation leading to infl am-
matory cell infi ltration in the interstitium and sustained fi brogenesis [ 40 ,  41 ]. Proteinuria 
is a well-described marker of CKD. Also, the risk of mortality and progression to AKI 
are independently increased in patients with higher levels of proteinuria [ 42 ]. 

 It is well described that proteinuria adds prognostic value to GFR for understanding 
risks of AKI, cardiovascular disease, and mortality [ 43 ]. In the setting of cardiac sur-
gery (patients mean age 71 years), preoperative proteinuria (urine albumin-to- creatinine 
ratio and urine dipstick) was an independent predictor for the risk of developing mild 
AKI, acute dialysis, and prolonged intensive care unit and hospital stay [ 43 ]. 

 Information on proteinuria in addition to eGFR might be used in identifying 
patients at risk of developing AKI [ 14 ]. 

 In sum, despite the acknowledged limitations of serum creatinine and urine out-
put as markers of glomerular fi ltration rate and lacking a practicable alternative 
parameter for assessing renal function in real time, the use of renal function markers 
is essential for (i) diagnosis of acute function loss, (ii) determination of severity of 
acute function loss (stages 1, 2, 3), (iii) renal prognosis of affected patients, and (iv) 
renal function estimation for drug dosing.   

4 Risk Assessment and Diagnostic Criteria of Acute Kidney Injury 
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4.4      Classical Clinical and Routine Biological 
Parameters of AKI Risk Assessment or Diagnosis 

 Just recently, the KDIGO Initiative completed the fi rst ever, international, 
 multidisciplinary clinical practice guidelines for AKI [ 22 ]. In its fi rst part, the value 
of a standardized AKI defi nition has been emphasized; however, the limitations of 
current routine biological renal markers (creatinine, urea, urine output) have also 
been explicitly acknowledged (Fig.  4.1 ). Additionally, clinicians have been encour-
aged to perform best possible clinical renal risk assessment (although often impre-
cise). Correct risk assessment has since long been considered to be of enormous 
value as patient management depends on it.

   Classical clinical renal risk assessment aims to predict (i) a developing and soon 
clinically detectable acute renal function loss or (ii) progression of established AKI or 
(iii) recovery from it. Such risk assessment typically considers comorbidities espe-
cially previous history of chronic heart as well as renal insuffi ciency and involves 
judgment on magnitude and slope of serum creatinine and urea increase and urine 
output decline and assessment of acid-base status and electrolytes during the last few 
hours to days. Urine microscopy and renal ultrasound may also be performed, how-
ever are relatively elaborate tools, provide experienced staff, and will in most cases 
only detect established AKI or CKD. Such complex risk assessment procedure may 
be further improved by providing clinicians with the test result of acute tubular dam-
age marker measurement [ 44 ,  45 ]. Measurement of biochemically detectable proteins 
of acute tubular damage may add an additional dimension of renal risk assessment.  
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  Fig. 4.1    Characteristics of renal function markers compared to markers of acute tubular damage       
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4.5      Acutely Injured Renal Tissue Is Salvageable 

 The concept of improved risk assessment enabling earlier intervention raises the 
 question whether acutely injured renal tissue is salvageable. There is accumulating 
evidence supporting common sense, that – in analogy to the situation in acute cardio-
logic or neurologic care where it is already generally accepted that “time is heart and 
time is brain” – timely renal care with the avoidance of a second injury may save kid-
ney function and improve short- and long-term outcomes. Accordingly, indirect and 
direct evidence for the rationale of early nephroprotection will be briefl y presented. 

 Firstly, late intervention in acute renal care appears to be harmful [ 46 ]. Secondly, 
benefi cial effect was shown for early intervention saving heart and brain tissue and 
improving outcome in sepsis and acute respiratory distress syndrome [ 47 ,  48 ]. Also, 
renal recovery after ischemia-related injury is more rapid and can be expected com-
plete the shorter the hypoxic period after cadaveric renal transplantation or renal 
revascularization is. Two recent studies directly compared early acute renal care 
with classical clinical routine in conjunction with KDIGO-proposed measures 
directed at nephroprotection (Fig.  4.2 ). Both reported signifi cantly reduced AKI 
incidence [ 49 ,  50 ]. The fi rst of both achieved improved renal outcomes performing 
earlier adjusted fl uid management and pausing of ACE inhibitors associated with 
less AKI compared with late nephrology consultation [ 49 ]. The second study imple-
mented an automated AKI alert system and focused again on early adjusted fl uid but 
also on vasopressor management and withdrawal of nephrotoxins which was related 
with a reduced AKI rate compared with the observation period during which usual 
renal awareness was applied [ 50 ].
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  Fig. 4.2    Management according to risk for or grade of established acute kidney injury (AKI) [ 22 ]       
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   At this stage, there is not and probably there won’t be a single preventive or 
therapeutic measure to cure AKI. It is becoming increasingly clear that multiple 
simultaneous early actions may be required to ameliorate the severity of the syn-
drome or accelerate recovery from AKI.  

4.6     Acute Tubular Damage Biomarkers for Risk 
Assessment and Diagnosis of AKI and Potential 
Implications for Patient Management 

 In their recently published clinical practice guidelines for AKI [ 22 ], the KDIGO Initiative 
highlights the importance of risk assessment for individual patient management and 
concludes that acute tubular damage markers may feature AKI diagnosis once proving 
better diagnostic performance than the classical clinical and routine biological parame-
ters. Along these lines the next paragraph will address issues related to the interpretation 
of an acute tubular damage marker signal and potential actions in response to it. 

 Currently, risk assessment performance of several acute tubular damage markers 
has been compared with that of serum creatinine, including neutrophil gelatinase- 
associated lipocalin (NGAL), cell cycle arrest-inducing markers (such as insulin- 
like growth factor-binding protein 7 [IGFBP7] and tissue inhibitor of 
metalloproteinases-2 [TIMP-2]), interleukin-18, liver-type fatty acid-binding pro-
tein (L-FABP), and kidney injury molecule-1 (KIM-1) [ 44 ,  51 – 57 ] (see Fig.  4.1 ). 

 Exemplary for other acute tubular damage markers, the chapter will focus on 
NGAL with most comprehensive experimental and clinical data available in the 
literature. NGAL is a protease-resistant polypeptide with a molecular weight of 
25 kDa, which is released from the distal nephron in response to ischemic, toxic, or 
infl ammatory insult to the kidney or from other organs. Overall, the predictive value 
of NGAL for an acute loss of renal function developing and becoming clinically 
detectable during the next few days after biomarker measurement is at AUC-ROC 
of approximately 0.8 including data from all available studies in this context enroll-
ing more than 6,500 critically ill patients (ICU and Emergency Department) and 
more than 6,000 patients who underwent all types of cardiac surgical procedures. 
However, the confi dence intervals of this fi nding were relatively wide and the result 
does not imply “perfect accuracy” of acute tubular damage markers for determina-
tion of AKI risk. Mathematical models [ 58 ] demonstrated that even a perfect bio-
marker will not be able to perfectly predict an imperfect gold standard or endpoint, 
respectively (i.e., serum creatinine or urine output-based AKI). Also, it is common 
sense that a signal refl ecting tubular damage may not perfectly match that of fi ltra-
tion function. Therefore, alternative criteria evaluating whether the signal of acute 
tubular damage markers is “true” or not should be considered. 

 Accordingly, in an animal experiment of nephrotoxin exposure using histopatho-
logical readouts as endpoint of renal injury, KIM-1 has been shown to nearly per-
fectly detect minor acute tubular damage whereas serum creatinine and urea were 
insuffi cient in this regard [ 59 ]. 
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 Direct comparison of the predictive value of NGAL in more than 1,500 patients 
[ 51 – 54 ] with that of early and simultaneously measured serum creatinine showed 
higher discriminatory value of NGAL for AKI prediction. Also, in more than 4,500 
patients admitted to an emergency room or an intensive care unit, NGAL (or KIM) 
positivity indicated worse renal and overall outcomes even in the absence of classi-
cal AKI (creatinine increase or urine output decline) [ 44 ,  55 ,  56 ]. These fi ndings led 
to the concept of “subclinical AKI” [ 23 ], i.e., acute tubular damage without clini-
cally detectable renal function loss. 

 Another aspect in favor of acute tubular damage markers in this regard is that 
hypothesis-free approaches (genome-wide analysis or comparison of protein 
expression of samples from subjects with vs. without renal injury) uncovered sev-
eral markers of tubular damage with NGAL, KIM-1, and cell cycle arrest-inducing 
markers (TIMP-2/IGFBP7) being among them. 

 In addition, for NGAL, there is comprehensive data from animal experiments and 
clinical studies (>5,000 patients) that a relatively strong dose-effect response exists, i.e., 
the more severe or prolonged the renal injurious insult was, the higher was the detected 
NGAL concentration in urine or plasma [ 51 ,  52 ,  60 – 65 ]. For KIM-1 [ 66 ] and NGAL 
[ 67 ], there is experimental data that these markers arise from acutely injured cells but no 
from intact renal tubular cells with the latter being found during volume depletion [ 67 ]. 

 For initiation of earlier treatments, a bundle of considerations or interventions was 
recommended by the KDIGO practice guidelines for AKI (Fig.  4.2 ). Basing on the 
above data, the recent Acute Dialysis Quality Initiative’s Consensus Conference 2012 
has now recommended the use of tubular damage markers for AKI diagnosis comple-
mentary to renal function markers [ 68 ,  69 ] (Fig.  4.3 ). Their suggestions also include 
the notion that especially patients with an imminent renal stressor such as sepsis, 
shock, or nephrotoxin use may be considered for biomarker measurement. Given the 
list of measures to do in the setting of high risk for AKI or established AKI, measure-
ment of a reliable acute tubular damage biomarker may already be considered as fi rst 
intervention. In the absence of any RCT proving such statement, routine measures of 
acute renal care, including searching drugs for nephrotoxins, searching for sepsis, 
initiation of hemodynamic monitoring, optimization of hemodynamics, and postpon-
ing or specifi cally modifying interventions with contrast use, may then be performed 
earlier, potentially associating with improved renal outcome.

4.7        Summary 

 Acute kidney injury (AKI) is a frequent complication in hospitalized patients, 
 especially in older patients, and associated with substantially increased morbidity 
and mortality. International consensus clinical practice guidelines have identifi ed 
currently used renal function parameters such as serum creatinine and urine output 
contributing to a delay in the diagnosis of AKI. At the time of diagnosis of estab-
lished AKI, irreversible organ damage may already have occurred. The guidelines 
have further recommended clinicians to carry out individual renal risk assessment. 
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Clinical and experimental data suggest using acute tubular damage markers for 
improved renal risk assessment. Acute tubular damage biomarkers may guide earlier 
initiation of nephroprotection, improved fl uid management, or withdrawal of nephro-
toxins directed at improvement of outcomes in patients developing AKI. Therefore, 
the “Acute Dialysis Quality Initiative” has now recommended the use of tubular dam-
age markers for AKI diagnosis complementary to renal function markers.     
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 Key Messages 
     1.    The aging kidney undergoes specifi c structural and functional changes that 

lead to increased susceptibility to injury when exposed to toxic insults.   
   2.    Cellular and molecular changes also account for increased susceptibility to 

injury and include reduced regenerative capacity, changes in antioxidant 
defenses, alterations in growth factors, telomere shortening, mitochondrial 
changes, and increases in apoptosis.   

   3.    These structural, functional, cellular, and molecular changes also impair 
repair processes, meaning that the injured kidney may not recover com-
pletely and older patients suffering from acute kidney injury may have a 
greater likelihood of developing chronic kidney disease or end-stage renal 
disease.     
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5.1             Introduction 

 Acute kidney injury (AKI) is frequently encountered in the older patients [ 1 – 7 ]. 
While some of the increased susceptibility to the development of AKI in older patients 
can be attributed to clinical variables such as underlying comorbid conditions and 
exposure to multiple potentially nephrotoxic medications and procedures (many of 
which can be addressed with careful attention to risk factors and avoidance of toxic 
insults), specifi c structural, functional, hemodynamic, and cellular changes occur 
with aging that predispose the kidney to injury when subjected to stress (summarized 
in Fig.  5.1 ). An understanding of these changes in the kidney with aging is critical in 
allowing for rational design of novel preventative and therapeutic strategies in AKI.

5.2        Structural Alterations in the Pathogenesis 
of AKI (Box  5.1 ) 

 In the absence of a specifi c disease such as hypertension or diabetes mellitus, the 
 kidney undergoes age-dependent structural changes that ultimately lead to a signifi cant 
decrease in renal mass and functioning nephron numbers [ 8 ,  9 ]. Wald demonstrated 
that there is a 19 % decline in male and 9 % decline in female kidney weight in indi-
viduals aged 70–79 years as compared with those 20–29 years of age [ 10 ]. Importantly, 
the loss of renal mass is primarily cortical, with relative sparing of the medulla, and the 
number of functioning glomeruli declines roughly in parallel with the changes in renal 
weight [ 11 – 13 ]. Thus, the incidence of sclerotic glomeruli rises with advancing age, 
increasing from less than 5 % of the total at the age of 40, to 10–30 % of the total 
glomeruli by the eighth decade [ 14 ,  15 ]. On renal histology, glomerulosclerosis, tubu-
lar atrophy, interstitial fi brosis, and arteriosclerosis often occur together (termed neph-
rosclerosis when two or more such changes are present) and become more common 
with aging [ 16 ]. The prevalence of nephrosclerosis was 2.7 % for patients aged 18–29 
years, 16 % for patients aged 30–39 years, 28 % for patients aged 40–49 years, 44 for 
patients aged 50–59 years, 58 % for patients aged 60–69 years, and 73 % for patients 
aged 70–77 years [ 16 ]. These microanatomical changes of tubular atrophy and glo-
merulosclerosis with aging may account for the macroanatomical reduction in kidney 
size by 10 % per decade of age seen on the computed tomographic scans of adults [ 17 ]. 

 There are also important renal vascular changes that occur with aging: intimal thick-
ening, capillary dropout, dysfunctional responses to the autonomic nervous system, and 
atherosclerosis. These vascular changes may contribute to the process of nephrosclero-
sis through relative ischemia of the renal parenchyma [ 18 ,  19 ]. One could hypothesize 
that in the setting of hypoxic and hemodynamic stress such as with sepsis or cardiac 
failure that these vascular changes may render the renal tubules more susceptible to 
injury than would be expected in a “younger” kidney with more vascular reserve. 

 Apoptosis, or programmed cell death, is important in the depletion in the number 
of cells that occur with aging [ 20 – 23 ]. Not only is there an age-related increase in 
apoptosis, but under stress conditions (e.g., ischemia/reperfusion injury) the number 
of apoptotic cells is greater in aged rats as compared to younger animals [ 22 ]. This 
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  Fig. 5.1    Factors associated with age-related changes in renal function and structure that may 
increase susceptibility to the development of acute kidney injury (AKI).  TGF-β  transforming 
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increased basal rate of apoptosis may, in part, also increase the risk for any 
 nephrotoxic insult to result in irreversible cell death. 

 Loss of glomerular and peritubular capillary in the aging kidney correlated with 
alterations in vascular endothelial growth factor and with the development of glo-
merulosclerosis and tubulointerstitial fi brosis [ 24 ]. Impaired angiogenesis associ-
ated with progressive loss in renal microvasculature and may thus also have a pivotal 
role in age-related nephropathy. Also, serum levels of epidermal growth factor 
(EGF) as well as responsiveness of EGF receptors are decreased with aging in vari-
ous cell types [ 25 ,  26 ]. As functional EGF receptor activity is an essential compo-
nent of the kidney’s ability to recover from acute injury, there is fi rst evidence of 
impaired repair and cell survival in the aging kidney linked to renal growth factors. 

 The link between parenchymal loss and structural nephron changes in the aging 
kidney and a higher susceptibility to acute damage is somewhat tenuous and not 
clearly delineated. For example, a substantial reduction in renal mass surprisingly 
protected against ischemia/reperfusion injury in a 5/6 nephrectomy model [ 27 ]. 
Thus, it may be that other alterations that occur with aging may be more important 
than simply a loss in nephron numbers. Furthermore, there is little correlation 
between the amount of nephrosclerosis and actual glomerular fi ltration rate, 
 suggesting that other factors may be operative [ 16 ].   

    Box 5.1 Anatomical and Functional Changes of the Aging Kidney         

 1. Structural changes 
  1.1. Glomerular changes 
   Glomerulosclerosis 
   Tubular atrophy/interstitial fi brosis 
   Increase in glomerular basement membrane (GBM) permeability 
   Progressive folding and thickening of the GBM 
  1.2. Vascular changes 
   Arteriosclerosis/vascular sclerosis (fi brointimal hyperplasia) 
   Intimal thickening 
   Medial hypertrophy 
   Arteriolar hyalinosis 
   Microvasculopathy 
  1.3. Tubulointerstitial changes 
   Tubular atrophy 
   Decreased volume and length of proximal tubules 
   Increased number of diverculi of the distal convoluted tubule 
 2. Functional changes 
   Decreased GFR (not clearly explained by changes in glomerular size, density, or 

glomerulosclerosis) 
  Decrease in afferent arteriolar resistance > rise in glomerular capillary pressure 
   Decreasing ultrafi ltration coeffi cient associates with increased glomerular capillary 

pressure 
  Decreased autoregulatory capacity and decreased functional reserve 
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5.3       Renal Functional Changes Associated 
with Aging (see Box  5.1 ) 

 With renal senescence, there is a variable decrease in glomerular fi ltration rate (GFR) 
[ 28 – 31 ]. Rowe and others demonstrated a reduction in creatinine clearance with age, 
beginning at age 34 and accelerating after age 65 (an approximate 1 ml/min per 
1.73 m 2  per year decline in GFR occurring after age 50). Another study from the 
Mayo Clinic on living donors demonstrated a linear GFR decline of 6.3 ml/min/1.73 m 2  
per decade of age [ 16 ]. Of critical importance is that this age-related decline in GFR 
is not predictable nor an inevitable consequence of aging. For example, 35 % of 
elderly subjects had a stable creatinine clearance over 20 years [ 31 ]. Why are some 
elderly individuals able to maintain GFR, while others have variable but inexorable 
declines in kidney function [ 32 ]? Some factors that may account for this variable 
decline in GFR associated with aging include: (1) racial differences (African-
Americans have a faster decline in creatinine clearance as compared to Caucasians) 
[ 33 ]; (2) ill-defi ned genetic factors that may impact on cellular and molecular path-
ways involved in aging; (3) underlying comorbid conditions (and their treatment) 
such as hypertension, heart failure, diabetes mellitus, and vascular disease; and (4) 
environmental factors such as exposure to nephrotoxins (lead, heavy metals). 

 It is important to realize that a rise in serum creatinine may not be evident with 
increasing age despite a decrease in GFR. This is, in part, due to decreases in mus-
cle mass and protein intake with age which directly lower the serum creatinine 
independently of changes in kidney function [ 32 ]. The use of serum creatinine as 
a surrogate to estimate GFR in the older individuals often overestimates the true 
creatinine clearance. This is critically important when determining the proper dos-
ing of medications and in the assessment of risk to the aged kidneys from toxic, 
metabolic, and ischemic events. To some extent this issue is addressed with the use 
of regression formulas that aim to correct confounding variables on the relationship 
of serum creatinine to GFR or creatinine clearance. Two of the most common equa-
tions in clinical use are the Modifi cation of Diet in Renal Disease (MDRD) equation 
and Cockcroft-Gault equation [ 34 ]. A study investigated the ability of these GFR- 
estimating equations to predict survival in community-dwelling elderly subjects 
and demonstrated superiority of the Cockcroft-Gault equation as compared to the 
MDRD equation [ 35 ]. Recently, Schaeffner and colleagues have proposed a new 
GFR-estimating equation to be specifi cally utilized in patients aged >70 years [ 36 ]. 
This equation was derived from 610 subjects who were greater than 70 years old 
and used iohexol clearance as the gold standard. The Berlin Initiative Study (BIS) 
equation worked particularly well in classifying patients with mild to modest kidney 
function [ 36 ]. More data is needed in determining which estimated GFR equation 
performs the best in the older patient. 

 One of the most critical issues in determining estimated GFR is that it allows risk 
stratifi cation of patients that may be exposed to nephrotoxic medications or proce-
dures. In all cases, the worse the baseline GFR, the higher the risk of acute kidney 
injury [ 37 ]. The estimated GFR allows for the identifi cation of high-risk individuals 
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and designing strategies to protect older patients from the development of AKI. 
Reliance simply on serum creatinine may not uncover these high-risk patients.  

5.4     Renal Hemodynamics and Decreases 
in Functional Reserve in Aging 

 As described, there are decreases in renal mass with aging and under normal 
 conditions; these changes may be functionally compensated for by adaptations in 
renal hemodynamics that maintain a suffi cient GFR. These compensatory changes 
may be lacking in the aging kidney [ 38 ]. A common test of renal hemodynamic 
reserve is the ability of the kidney vasculature to vasodilate in response to intrave-
nous amino acids or a high-protein meal. Fliser et al. compared renal hemodynamics 
before and after an amino acid infusion in healthy normotensive young (median age 
26 years) and older subjects (median age 70 years) and demonstrated that the increase 
in renal blood fl ow in the elderly was markedly impaired with a much higher renal 
vascular resistance in the elderly group [ 39 ]. This fi nding has been confi rmed by 
others using various other techniques in healthy elderly individuals and has demon-
strated that advancing age is associated with a decrease in baseline renal blood fl ow 
(RBF) [ 39 – 41 ]. More previous work has demonstrated that RBF is maintained 
through approximately the fourth decade; thereafter, there is a 10 % decline per 
decade [ 40 – 42 ]. This decrease in RBF is greater than can be accounted for by simply 
loss of renal mass [ 43 ]. A partial explanation for the increases in renal vascular resis-
tance and fall in RBF with age may be the increased irregularity and tortuosity of the 
preglomerular vessels that occurs with aging [ 44 ]. Functionally, the increase in renal 
vascular resistance associated with the fall in RBF may indicate that the aged kidney 
is compensating for underlying glomerulosclerosis to maintain GFR through effer-
ent arteriolar vasoconstriction. 

 Changes in vascular response to vasoconstrictor and vasodilating substances 
may be critical in accounting for the fall in renal function with aging [ 39 ]. Renal 
sympathetic-mediated vasoconstriction appears to be exaggerated in the aging kid-
ney, and there is poor response to vasodilatory mediators such as atrial natriuretic 
peptide (ANP) and prostacyclin (PGI2) [ 45 – 47 ]. Furthermore, most studies support 
that the aging renal vasculature appears to exhibit exaggerated angiotensin 
II-mediated vasoconstriction [ 48 ,  49 ]. This sensitivity to angiotensin II can lead to 
exaggerated vasodilation in response to angiotensin-converting enzyme inhibitors 
(ACE inhibitors) or angiotensin receptor blockers (ARBs) and perhaps a higher risk 
for fall in GFR when these drugs are used, especially in the setting of volume deple-
tion when angiotensin II levels may be high. 

 It is likely that changes in renal hemodynamics, which maintain GFR in the basal 
state, may lead to an increased risk for AKI during stress [ 38 ]. As an example, during a 
forced water diuresis, magnetic resonance imaging demonstrated the inability to improve 
medullary oxygenation in the older subjects as compared to the younger ones [ 50 ]. 
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 Impairment in nitric oxide (NO) production in the elderly kidney may also lead 
to an increased risk for AKI [ 51 – 54 ]. Normally, NO has an important role in renal 
protection from ischemic insults and this protective role may be blunted in the aged 
kidney [ 55 ]. Interestingly, older rats fed  l -arginine for 7 days prior to renal artery 
occlusion have a marked improvement in GFR and renal plasma fl ow with a 
decrease in renal vascular resistance as compared to rats receiving placebo when 
exposed to ischemic insult [ 56 ]. A strategy for renal protection of the elderly kidney 
is suggested by recent experimental evidence suggesting that statin use may increase 
NO production and mitigate the pronounced decrease in GFR and renal blood fl ow 
seen in a model of renal artery occlusion in older experimental animals [ 57 ]. Two 
retrospective studies analyzed the effect of preoperative statin use in more than 
100,000 patients undergoing cardiac surgery [ 58 ,  59 ]. Huffmyer and colleagues 
found an age-dependent decrease in the risk of renal replacement therapy, however 
with no decreases in the risk of AKI [ 58 ]. Across various AKI defi nitions, statin use 
was consistently associated with a decreased risk with adjusted odds ratios varying 
from 0.74 to 0.80 [ 59 ]. 

 These fi ndings are not in line with a pilot double-blind randomized controlled 
trial in 100 cardiac surgical patients (with more than 50 % being older than 70 
years) at increased risk of postoperative AKI demonstrating that short-term periop-
erative statin use was not associated with a reduced incidence of postoperative AKI 
[ 60 ]. Selecting all randomized controlled trials comparing any statin treatment 
before cardiac surgery to no preoperative statin therapy or placebo, a recent 
Cochrane review concluded that preoperative statin therapy reduces the risk of post-
operative atrial fi brillation and shortens the stay on the intensive care unit and in the 
hospital; however, statin pretreatment had no infl uence on perioperative mortality, 
stroke, myocardial infarction, or AKI [ 61 ]. 

 The mechanism for decreased NO production in aged kidneys is, in part, due to 
an age-associated increase in the levels of N(G)-asymmetric dimethylarginine 
(ADMA), an endogenous NO synthetase inhibitor [ 62 ]. There was a direct and inde-
pendent correlation with age-related increases in ADMA levels and falls in effective 
renal plasma fl ow that occur with aging [ 62 ].  

5.5     Cellular and Molecular Changes Associated with Aging 

 Aging renal cells may be more vulnerable to damaging insults due to changes in 
cellular function that decrease their ability to withstand stress. 

 For instance, telomere length decreases in the aging renal cortex and may be a 
marker of a limited survival capability for this cell population and impair the ability 
to regenerate injured cells [ 63 – 65 ]. In an animal experiment using renal ischemia/
reperfusion injury as AKI-triggering event, critical telomere shortening in the kid-
ney led to increased senescence and apoptosis, limiting regenerative capacity in 
response to injury [ 65 ]. 
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 In addition, there is increased expression of messenger RNA (mRNA) and 
 proteins associated with senescence including the cell-cycle inhibitor p16INK4a, 
p53, cyclooxygenases 1 and 2, transforming growth factor β-1, and heat shock pro-
tein A5 [ 66 ]. 

 Microarray analysis from renal tissue harvested from aged animals has been ana-
lyzed to assess the response to ischemic injury and investigate the differences in 
gene expression between young and older animals [ 67 ,  68 ]. The expression of 92 
genes was changed by aging (either increased or decreased) including claudin-7, 
kidney injury molecule-1, zinc-α(2)-glycoprotein (Zag), and matrix metalloprotein-
ase- 7. [ 67 ,  68 ]. Zag had been previously implicated in epithelial cell proliferation 
inhibition. Thus, the increased expression of Zag in the aged kidneys may mecha-
nistically explain some of the increased susceptibility of aged kidneys to nephro-
toxic insults [ 68 ]. This approach of identifying key injury-response genes that are 
altered during the aging process yields potential mechanistic targets for therapeutic 
approaches in the future. 

 Another change that occurs with aging is increased vulnerability to ischemic 
damage secondary to decreases in cellular antioxidant defenses [ 69 ]. Studies have 
demonstrated both an increase in free radical generation and a defi ciency of antioxi-
dant enzymes in aging renal tissue in response to increased oxidative stress and a 
concomitant higher propensity for more severe damage [ 70 ,  71 ]. An example of this 
is a study in aged rats, where there were increased markers of oxidative and lipid 
peroxidation, isoprostanes, advanced glycosylation end products, and heme oxy-
genase induction [ 72 ]. Interestingly, these markers of oxidative stress decreased 
with antioxidant treatment (high-dose vitamin E) [ 72 ]. Vitamin E has also been 
shown to be protective in an ischemia/reperfusion model of renal injury [ 73 ]. 

 Peroxisome proliferator-activated receptor (PPAR)-γ agonist may ameliorate 
aging-related progressive renal injury in an animal experiment [ 74 ]. The use of 
PPAR-γ agonist reduced systemic and renal oxidative stress, attenuated mitochon-
drial injury, reduced proteinuria, and improved GFR. Pioglitazone, a synthetic 
PPAR-γ agonist, reduced markers of oxidative stress in a renal IR injury model in 
rats [ 75 ] and in an animal model of drug-induced nephrotoxicity [ 76 ]. 

 Another interesting observation is that caloric restriction suppresses age-related 
oxidative stress as well as the susceptibility to ischemic injury [ 77 ,  78 ]. Restriction 
of calories is more powerful than any other specifi c dietary manipulation (protein or 
lipid restriction) in preserving renal function in senescent rodents [ 79 ,  80 ]. Not only 
does this retard the onset of chronic progressive nephrosclerosis, but it completely 
prevents the development of renal failure in very old animals [ 81 – 83 ]. 
Mechanistically, caloric restriction may act through increasing the levels of a group 
of proteins termed sirtuins [ 84 ]. Sirtuins are members of the silent information regu-
lator 2 (Sir2) family, a family of Class III histone/protein deacetylases that are 
increased in expression after caloric restriction [ 85 ,  86 ]. SIRT1 deacetylates a large 
number of transcriptional factors and cofactors involved in cell growth, differentia-
tion, stress resistance, reducing oxidative damage, and metabolism [ 86 ]. SIRT1 lev-
els decrease in the aged kidneys which is associated with increased mitochondrial 
oxidative stress and morphological changes in mitochondria [ 87 ]. Resveratrol, 
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a plant polyphenol, is a potent activator of SIRT1 activity and has been shown to 
have renal protective effects in several nephrotoxic and ischemic model systems 
[ 88 ,  89 ]. 

 Further, both local and systemic and direct and indirect pathways are involved in 
processes of age-related fi brosis and are impacted by bone marrow-derived cells. 
Young bone marrow alleviates renal aging, including decreasing deposition of col-
lagen IV in the mesangium and less β-galactosidase staining, an indicator of cell 
senescence [ 90 ]. 

 Angiopoietin 2, an autocrine activator of endothelial cells, seems to be increased 
in older mice priming the endothelial cells for an exaggerated response to a second 
hit, e.g., an infl ammatory stimulus [ 91 ].  

5.6     Is Renal Repair Impaired in Older Individuals? 

 In general, one of the hallmarks of aging is impairment in the ability to repair and 
regenerate injured cells. In the aging kidney, a decline of renal progenitor cells, a 
reduction of the peritubular capillary – the area that supplies renal tubules with 
oxygen – and a decrease in the degree of DNA synthesis in renal tubules after injury 
were observed. 

 This impairment in repair processes can be refl ected in several ways: (1) minor 
insults may lead to cumulative damage that normally would have been repaired, (2) 
AKI may be more prolonged due to impaired healing, and (3) AKI may never 
recover and lead to end-stage renal disease. 

 Several clinical observations support the importance of defects in renal repair in 
clinical important outcomes, for example, (1) kidneys that are harvested from 
donors above age 65 years suffer from a rate of delayed graft function (essentially 
ischemic acute tubular necrosis) that is twice as high as that seen in younger donors 
[ 92 ], (2) older patients suffering an episode of AKI have a 13-fold higher relative 
risk of developing end-stage renal disease (this number rises to 41.2-fold if patients 
have baseline chronic kidney disease) [ 93 ], and (3) a recent meta-analysis of recov-
ery rates of kidney function after AKI in the older patients has demonstrated that 
recovery after AKI is approximately 28 % less likely to occur when the patient is 
older than 65 years [ 94 ]. 

 This loss of proliferative potential will likely lead to signifi cant impairment in 
the repair processes and increased susceptibility to cumulative stresses.  

5.7     Summary and Implications for Therapy 

 Older patients are at higher risk for the development of AKI and the likelihood of 
complete renal recovery is impaired. This is due to age-related changes in kidney 
structure, cellular and molecular function, and hemodynamic reserve. Recent 
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studies have identifi ed key pathways that could offer potential therapeutic targets to 
reduce susceptibility to injury as well as to increase the potential for restorative 
repair. For instance, therapeutic activation of the sirtuin pathways or antioxidant 
defenses may hold promise but require much experimental work. Currently, therapy 
rests on prevention of ischemic and nephrotoxic insults, and where these insults are 
unavoidable or unanticipated, we must focus on limiting exposure and restoring 
normal hemodynamics. Given the anticipated growth in the elderly population, 
devising strategies for nephroprotection and therapy for AKI will be critical in 
improving outcomes.     
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6.1  Importance of Kidney Function for Appropriate  
Choice of Drug and Drug Dosage

Drug-induced nephrotoxicity may cause up to 20 % of community- and 
 hospital- acquired episodes of acute kidney injury (AKI) [1] among them approxi-
mately 30–40 % are older adults. Chronic kidney disease (CKD) is highly prevalent 
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Key Messages
 1. Age alone is no reason to change the normal drug dose.
 2. The prevalence of impaired kidney function increases with age and with it 

the need for a drug dose adjustment.
 3. If the glomerular filtration rate (GFR) is less than 60 mL/min, dose 

 adjustment is needed.
 4. Since the risk of serious adverse effects is growing, glibenclamide, 

 metformin, methotrexate, lithium, and low-molecular-weight heparins 
should be avoided in older adults.

 5. As an injurious event, even a single dose of nonsteroidal anti-inflammatory 
drug (NSAID) may contribute to acute (on chronic) kidney injury  especially 
in older patients who frequently present with reduced renal filtration 
reserve.
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in older adults and is a risk factor for nephrotoxin-induced acute renal function loss 
and adverse events related to a lack of dose adjustment. This is further complicated 
by acute (on chronic) loss of renal function.

As the glomerular filtration rate (GFR) cannot yet be measured directly, filtration 
markers such as serum creatinine or serum cystatin C are used as surrogate param-
eters for estimation of renal function. Renal function can become reduced in the 
“creatinine-blind” range, without a perceptible increase in creatinine concentration. 
Creatinine-based equations have been developed to overcome the numerous limita-
tions of serum creatinine and to estimate GFR. Although these equations carry limi-
tations as outlined elsewhere in this book (Chap. 3) and still are not able to reflect 
GFR in real time, they should be considered in older adults.

Of note, in older adults, alterations in body composition, especially reduced 
muscle mass, extend the “creatinine-blind” range and delay recognition of signifi-
cant losses of renal filtration function even more than in younger patients (Fig. 6.1) 
resulting in the need for timely and appropriate drug choice and dosage.

6.2  Drug Kinetics and Age

About half of all medications (or active metabolites thereof) are eliminated by the 
kidneys. Since half of older patients have reduced renal function, this is important 
for drug dosage, as in these patients drugs will be slower eliminated and have the 
potential to accumulate.

Pharmacokinetics for patients with renal impairment is based on the Dettli 
 equation [3] calculating the individual elimination capacity (Q). According to this 
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equation, the drug clearance (CL) or its observed elimination rate constant (kel) is a 
linear function of the creatinine clearance (CLcr) and is determined by the axis inter-
cept and slope (A) of the line, both being different for each medication. The axis 
intercept indicates the nonrenal elimination fraction (Q0) also called anuria clear-
ance (CLanur) (Fig. 6.2).

 CL CL CLanur crea= + ⋅A  

For instance, if 80 % of a drug is eliminated via the kidney, the nonrenal fraction 
amounts to 20 %. The axis intercept Q0 is 0.20, and a medication clearance of 20 % 
is to be expected when kidney function is absent.

Dettli established two dose adjustment rules: The dose of a drug must be reduced 
in inverse proportion to the half-life T1/2 (the Dettli-1 rule), or the interval between 
doses must be prolonged proportionally to the half-life T1/2 (the Dettli-2 rule). The 
half-life (T1/2) changes in a manner inversely proportional to the drug clearance (CL) 
as long as the volume of distribution (VD) remains constant:
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If the half-life with normal (T1/2norm) and absent renal function (T1/2fail) is known, 
the dose adjustment can be calculated for each patient depending on his or her GFR. 
Alternatively, the renally eliminated fraction (fren) of a medication can be used:
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Figure 6.3 shows an exemplary dose calculation for a GFR of 40 mL/min (1) in 
which the drug clearance of roughly 45 % would to be expected (2). In this example, 
one can generally either reduce the individual dose to 45 % (3) or extend the dosage 
interval to 2.2 times its original value (1/0.45 = 2.2). The decision depends on which 
is more important: the peak level or the time over the minimal effective concentra-
tion. One can also calculate a suggested dose for each medication and each patient 
on the internet [www.dosing.de].

However, Dettli’s rule provides a strong proportional relationship between renal 
function and drug dose and thereby implies the administration of too low doses or 
much too wide intervals between doses in patients with severe renal function loss. 
Still, the use of Dettli’s rule is recommended in outpatient care and for central ner-
vous system drugs.

In contrast to the proportionality rule of Dettli, adjusting drugs to a targeted peak 
can be achieved by the half-dosage rule of Kunin [4]. This rule results in peak drug 
levels that are the same as those in patients with normal renal function but markedly 
higher trough levels; the area under the curve is greater than with the Dettli rule and 
thus can be associated with more frequent adverse effects. The rule by Kunin gener-
ally yields higher doses than Dettli’s rules and thus seems to provide severely ill 
patients with a higher chance of effective treatment. The rule says that one should 
start with a normal starting dose (Dstart = Dnorm) and that half of the starting dose has 
to be given after one half-life (T1/2) in each case [4]. In sum, the half-dosage rule of 
Kunin should be preferred to achieve effective peak levels especially for critically 
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Fig. 6.3 Drug clearance and dose adjustment according to glomerular filtration rate (GFR) – 
exemplary dose adjustment for a GFR of 40 mL/min
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ill patients, for anti-infective therapy, or those being on continuous renal  replacement 
therapy. Corresponding dosing recommendations are published (www.uni- ulm.de/
nephrologie/dosantibio.pdf).

The general dosage rule as proposed by David Czock is a combination of Dettli-2 
rule and the Kunin rule:
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The general dosing rule should be used mainly in the intensive care patients and 
for anti-infective drugs (Cpeak = const.). Dettli’s proportionality rule and Kunin’s 
halving rule may be deemed to be special cases of the general dosage rule.

6.3  Drug Dosage in Older Patient with Impaired  
Renal Function

A GFR of 30–60 mL/min, suggestive of stage 3 CKD, is observed in 15–30 % of 
people who are aged > 65 years [6]. Impaired renal function can have pronounced 
effects on the pharmacokinetics of many drugs as a result of alterations in disposi-
tion, reductions in glomerular filtration, altered tubular secretion, reabsorption, or 
metabolism [7, 8]. Studies have determined that up to 67 % of prescriptions dis-
pensed to older patients with impaired renal function contain errors [9, 10] with 
dosing errors (approx. 50 %) and the prescription of contraindicated drugs (approx. 
25 %) being the most frequent medication errors [11].

Due to its hyperbolic dependence, the half-life indicates more clearly than the 
drug clearance that medication dosage needs only to be adjusted if the GFR is below 
60 mL/min (Fig. 6.4).

Pharmacokinetic studies have shown that half-life changes most drastically in 
older patients [2]. It has been demonstrated for 127 drugs that, while the half-life in 
older patients was prolonged by 40 % on average, the clearance remains practically 
unchanged [2]. The half-life and clearance would actually have to relate to one 
another in an inversely proportional manner (T1/2 = 0.693 × VD/ CL), but the volume 
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of distribution was 20 % higher on average in older patients [2]. The findings have 
the following consequences:

A drug dose does not need to be adjusted due to age alone – this is demonstrated by 
the unchanged drug clearance. Whereas the starting dose should be increased in 
older patients, since the distribution volume tends to be higher, the maintenance 
dose has to be reduced due to the longer half-life.

6.4  Extracorporeal Renal Replacement Therapy  
and Intensive Care

The risk of AKI increases with age and critical illness. Several issues need to be 
considered if extracorporeal renal replacement therapy (RRT) becomes necessary, 
especially when drugs with predominant renal clearance are administered. Drug 
removal during extracorporeal RRT depends on many factors; among them are 
physicochemical characteristics of the drug and treatment characteristics, including 
mode of RRT, membrane (material, pore-size, surface), and blood/dialysate/substi-
tution fluid flow used. Extent of drug removal is directly proportional to membrane 
surface area, the mode of replacement fluid administration, ultrafiltration, and/or 
dialysate flow rates. Alterations in protein binding (i.e., hypoalbuminemia), volume 
of distribution, and nonrenal clearance are also of importance; however they pose 
the problem of being less quantifiable.

The application of continuous renal replacement therapy (CRRT) signifi-
cantly alters the pharmacokinetic behavior of many drugs which may be of 
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immense interest, since the risk of underdosing anti-infective drugs may lead to 
 therapeutic failure and/or the spread of breakthrough resistance, whereas overdos-
ing drugs increases the risk of adverse events. Thus, clinicians should consider 
therapeutic drug monitoring as a helpful tool for optimizing drug exposure during 
 extracorporeal RRT.

During RRT, diffusion [dialysis], convection [filtration], and a combination of 
both [diafiltration] are the physicochemical processes responsible for the removal of 
solutes from the blood through semipermeable membranes. Drugs with low molec-
ular weight and limited distribution volume and those that are water soluble are 
most likely to be removed by extracorporeal RRT and will require extra dosing. If 
possible drugs (especially anti-infective drugs and erythropoietin) are administered 
after intermittent RRT to compensate for blood purification effect; however at the 
start of critical illness, the first dose of anti-infective drugs should be given imme-
diately, that is, before commencement of RRT. There are also certain drugs such as 
insulin, calcium, analgetics, or those which are required due to acute worsening of 
condition during RRT (cardiac arrhythmias, hypotensive periods) which need to be 
administered during intermittent RRT.

After hemodialysis, Dsuppl (supplementary dose) can be estimated by multiplica-
tion of eliminated fraction (FR) by starting dose (Dstart):

 
D Fsuppl startD= ⋅R  

 
D D DHD anur suppl= +

 

 D DHD Start~  

To estimate drug elimination during continuous hemofiltration (DHF), total cre-
atinine clearance [CLcreaTOT], combining residual renal clearance [CLcreaRen] and 
the extracorporeal clearance determined by blood and substitution fluid flow 
[CLcreaHF], is necessary:

 CL TOT CL Ren CL HFcrea crea crea= +  

The general pharmacokinetic concept of drug clearance [CLHF] as a linear func-
tion of creatinine clearance can also be applied for drug elimination via 
hemofiltration:

 CL CL CL TOTHF anur crea= + ⋅A  

For instance, if a patient has a serum creatinine of 2.5 mg/dL under hemofiltra-
tion, this roughly corresponds to a GFR of 30 mL/min, and one will be able to 
conduct dosing according to Dettli or Kunin or generally according to Czock [5]:
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Tank dialysis (slow low-efficiency dialysis) is a hybrid of intermittent 
 hemodialysis and continuous hemofiltration. In this case, dosing should also be con-
ducted once the procedure has been completed, analogously to the dose after hemo-
dialysis (DHD) – however this only applies to days when dialysis is performed.

6.5  Therapeutic Drug Monitoring

Therapeutic drug monitoring (TDM) refers to the individualization of drug dosage 
by maintaining blood concentrations of this drug within therapeutic range. This 
involves the measurement of drug concentration especially in those drugs known 
for their narrow therapeutic range (e.g., antiarrhythmic drugs or anticonvulsants). 
Also, cyclosporin, tacrolimus, sirolimus, everolimus, and mycophenolic acid would 
also not be administered with much success in transplantation medicine without 
TDM. In the setting of intensive care medicine, TDM has been established for sev-
eral antibiotics among them aminoglycosides such as gentamicin and amikacin, as 
well as for vancomycin.

But drug monitoring only makes sense if a target level has been defined and if the 
response to the result of the measured level is adequate. High levels are not neces-
sarily toxic – blood sampling may erroneously have been taken in the distribution 
phase. Low levels not always need a dose increase – it often makes more sense to 
investigate adherence and motivate patients to comply.

Interpreting the target level is complex.
Low levels will already be effective if plasma binding is reduced. A classic 

example is phenytoin, with a target level of 5 mg/L (not 10 mg/L) in renal insuffi-
ciency or hypoproteinemia.

In contrast, higher trough levels will be required in order to achieve adequate 
peak levels in the case of reduced kidney function with slower elimination.

If, for example, the half-life of a drug is five times longer because of renal impair-
ment, its dose should be reduced to 20 % of the normal dose (1/5 = 0.20). If the dose 
is thus reciprocally lowered and the interval between doses is unchanged, then the 
area under the curve will be the same as in the normal case but with higher trough 
values, which are what is usually measured in drug monitoring. This can easily lead 
clinicians unfamiliar with the relevant pharmacokinetics to draw false conclusions 
and then reduce the dose of the drug still further, e.g., in the case of vancomycin or 
gentamicin. In order to achieve effective levels in patients with renal failure, the 
trough values of vancomycin should lie between 10 and 20 mg/L and those of gen-
tamicin between 2 and 4 mg/L.

6.6  Drug Toxicity in Older Adults

The issue of pharmaceutical drugs causing harm to older patients is a subject of 
debate. The estimated annual rate of adverse drug reactions or events for people 
aged 65 years or older has been found to be twice as high compared to those being 
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younger than 65 [12]. About 10 drugs account for 85 % of overdoses in patients 
with renal function loss including ß-lactam antibiotics, cephalosporins, fluoroqui-
nolones, azoles, and histamine blockers [13].

Recently some consensus for recommendations regarding drug avoidance and 
replacement in older patients was achieved and published in several “lists.” Although 
none of these lists consider renal function, they may be valuable for clinical consid-
eration. Firstly, the Beers criteria [14], developed from a North American working 
group, identify medications that pose potential risks outweighing potential benefits 
for people 65 years and older. Secondly, the PRISCUS list summarizes potentially 
inappropriate medications in older patients and, importantly, suggests alternative 
drugs, with specific reference to drugs used in the German language area [15].

Of note, as soon as renal function declines, drugs should either be stopped, 
replaced, or dose adjusted. In most of the cases, alternative (renal function indepen-
dent) non-nephrotoxic drugs are available, which can be used even if renal function 
is impaired [16] (Table 6.1). Before initiation of therapy, assessment of baseline 
renal function in older patients is of importance. During therapy, TDM, monitoring 
of renal function and vital signs, as well as avoidance of nephrotoxic drug combina-
tions are advised. Medications which are absolutely or relatively contraindicated in 

Table 6.1 Drugs that do and do not depend on renal function [16]

Class Dependent on renal function Independent of renal function

Analgesics Morphine (M6-glucuronide),  
pethidine (norpethidine)

Fentanyl, levomethadone

Antiarrhythmic drugs Sotalol Amiodarone
Antibiotics Ciprofloxacin, levofloxacin Moxifloxacin
Antidiabetic drugs Glibenclamide, glimepride  

(hydroxy metabolite)
Gliquidone, gliclacide

Nateglinide Pioglitazone
Sitagliptine

Anticonvulsants Gabapentin, pregabalin,  
lamotrigine, levetiracetam

Carbamazepine, phenytoin, 
valproate

Antihypertensive 
drugs

Atenolol Bisoprolol, carvedilol, 
metoprolol, propranolol

Cholesterol-lowering 
drugs

Bezafibrate, fenofibrate Simvastatin, niacin

Drugs for gout and 
other rheumato-
logical conditions

Methotrexate Colchicine, hydroxychloro-
quine, leflunomide

Cardiovascular drugs Digoxin Digitoxin
Psychoactive drugs Lithium, mirtazapine Amitriptyline, citalopram 

(metabolites?), haloperidol, 
risperidone

Antiviral drugs Acyclovir Brivudine
Cytostatic drugs (20) Actinomycin D, bleomycin, 

capecitabine, carboplatin, cisplatin, 
cyclophosphamide, doxorubicin, 
epirubicin, etoposide, gemcitabine 
(dFdU), ifosfamide, irinotecan, 
melphalan,  methotrexate, 
oxaliplatin, topotecan

Anastrozole, docetaxel, 
doxorubicin- peg-liposomal, 
erlotinib, fluorouracil, 
gefitinib, leuprorelin, 
megestrol, paclitaxel, 
tamoxifen, terozol, 
vincristine, trastuzumab
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patients with CKD are listed in Table 6.2 and include cefepime, spironolactone, 
eplerenone, contrast media, and nonsteroidal anti-inflammatory drugs [16]. 
Nephrology consultation may be advisable in these cases. However, for example, 
nonsteroidal anti-inflammatory drugs may be replaced by tilidine or hydromor-
phone with frequent monitoring of side effects.

Low-molecular-weight heparins, among them enoxaparin, are one of the medi-
cation groups which should be avoided in older patients [17]. The reason for this is 
the accumulation kinetics of enoxaparin in a deep compartment, similar to that of 
methotrexate. Instead, unfractionated heparins should be given. 

The issue as to whether metformin may be administered at a GFR of under 
60 mL/min has been the subject of discussion in recent years, and some propose that 
metformin may even be administered at a GFR of 30 mL/min. This may constitute 
an unnecessary risk given the potential for lactic acidosis although extremely rare. 
In critically ill patients, continuous administration of insulin and, in patients with 
severe CKD, dipeptidyl peptidase-4 (DPP-4) inhibitors such as sitagliptin and 
vildagliptin may be preferred.

6.7  The 3 Dosing Rules in Gerontopharmacology

Polypharmacy is one problem with gerontopharmacology. The older the patients 
get, the more medications they have to take (5 and more is common). The first 
but obsolete rule of gerontological pharmacology states: All medications should 
be reduced to one half of common dose in older patients as a general rule. This 
rule is incorrect, since the average medication clearance in older patients often 
does not change at all, and half a dose may be ineffective – for example, consider-
ing chemotherapeutics. With a reduced dose, the concentrations can fall below the 
 pharmacodynamic threshold [2].

Table 6.2 The most important drugs whose use in patients with renal function loss is absolutely 
or relatively contraindicated or problematic from a clinical nephrological standpoint [16]

Class Drug

Contraindicated 
or to be avoided 
if possible when: Reason

Analgesics Pethidine GFR <60 Convulsions
Antibiotics Cefepime GFR <30 CNS toxicity
Phase-prophylactic 

psychotropic drugs
Lithium GFR <60 Nephro- and 

neurotoxicity
Antidiabetic drugs Glibenclamide, 

glimepiride
GFR <60 Hypoglycemia

Metformin GFR <60 Lactic acidosis
Diuretics Spironolactone, 

eplerenone
GFR <30 Hyperkalemia

Immune suppressants Methotrexate GFR <60 Myelotoxicity
Radiological 

contrast media
Gadolinium GFR <30 Nephrogenic 

systemic fibrosis
LMW-heparin Enoxaparin GFR <60 Risk of hemorrhage

F. Keller and U. Ludwig



57

The second rule was formulated for psychotropic medications: “start low and go 
slow” [18]. This rule certainly applies to psychotropic and antihypertensive medica-
tions for pharmacodynamic reasons, but it is incorrect when it comes to chemo-
therapeutics and antibiotics.

The third rule comes from infectiology: In contrast to the Gurwitz rule [18], the 
following applies for the success of antibiotic treatment or chemotherapy: 
Commencing treatment at an early state is of decisive importance – Paul Ehrlich 
already called for “frapper vite et frapper forte.” One could translate this as “hit hard 
and hit fast.” However, antibiotics with a concentration-dependent effect must be 
handled differently from those with a time-dependent effect. The peak level is 
important for antibiotics with a concentration-dependent effect, while the trough 
level is important for antibiotics with a time-dependent effect [19]. In the case of 
concentration-dependent effects, one would adjust the dose using Dettli-2 rule or 
just combine the Dettli and Kunin rules using the generalized rule formulated by 
Czock (see above). In the case of time-dependent effects, one would only reduce the 
dose but would not prolong the interval – i.e., one would use Dettli-1 rule.  
But one should not go below the threshold concentration with the time- dependent 
effect – i.e., a short dosing interval must be chosen. For concentration-dependent 
effects, increasing the dosage still produces a greater effect.

6.8  Summary

Contrary to the popular dosing rule “Use only one half of normal dose in older 
patients,” changes in pharmacodynamics justify the common medication rule in 
older patients – “start low + go slow” – especially for drugs that act on the central 
nervous system and cardiovascular drugs; however, in the case of anti-infective and 
anticancer therapy, the rule should be “hit hard + go fast” to produce the target effect 
immediately also in older patients. For specific recommendations relating to drug 
dosage or drug choice for patients with reduced renal function, several website are 
recommended:

• www.americangeriatrics.org/files/documents/beers/2012BeersCriteria_JAGS.
pdf

• priscus.net/download/PRISCUS-Liste_PRISCUS-TP3_2011.pdf
• http://www.uni-ulm.de/nephrologie/dosantibio.pdf
• www.dosing.de
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 Key Messages 
     1.    There is a high incidence of acute kidney injury (AKI) in older patients 

which is associated with poorer outcomes compared to younger patients.   
   2.    There is a lack of evidence about treatment of AKI in older patients, and 

therefore recommendations are generalized from data in patients of all ages.   
   3.    Initiation of extracorporeal renal replacement therapy can be based on 

clinical parameters (fl uid, electrolyte, and metabolic status) rather than 
single laboratory fi ndings such as serum urea or creatinine levels.   

   4.    Potential complications of renal replacement therapy for AKI include 
those associated with vascular access (infection and infl ammation) and 
myocardial ischemia.   

   5.    Continuous renal replacement therapies are suggested for those with car-
diovascular compromise and multiorgan failure.   

   6.    The optimal dose for intermittent hemodialysis is a Kt/V of 3.9 per week 
when using intermittent and an effl uent volume of 20–25 mL/kg/h for con-
tinuous renal replacement therapy.     
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7.1             Introduction 

 Increases in life expectancy in the developed world have resulted in the growth of 
the elderly population. It is predicted that by the year 2030, the number of people 
aged over 65 will have nearly doubled and will constitute more than one-fi fth of the 
US population [ 1 ]. Although many pathological entities are more common in older 
individuals, this seems to be particularly true for acute kidney injury (AKI) [ 1 ]. AKI 
is common, affecting 2–7 % of all hospital admissions [ 2 ], occurs at even higher 
rates in older patients [ 1 ] and appears to be growing in frequency at rates of around 
3–11 % annually [ 3 ,  4 ]. The imminent demographic increase in the elderly popula-
tion means AKI in the older patients will remain a prominent issue in the delivery 
of hospital services. 

 Acute kidney injury has consistently been associated with worse outcomes 
[ 5 – 7 ] for older patients including an increased risk of end-stage renal disease 
(ESRD) [ 6 ] confirmed by a recent meta-analysis [ 7 ]. The high incidence of AKI 
in the aging can be attributed to at least two factors: (1) the normal kidney 
undergoes age-dependent structural and functional alterations leading to a sig-
nificant decrease in renal mass, functioning nephron numbers, and baseline kid-
ney function [ 8 ], and (2) the incidence and duration of comorbidities affecting 
kidney function such as high blood pressure and diabetes accumulate with age, 
again reducing kidney reserve and making kidney function more susceptible to 
insults. 

 There is unfortunately limited data specifi c to older patients in AKI which means 
that treatment recommendations are generally derived from general studies. 
Numerous randomized controlled trials (RCTs) have been conducted in the treat-
ment of AKI [ 9 – 21 ,  46 – 48 ] (Table  7.1 ), but to date, none have reported on outcomes 
for elderly subgroups.

   Several organizations have published guidelines [ 22 ,  23 ] for management of 
AKI and similarly have not addressed older patients as a specifi c subgroup. 
However, the comparative higher rates of AKI in older patients mean that they are 
generally well represented in trials. More than 5,000 people with AKI have partici-
pated in randomized trials since 2000 focussing on mode and timing of initiation of 
renal replacement therapy (RRT) and outcomes. In half of these studies, patients 
were aged 65 or older (see Table  7.1 ). 

 In considering treatment of AKI with RRT, there are several aspects which need 
to be assessed:

•    When to commence RRT  
•   Potential complications of RRT  
•   Which RRT modality to use  
•   How intensively to provide RRT  
•   When RRT is no longer required  
•   Continuous RRT and nutrition  
•   The prognosis of patients with AKI    
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7.1.1     When to Commence Renal Replacement Therapy 

 Whether and when to provide RRT are two of the fundamental questions facing 
nephrologists and intensive care practitioners in most cases of severe AKI. 
Unfortunately, none of the large RCTs in this area have included initiation parame-
ters as a study factor, and the optimal time and thresholds for RRT start remain 
undefi ned. Factors that may infl uence decision making on RRT initiation include 
thresholds and progression rate of parameters such as volume status, uremia, hyper-
kalemia and acidosis, concurrent medical conditions, and perceptions of AKI prog-
nosis and overall prognosis. Concerns about risks associated with the RRT procedure 
may delay RRT initiation, including hypotension, cardiac effects, and complica-
tions of vascular access such as infection and anticoagulant administration. Specifi c 
concerns that RRT may compromise recovery of renal function and increase the 
progression of CKD may also delay or prevent RRT initiation [ 24 ]. 

 Only a few, small RCTs have attempted to evaluate the effect of early versus late 
initiation of RRT on outcome in AKI [ 10 ,  19 ,  20 ]. In two studies enrolling critically 
ill surgical patients with postoperative AKI (mean age 61), early initiation of RRT 
was associated with a higher survival rate [ 10 ,  19 ]. However, in a more general cohort 
of critically ill patients with oliguric AKI (mean age 68), survival at 28 days and 
recovery of renal function were not improved using high ultrafi ltrate volumes or early 
initiation of hemofi ltration [ 20 ]. No study specifi cally focussed on older patients or 
provided a comparison in outcome differences between younger and older patients. 

    Table 7.1    Randomized trials 
since 2000 focussing on acute 
renal replacement therapy   

 Authors 
 Publication
year 

 Number
of patients 

 Mean age 
[years] 

 Schwenger et al. [ 9 ]  2012  232  66 
 Wu et al. [ 10 ]  2012  73  61 
 RENAL Study [ 11 ]  2009  1,508  65 
 Hannover Dialysis 

Outcome study [ 12 ] 
 2009  156  51 

 Lins et al. [ 13 ]  2009  316  66 
 The VA/NIH Trial 

Network [ 14 ] 
 2008  1,124  60 

 Tolwani et al. [ 15 ]  2008  200  60 
 Saudan et al. [ 16 ]  2006  206  64 
 Vinsonneau et al. [ 17 ]  2006  360  65 
 Uehlinger et al. [ 18 ]  2005  125  67 
 Augustine et al. [ 48 ]  2004  80  61 
 Bouman et al. [ 20 ]  2002  106  68 
 John et al. [ 46 ]  2001  30  62 
 Mehta et al. [ 47 ]  2001  166  55 
 Ronco et al. [ 21 ]  2000  425  61 
  Overall    5,107    62  

  Based on table from Schmitt et al. [ 7 ] and updated from 2007 to 
present  
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 Completion of the above trials demonstrates studies of these questions are 
 feasible, and as dialysis therapy is associated with both potential benefi ts and harms, 
further trials would clearly inform practice. 

 In addition, several observational studies have analyzed the association of timing for 
RRT initiation with outcomes [ 25 – 28 ,  30 ,  31 ,  33 ]. Overall, they suggest that early initia-
tion of RRT may be associated with survival benefi t but is limited by their susceptibility 
to bias. Very early reports compared early start patients (defi ned by lower serum urea 
concentration) and found an association with better survival but also treated the early 
starters more intensely [ 25 ,  26 ]. A more recent study used serum creatinine- and urine 
output-based AKI Network criteria [ 29 ] as starting criterion for RRT included critically 
ill patients with a mean age of 56 years and found reduced morbidity and mortality for 
early starters [ 30 ]. A prospective multicenter observational cohort study by the Program 
to Improve Care in Acute Renal Disease (PICARD) [ 31 ] analyzed RRT initiation—as 
inferred by blood urea nitrogen (BUN) concentration—in 243 patients with a mean age 
of 56 years and found an increased risk of death associated with initiation at higher 
BUN after adjusting for age, hepatic failure, sepsis, thrombocytopenia, and serum cre-
atinine and stratifying for site and initial RRT modality [ 31 ]. Also, in 98 AKI patients 
after major abdominal surgery (mean age 67), late initiation of RRT (defi ned as Injury 
or Failure class of the RIFLE defi nition [ 32 ]) was an independent predictor of increased 
mortality [ 33 ]. There were no signifi cant baseline differences between the two groups 
other than a higher eGFR and lower serum creatinine in the late start group. 

 Thus, the consensus from several observational studies and some RCTs suggests 
that “early” initiation of RRT in AKI are associated with improved patient survival, 
although none of these studies specifi cally focussed on older patients. 

 The KDIGO international clinical practice guidelines for management of AKI [ 22 ] 
acknowledge the lack of evidence in this regard but suggest initiation of RRT should 
occur emergently when life-threatening changes in fl uid, electrolyte, and acid–base 
balance exist. They also state that considerations should include the broader clinical 
context, the presence of conditions that can be modifi ed with RRT, and trends of labo-
ratory tests—rather than single BUN and serum creatinine thresholds alone—when 
making decisions to start RRT. Similarly, the UK Renal Association [ 23 ] recommends 
basing decision to commence RRT on clinical parameters (fl uid, electrolyte, and 
 metabolic status of individual patients) and proposes that the threshold for initiating 
RRT should be lowered when AKI occurs as part of multiorgan failure.  

7.1.2     Potential Complications of Renal Replacement Therapy 

 Potential complications of dialysis therapy to consider include those associated with 
the need for vascular access and those of the dialysis procedure itself. 

 Providing RRT for AKI generally necessitates the placement of a central venous 
catheter (CVC) with the attendant risks of exit site infections and catheter-related 
bacteremia, estimated at 2.5–5.5 cases/1,000 patient-days in maintenance dialysis 
[ 34 ]. Recent studies have also postulated a chronic infl ammatory mechanism inde-
pendent of overt bacteremic episodes, demonstrating a relationship between CVC 
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use, elevated CRP, lower serum albumin, and lower hemoglobin values [ 34 – 36 ]. 
A causal link is supported by the fi nding that CRP levels decrease after CVC removal 
[ 34 ]. Elevated CRP is also independently linked with increased mortality [ 36 ]. 

 The infection risk of CVC use for AKI may be less with intermittent dialysis thera-
pies. A cohort study (mean age 65) which examined differences in the risk of catheter-
related colonization in patients undergoing intermittent hemodialysis (IHD) as compared 
with continuous RRT (CRRT) found an increased risk of catheter- tip colonization for 
CRRT when baseline differences and time on each modality were taken into account 
[ 37 ]. However, no specifi c subgroup analysis was performed in older patients [ 37 ]. 
A measure which is sometimes employed to decrease infection risk is the placement of 
a jugular compared to a femoral CVC. A large RCT which examined this question 
demonstrated no reduction in the risk of infection except for those with a high BMI, but 
again no older subgroup analysis was conducted [ 38 ]. One large study which specifi -
cally examined the impact of CVC use in older patients found that in patients aged ≥75 
years at chronic dialysis initiation, the use of CVC at dialysis initiation was associated 
with an independent mortality risk after controlling for factors such as patient age, 
comorbidities, and late referral and commencing dialysis without prepared access [ 39 ]. 

 There is also an emerging body of evidence suggesting that subclinical myocardial 
ischemia is precipitated by hemodialysis. The presence of reductions in myocardial 
blood fl ow was confi rmed at peak dialytic stress even in the absence of angiographically 
signifi cant coronary disease [ 40 ]. It is understood that in the long term, these recurrent 
ischemic insults lead to myocardial functional and structural changes which result in 
fi xed systolic dysfunction, arrhythmias, and heart failure. No studies have thus far been 
conducted in patients with AKI. It is plausible although unknown whether hemodialysis 
prescribed for AKI, particularly IHD, is associated with similar phenomena given that 
patients with AKI are likely to suffer from similar comorbidities to CKD patients. 

 There are some suggestions from pathological studies that hemodialysis itself for 
AKI, while being life sustaining, may contribute to the prolongation of kidney fail-
ure. The presence of fresh ischemic lesions on kidney biopsies in patients with pro-
longed AKI being treated with dialysis was fi rst noted in combat casualties in 
Vietnam in whom AKI was predominantly a result of hypoperfusion secondary to 
trauma or surgery [ 41 ]. The consistent pathological fi nding of focal areas of fresh 
tubular necrosis estimated to be 48–72 h old was found in those treated with dialysis 
which was unlikely to be the result of the initial ischemic insult 3–4 weeks earlier. 
This was true in the absence of hemodynamic events in the 4–5 days preceding the 
biopsies [ 41 ].  

7.1.3     Which Renal Replacement Therapy Modality to Use 

7.1.3.1     Hemodialysis Versus Peritoneal Dialysis (PD) 

 In general the experience with acute PD in AKI is limited and generally reserved for 
pediatric settings and used in regions with limited resources [ 42 ]. However, acute 
PD remains a feasible option for the treatment of selected patients with AKI. 

7 Acute Dialysis in Older Patients



64

 One study has reported an advantage for CRRT compared to PD but was 
 hampered by the fact that the dose of dialysis delivered by PD was low [ 43 ]. More 
recently, a randomized trial of 120 participants with acute tubular damage (mean 
age 63) has suggested broadly equivalent patient outcomes and metabolic control 
when PD was conducted at high volume (36–44 L/day) compared to daily IHD for 
the treatment of AKI [ 44 ]. An observational study of outcomes for a cohort of older 
patients (mean age 73.5) with an unplanned start to maintenance dialysis found 
signifi cantly less bacteremia in patients receiving acute PD than those receiving 
hemodialysis (RR 0.16) [ 45 ]. None of the assessed covariables including patient 
age at time of dialysis had a signifi cant impact on the risk of bacteremia [ 45 ].  

7.1.3.2     Intermittent Versus Continuous Hemodialysis 

 Although it is widely perceived that CRRT is superior to IHD in hemodynamically 
unstable patients, prospective RCTs have failed to confi rm this supposition. 

 Six RCTs comparing CRRT and IHD from Europe and the USA have been published 
so far [ 13 ,  17 ,  18 ,  46 – 48 ] which consistently demonstrate no difference in outcomes 
between CRRT and IHD after adjusting for patient variables. A number of meta-analy-
ses reached the same conclusion [ 49 – 51 ]. A Cochrane Collaboration analysis concluded 
that outcomes (hospital and ICU mortality, length of hospitalization, and renal recovery) 
were similar in critically ill patients with AKI treated with CRRT and IHD [ 49 ]. One 
meta-analysis of observational studies reporting outcomes from AKI [ 7 ] examined the 
interaction of choice of hemodialysis therapy (intermittent versus continuous) with age 
and found that older patients undergoing intermittent therapies were at a signifi cantly 
greater risk of renal non-recovery than young patients (RR 1.52). The relative risk for 
renal non-recovery after continuous RRT was only slightly increased compared to 
younger patients (RR 1.19), and this increase did not reach statistical signifi cance. 

 This data may support the notion that the choice of RRT modality may be of 
particular importance in the elderly with patients older than 65 years appearing to 
have better chances of renal recovery when treated with continuous RRT. However, 
this needs to be examined more closely through a well-conducted RCT. 

 In summary, analysis of the currently published studies does not allow evidence- 
based guidelines for the selection of RRT modality for the treatment of AKI espe-
cially in older patients. In clinical practice however, many clinicians chose 
intermittent hemodialysis/hemofi ltration for cardiovascularly stable patients, and 
continuous therapies for those with cardiovascular compromise and multiorgan fail-
ure, and this is supported by suggestions made in AKI guidelines [ 22 ].   

7.1.4     How Intensively to Provide Renal Replacement Therapy 

 Multiple observational studies suggest that increasing weekly hours of  hemodialysis 
delivered to patients with ESKD are associated with better clinical outcomes. 
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Recent research has focussed on the optimal dose of IHD or CRRT determining 
survival in patients with AKI [ 11 ,  12 ,  14 – 16 ,  20 ,  21 ]. 

 Controversy remains about the best way to measure and what constitutes optimal 
dose of RRT for patients with AKI. The methods used for RRT dose quantifi cation 
in AKI have not been fully validated and have several limitations. RRT dose, by 
itself, may also have less impact on mortality both in patients with very high or very 
low chance of surviving but may be most important in patients with intermediate 
scores of disease severity. Compliance with threshold dialysis doses in AKI is often 
not achieved and the factors predicting poor compliance include older age (>65 
years), male gender, and intradialytic hypotension [ 52 ]. In addition, it is possible 
that dose and timing are closely linked factors, i.e., a high RRT dose may not work 
adequately if provided late. Currently, only one small RCT (mean age 68) consid-
ered both variables and found no difference in those randomized to early start high- 
dose, early start low-dose, and late start low-dose CVVH, although the study was 
clearly underpowered [ 20 ]. 

 Traditionally in AKI studies, the dose (or intensity) of treatment has been 
assessed by urea clearance in dialysis-based modalities and by ultrafi ltration vol-
ume (a surrogate of urea clearance), in the convective therapies. The urea clearance 
achieved during CRRT is approximately equal to the effl uent fl ow rate (dialysis and 
ultrafi ltration fl ow rate combined). Although widely used for evaluation of RRT in 
maintenance dialysis for CKD, measures which include assessment of serum urea 
have important limitations as tools for RRT dosing in AKI. AKI patients are meta-
bolically unstable and have variations in urea generation. Selection of target serum 
urea levels as indicators of dialysis dose is therefore arbitrary notwithstanding the 
fact that urea is infl uenced by extrarenal factors such as ethnicity, age, and gender. 

7.1.4.1     Intensity of Intermittent Hemodialysis (IHD) 

 There is a paucity of data regarding optimal treatment doses for IHD in AKI. 
Analysis of a prospectively collected database has shown that higher doses of IHD, 
defi ned as a urea reduction ratio (URR) > 58 %, improved survival [ 53 ]. However, 
it should be noted that this cutoff dose, equivalent to a Kt/V of around 1, is lower 
than that recommended for IHD for established ESRD. 

 Only one study has evaluated the effect of daily and alternate day IHD on the 
outcome among patients with AKI [ 54 ]. This quasi-RCT reported both lower mor-
tality and shorter duration of AKI in the daily IHD group. However the dose of 
hemodialysis delivered to the alternate day group was low (mean delivered Kt/V of 
0.94). This probably accounted for the markedly increased time-averaged urea con-
centration and the high incidence of complications including gastrointestinal bleed-
ing, mental status alteration, and infection reported in this group [ 54 ]. 

 Due to the lack of RCTs addressing the minimum dose of RRT required in AKI, 
a consensus panel convened by the multinational Acute Dialysis Quality Initiative 
(ADQI) recommended that patients with AKI receive at least the minimum dose 
that is considered appropriate for patients with established ESRD [ 55 ].  
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7.1.4.2     Intensity of Continuous Renal Replacement Therapy (CRRT) 

 Two large multicentre randomized controlled studies have been published recently 
to provide much needed guidance on the optimal dose of CRRT in critically ill 
patients [ 11 ,  14 ]. 

 The Veteran Affairs/National Institute of Health Acute Renal Failure Trial 
Network (ATN) study was performed in 1,124 critically ill patients across the USA 
[ 14 ], while the Randomized Evaluation of Normal Versus Augmented Level of 
Renal Replacement Therapy (RENAL) was conducted in 1,508 critically ill patients 
in Australia and New Zealand [ 11 ]. The ATN study (mean age 59.6) showed no 
additional benefi cial patient outcome with a delivered CVVHDF dose (pre-dilution) 
of 35 mL/kg/h compared to 20 mL/kg/h [ 14 ]. The RENAL trial (mean age 64.5) 
failed to demonstrate any survival benefi t from receiving post-dilution CVVHDF at 
a dose of 40 mL/kg/h versus 25 mL/kg/h [ 11 ]. 

 These studies have now provided evidence that there is no survival benefi t in 
critically ill patients receiving ultrafi ltration doses >25 mL/kg/h. The prescription of 
a higher dose is prudent to allow for circuit clotting in order to ensure delivery of 
the required dose. The recently published KDIGO guidelines recommend deliver-
ing a Kt/V of 3.9 per week when using intermittent or extended RRT in AKI and 
delivering an effl uent volume of 20–25 mL/kg/h for CRRT in AKI [ 22 ]. 

 In summary, there is no evidence that high-dose CRRT for patients with AKI 
reduce mortality.  

7.1.4.3     Intensity of Peritoneal Dialysis (PD) 

 Only limited data are available investigating the effects of PD dose on outcomes in 
AKI. A small RCT found that in critically ill patients with AKI, intensive PD dose 
did not lower the mortality or improve the recovery of kidney function or metabolic 
control [ 56 ]. High-volume PD (consisting of 16–22 exchanges/day) has been used 
effectively for selected AKI patients and is reported to deliver adequate metabolic 
and fl uid control; although age was identifi ed as major risk factor for death in a 
recent prospective study [ 57 ].   

7.1.5     When Renal Replacement Therapy Is No 
Longer Required 

 Assessment of potentially improving kidney function during RRT and the possibility 
of ceasing treatment are not straightforward. In intermittent hemodialysis, for exam-
ple, fl uctuations of solute levels prevent achieving a steady state and thus exclude the 
use of clearance measurements. Native kidney function can only be assessed during 
the interdialytic period through evaluations of urine volume, urinary excretion of 
creatinine, and changes in serum creatinine and urea. However, intermittent 
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treatment results in posttreatment rebound in solute levels and  nonrenal factors, such 
as volume status and catabolic rate, can also affect creatinine and urea levels. 

 The evidence base for discontinuation of RRT with recovering renal function is 
even less clear than that for its initiation. A post hoc analysis from an international, 
multicenter study found that urine output at the time of fi rst stopping continuous 
RRT was the most important predictor of sustained discontinuation, especially if not 
enhanced by diuretics. Those who returned to RRT within 7 days had a higher mor-
tality than those who did not, although this could have been due to deterioration in 
overall condition rather than early cessation of renal support [ 58 ]. Sometimes, tran-
sition from continuous to intermittent therapy is necessary, but no specifi c guidance 
can be provided as to how to manage this. Large observational studies demonstrate 
that considerable variation in practice exists [ 58 ].  

7.1.6     Continuous Renal Replacement Therapy and Nutrition 

 Several water-soluble substances including vitamins, amino acids, trace elements, 
and carnitine are lost during extracorporeal RRT especially during continuous RRT 
[ 59 – 61 ]. In particular, there are signifi cant losses of vitamin C, phosphate, folate, 
thiamine, and vitamin B6 during CRRT exists [ 59 ,  62 ,  63 ]. It is therefore recom-
mended that additional amounts of these vitamins and phosphate should be admin-
istered to patients treated with CRRT. 

 Although trace elements are not lost in signifi cant amounts in the ultrafi ltrate 
during CRRT (because only nonprotein-bound trace elements can be fi ltered), 
serum concentration of antioxidant trace elements such as selenium, zinc, and cop-
per is generally low in these patients, and supplementation should be considered 
[ 59 ,  64 ]. The administration of essential amino acids is not superior to a mixture of 
essential and nonessential amino acids [ 65 ]. Further, there are no clinically impor-
tant differences in amino acid losses during IHD or CRRT [ 65 ]. 

 Adequate supplementation is recommended to counterbalance the decrease in 
phosphate and the loss of some vitamins during CRRT. Although there are studies 
evaluating nutritional support during CRRT in patients with AKI, patient-related 
prognostic outcome data are lacking.  

7.1.7     Prognosis of AKI 

 Another important consideration is the prognosis of AKI. One meta-analysis has 
examined recovery of kidney function following AKI in older patients versus younger 
patients [ 7 ]. Recovery of kidney function after AKI is approximately 28 % less likely 
to occur when the patient is older than 65 years (Fig.  7.1 ) [ 7 ]. This fi nding is similar 
to subgroup analyses and single-center reports which also demonstrate slower or less 
complete renal recovery after AKI in an age-dependent manner [ 66 ,  67 ].
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7.2         Summary 

 Older patients are at high risk of AKI due to their age and comorbidities, and when 
AKI occurs in this group, it is associated with considerable morbidity and mortality. 
Lack of age-specifi c data exists around the management of AKI, and therefore rec-
ommendations come from studies in the general population and in elderly CKD 
patients. 

 Extracorporeal renal replacement therapy for AKI should be initiated based on 
clinical parameters and should provide a Kt/V of 3.9 per week for intermittent thera-
pies and an effl uent volume of 20–25 mL/kg/h for continuous therapies. 
Consideration should also be given to the potential complications of renal replace-
ment therapy including infection, infl ammation, and myocardial ischemia.     
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8.1             Introduction 

 Compared to younger patients developing acute kidney injury (AKI), older 
patients with AKI have higher rates of short- and long-term mortality, experience 
longer stay in hospital, a more frequent rate of transfer to subacute care facilities 
and a rapid cognitive and functional decline [ 1 ,  2 ]. Age is a risk factor for non-
recovery from AKI or progression to (advanced) chronic kidney disease (CKD) 
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including end- stage renal disease (ESRD) [ 3 ]. If CKD is a result of AKI, patients 
will live with renal function loss in its various stages until their death as CKD is 
not curable. 

 Specifi c aspects of age-related management of patients with AKI include the 
avoidance of polypharmacy and potential nephrotoxic medication as well as discon-
tinuation of predominantly renally excreted medication. Further aspects are the 
establishment of strategies to prevent or slow functional decline, cognitive changes 
and the development of additional morbidities during AKI. Assessment of fl uid bal-
ance and nutritional status in older patients with AKI and appropriate replacement 
and monitoring are also of importance, taking into account renal function and alter-
ation in volume distribution. Older patients with AKI have an increased incidence 
of extrarenal organ complication. Fluid overload is a particular risk factor for older 
patients with limited cardiac reserve and was identifi ed as prognostic factor for 
mortality in patients with AKI [ 4 ]. 

 Geriatric assessment tools and management for older patients improve care and 
daily function, but their effects have not been determined for older adults at risk 
for AKI. There are unfortunately only limited data on short-term and long-term 
impact of AKI on outcomes meaningful to older patients, their families and medi-
cal staff including health-related quality of life, physical and cognitive function 
and independence. However, the development of patient-centred decision-making 
tools to assist older AKI patients and their representatives in care options is 
urgently needed. Quality of life can be improved by recognising and optimising 
management of the problems associated with old age, particularly when making 
treatment decisions about modality of extracorporeal renal replacement therapy 
(RRT) or even no RRT.  

8.2     General Quality of Life 

 Several studies have examined health-related quality of life (HRQOL) in patients 
with AKI especially in those requiring extracorporeal RRT [ 5 – 12 ]. In most of the 
studies, the short form 36 (SF-36), a widely used generic standardised health status 
questionnaire for measuring physical and mental health status, was used [ 13 ]. 

 In a recent observational cohort study, including 749 critically ill patients 
(mean age 70), survivors with AKI and those without AKI showed no signifi cant 
differences between the HRQOL 6 months after discharge from the intensive care 
unit [ 5 ]. However, both groups showed a signifi cantly lower HRQOL at 6 months 
compared with an age-matched general population. Age was a signifi cant predic-
tor of changes in the physical than in the mental health [ 5 ]. Almost all patients 
enrolled in a small pilot study, even those with the worst self-reported quality of 
life and greatest physical disability, considered RRT as the right decision [ 6 ]. In 
a Finnish study investigating 703 medical and surgical patients receiving RRT for 
AKI, survivors had a low health-related quality of life; however, they were satis-
fi ed with their health as the general population [ 7 ]. Similar fi ndings arise from a 
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prospective observational study conducted in seven ICUs in France including 
204 patients (mean age 66) with RRT-dependent AKI [ 8 ]. At 6 months, 77 out of 
204 patients were alive. Quality of life (SF-36 and Index of Activities of Daily 
Living) signifi cantly increased from day 28 to 6 months. Survivors had an 
impaired quality of life compared to a reference age- and sex-matched French 
population but sustained autonomy in their daily lives [64 % of patients were 
fully autonomous, 69 % were living in their homes, 12 % were still undergoing 
RRT and 94 % would agree to undergo the same management again] [ 8 ]. 
Measuring changes in health status in postoperative critically ill patients, Abelha 
and colleagues found an improved subjective perception of quality of life 6 
months after discharge from intensive care in patients that met AKI criteria 
(mean age 68), although they were more dependent in activities of daily living 
[ 9 ]. A better HRQOL was reported for younger AKI patients requiring RRT and 
for those without previous CKD [ 10 ]. 

 The Veterans Affairs/NIH Acute Renal Failure Trial Network assessed predic-
tors of health utility among 60-day survivors of AKI requiring RRT [ 11 ]. In addi-
tion to the overall HRQOL score, this study focussed on four prespecifi ed attributes 
that were hypothesised and would be most likely to be affected by AKI, namely, 
ambulation, cognition, emotion, and pain. Intensity of RRT did not have a substan-
tial effect on any of these factors among survivors [ 11 ]. Although no long-term 
data were reported, a signifi cant proportion of survivors reported an extremely low 
HRQOL within the 60-day assessment period [ 11 ].    In a multicenter study includ-
ing 595 AKI patients (mean age 64), the authors found that SF-36 scores (and with 
it quality of life) after 1–2 years were negatively correlated with age; Charlson 
comorbidity index and body mass index, however, did not show any signifi cant 
relationship with renal function, treatment modalities, and length of stay in the 
hospital [ 12 ]. 

 For older patients burdened by AKI- or CKD-related comorbidities and with the 
general features of ageing, quality of life is frequently of more importance than 
length of life. The impact of RRT in general – regardless if in the setting of acute or 
chronic – the effect of different RRT modalities on patients’ quality of life, is often 
not discussed prior to starting treatment. This requires a realistic consideration of 
the impact of RRT on factors such as physical function, cognitive function and 
mental health. Indeed, the assumption is made that the patient will feel better. The 
following patient quote comes from recent patient interviews done as part of the 
BOLDE study enrolling chronic dialysis patients aged 65 years or older [ 14 ].

   HD patient : ‘Just a walk in the park he said for you, having dialysis… it’s nothing to worry 
about … I thought it bloody well is …more than a walk in the park!’  Wife :  ‘ Because they 
were saying once he starts on the dialysis, he would be a lot better after 3 months but… I 
haven’t found any change at all.’  Patient : ‘Well again to me I have to be honest….the people 
who telling these things, they has an idea …, they never gone on dialysis for themselves…. 
So, what they telling you is only to give you a bit of courage….you have to be in it to 
know it.’ 

   All of the above fi ndings should be taken into consideration when counselling 
patients facing the prospect of RRT in the ICU.  

8 Quality of Life, Functional Status, and Specifi c Medical Problems in Older Patients
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8.3     Physical Function 

 ‘Functional status’ is a broad term that encompasses both physical mobility and the 
ability to perform tasks necessary for independent living [ 15 ]. Thus functional sta-
tus is a key point of quality of life, a strong predictor of survival, the need for nurs-
ing, health care costs and an important factor in decisions about medical procedures 
including the use of feeding tubes or cardiopulmonary resuscitation [ 15 – 19 ]. 

 There are several factors in patients with AKI or in those with CKD secondary to 
an episode of AKI infl uencing physical function. This includes the decision to initi-
ate extracorporeal RRT and the mode of RRT, the degree of oedema, the grade of 
uraemia or anaemia and the occurrence of electrolyte disturbances. Burdens of RRT 
in relation to daily function also include surgery for vascular or peritoneal access 
placement and their potential surgical complications such as infection or bleeding. 
In addition very high rates of primary maturation failure of the arteriovenous fi stula 
are observed in older patients leading to high rates of rehospitalisation [ 20 ]. 

 Older patients are at a high risk for modest to severely impaired renal function at 
hospital discharge after AKI [ 21 ]. Besides advanced age, further risk factors associ-
ated with AKI survivors progressing to CKD include decreased baseline GFR, 
severity of AKI, diabetes mellitus and a low concentration of serum albumin. In this 
regard, a study in elderly patients with CKD requiring haemodialysis focussing on 
nondisease-specifi c outcomes such as mobility and self-care found that only 5 % 
had no functional impairment of any type and at least half the subjects were depen-
dent for at least one of the ‘core’ activities of daily living (walking, transferring, 
bathing, dressing) [ 17 ]. Of interest, a marked decrease in functional status has been 
noted in the period surrounding RRT initiation [ 14 ]. On one hand, this suggests that 
the defi cits observed are not simply due to uraemia or other electrolyte disturbances 
but that it is worth considering the impact of RRT-associated factors, such as fatigue, 
dizziness, and decreased time for physical activity [ 14 ]. In both the RRT and non- 
RRT populations, other important factors such as polypharmacy and poor baseline 
mobility due to other comorbidities are likely to also play a role [ 17 ,  22 ]. 

 Critically ill patients with impaired renal function, in particular those being on 
continuous RRT (CRRT), frequently experience fl uid and electrolyte disturbances 
due to a loss of minerals, vitamins, amino acids and trace elements leading to seri-
ous consequences. The development of hypophosphatemia due to an enormous 
removal by CRRT is associated with muscular weakness, confusion, respiratory 
failure and arrhythmias [ 23 ]. Thus plasma phosphorus concentrations in critically 
ill patients should be monitored and maintained within normal range [ 23 ]. In 
addition hypomagnesemia is a vital but underdiagnosed electrolyte abnormality 
in critically ill patients and is associated with increased rate of mortality [ 24 ]. 
Symptoms include hyperexcitability, dizziness, muscle cramps, and weakness as 
well as fatigue. Independent of the development of acute renal function loss or the 
need for CRRT, the presence of hypomagnesemia is common among older sub-
jects and mainly associated with malnutrition, diabetes mellitus or the use of 
diuretics or proton pump inhibitors. Normal serum magnesium level should be 
targeted. 
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 In addition, 75 % of dialysis patients aged 60 years or above met criteria for frailty 
[ 25 ]. Falls are one of the markers of frailty and are likely to contribute to functional 
decline and the need for hospitalisation [ 26 ]. The reasons why patients with impaired 
renal function are more likely to fall are multifactorial and include those relating to 
the predisposing cause of a patient’s kidney disease, those relating to loss of kidney 
function itself (e.g. anaemia, uraemia, electrolyte disturbances) and those relating to 
the treatment (e.g. polypharmacy, RRT-associated hypotension or arrhythmias).  

8.4     Cognitive Function 

 ‘Cognition’ is conventionally defi ned as ‘the act or process of knowing’ [ 27 ]; this 
broad term comprises a number of higher mental processes, including those involved 
in information retention and recall, organisation, problem solving, focussing and 
shifting of attention, and language use and comprehension [ 28 ]. 

 The only study addressing cognitive function in patients with AKI investigated 
the potential association between cognition and subsequent mortality [ 29 ]. This 
study found in 439 patients surviving AKI who were treated with RRT (age, 36 % 
60–74 years; 13 % ≥ 75 years) that lower cognition at 60 days after start of RRT was 
associated with higher 1-year mortality. 

 The Assessment, Serial Evaluation and Subsequent Sequelae of Acute Kidney 
Injury (ASSESS-AKI) study plans to prospectively enrol a cohort of 1,100 adult AKI 
patients as well as a cohort of matched hospitalised patients without AKI [ 30 ]. 
Participants will be followed for up to 4 years and will undergo serial evaluation, 
including collection of data on lifestyle behaviours, quality of life and functional sta-
tus, cognitive function, receipt of therapies, and renal and cardiovascular events [ 30 ]. 

 Given the lack of data assessing cognition during and after AKI, the next paragraph 
uses analogies to CKD patients, a high-risk population for the development of AKI. 

    Between 16 and 38 % of patients with ESRD and between 30 and 55 % of those 
aged 75 years or above meet criteria for cognitive impairment [ 31 ]. Cognitive impair-
ment is associated with an increased risk of mortality, prolonged hospitalisation, with-
drawal from RRT, a greater utilisation of health care resources and decreased quality of 
life [ 31 ,  32 ]. It is also likely to have major impact on adherence with instructions relat-
ing to medication or dietary modifi cations and on decision- making for both immediate 
care (e.g. pre-emptive vascular access, choice of dialysis modality) and those regarding 
future management, including end-of-life decisions [ 31 ]. A recent meta-analysis con-
cluded that CKD was a signifi cant and independent risk factor for the development of 
cognitive decline [ 33 ]. Independent of age, there appears to be a graded relationship 
between eGFR and the prevalence of cognitive impairment [ 33 ]. In more than 850 
community-dwelling older adults without dementia (mean age 81), it has been demon-
strated that a lower eGFR at baseline is associated with a greater rate of cognitive 
decline after 3 years, with the same effect as being 3 years older at baseline [ 34 ]. 

 Vascular risk factors such as hypertension and diabetes as well as nonvascular 
‘nephrogenic’ risk factors and treatment-related factors are likely to contribute sub-
stantially towards the cognitive dysfunction seen in this patient group. 
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 Managing cognitive impairment in older patients with AKI or chronic renal 
 function loss requires early recognition and appropriate investigation, before man-
agement of the condition itself. Early recognition can be achieved by cognitive 
impairment screening using brief assessments such as the clock-drawing task or the 
   Mini-Cog test. Once identifi ed, patients should have a full history (including a col-
lateral history from a relative or caregiver), examination and investigations to exclude 
potentially reversible causes of their cognitive impairment, namely, structural head 
imaging (usually CT or MRI) and a serum dementia screen (B12, folate, TFT) 
[ 28 ,  32 ]. Delirium, depression and RRT-dependent causes also need to be excluded. 

 Systematic cognitive testing before RRT initiation and periodically thereafter 
may be warranted.  

8.5     Nutrition 

 Nutritional status is a major prognostic factor in patients with AKI affecting length 
of stay in hospital, complication rates and mortality [ 35 ]. However, how to provide 
nutrition to patients with AKI, particularly older individuals, has not yet been stud-
ied in clinical trials. 

 In the general population, ageing is associated with weight loss and changes in 
body composition, in particular a decline in muscle mass and strength (sarcopenia) 
and an (initial) increase in fat mass [ 36 ,  37 ]. 

 Evaluation of nutritional status in (older) patients with AKI is diffi cult, due to the 
presence of acute illness, pre-existing poor nutritional status, loss of muscle mass, 
acceleration in muscle protein catabolism (e.g. due to sepsis, trauma, surgery or che-
motherapy), alterations in body water distribution (with the presence of oedema and 
fl uid overload), electrolyte disturbances and the increased urea generation [ 38 – 40 ]. 

 Nutrient requirements for patients with AKI are highly heterogeneous, depend-
ing on underlying acute and chronic comorbidities, catabolic rate, metabolic 
derangements and the presence of RRT (mode, fi lter surface area, blood/dialysate/
substitute fl ow). However, the main goals of nutritional support in patients with 
AKI are the same as those for critically ill patients having normal renal function: (1) 
to ensure the delivery of adequate amounts of nutrients, (2) to prevent protein- 
energy wasting, (3) to promote wound healing and tissue reparation and (4) to sup-
port immune system function and reduce mortality [ 38 ]. 

8.5.1     Glucose 

 Acute kidney injury is characterised by an insulin-resistant state leading to 
hyperglycaemia. 

 In more than 6,000 critically ill patients (mean age 60), intensive glucose con-
trol was associated with moderate and severe hypoglycaemia, both of which were 
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associated with an increased risk of death (RR1.41–2.1) [ 41 ]. The association 
exhibits a dose–response relationship; however, data cannot prove a causal rela-
tionship [ 41 ].  

8.5.2     Lipid Metabolism 

 Lipid abnormalities and related clinical consequences are well described in patients 
with CKD. 

 There is also evidence that in patients with AKI, derangements of lipid metabo-
lism including an increase in plasma triglycerides, very low-density lipoproteins 
and low-density lipoprotein as well as a reduction in serum cholesterol and high- 
density lipoprotein occur, most likely related to impaired lipolysis [ 38 ,  42 ].  

8.5.3     Proteins 

 Metabolic disturbances specifi c to AKI can exacerbate the catabolism of critical ill-
ness. Catabolic factors in AKI include insulin resistance, reduced glucogenesis, 
metabolic acidosis, release of infl ammatory mediators, depletion of antioxidative 
substances, secretion of catabolic hormones and several more leading to protein 
breakdown. Data available indicate that there is no metabolic advantage for a pro-
tein restriction in AKI and that moderate increases in protein intake improve nitro-
gen balance without increasing urea generation [ 43 ].  

8.5.4     Micronutrients (Trace Elements, Vitamins, Amino Acids) 

 The dose of micronutrients which should be administered to patients with AKI is 
unknown. However, serum levels of water-soluble vitamins, amino acids and trace 
elements are generally low in patients with AKI especially in those on extracorporeal 
continuous RRT. The effect of RRT on nutritional status will be described in Chap.   7    . 

 Acute kidney injury is characterised by an infl ammatory response in the kidney 
and oxidative stress. Recent experimental data point towards a possible role for 
some pharmaco-nutrients with anti-infl ammatory effects (glutamine and omega-3 
fatty acids), in the prevention of renal function deterioration and in enhancing renal 
function recovery after an episode of AKI [ 38 ,  44 – 46 ]. However, randomised con-
trolled trials investigating patient-related outcomes after supplementation are 
missing. 

 In the absence of controlled evidence, it would seem reasonable to provide at 
least the recommended daily allowance (RDA) of vitamins, trace elements and min-
erals adjusted for estimated losses during RRT. 
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 For CKD, several studies have confi rmed that malnutrition is common in affected 
patients and worsens with age, in particular in haemodialysis patients [ 47 ,  48 ]. This 
is partly due to metabolic factors, but the impact of social factors should not be 
overlooked. This is demonstrated by nutritional data from the BOLDE study which 
has shown that that lower nutritional intake in older patients on dialysis was infl u-
enced by fewer social networks, lower subjective physical quality of life, increased 
postcode deprivation score and the presence of possible depression [ 14 ]. 
Counteracting the conditions that promote malnutrition is challenging for older 
people with ESRD especially in view of their limited intakes.    The haemodialysis 
study (HEMO) showed that the standardised calorie and protein intakes in patients 
aged 65 years and over are lower than in those younger than 50 years, and are 
 substantially lower than recommended [ 49 ]. In addition nutritional intakes, meal 
frequency and appetite were compromised on dialysis compared to non-dialysis 
days [ 50 ].   

8.6     The ‘AKI Card’ 

 A suggestion for improving management of (older) patients with acute-on-chronic 
and chronic-through-acute kidney injury may be equipping patients with an ‘AKI 
card’ – similar to the ‘hypertension pass’ – and, although the evidence in this regard 
may be sparse, such ‘AKI card’ could probably help to facilitate improved patient 
management. 

 For patients after an episode of AKI, the card could include information on pos-
sible cause of AKI, grade (RIFLE/AKIN class) and duration of AKI as well as the 
grade of recovery (eGFR before and after AKI). In addition, in patients with CKD, 
who are at higher risk to develop AKI, the card could include information on the last 
serum creatinine concentration/eGFR value, CKD risk factors and procedures per-
formed (e.g. cardiac surgery, contrast-media administration). Also, information on 
permitted and not advisable medications (e.g. NSAID) and an indication of drug 
dosing according to renal function may be included. A written recommendation to 
the patient for a timely appointment with the nephrology outpatient department for 
regular checkups might also be part of the card.  

8.7     Summary 

 The principal determinants of quality of life, as rated by the older person, are the 
value of being independent and being in control of one’s own life [ 51 ]. This can be 
challenging when managing older patients with or after an episode of acute kidney 
injury (AKI), particularly in those requiring acute renal replacement therapy or 
developing end-stage renal disease secondary to AKI. Not only are features of age-
ing, such as physical and cognitive impairment, more common because of the 

G. Banerjee et al.



81

associated comorbidities, but also the rate of deterioration can be exacerbated by 
renal replacement therapy. Managing cognitive impairment in older patients with 
AKI or chronic renal function loss requires early recognition and appropriate inves-
tigation, before management of the condition itself. 

 Multidisciplinary strategies and the development of an ‘AKI card’ could help to 
reduce long-term morbidity and mortality in older patients with AKI after hospital 
discharge.     
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9.1             Introduction 

 End-of-life care requires the comprehensive assessment and management of a broad 
array of clinical, emotional, social, and spiritual issues. Establishing whether a 
patient has decision-making capacity, identifying their individual goals of care, and 
determining the availability of advance directives are all integral to the decision- 
making process through which the clinician must guide patients and their families. 
Once the ethically appropriate options have been identifi ed, discussion of the bur-
dens and benefi ts of treatments, their impact on quality of life, presentation of sur-
vival statistics, and information specifi c to each patient’s prognosis can be addressed. 
Meanwhile, for some patients the option to withhold or withdraw treatment may be 
an appropriate consideration depending on their overall clinical condition. 

    Chapter 9   
 End-of-Life Decision Making in Older Patients 
with Acute Kidney Injury and End-Stage 
Renal Disease: Ethical Perspectives 

                Sana     R.     Akbar       and     Rebecca     J.     Schmidt     
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 Key Messages 
     1.    End-of-life discussions with elderly patients facing the prospect of dialysis 

are challenging and require acknowledgement of and respect for ethical 
principles.   

   2.    This chapter explores the ethical aspects of end-of-life decision making in 
the elderly patient facing major life transitions and decisions related to (1) 
the pursuit of dialysis because of AKI, (2) the consideration of dialysis 
when there is progression of CKD to ESRD, and (3) the continuation or 
withdrawal of dialysis in patients whose clinical status has changed since 
the initiation of dialysis.     
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 Acute kidney injury occurs in as many as 36–67 % of intensive care unit (ICU) 
patients [ 1 ,  2 ] and is frequently caused by acute tubular necrosis from septic shock. 
Approximately 5 % of ICU patients with AKI require renal replacement therapy. 
For patients with AKI requiring dialysis, observational studies have indicated that 
the hospital mortality rate for AKI in the ICU exceeds 50 % [ 1 – 6 ]. Nephrologists 
commonly see patients at the brink of requiring dialysis to sustain life for whom a 
decision about pursuing dialysis is urgently needed. This decision cannot be made 
in haste. The nephrologist needs to carefully assess the whole situation including 
the medical necessity for dialysis and the ethical issues that may arise pertaining to 
the patients care prior to making the decision. Longer life spans consequent to 
medical and technological advancements have led to an increased prevalence of 
chronic illnesses and an ever growing elderly population. The proportion of patients 
older than 65 years of age starting dialysis has increased by nearly 10 % annually, 
representing an overall increase of 57 % between 1996 and 2003 [ 4 ,  7 ,  8 ]. Older 
CKD patients have unique needs by virtue of advanced age, high prevalence of 
comorbid conditions, slower progression of renal disease, and reduced survival [ 9 ]. 
Nephrologists will continue to see an increasing number of elderly patients with 
renal disease progression facing the decision to undergo or forgo dialysis. 
Discussions dealing with end-of-life issues require knowledge of a patient’s prog-
nosis, a patient’s values, and an understanding of related ethical principles consid-
ered in the context of known medical facts. The decision to start dialysis is a 
personal one that is directed by one’s medical condition and motivated by the 
desire to prolong life and by the willingness to accept the inherent risks and 
burdens. 

 Acceleration of comorbid illnesses in patients on dialysis may be subtle and not 
immediately life threatening but emotionally and physically debilitating for patients 
and their families, in addition to being ethically challenging for their nephrology 
caregiver. Continuing dialysis in patients with clinical deterioration poses an addi-
tional ethical dilemma for nephrology caregivers especially when patients lose 
mental acuity and depend on family members or in some cases, state-appointed 
guardians for decision making. Such a change in clinical status warrants review of 
the benefi ts dialysis is providing to a given patient and should trigger conversation 
about the option of withdrawal. 

 Three clinical scenarios are presented (Boxes  9.1 ,  9.2 , and  9.3 ), which illus-
trate common challenges facing elderly patients with acute and chronic kidney 
failure:

    1.    A patient with AKI and the medical indication for dialysis   
   2.    A patient with progressive CKD who is contemplating dialysis   
   3.    A patient with ESRD on chronic dialysis for whom continuation of dialysis may 

not be warranted due to changes in their clinical presentation    

  Ethical questions common to end-of-life discussions for older patients are listed 
in Table  9.1 .
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    Box 9.1 Acute Kidney Injury in Older Patients 
 A 78-year-old female with medical history of dementia, congestive heart fail-
ure, chronic kidney disease stage III, and severe peripheral vascular disease 
presented with complaints of nausea, decreased oral intake, vomiting, chest 
pain radiating to the back, and decreased urine output. Upon arrival, she was 
found to have a BUN/Cr of 98/8.65, potassium of 6.3 mg/dL, phosphorus of 
7.5 mg/dL, pH of 7.20, and BP of 210/111 mmHg. She was unable to provide 
history due to alteration of her mental status. Her baseline creatinine is 1.2 mg/
dL (eGFR of 45 mL/min 2 months ago). She underwent an emergent CT with 
intravenous contrast to rule out aortic dissection. Upon further history gather-
ing, it was learned that the patient had been prescribed ibuprofen which she 
had been taking on a routine basis for arthritic pains. Prior to admission, the 
patient was residing in an assisted living facility and was unable to perform all 
her activities of daily living. 

    Box 9.2. Advanced Chronic Kidney Disease in Older Patients 
 A 76-year-old male with a history of diabetes, hypertension, new onset 
dementia, coronary artery disease, and history of two percutaneous angioplas-
ties with stents, congestive heart failure (ejection fraction of 25 %), and CKD 
stage IV presents for his routine nephrology follow-up appointment and is 
found to have progressive worsening of his renal parameters. The patient cur-
rently resides in an assisted care living facility and is unable to perform his 
activities of daily living. 

    Box 9.3 Older Patient with End-Stage Renal Disease 
 A 86-year-old female with a history of hypertension, diabetes, coronary artery 
disease, congestive heart failure, and ESRD (on hemodialysis for 5 years) has 
been admitted to the hospital multiple times in the last 3 months for various 
reasons such as volume overload, hypertensive emergency, gastrointestinal 
bleed, and the management of a nonhealing ulcer on the foot. The patient is 
now admitted with anemia (Hb of 7.0 g/dL) and septic shock. During the pro-
longed hospital stay, she is treated with multiple antibiotics and undergoes an 
amputation of the tarsal metatarsal joint initially followed by a below-the- knee 
amputation. She also develops a stage 3 sacral decubitus ulcer. Workup of her 
anemia led to the fi ndings of a colonic mass which on biopsy was found to be 
adenocarcinoma. On imaging, she was also noted to have signifi cant lymph-
adenopathy and hepatic metastases. Patient at baseline is totally dependent on 
others for all activities of daily living. 
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9.2                 Acute Kidney Injury in Older Patients 

 The case of an older patient developing AKI is presented in Box  9.1 . Relevant ethi-
cal questions are listed in Table  9.1 . Presuming the presence of decision-making 
capacity, the patient’s wishes must be determined. When patients have decision- 
making capacity, their wishes are of paramount importance ethically and legally. 
In this case, the patient’s mentation is altered and she is not capable of making 
decisions; hence her wishes are unknown. In these situations, an advance direc-
tive or discussion with the medical power of attorney (MPOA) or health proxy is 
important. 

 The nephrologist must assess the overall clinical scenario and determine the 
medically appropriate options. At this time there is no specifi c age that limits 
nephrologists from offering dialysis to patients; however, the individual patient con-
text must be considered when determining the options and plans for care. Dialysis 
is associated with risks and burdens, and the patient should be informed of these in 
full, particularly in the context of her clinical comorbidities and presentation. 
Options for this patient include (1) to forgo dialysis, (2) to begin dialysis, and (3) to 
undergo a time-limited trial of dialysis. The latter option may be particularly helpful 
to patients whose desire for long-term dialysis is minimal and for whom the prog-
nosis of recovery from AKI is unclear. The ethical principles of patient autonomy, 
benefi cence, and non-malefi cence play a fundamental role in the decision- making 
process of cases such as this one. 

 The decision to begin dialysis in the setting of AKI must be tempered by evolv-
ing literature that suggests that renal replacement therapy may not improve survival 
or quality of life for many elderly patients. Calculators that use patient age, comor-
bidities, and serum albumin level to evaluate prognosis and predict outcomes are 
available for patients with advanced renal disease; similar methods for estimating 
renal prognosis in patients with AKI have not been verifi ed. A lifetime commitment 
to dialysis at this time may not provide a survival benefi t for this patient by virtue 
of her signifi cant comorbid conditions, nor does it guarantee improvement in her 
quality of life. Hence, offering a time-limited trial of dialysis may provide the 
patient time to possibly regain suffi cient mentation and alertness to make a decision 
about long-term dialysis. Uncertainty as to the permanency of her need for dialysis 
makes the decision-making process diffi cult. 

      Table 9.1    Ethical questions   

 1. What are the patient’s wishes? 
 2. Does the patient have decision-making capacity? 
 3. What are the options for the patient? 
 4. Is the nephrologist obligated to dialyze every patient? 
 5. Should a patient’s age be a factor in whether or not to offer dialysis? 
 6. How will dialysis or continued dialysis impact the patient’s quality of life? 
 7. What impact will forgoing, undergoing, or continuing dialysis have on the patient? 
 8. Will proceeding or continuing with dialysis cause harm to the patient? 
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 The consequences of initiating dialysis on the patients’ quality of life and the 
medical, emotional, and spiritual implications of forgoing dialysis must be consid-
ered. In this elderly patient, the presence of multiple comorbidities and moderately 
severe CKD at baseline suggests long-term dialysis might be confounded by the 
need for hospitalizations and complications of chronic illnesses. It is diffi cult to 
predict the likelihood for renal recovery such that dialysis is no longer needed in 
cases such as this with AKI. 

 The impact of forgoing dialysis on quality and quantity of life must also be con-
sidered. Although dialysis is a means to sustain life, it may also be viewed as a 
forestalling of death. Dialysis may be taxing on the patient due to her frailty and 
comorbidities. Forgoing dialysis would require continued medical management of 
the complications of AKI as well as preparing both the patient and the family for the 
dying process and its management. Thus, clarifi cation that quantity of survival may 
not be accompanied by quality of life is an important part of this conversation. 

 Should the patient choose to forgo dialysis and if medical management for AKI 
is not successful and renal function does not recover, comfort measures should 
become the focus of care. Review of literature suggests that 8–22 % of critically ill 
patients suffering an episode of severe AKI fail to recover kidney function during 
hospitalization and need to be discharged on chronic dialysis [ 10 – 12 ]. Data also 
suggests that renal recovery after AKI is approximately 28 % less likely to occur 
when the patient is older than 65 years of age [ 10 ]. In a systematic review and meta- 
analysis performed by Schmitt et al., it was reported that elderly patients tend to do 
better in terms of renal recovery when treated with continuous renal replacement 
therapy rather than intermittent renal replacement therapy [ 12 ]. Patients who choose 
a time-limited trial of dialysis have the opportunity to overcome the acute illness 
and watch for renal recovery. Should a time-limited trial be pursued, a specifi c time 
frame and parameters to assess for propriety of continued dialysis should be deter-
mined at onset.  

9.3     Advanced Chronic Kidney Disease in Older Patients 

 The case of an older patient with advanced CKD is presented in Box  9.2 . The rele-
vant ethical questions that need to be addressed are listed in Table  9.1 . Careful 
assessment of the patient’s overall condition including comorbidities, functional 
status, decision-making capacity, nutritional status, and support system is important 
when deciding whether to offer dialysis or not. In the midst of this decision-making 
process, the ethical principles of patient autonomy, benefi cence, non-malefi cence, 
and professional integrity are key. In a patient with near end-stage congestive heart 
failure, performing frequent renal replacement therapy may pose more risks of 
hemodynamic collapse associated with cardiac stress than benefi ts from uremic 
toxin removal. In addition, the presence of dementia limits the patient’s understand-
ing of their surroundings as well as their ability to cooperate with staff performing 
the dialysis procedure. Thus, in this case, the presence of signifi cant cardiac disease, 
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dementia, and inability to perform activities of daily living suggests that the patient 
will do poorly on dialysis. Moreover, CKD patients in this age group often succumb 
to cardiac disease and do not live long enough to progress to ESRD. Review of lit-
erature suggests that congestive heart failure is associated with poor outcomes in 
patients who are on maintenance hemodialysis. Numerous small cohorts demon-
strate high death rates in patients who have heart failure and are on hemodialysis 
[ 13 ,  14 ]. 

 Given the presence of severe congestive heart failure, new onset dementia, and 
ongoing dependence on others to take care of him, dialysis may prolong but not 
improve this patients’ quality of life, though the latter will be a function of each 
patient’s own set of personal values. As in the previous illustration, the nephrologist 
is obligated to clearly inform the patient and his legal medical decision makers 
about risks and benefi ts of dialysis so that the patient can make an informed deci-
sion about the potential impact of dialysis. Many nephrologists would not consider 
it professionally ethical to offer dialysis to a patient with these clinical conditions 
who is unable to understand the magnitude of the decision at hand and for whom 
dialysis is not likely to provide physical or emotional comfort. 

 Appropriate options for the patient may be to withhold dialysis and pursue 
medical management for his ESRD in this case scenario. An additional option 
might be a time-limited trial of dialysis to see if the patient can tolerate the bur-
dens of dialysis. In the Renal Physicians Association guidelines titled “Clinical 
Practice Guideline for Shared Decision Making in the Appropriate Initiation and 
Withdrawal from Dialysis,” shared decision making is emphasized as the pre-
ferred model for medical decision making, and it addresses the ethical need to 
fully inform patients about the risks and benefi ts of treatments, as well as the 
need to ensure that patients’ values and preferences play a prominent role. In this 
patient, the act of withholding dialysis values the ethical principles of benefi -
cence and non-malefi cence while proceeding with dialysis may subject the patient 
to adverse effects such as hemodynamic compromise and potentially be more 
harmful. 

 Once a patient is determined to have decision-making capacity, the risks, bene-
fi ts, and various options along with survival data should be presented to the patient, 
from which the patient can make an informed decision. In patients with early onset 
dementia and thus limited or no decision-making capacity, an advance directive will 
be instructive and the medical power of attorney or proxy, if known, is needed for 
contextual perspective. In this case, because the patient has early onset dementia 
and is dependent on others to help perform his activities of daily living, the addition 
of dialysis could become burdensome and detract from the patient’s quality of life; 
the need to be transported multiple times a week to and from the dialysis unit and 
the potential for frequent hospitalizations are just some of the potential burdens this 
patient will face. The patient’s inability to comprehend the basis for these burdens 
is an additional consideration. 

 In this case, the potential for doing harm with the pursuit of dialysis may out-
weigh its potential benefi ts. Initiating dialysis may prolong his life, but it is not 
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likely to decrease the degree of his dependence on others for assistance with mobil-
ity and transport. Progression of his dementia may preclude him from understand-
ing the need to sit quietly during the dialysis treatment, subjecting him to the risk of 
bleeding should the needles be displaced. The loss of dignity associated with com-
plete dependency is also a consideration when the impact of dialysis on both the 
quality and quantity of life is balanced.  

9.4     Older Patients with End-Stage Renal Disease 

 Patients with ESRD, such as the patient described in Box  9.3 , especially those of 
older age, often face deterioration in their health status, and changing circumstances 
may impact their clinical tolerance for the dialysis procedure as well as their emo-
tional desire to continue. The relevant ethical questions that need to be addressed 
while continuing care for such a patient are listed in Table  9.1 . 

 In this case, it would be appropriate and ethically responsible to talk to the fam-
ily and patient about withdrawing dialysis. The patient’s current status, the fre-
quency of recent multiple hospital readmissions, multiple surgeries, and ongoing 
poor clinical prognosis are important factors to consider when reviewing a patient’s 
plan of care and may prompt the nephrologist to suggest that this patient withdraw 
from treatment. While considering the various options available to the patient, the 
ethical principles of benefi cence, non-malefi cence, and professional integrity are 
revealed. 

 The recent diagnosis of a life-limiting condition such as an advanced malignancy 
worsens the overall poor prognosis and, if present at the outset of dialysis, may have 
prompted a different decision. Data suggests that there is a high incidence of malig-
nancy in ESRD patients, and most patients are able to tolerate chemotherapy with 
ongoing dialysis; there are limited reports on the prognosis of ESRD patients diag-
nosed with non-treatable cancers or those with signifi cant metastatic disease. In 
cases such as this where the patient has multiple comorbidities and a diagnosis of a 
life-limiting condition, the continuation of dialysis is not likely to improve survival 
or quality of life. This patient may benefi t from a palliative comfort- focused care 
approach without dialysis while in the comfort of their home with family at the 
bedside. There is no mention of incompetency or dementia in this patient; thus, 
presentation of the available clinical data pertinent to their medical condition, treat-
ment options, and prognosis along with a discussion to clarify the patient’s wishes 
for end-of-life care is in order. 

 Even if amenable to treatment, the presence of an advanced malignancy is likely 
to reduce not only survival but also the patient’s functional capacity. The nephrolo-
gist is ethically obligated to discuss the impact of continued dialysis in the context 
of the patient’s changing medical status. The patient may decide that the burdens 
associated with dialysis are no longer acceptable and that withdrawal and support-
ive care are desired.  
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9.5     Specifi c Attention 

 The term “technical imperative” implies an obligation on the part of the nephrolo-
gist to dialyze a patient solely based on medical indications without consideration 
of the risks and benefi ts specifi c to the individual patient. Such an approach not only 
negates the principle of professional integrity but also jeopardizes the principles of 
benefi cence and non-malefi cence. Health economists report that this type of behav-
ior increases cost without necessarily improving patient quality of life. In the United 
States, dialysis patients live approximately one-third as long as non-dialysis patients 
of the same age and gender. The 5-year probability of survival for all ESRD patients 
on dialysis is 39 %, and for those over the age of 65, it is only 18 % [ 15 ]. These poor 
survival statistics highlight the need for comprehensive and repeated assessment of 
patient clinical, emotional, and social status. 

 Patient autonomy, along with the principles of benefi cence and non-malefi cence, 
are of utmost importance. First and foremost is determination of decision-making 
capacity. This will help to determine if the patient or an assigned MPOA will be 
making the decisions of medical care. It is the ethical and professional obligation of 
the nephrologist to explain in detail the patient’s condition pertaining to the renal 
function and the impact of the current ongoing medical issues so that an informed 
decision can be made. If the patient is deemed to have decision-making capacity, the 
nephrologist may discuss the available options with the patient; however, if the 
patient lacks decision-making capacity, then it is essential to seek out the MPOA 
and review the patients’ advance directives, if available. 

 The next major issue to determine is the nature of the patients’ wishes. Did the 
patient have advance directives? There may be circumstances when the wishes of 
the family are counter to those expressed by the patients’ advance directives. In 
these situations the nephrologist must consider the views of the assigned MPOA 
and provide data to clarify potential misunderstandings, and do what is best for the 
patient while respecting the patients’ wishes. If confl ict in decision making persists, 
a palliative or ethics consultation should be obtained. 

 As older patients approach stage IV vs V CKD, discussions clarifying the progres-
sion of CKD are important so that expectations can be clarifi ed, values determined, 
and goals for care set. Shared decision-making involves discussions pertaining to (1) 
the various dialysis modalities available, (2) withholding dialysis while continuing 
medical management, (3) time-limited trials of dialysis, and (4) the possibility that if 
dialysis is begun, withdrawal may become appropriate. The pros and cons related to 
each option must be explained to the patient and/or MPOA with supporting data in a 
clear, empathetic, and concise manner so that an informed decision can be made. 

 Prior to the initiation of dialysis, elderly patients must be informed about its 
modest benefi t in their age group and the possibility of conservative therapy that 
does not involve dialysis. Patients must be informed that they may undergo func-
tional decline during the fi rst year of dialysis and it is likely that they may not expe-
rience any functional improvement with dialysis. Optimal care requires clear, 
informed conversations about the patient’s goals, given his or her disease and the 
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ability of the various treatments to achieve these goals. Numerous studies compar-
ing dialysis with active medical management without dialysis do not uniformly 
show a survival benefi t with dialysis [ 9 ,  16 – 21 ], and the survival advantage, when 
present, may come with substantial burdens that negatively affect quality of life in 
elderly patients. In addition to the occurrence of adverse physical symptoms while 
on dialysis, many patients experience multiple interdialytic symptoms, the aggre-
gate of which can cause diffi culty with activities of daily living [ 9 ,  20 ]. 

 Although dialysis can be seen as a means to sustain life, for patients suffering 
from the associated personal indignities, dialysis may be viewed as merely a fore-
stalling of death. Such a “clinically sustained existence,” as characterized by 
Kaufman et al. [ 22 ], fosters a sense of prolongation without progress. This dilemma 
highlights the need to emphasize to the patient and the MPOA that quality of life 
does not always equate with quantity of survival. Research studies have clearly 
identifi ed a population of CKD patients for whom the prognosis is particularly poor. 
This population has been found to include patients with two or more of the follow-
ing characteristics: (1) elderly (defi ned as patients who are age 75 years and older), 
(2) patients with high comorbidity scores (e.g., modifi ed Charlson Comorbidity 
Index score of 8 or greater), (3) marked functional impairment (e.g., Karnofsky 
Performance Status Scale score of less than 40), and (4) severe chronic malnutrition 
(e.g., serum albumin level less than 2.5 g/dL). Patients in this population should be 
clearly informed that dialysis may not confer a survival advantage or improve func-
tional status over medical management without dialysis and that dialysis entails 
signifi cant burdens that may detract from their quality of life [ 16 ]. Prognostic calcu-
lators and other tools are available to estimate survival in CKD patients facing dialy-
sis [ 23 ]. For patients meeting two or more of the criteria mentioned above, dialysis 
may entail an unnecessary medicalization of death. 

 Professional integrity allows the nephrologist to refrain from offering dialysis to 
patients for whom the risks of dialysis are likely to outweigh the benefi ts. Many 
older CKD patients have a lower likelihood of living long enough to require dialysis 
[ 9 ] and are more likely to die of cardiovascular disease than develop ESRD [ 9 ,  24 ]. 
Further, patients choosing dialysis over maximum conservative management sur-
vived three times as long but had higher hospitalization rates, spent more time in the 
hospital, and were less likely to die at home [ 9 ,  12 ,  18 ]. For patients deciding to 
forgo dialysis, goals of medical management and those measures available to assure 
that the patient is comfortable and pain- free are important factors to present to the 
patient and their families. 

 Changes in clinical status warrant evaluation of the continued propriety of dialy-
sis and consideration for withdrawal. Comorbidities such as congestive heart fail-
ure, peripheral vascular disease, coronary artery disease, chronic obstructive 
pulmonary disease, and cancer confer increased risk of death on dialysis and predict 
poorer survival. A high prevalence of frailty has been noted among older patients on 
dialysis and is associated with a threefold higher risk of death [ 9 ]. Marked func-
tional impairment, a history of falls, and the inability to transfer are indicators of 
poor prognosis along with hypo-albuminemia in patients on dialysis [ 9 ,  20 ]. The 
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surprise question, “Would I be surprised if this patient died in the next 12 months?” 
has been recognized as a simple and reliable method of identifying sicker incident 
dialysis patients at high risk for early death [ 9 ,  25 ]. Cohen et al. found fi ve variables 
to be independently associated with early mortality: older age, dementia, hypo-
albuminemia, diagnosis of peripheral vascular occlusive  disease, and a negative 
response to the surprise question. An integrated 6-month prognostic tool using 
these variables has been validated for prevalent hemodialysis population [ 9 ,  26 ]. 
These tools must be used in order to give the patient and their family information 
about prognosis and survival so they can make an informed decision.  

9.6     Summary 

 End-of-life discussions and decision making in the elderly patients with acute kid-
ney injury, progressive CKD, or those patients with ESRD require an age-attuned 
approach, and as with all such conversations, the clinician must be clear and empa-
thetic in their communication. Discussions and decisions with regard to dialysis in 
the elderly patients with advanced CKD should ideally begin long before symptoms 
occur and dialysis is needed. Determination of decision-making capacity and deter-
mining a health care surrogate are of utmost importance. Shared decision making is 
the preferred model for medical decision making because it addresses the ethical 
need to fully inform patients about the risks and benefi ts of the various treatment 
options, as well as the need to ensure that the patients’ values and preferences play 
a prominent role [ 16 ]. Informed consent for older patients should include presenta-
tion of risks, benefi ts, and burdens associated with dialysis, age-specifi c estimates 
of prognosis with and without dialysis, and potential for loss of independence and 
decline in functional status with initiation of dialysis [ 9 ]. 

 End-of-life discussions require acknowledgement and respect for the ethical 
principles of benefi cence, non-malefi cence, and professional integrity. Decisions 
must be based on the preferences of the patient as expressed by an advance directive 
or assigned decision maker. In situations where the patient lacks decision-making 
capacity, review of the patients’ wishes as documented in the advance directives or 
known to the medical power of attorney (MPOA) is required. When faced with situ-
ations where the wishes of the MPOA are not the wishes of the patient or are in 
confl ict with the advance directives, the nephrologist and the MPOA must come to 
a consensus that supports the patients’ wishes. 

 Dialysis may not be the best option for some patients, and the decision to pursue 
dialysis will be infl uenced by clinical, psychosocial, and emotional factors contrib-
uting to current status as well as prognosis. Contextual issues facing patients with 
AKI, progressive CKD, or those on dialysis with deteriorating clinical status consti-
tute important ethical considerations when making decisions to start or stop dialy-
sis. The care of our elderly patients requires an age-attuned approach, and 
nephrologists are uniquely poised to ensure that whatever decisions are made, 
 comfort is provided and the dying process is peaceful and dignifi ed.     
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