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  Pref ace   

 I will always be indebted to three remarkable individuals who helped shape my 
career in ways I could never have imagined. Professor Edwina A Brown, who was 
a guiding force through my early days in Nephrology, Professor Karl D Nolph 
(deceased), who believed in me and took me under his wings within a few minutes 
of meeting me in Sweden and Professor Zbylut J Twardowski, a brillliant scientist 
and inventor, who continues to amaze me with his intellectual curiosity to this day. 

 Older adults comprise a steadily increasing segment of the dialysis population. 
They are a special patient subset with needs that are different from the average adult 
patient on dialysis. From the time of decision to initiate patients on dialysis, up to 
the time of their death or withdrawal from dialysis, nephrologists often encounter 
situations that may seem uniquely challenging. Their dialysis prescription as well as 
the management of dialysis-related complications is often based on information 
extrapolated from observations derived from younger adults. 

 This clinical handbook is not meant to provide the reader with information about 
the technical or other general aspects of dialysis. In fact, it assumes that one is 
already conversant with such information. This book attempts to embed such knowl-
edge base with the nuances of managing an older patient with ESRD. 

 The authors of various chapters are recognized experts in their respective fi elds. 
This ensures clarity of content throughout the book. Each chapter ends with certain 
key points highlighting the main message of the chapter. This is meant to provide a 
quick reference tool when looking for specifi c information in the book. 

 The book is structured to provide specifi c topics related to dialyzing the older 
adult in a logical sequence. The key theme underpinning this book is the focus on 
managing the older patient as a whole. Consequently, the range of the book is wide 
and comprehensive. The early part of the book focuses on chapters related to the 
scope of this problem as well as the impact of pre-dialysis education on modality 
choice. Topics like these as well as the later topics near the end of the book deal with 
subjects that even though of great signifi cance, often do not receive the attention 
that they deserve. The chapters related to hemodialysis focus on important issues 
particularly relevant to the older patient including access, hemodynamic consider-
ations, and home hemodialysis. Likewise, the modality of peritoneal dialysis is 
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discussed with a special emphasis on the logistical models of its delivery in various 
settings like home (independent and assisted) as well as nursing home. 

 The book is unique in several other aspects. Rather than being restricted only to 
chronic dialysis, it also discusses dialysis of older adults in special clinical situa-
tions like acute kidney injury and congestive heart failure. More specifi cally, this 
book’s uniqueness lies in its ability to address several key areas in regard to ESRD 
and dialysis in the older adult patient. These include topics on blood pressure man-
agement, adequacy of dialysis, anemia, mineral bone disease, and altered 
pharmacology. 

 This book is a clinical handbook and is thus expected to serve as a quick and 
practical tool for easy reference when managing an older adult on dialysis. Since the 
content of the book builds upon the knowledge base related to dialysis, it may be 
useful for both the budding nephrologists and the mature physicians with specifi c 
questions. 

 I would like to thank all the authors for their excellent contributions and patience 
throughout the production of this book.  

  Columbia, MO, USA     Madhukar     Misra     

Preface
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    Chapter 1   
 ESRD in the Elderly: The Scope 
of the Problem                     

       Madhukar     Misra     

           Introduction 

 The elderly (age >65 years) and the very elderly patients (age >75 years) constitute 
the fastest growing segment of patients starting dialysis. One out of every four 
patients starting dialysis in the USA is above the age of 75 years. There has been a 
huge increase in octogenarians and nonagenarians starting dialysis. Maintenance 
hemodialysis (HD) is often the initial dialysis modality of such patients with mul-
tiple comorbidities. 

 Initiating dialysis in the elderly is often fraught with multiple issues that may 
impact the ultimate outcome. These issues relate to awareness as well as prefer-
ences of elderly patients regarding options for renal replacement therapy (RRT), 
psychosocial circumstances, general frailty, comorbid load, and lack of clarity about 
goals of therapy (prolonging survival and/or improvement in quality of life – QOL). 
Palliative care and end-of-life decision making also form a major dimension of the 
decision-making process. 

 Thus, a burgeoning elderly dialysis population with its attendant comorbidities 
and rising costs is a major problem. This is compounded by inadequately trained 
nephrologists in certain basic aspects of geriatrics, making this issue even more 
complicated. 

 Dialysis decision making in the elderly is a complex process. It includes deci-
sions involving the transition to dialysis, the pros and cons of dialysis versus no 
dialysis (conservative care), palliative care, as well as delineating the relative impor-
tance of survival versus quality of life (QOL). This chapter will outline the scope 
and magnitude of the problems faced while dialyzing the elderly population.  

        M.   Misra ,  MD, FRCP (UK), FACP, FASN      
  Division of Nephrology, Department of Medicine , 
 University of Missouri ,   Columbia ,  MO ,  USA   
 e-mail: misram@health.missouri.edu  

mailto:misram@health.missouri.edu
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    The Steadily Rising Elderly Dialysis Population 

 More than 400 people per million start dialysis each year in the USA. Of these, a 
third (or more) are 65 years or older and account for about 42 % of costs of dialysis 
care in the USA. The mean age of prevalent hemodialysis patients is also on the rise 
worldwide. Patients above 75 years of age comprise anywhere between 18 and 40 % 
of prevalent patients [ 1 ]. Within the elderly population, the incident rates of dialysis 
initiation rise with increasing age.  

    The Burden of Comorbidity in the Elderly Dialysis Patient 

 Many elderly dialysis patients may have serious comorbidities like diabetes, heart 
failure, stroke, and dementia. Almost a third of them have four or more chronic 
conditions. The elderly dialysis patients often are frail, are prone to falls, and have 
impaired functional and cognitive abilities. They often suffer from a large symptom 
burden due to nonrenal causes. Frailty is common in dialysis patients, especially in 
those above 80 years. Frailty is diagnosed by the presence of three out of fi ve quali-
fying symptoms (unintentional weight loss, self-reported exhaustion, slow gait 
speed, strength measured by a hand grip, and low physical activity) [ 2 ]. Elderly 
patients are more prone to falls and suffer from impaired functional and cognitive 
abilities. The elderly nursing home residents experience a signifi cant loss in func-
tional independence within the fi rst 6 months of dialysis initiation [ 3 ]. These geriat-
ric issues in the elderly with ESRD need special training for expert management. 
Geriatric nephrology is becoming an increasingly important component of dialysis 
practice. Given the above scenario, there has to be a paradigm shift in the way 
nephrologists get trained.  

    The Spiraling Cost of Care of the Elderly 

 In 2012, spending for ESRD patients increased 3.2 % to $ 28.6 billion. The steady 
rise in the elderly dialysis population, especially those with multiple comorbidities, 
contributes to the rise in the cost of dialysis care. Medicare data report even higher 
costs in the elderly with diabetes mellitus and congestive heart failure. Elderly 
patients with high scores of Charleston comorbidity index (CCI) show increased 
lengths of hospital stay and increased utilization of resources [ 4 ]. The higher cost of 
providing dialysis to the elderly (above 70) is mainly due to the actual cost of dialy-
sis treatment rather than the cost of community and social services [ 5 ]. Dialysis 
provides questionable benefi t in survival in the very elderly. This raises the question 
if the very sick elderly dialysis patients should be offered dialysis or not. This is a 
controversial issue and a serious discussion is out of the scope of this chapter. 
However, it does underscore the importance of conservative/palliative care in 
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dialysis. It is possible that conservative and/or palliative care in certain subset of 
patients may be a better alternative to dialysis where not much stands to be gained 
in survival and/or quality of life (QOL).  

    The Pre-dialysis Care and Complexities of Decision Making 

 Limited life expectancy on dialysis together with its variable effects on the 
 functional status and quality of life in the elderly often make it diffi cult to objec-
tively assess the effect of dialysis on survival. A major problem in this area is 
unplanned start of dialysis. In the USA alone, 42 % of incident dialysis patients 
start dialysis without having seen a nephrologist. The elderly patients who start 
dialysis in the hospital after an acute illness face the worst outcomes, with high 
early and late mortality. A signifi cant number of those who get discharged end up 
losing functional independence [ 6 ] affecting their QOL. The time of initiation of 
dialysis in debilitated nursing home elderly patients is the so-called danger 
period with steep decline in functional independence and a rise in the incidence 
of death. Timely, comprehensive, and multidisciplinary pre-dialysis care is there-
fore mandatory and can make transition to dialysis easier in this vulnerable 
population.  

    Modality Choice in the Elderly 

 Many elderly patients may not be offered a choice of dialysis modality. Almost half 
of the patients on HD in the BOLDE study reported that they were not offered a 
modality choice even though almost 80 % of the patients on HD wanted to make 
such a choice [ 7 ]. When deciding the modality choice in the elderly dialysis patient, 
a comprehensive approach should incorporate the following in regard to the patient: 
life expectancy, preference, and benefi ts versus risks of therapy. 

    Life Expectancy 

 The expected overall survival on HD versus peritoneal dialysis (PD) is similar 
except in the elderly >65 years of age with diabetes.  

    Preference 

 Patients may prefer PD over HD owing to greater satisfaction with care on PD, 
although in general, the QOL overtime between the two modalities is similar [ 8 ].  

1 ESRD in the Elderly: The Scope of the Problem
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    Benefi ts and Risks of Dialysis Modalities (HD Versus PD) 

 The relative benefi ts versus risks between PD and HD may also impact choice of 
modality of dialysis. The risks include modality transfer, infections, access-related 
issues, QOL, and satisfaction with care. In the USA, elderly patients primarily 
switch from PD to HD for a variety of reasons, i.e., recurrent peritonitis, failure of 
ultrafi ltration, and catheter malfunction. Such switches increase treatment burden 
and cost. Infection-related morbidity is commoner in the HD patients primarily due 
to the preferential use of central venous catheters (CVCs) in this population. Lack 
of pre-dialysis care often leads to use of central venous catheters (CVCs) as the 
predominant mode of dialysis access. The use of CVCs is highest in North America 
within the developed world. Overall, PD may be associated with a lower early risk 
due to a reduction in infection-related morbidity (due to CVCs used in HD). 
However, the late risk may be higher on PD owing to switch to HD (with a CVC). 
There is evidence that in elderly with average or above-average life expectancy, PD 
confers a lower lifetime risk related for hospitalization due to sepsis compared to 
HD with a CVC. However, in the elderly with limited life expectancy, such rationale 
to prefer PD over HD (with a CVC) may not be justifi ed. 

 Both home-based therapies (HD and PD) and in-center HD are options for dialy-
sis in the elderly patients. Most elderly dialysis patients start on HD as the initial 
modality (in-center, satellite, or home). In general, in-center HD is the most com-
mon mode of RRT for the elderly. In the USA, in-center HD is the commonest 
modality [ 9 ]. 

 Regardless of the type of dialysis, elderly patients often encounter both perceived 
and real challenges when considering home-based RRT. These may include con-
cerns related to home storage space and the often required alterations for water and 
wiring, lack of family support, as well as physical and functional debility. Some 
may apprehend social isolation by the thought of home-based dialysis. 

 However, there is increasing interest in promoting the use of home dialysis thera-
pies in the elderly. Besides home HD and PD, assisted PD is another form of home 
therapy that can be offered to the elderly. In this instance, help offered by PD nurses 
at patients’ homes can help reduce therapy cost. Both HD and PD can be offered at 
nursing homes but require dedicated staff and consistent supervision by skilled off- 
site nephrologists. 

 The concept of “conservative” or non-dialysis care is gaining increasing acceptance 
as an alternative means to the management of elderly patients with end-stage renal 
disease. With properly timed multidisciplinary planning, conservative care offers a 
structured way for managing symptom burden and QOL in selected elderly patients   

    Survival of the Elderly on Dialysis 

 The elderly patients are a truly heterogeneous lot. In the USA, the median survival 
after start of dialysis falls with increasing age and is reported to be as low as 
15.6 months in those above 80 [ 10 ]. In a UK study, the median survival of 
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octogenarians was reported to be 28.9 months and was considerably higher than 
8.9 months in those who chose conservative care. Such data seem to suggest that 
there may be some gain in survival with dialysis in this age group [ 11 ]. Of note, 
there has been no change in the exceptionally high one-year mortality in octogenar-
ians and nonagenarians over the years. In this age group, the relatively fl at rate of 
survival over the years raises the question if dialysis prolongs survival. The years 
spent on dialysis may be considered as a proxy for years of life gained since other-
wise the patients would have died [ 12 ]. In the North Thames Dialysis Study (NDTS) 
[ 12 ], mortality was associated with both age and peripheral vascular disease. Thus, 
both age and comorbidity are important in the elderly when examining survival. 

 The survival on those between 70 and 80 years of age is only marginally better 
[ 13 ]. In the USA, the one-year survival in those 75 years or older is 54 %. Although 
registry data report higher mortality rates in the North American continent, one has 
to bear in mind that different population subgroups with differing comorbidities and 
access to care may impact such observations. On the other hand, relatively healthy 
elderly patients may do well on dialysis. Interestingly, withdrawal from dialysis is 
the second most common cause of cause of death in the dialysis patients above 75 
years of age. 

 The number of comorbid conditions increases with age. As compared to an aver-
age of 2.5 chronic comorbidities affl icting individuals below the age of 70, those 
above 70 years of age have double the number of comorbidities. The relative risk of 
mortality with ESRD (as compared to individuals with no ESRD) is higher, 20, at 
age 45 than at the age of 75 when it is less than 3. Some studies have reported that 
it is not only the type but the number of comorbidities that may be important in 
individual patients when estimating the benefi ts of dialysis. 

 One has to bear in mind that the defi nition of survival may vary with the time 
of onset of ESRD which may be measured from the time GFR falls to less than 
15 ml/min to when patients start dialysis. Other factors like late referral bias, as 
well as lack of meaningful data on the elderly who undergo conservative care, 
make survival data diffi cult to interpret. Time to referral and pre-dialysis planning 
can also impact survival in the elderly population. These patients are often referred 
late to the nephrologists. Available reports suggest an association between late 
referral and poorer outcomes (early death, prolonged and recurrent hospitaliza-
tions, etc.). Late referral may be associated with similar risk both in the elderly 
and the nonelderly patients. However, since relatively more elderly patients are 
referred late, this accounts for a large proportion of excess mortality on dialysis 
[ 14 ]. A recent report suggested that despite earlier referral to nephrologists, there 
has not been a meaningful impact on survival of elderly patients [ 15 ]. However, 
this report did not address issues like severity of CKD and comorbid load at the 
time of nephrology referral. Neither did it assess other important outcomes like 
hospitalization rates, cost of care, etc. 

 There is no doubt that multiple comorbidities and poor functional status at the 
start of dialysis have an adverse impact on outcome with almost 25 % mortality rate 
in the fi rst 3 months. In high-risk patients with signifi cant morbidity and functional 
dependence, there may not be much gain in survival. In this regard, the nursing 
home population is especially at risk with less than half of this population surviving 
after the fi rst 9 months [ 3 ]. Multiple tools are available to help defi ne prognosis of 

1 ESRD in the Elderly: The Scope of the Problem
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such patients. These take into account factors like comorbidity and mental and 
 functional disability. These factors are then used to assign risk scores for predicting 
survival [ 16 ,  17 ]. A patient’s own nephrologist may in some instances be able to 
provide a unique perspective on the patient’s prognosis [ 18 ].  

    Quality of Life (QOL) 

 In many elderly patients on dialysis, QOL may be equally important to survival. In 
some, it may score even higher on the priority scale. In other words, dialysis 
should not only add “years to life” but should also add “life to years.” For some, a 
visit to the HD unit may provide a means for social interaction and add to the 
overall quality of life. The elderly HD patients may in fact fare better than their 
younger counterparts on SF-36 scores [ 19 ]. In the NTDS [ 5 ], the elderly dialysis 
patients reported mental QOL scores that were similar to the general elderly popu-
lation in the USA or the UK. However, the physical scores were lower in the dialy-
sis patients. Data from the BOLDE study [ 7 ] show that there is no signifi cant 
difference in QOL between HD and PD. However, the elderly reported less illness 
intrusion by PD than HD. A recent study has reported that the nephrologists would 
avoid dialysis recommendation if it was expected to considerably reduce QOL 
[ 20 ]. It is obvious that apart from patient preference, comorbidity, cognitive 
 ability, and QOL are obvious factors that should guide dialysis decision making in 
the elderly patients.  

    Conservative Care 

 The concept that dialysis may not be the only option for the elderly with ESRD 
has gained ground over the last several years. It is now accepted that a subset of 
elderly ESRD patients (those with multiple comorbidities, patients who have 
made an informed choice, etc.) may elect to forgo dialysis and instead opt for 
conservative care. Conservative care is often misconstrued as palliative care. In 
reality it is an actively managed care of the elderly ESRD patient with emphasis 
on close monitoring as well as management of various clinical, psychological, 
and functional parameters on a regular basis. However, nephrologists’ perspective 
on offering such care varies widely in reported studies [ 21 ]. Such disparity of 
perspective also exists between primary care physicians and nephrologists [ 22 ]. 
One of the key factors in considering such option is adopting a shared decision-
making approach involving all personnel (primary physician, nephrologist, social 
worker, dietician, home nurse, etc.). The overall survival of patients with conser-
vative care may be lower than those who choose to dialyze. However, such patients 
often end up spending a majority of their fi nal days in the dialysis units and/or in 
the hospital [ 21 ]. 
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    Chapter 2   
 How to Choose the Type of Dialysis 
in the Elderly Patient                     

       Lina     Johansson     and     Edwina     A.     Brown     

            Introduction 

 Only a few patients over the age of 70 will be eligible for transplantation, so the 
older patient starting dialysis will remain on this treatment for the rest of their life. 
Choice of dialysis modality will not affect patient survival but will have a major 
impact on patient lifestyle and therefore quality of life. The decision about dialysis 
modality is therefore a crucially important one, and the choice should be made with 
the patient. This requires the clinician (nephrologist, dialysis educator, etc.) to have 
a realistic understanding about life on haemodialysis (HD) and peritoneal dialysis 
(PD) for older people in general and for the patient in particular. The patient (and 
family/carers) also needs appropriate unbiased education about the pros and cons of 
HD and PD and how both will affect their lifestyle and overall prognosis. This pro-
cess is called “shared decision making”. To ensure that this happens with each 
patient about to start dialysis, it is useful to break the process down into a series of 
steps as shown in Table  2.1 .
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       Features of Ageing 

 Most of the features of ageing are more common in patients with CKD, and in  particular 
those approaching dialysis, than in the general population. This is partly due to the 
associated comorbidities and partly due to factors associated with poor kidney function. 
All are going to impact on the patient’s lifestyle and their ability to cope with dialysis 
[ 1 ]. When assessing elderly patients for dialysis, the full impact of dialysis should be 
discussed in a realistic manner so that measures can be taken to limit further deteriora-
tion and to ameliorate the situation with appropriate multidisciplinary support. 

 It is helpful to divide the limitations associated with ageing into physical and 
psychosocial factors:

    Physical : impaired physical function, falls, impaired cognitive function, poor nutri-
tional status, arthritis, impaired vision, impaired hearing  

   Psychosocial : social isolation, bereavement, depression, fi nancial problems    

  Impaired physical function and cognitive function are particularly common and 
have major implications for starting dialysis so will now be considered in more depth . 

    Impaired Physical Function 

 More frequently impaired in patients with ESRD than in the general population. 

    Causes 

•     Physical inactivity related to comorbidities and poor general well-being.  

   Table 2.1    Steps required for choice of dialysis modality   

 Clinician: 
   Knowledge of patient’s current lifestyle and need for social support 
   Knowledge of patient’s comorbidities and how they will affect overall prognosis 
   Consideration of how patient will cope with HD, associated transport and vascular access 
   Consideration of how patient will cope with PD and whether any barriers could be overcome 

with assistance from family or healthcare professional 
 Patient: 
   Received and understood information about dialysis options 
   Considered what is important to him/her about their lifestyle and future goals 
   Understands how HD will affect lifestyle and goals 
   Understands how PD will affect lifestyle and goals 
 Patient and clinician together: 
   Determine whether patient is ready to make decision 
   Consider using decision aid 
   Patient makes decision about dialysis modality; clinician checks that patient understands 

implications 

L. Johansson and E.A. Brown
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•   Polypharmacy – many medications cause lethargy, postural hypotension and 
dizziness.  

•   Poor nutritional status – due to several reasons, e.g. increasing diffi culties in food 
preparation, declining sense of taste and smell, poor dentition.  

•   Metabolic, e.g. acidosis, electrolyte abnormalities, hyperparathyroidism associ-
ated with renal impairment affecting muscle metabolism.  

•   Vicious cycle with depression – depression causing physical inactivity which 
then results in worsening physical function.     

    Assessment 

•     Basic activities of daily living – does the patient dress, bathe, eat independently 
or require assistance?  

•   How far can the patient walk and do they need aids – and, if so, what?  
•   Instrumental activities of daily living – does the patient do household tasks such 

as cleaning, shopping and cooking independently or require assistance?     

    Implications for Starting Dialysis 

•     Haemodialysis: consider impact of requiring transport to and from dialysis cen-
tre – time of journey, waiting at home or in dialysis centre, discomfort.  

•   Peritoneal dialysis: diffi culty in emptying and lifting bags of dialysate; may need 
assistance from family or healthcare worker.  

•   Good evidence of often dramatic decline in physical function in the fi rst 6 months 
of starting dialysis [ 2 ,  3 ].     

    Management 

•     Maximise treatment of underlying metabolic problems – anaemia, bone disease, 
acidosis and nutrition.  

•   Consider and treat possible depression.  
•   Encourage physical activity and consider referral to physiotherapy.  
•   Ensure that the patient has appropriate social support.      

    Cognitive Impairment 

 There is good evidence that not only is cognitive impairment more common but also 
that rate of decline is more rapid as kidney function declines [ 4 ,  5 ]. Executive func-
tion appears to be affected more than memory. The diagnosis is often not considered 
and only becomes apparent when diffi culties are encountered when training the 
patient for peritoneal dialysis. 

2 How to Choose the Type of Dialysis in the Elderly Patient
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    Causes 

•     Cerebrovascular disease associated with increased vascular risk factors in kidney 
disease, particularly diabetes and hypertension.  

•   Polypharmacy causing hypotension, confusion, drowsiness.  
•   Metabolic factors associated with renal disease and accumulation of “uremic 

toxins”.     

    Assessment 

•     Ask patient and family about memory problems and whether any diffi culties 
with daily tasks and how these have changed over time.  

•   Cognitive function testing is not but should become part of the routine assess-
ment of patients with kidney disease (no different than measuring haemoglobin 
or plasma phosphate levels).  

•   Initial screen – use simple tests that can be done quickly – and remember to assess 
memory and executive function. Suggested simple tests are the abbreviated 
 mental test score (AMTS), memory; 6-item cognitive impairment test (6 CIT), 
memory; clock drawing (CLOX 1), executive function; and Montreal Cognitive 
Assessment (MOCA), cognitive impairment.     

    Implications for Starting Dialysis 

•     High risk of further decline, though this needs further study.  
•   Haemodialysis: drops in blood pressure during dialysis could exacerbate rate of 

decline; visits to dialysis unit could be disorientating causing worsening confu-
sion in patients with more advanced cognitive problems.  

•   Peritoneal dialysis: theoretically rate of decline could be slower than HD as 
blood pressure is more stable – but there are no comparative studies. However, 
cognitive dysfunction, particularly impaired executive function, will impede 
patient learning PD technique, so assistance from family or healthcare profes-
sional may be needed.     

    Management 

•     No good studies in patients with kidney disease and no evidence of benefi t of drugs.  
•   Ensure that patient has appropriate social support.  
•   Assess for and treat any underlying depression.  
•   Avoid factors that could predispose to development of delirium when patient 

admitted to hospital.  
•   Determine wishes of patient and family about level of care if cognitive function 

deteriorates and patient no longer able to self-care or has capacity to make own 
decisions.       
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    Haemodialysis or Peritoneal Dialysis? 

 Discussions relating to choice of dialysis modality should be based on the patient 
perspective and not on what is convenient for the doctor or biased by local politics. 
Patients are going to want to know whether there is any difference in survival, 
 complications and impact on lifestyle. 

    Survival 

 There are no randomised studies comparing outcomes on HD and PD. In most 
 countries, HD and PD populations are very different with PD mostly being used for 
younger patients with less comorbidity and with a higher proportion at work. This is 
not true, though, in France where assisted PD is widely available (see Chap.   6    ) and 
the PD population is predominantly elderly [ 6 ]. Comparisons of survival are therefore 
diffi cult and depend on multiple statistical adjustments. Modality did not affect sur-
vival of 14,512 older Canadian patients between 1990 and 1999 when adjusting for 
several characteristics, e.g. gender and comorbid conditions [ 7 ]. European data sug-
gests a survival advantage for PD for patients age >70 years with a hazard ratio of 
0.87 [ 8 ]. In effect, for the individual, this is small so, realistically, one should inform 
patients that survival is not affected by dialysis modality. The choice of HD or PD, 
therefore, should depend on the effect on patient lifestyle and quality of life.  

    Lifestyle 

 Both types of dialysis modality have advantages and disadvantages as shown in 
Table  2.2 . It is important to be realistic about these to enable the patient to make the 
best decision for him/herself.

   Table 2.2    Comparison of HD and PD from the patient perspective   

 Haemodialysis  Peritoneal dialysis 

 Hospital-based treatment 
   Not dependent on patient ability 
   Can provide social structure for frail 

elderly 
   Transport (journey and waiting time) 

needs to be added into treatment time 
   Often feel washed out for hours after 

HD session 
   Interferes with social and family life 
 Increased hospitalisation for vascular 
access problems 
 Diffi cult to travel for holidays or 
visiting family 

 Home-based treatment 
   Patient independence 
   Fits in with family responsibilities and social 

activities 
   Can be done by carer (paid assistant or family) 
   Less visits to hospital 
 Flexibility of manual exchanges (3–4/day) or 
automated cycling machine over night 
 Requires space in the home to store boxes of fl uid 
 Treatment burden related to daily and repetitive 
nature of performing exchanges 
 Easier to travel to go on holiday or visit family 
nationally or overseas 

2 How to Choose the Type of Dialysis in the Elderly Patient
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       Quality of Life 

 There are only two studies comparing quality of life on HD and PD in older patients. 
The North Thames Dialysis Study was carried out in the late 1990s when 40 % of 
patients were on PD in the UK (most of these patients would not be offered PD 
today). This study showed that survival and quality of life of patients ≥70 years old 
starting dialysis were not different for HD and PD [ 9 ,  10 ]. BOLDE (Broadening 
Options for Long-term Dialysis in the Elderly) is a more recent study which has also 
shown that quality of life is the same on PD and HD but that there is signifi cantly 
less illness and treatment intrusion for patients on PD compared to those on HD 
[ 11 ]. This is important information to give patients when deciding about dialysis 
modality.   

    Education in the Elderly 

 Education for the elderly needs to be tailored to the specifi c needs of this patient 
group. The various aspects that should be considered in any educational program for 
older people are listed in Table  2.3  and will be discussed in further detail below. In 
addition, any educational programme should involve the patient’s close persons, 

     Table 2.3    Educational considerations and suggested actions in older people who are approaching 
end-stage renal disease   

 Educational 
considerations  Suggested actions 

 Cognitive 
dysfunction 

 May require repeating information to assist those with memory 
problems 
 Provide information (written and verbal) that is easy to understand and 
avoid medical terminology jargon. Aim for a Flesch readability score of 
no more than 60–70 [ 15 ] by using everyday language 
 Be direct and specifi c with the information provided 
 Make information brief with 3–5 key points per section 
 Use the active voice 
 Use pictures to help explain information but avoid complex diagrams 

 Visual and hearing 
impairments 

 Use type size of at least 12 points. Use 14 points for smaller fonts such 
as Times New Roman. Use even larger sizes for titles 
 Use serif typefaces, e.g. Times New Roman 
 Use double space text where possible 
 Align text to the left margin 
 Ensure audio is clear and suffi ciently loud enough 

 Physical impairments 
hindering attending 
educational sessions 

 Ensure the patient is able to physically attend and access the educational 
sessions 

 Less usage of 
Web-based 
educational materials 

 Ensure paper formats available for all information provided to the 
patient or offer assisted learning and devices for Internet- based learning 
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e.g. family, friends and caregivers, as each dialysis modality is likely to have an 
impact on the patients’ wider support network.

      Cognitive Dysfunction 

 The prevalence of cognitive dysfunction in older people with CKD is higher when 
compared to the general population. In older people living in the community or 
institutions in Canada, prevalence of cognitive dysfunction ranged from 11 to 30 % 
in those aged 65 years to >85 years [ 12 ]. By comparison, estimates of cognitive 
dysfunction in older people on HD can be as high as 87 % [ 13 ]. To support older 
people in understanding modality education, information must be accessible and 
easy to understand. This is not always observed as 71 % of information leafl ets 
provided to patients about dialysis treatment options in the UK required at least the 
level of reading and understanding equivalent to that required for a life insurance 
policy [ 14 ].  

    Visual and Hearing Impairments 

 Approximately 30 % of older adults (general population in Sweden) aged 70 years 
have problems with their vision or hearing [ 16 ]. In unpublished data on 65 older 
patients who had recently started HD, 40 % had self-reported problems with their 
eyesight and 26 % had problems with their hearing. Therefore, several tips are pro-
vided on how to improve readability of learning materials (Table  2.3 ).  

    Physical Impairments 

 This has been described in detail above. It is important to ensure that educational 
sessions are physically accessible to older people and that transport is available 
where required.  

    Less Usage of Web-Based Educational Materials 

 Even though older people (aged 65 years and older) are increasingly using the 
Internet, only 40 % used it for internet purchases compared to 70 % of people aged 
55–64 years in the UK in 2012 [ 17 ]. Therefore, educational materials need to be 
available in formats other than on the Internet for older people.   

2 How to Choose the Type of Dialysis in the Elderly Patient
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    Education and Dialysis Modality Decision Making 

 It has been shown that when increasing the complexity of a task, comprehension 
and consistency in making decisions were poorer in older compared to younger 
people [ 18 ]. Therefore, systematic decision making can be more challenging for 
older people as it requires more effort in acquiring new information to make an 
informed decision. However, relying to a greater extent on simpler and less cogni-
tively demanding strategies does not necessarily compromise the quality of deci-
sions relative to younger people, when full, understandable information is provided 
(see the actions listed in Table  2.3  which can support the older person achieve 
greater understanding of the complex information relating to dialysis modality 
choices). This is because older people employ a greater use of affective decision 
making which makes use of gut instinct, life experience and knowledge to support 
the decisional process. When delivering dialysis modality education, providing real 
examples that contain relatable stories may help patients or readers apply the infor-
mation to their personal experiences and life. 

 There are several other factors that can play a signifi cant role on the dialysis 
modality decision-making process. Fundamentally, patients still perceive a lack of 
opportunity in deciding about the choice of dialysis modality. Patients also need to 
accept their diagnosis of end-stage renal disease and understand how their condition 
may progress. This can be challenging due to the absence of overt symptoms and 
due to the terminology used by healthcare professionals, e.g. creatinine levels. 
Older people also experience diffi culties in understanding how dialysis would 
impact on their lives. This can partially be explained by the diffi culties experienced 
by nephrologists in explaining the condition and its complexity. In addition, modal-
ity decisions can be infl uenced by other patients who provide a method of concep-
tualizing treatment impact on life. Decisions can also be infl uenced by the hospital 
environment as the frequency of exposure to HD may cause this treatment to be 
perceived to be of higher value or more routine compared to the less exposed home 
dialysis treatments of PD or home HD. Timing of information provision should ide-
ally occur when the patient is not yet symptomatic or cognitively impaired as a 
result of severely reduced renal function. If a patient has already started on HD or 
PD acutely or has had preemptive access formed, changing to another mode of 
dialysis is viewed by patients as a risk and is commonly avoided. 

    Dialysis Modality Decision Aids 

 Decision aids are tools that are appropriate for use when healthcare decisions 
involve the weighing of benefi t and harm to an individual, as well as scientifi c 
uncertainty. A recent Cochrane review found that decision aids performed well 
when compared to usual care interventions [ 19 ]. Decision aids, which included 
explicitly exploring the patient’s values in relation to the pros and cons of treatment 
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and scientifi c uncertainties, were successful at increasing knowledge, improving 
risk perceptions and reducing decisional confl ict related to feeling uninformed and 
unclear about personal values. Decision aids also were found to reduce the number 
of people who were not involved in decisions and the number of people who were 
undecided after the intervention. They also appeared to have a positive effect on 
communication between the patient and the practitioner. Currently within the UK, 
dialysis modality decision aids have been developed for use with patients with 
advanced renal disease.   

    Audit Measures 

 Ascertaining whether patients are provided with the appropriate tools that enable 
the selection of the most appropriate form of dialysis for them should be a 
 fundamental auditable prerequisite to assessing the success of any dialysis modality 
educational programme. Table  2.4  provides a list of potential audit standards.

   Table 2.4    Audit standards to assess the effi cacy of a dialysis modality educational programme   

 Area to audit  Items to audit  Potential audit measures 

 Patient education  Supply of both written and audio 
materials to support education 
about HD and PD 
 Access to educational 
programmes 
 Patient acquired knowledge and 
understanding of the different 
dialysis modalities 
 Access to patient stories and 
environmental clues 

 Ensure 100 % of written or 
transcripts from audio materials 
Have a Flesch reading score 
between 60 and 70 
 Audit whether 100 % of older 
patients and their close persons 
have access to dialysis modality 
educational programmes 
 Audit level of knowledge and 
understanding of how certain 
dialysis characteristics may affect 
lifestyle, e.g. how will HD affect 
ability to undertake spontaneous 
travel 
 Audit whether patients are 
receiving balanced exposure HD 
and PD from patient stories and 
environment 

 Stage of dialysis 
decision making 

 Ascertaining how prepared 
patients are for choosing a 
dialysis modality immediately 
prior to modality selection 

 Stage of decision-making tool [ 20 ] 

 Reasoning for 
dialysis modality 
selection 

 Patients who have been educated 
appropriately will be able to state 
whether they have had a choice of 
modality and what factors 
contributed to their modality 
selection 

 Audit if patients perceive having 
had a choice of dialysis modality 
 Audit patients’ reasoning for 
modality selection 
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    Chapter 3   
 Hemodynamic Considerations During 
Hemodialysis in the Elderly                     

       Madhukar     Misra     

           Introduction 

 Elderly patients are prone to all the complications that can occur in a younger 
patient on hemodialysis (HD). However, certain complications can be particularly 
detrimental in this age group. The altered physiology secondary to aging as well as 
HD procedure itself may contribute to such complications which primarily involve 
cardiovascular and cerebrovascular systems.  

    Cardiovascular Complications 

 Dysautonomia is common in otherwise healthy elderly people [ 1 ]. Both sympa-
thetic and parasympathetic nervous systems may be affected. Chronic kidney dis-
ease (CKD) also adversely impacts the autonomic nervous system. The prevalence 
of dysautonomia in dialysis patients has been reported to be around 41.5 % [ 2 ]. 
Interestingly, although the older dialysis patients have the highest prevalence of 
dysautonomia, coexistent chronic kidney disease does not have an augmenting 
effect on autonomic dysfunction. Presence of dysautonomia hampers refl ex adap-
tive cardiovascular responses required in face of hypovolemia and/or hypotension. 

 In the elderly, the aging of the cardiovascular (CV) system induces multiple 
changes that may make such patients more prone to complications on HD (Table  3.1 ).

   The left ventricular (LV) mass remains either unchanged or may increase with 
aging. Infi ltration by collagen and calcium deposition into the myocardium may lead 
to diastolic dysfunction. Valvular abnormalities like sclerosis and regurgitation are 
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common due to aging related calcifi cation and myxomatous degeneration. Even 
though the LV contractility may be normal under physiological conditions, 
HD-induced stress may expose the inability of the CV system to respond by  mounting 
a suboptimal inotropic and chronotropic response [ 3 ]. 

 The HD procedure per se is now known to induce circulatory stress in vulnera-
ble vascular beds. Such stress in the coronary vasculature leads to diminished 
 myocardial perfusion and stunning of the myocardium [ 4 – 7 ]. As a result of the 
abovementioned pathophysiological changes as well as HD-induced myocardial 
stunning, elderly patients may be prone to complications both during and in between 
HD. During HD, hypotension and/or chest pain (reduced coronary reserve) may 
become an issue. In the interdialytic period, patients may become more prone to 
pulmonary edema owing to diastolic dysfunction. 

 Intradialytic hypotension (IDH) may also be consequent to some changes that are 
specifi c to this age group. For example, hypoalbuminemia, a common fi nding in the 
elderly, predisposes to IDH by impairing vascular refi lling. Besides, both  myocardial 
ischemia and hypovolemia may contribute to IDH. Arteriolar and venoconstriction 
are crucial adaptive mechanisms in face of hypovolemia. Both these responses may 
be maladaptive in the elderly patients owing to altered arteriolar stiffness (loss of 
elasticity) as well as altered neurovegetative response which is common in old age. 
This abnormality prevents an increase in venous tone, impairing venous return, 
reducing cardiac fi lling, stroke volume, and blood pressure [ 8 ]. Dysautonomia may 
prevent an appropriate rise in heart rate in an underfi lled ventricle during a severe 
hypovolemic episode during HD. This abnormality may get even worse by trigger-
ing of Bezold-Jarisch refl ex and may lead to further worsening of hypotension [ 3 ]. 

 The prevalence of hypertension, CHF, and coronary heart disease rises with age. 
Age-related senescence may lead to degenerative changes in the cardiac conductive 
system and reduce the density of pacemaker cells in the sinoatrial node. These 
 pro- arrhythmogenic pathologies may cause both intradialytic and interdialytic 
arrhythmias. The incidence of arrhythmias in the dialysis population ranges any-
where between 17 and 76 % and is higher in older patients [ 9 – 12 ]. In addition, 
electrolyte disturbances like hypokalemia, consequent to malnutrition (often com-
mon in the elderly), may further predispose the elderly to arrhythmias. As reported 
earlier [ 3 ], the prevalence of atrial fi brillation (AF) increases with age even in the 
absence of clinically detectable cardiac disease. This together with the changes 
mentioned in Table  3.1  may make elderly patients more prone to potentially fatal 

    Table 3.1    Age-related changes in heart   

 Changes  Consequences 

 Decreased HR response  Sinus pause 
 Longer PR Interval  Heart blocks and bundle branch blocks 
 Increased atrial ectopy  Atrial fi brillation 
 Increased ventricular ectopy  Sustained ventricular tachycardia 
 Altered diastolic function  Impaired ejection fraction 
 Aortic sclerosis  Aortic stenosis and regurgitation 
 Annular mitral calcifi cation  Mitral regurgitation 

  Adapted from Santoro and Mancini [ 3 ], with permission)  
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rhythm  disturbances like atrial fi brillation with rapid ventricular response. AF in the 
elderly HD patients may not only worsen the IDH but also impair diastolic fi lling in 
an already compromised heart even in the interdialytic period. The risk of cerebral 
embolism is likewise increased. However, recent data do not support the use of 
warfarin for primary prevention in HD patients with AF [ 13 ,  14 ].  

    Cerebrovascular Complications 

 The poor hemodynamic reserve and tolerance during HD may make other organs 
also prone to ischemia-related injury. The brain is especially vulnerable in this regard. 
Impairment of cognition and psychomotor abilities is common in elderly HD patients. 
 The clinical picture involving cerebral circulation may be chronic or subacute in 
presentation. 
 Chronic clinical presentation may range from poor decision making and subtle 
memory disturbances to more serious manifestations like depression as well as 
multi-infarct dementia (Fig.  3.1 ). Both cortical and subcortical injury patterns have 
been described. Subcortical injury involves the watershed vascular zones of 
 neural vasculature and is worsened by repeated hemodynamic insults. Subcortical 

Shared risk factors

Nephrogenic risk factors

ESRD treatment-associated risk factors

↑ Age
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Low socioeconomic status/
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Diabetes
Hypertension
Hyperlipidemia
Others

Albuminuria
Anemia
Retention of uremic solutes
Inflammation
Oxidative stress
Vascular calcification
Hyponatremia
Others

Intradialytic hypotention
Cerebral edema (dialysis dysequilibrium)
Hyperviscosity and thrombotic events
Others

Neurodegenerative
disease

Microvascular
disease

Direct neuronal
injury

Hypoperfusion

Dementia

  Fig. 3.1    Possible causes of dementia in the elderly (Reproduced with permission from Tamura 
and Yaffe [ 23 ])       
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functions like decision making primarily get affected [ 15 ], whereas cortical 
 functions like memory and vocabulary are spared. Such injury may also disrupt 
neural connections between cortex and subcortical regions leading to mood 
 disorders, depression, etc. This can have secondary consequences such as loss of 
functional independence [ 16 ,  17 ].

   Several possible etiologies have been put forth to account for these sequelae, 
including cortical atrophy, water and electrolyte imbalance, repeated hemodynamic 
instability, etc. (Table  3.2 ). The frontal cortex is especially prone to ischemia- 
induced hypoxia [ 18 ]. The frontal atrophy seen in HD patients appears at a rela-
tively younger age and worsens with age, presence of diabetes, and dialysis duration. 
Another often under recognized potential cause of chronic neuronal damage is 
microbubbles produced during HD. Microbubbles are very small (equal to or 
smaller than erythrocytes – diameter less than 10 micrometers) and may easily pass 
through pulmonary capillaries to the left side of the heart and onwards to the brain 
causing ischemic injury [ 19 ]. HD-induced recurrent hemodynamic stress has also 
been shown to cause progressive white matter injury of the brain [ 20 ].

   The clinical presentation of subacute complication often involves the very elderly 
patients (above 80 years) on HD. It may range from subtle changes (aspecifi c behav-
ioral disturbances and altered sensorium) to frank convulsions. It is caused by rapid 
reduction of plasma urea concentrations leading to intracellular shift of plasma 
water causing brain edema (dialysis disequilibrium syndrome – DDS). In rare cases, 
demyelination may be responsible. This may be asymptomatic and often reversible 
(mean 5 weeks) suggesting edema rather than frank myelinolysis as the likely etiol-
ogy and may be diagnosed by MRI [ 21 ]. 

 In summary, the cognitive and psychiatric manifestations in the elderly patients on 
HD can be due to a multitude of factors that include age-induced changes, ischemic 
cortical atrophy, rapid osmolar shifts, cerebral microembolism, and demyelination.  

    Prevention and Management of Complications 

 Given the above discussion, it is imperative that the HD prescription should be 
 individualized to prevent the above complications. 

 Avoidance of hypotension is paramount in the elderly for the above-stated 
 reasons. The ultrafi ltration rate (UFR) is the main determinant of IDH. In the 
absence of UF, hypotension is generally unlikely. UFR of less than 10 ml/kg/hour 
may also be excessive for elderly patients, especially who are malnourished and 

   Table 3.2    Neurological injury in elderly HD patients   

 Cause  Consequence 

 Altered cerebral cortical reserve  Frontal cortical atrophy (associated with 
dialysis vintage) 

 Intradialytic hypotension  Repetitive brain ischemia, atrophy 
 Microbubble injury  Repetitive brain ischemia 
 Osmotic demyelination syndrome  Neurocognitive disturbances 

  Adapted from Santoro and Mancini [ 3 ], with permission)  
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frail with low serum albumin. The use of cooled dialysate prevents hypotensive 
episodes and may have a particularly benefi cial role in the elderly by preventing 
white matter injury to the brain [ 20 ]. 

 It is important to bear in mind that rapid reduction of blood urea levels should be 
avoided owing to enhanced propensity to DDS in the elderly. Thus, use of small surface 
area dialyzers and low blood fl ows, at least in the initial few HD treatments, makes 
clinical sense. In the same context, HD prescription should be carefully individualized 
to prevent hypokalemia (low dialysate potassium predisposes to cardiac arrhythmias) 
and hypocalcemia (higher dialysate calcium may enhance cardiac contractility). 
Wherever possible the dialysate sodium should be individualized and kept as close to 
the patient’s plasma sodium as possible, and low dialysate sodium should be avoided. 

 Careful attention must be paid to the use of antihypertensive medications. The 
pharmacokinetics of various medications is altered in the elderly. IDH in this group 
may often be the result of lack of attention to details of prescription of antihyperten-
sive therapy in the elderly. Besides hypotension, injudicious use of antihypertensive 
drug therapy may lead to fi stula thrombosis in the interdialytic period, especially 
when patients are advised to take their antihypertensive medication/s post HD in an 
effort to avoid IDH. This is discussed in detail in Chap.   12    . 

 Frequent HD (short daily and nocturnal HD) regimens may also be useful in the 
elderly. They may not only help lower the UFR (and thus prevent IDH episodes) but 
also protect against LVH, reduce incidence of hypertension and prevent rapid elec-
trolyte shifts. The putative benefi ts of more frequent HD also include benefi cial 
effects on endothelium dependent and independent vaso-reactivity, baroceptor sen-
sitivity, and autonomic dysfunction [ 22 ] (Table  3.3 ).

   Table 3.3    Potential benefi ts of Intensive HD in the elderly   

 Clinical problem  Pathophysiology  Potential benefi ts 

 Dialysis-related 
hypotension 

 IHD and valvular heart 
disease 
 LVH and diastolic 
dysfunction 
 Dysautonomia 
 Arterial stiffness 
 Hypoalbuminemia 
 High UFR 

 ↓ myocardial stunning, ↓ IHD 
 ↓ LVH 
 ↑ autonomic function 
 ↑ arterial compliance 
 ↓ malnutrition 
 ↓ UFR 

 Cardiac events  IHD 
 Dialysis-related hypotension 
 Arrhythmias 
 Dysautonomia 
 Electrolyte changes 

 ↑ endothelial function, ↓ UFR, ↓ arterial 
hypertension 
 ↑ hemodynamic stability 
 ↓ arterial hypertension, ↓ IHD, ↓ electrolyte 
shifts 
 ↑ autonomic function 
 ↑ autonomic function 
 ↓ electrolyte shifts 

 Cerebral 
disturbances 

 Cerebrovascular disease 
 Arterial hypertension 
 Dialysis-related hypotension 
 Dialysis disequilibrium 
syndrome 

 ↑ endothelial function, ↓ arterial 
hypertension 
 ↓ arterial hypertension 
 ↑ hemodynamic stability 
 ↓ malnutrition, slower urea clearance 

  Adapted from Cornelis et al. [ 22 ], with permission  
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    Chapter 4   
 The Pros and Cons of Home vs. In-Center 
Dialysis in the Elderly                     

       Dennis     L.     Ross      ,     Wendy     Funk     Schrag     , and     Paula     Pond    

           Introduction 

    The Dialysis Population 

 Chronic renal failure requiring dialysis had been on the increase for several years 
until 2007 when the incidence of new end-stage renal disease (ESRD) patients per 
million population fell by 2.0 % (Fig.  4.1 ). The growth of patients ages 65–74, how-
ever, has increased which may be a refl ection of the “baby boomers” developing 
renal failure (Fig.  4.2 ). Additionally, treatment of the elderly may be increasing due 
to longer life spans, a greater acceptance of dialysis as a modality to sustain life, and 
the availability of dialysis because of the proliferation of dialysis centers. For the 
fi rst time in 2010, the number of patients doing in-center hemodialysis declined, 
and the number of patients that started home therapies, in particular, peritoneal dial-
ysis, increased. For the majority of elderly patients with renal failure, the choice of 
therapy has been in-center dialysis with 96 % performing in-center hemodialysis, 
3.5 % doing CAPD/CCPD, and only 0.3 % home hemodialysis [ 1 ].

    Longevity in the general population varies signifi cantly from country to country 
with Japan having the longest life span averaging 82.73 years (79.25 years for men and 
86.06 years for women). Compared to Japan, the United States is ranked number 40. 
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Men in the United States reach an average age of 75.25 and women 80.51 years of 
age with the overall average age of 75.35 years [ 2 ]. With the average lifespan of 
Americans being 75.35 years, it can be assumed that the elderly starting dialysis at 
age 70 or older would normally have only fi ve years of survival remaining. Although 
the United States has a lower life expectancy than many other  countries, there are a 
greater number of dialysis patients in the elderly group. In some countries with 
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socialized medicine, there has been a perception of a low acceptance rate for elderly 
patients for dialysis. This acceptance rate has appeared to change in the UK with the 
advent of peritoneal dialysis, a less costly option [ 3 ]. Dialysis rationing has been 
described in South Africa because of too few dialysis facilities and health care work-
ers. In the United States in the 1960s, there was a similar rationing of dialysis before 
Medicare and private insurance provided coverage for long-term dialysis [ 4 ]. With 
Medicare and privatized insurance, the United States has not placed age restrictions 
on dialysis so far. If the nephrologists feel the patient is able to tolerate the therapy, 
dialysis is an option to prolong one’s life or act as a bridge until kidney function 
returns to baseline. Therefore, it is not uncommon to see 80- or 90-year-old patients 
being placed on dialysis, potentially prolonging life beyond their normal longevity.   

    The Move Away from Home Therapies 

 The fi rst home hemodialysis in the United States was performed by Nose in 1961 
[ 5 ]. With the development of the Scribner shunt, home hemodialysis began to 
 fl ourish. By the 1970s, home hemodialysis accounted for as much as 40 % of all 
patients on dialysis. The prevalence of home hemodialysis began to fall, however, 
as the numbers of dialysis facilities increased and reimbursement through Medicare 
made payment of the treatment possible, whether at home or in-center. 

 Today there is considerable diversity worldwide among therapies chosen for 
dialysis. In New Zealand and Australia, home hemodialysis is performed on 16.3 % 
and 9.3 % of the ESRD population, respectively, as compared to 0–3.3 % in other 
countries (Fig.  4.3 ).

       International Trends in Home Hemodialysis 

 There is considerable disparity in the use of home therapies for dialysis between 
countries. Australia and New Zealand have always had a much higher population of 
home patients, but in many countries, the prevalence of home hemodialysis has fallen. 
Remarkably, Australia and New Zealand have maintained a high number on home 
hemodialysis. In a review by Disney from 1995, in Australia 68 % of the patients 
were receiving hemodialysis and 31 % CAPD. Of the patients dialyzing at home, the 
majority (62 %) used CAPD, and the remainder were on home  hemodialysis. In New 
Zealand, 44 % of the patients are on hemodialysis with 83 % dialyzing at home. The 
majority (65 %) use CAPD [ 6 ]. In these countries, like  others, there has been a declin-
ing home hemodialysis population, but there has been a resurgence of interest driven 
by a variety of factors. These include the desire for cost containment and the lower 
mortality risk compared to in-center treatments and peritoneal dialysis. 

 Mcgregor, Agar, and Blagg reviewed international trends in home hemodialysis 
and found little correlation to other renal replacement therapies, disease states, 
healthcare expenditures, or population density. They did fi nd a strong correlation 
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between national per capita healthcare expenditure and provision of renal 
 replacement therapies, but no correlation with the use of home hemodialysis. Gross 
national income per capita also had no correlation with home hemodialysis, and 
there was an inverse correlation between median age and home hemodialysis [ 7 ]. In 
part, the resurgence of interest in home hemodialysis has been sparked by the advent 
of nocturnal dialysis. Performing the therapy at night gives the patient improved 
quality of life, more dietary and fl uid freedom, need for fewer antihypertensive 
medications and phosphate binders, return of daytime freedom, and the capacity for 
full-time employment. Moreover, home hemodialysis has been found to be less 
expensive than in-center treatments due to the elimination of the high cost of nurs-
ing care and building costs.  

    Machine Options for Home Hemodialysis 

 There are currently two machines generally available for home hemodialysis. The 
Fresenius Home K is an adaption of the K in-center machine with software that 
helps the patient and support person doing home dialysis (Fig.  4.4 ).

  Fig. 4.4    Fresenius Home 
K machine       
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   It leads the patient and helper through the process of setting up the tubing and 
priming the machine. Its size is smaller than the K machine and has a connection to 
the Internet that can allow central monitoring from a national center. The device for 
central monitoring is called the  iCare Monitoring  (Fig.  4.5 ).

   To further protect the patient, a wireless wetness detector can be placed near the 
needle sites, and if wetness is detected, the device will stop the blood pump 
(Fig.  4.6 ).

   The Home K does require a special water system that is dependent on the quality 
of the patient’s local water. Deionizing tanks may be required in addition to the 
reverse osmosis system to create quality water. Space may be a limiting factor in 
using a Home K machine. 

 The Home K machine has been used for both daytime and nocturnal dialysis. In 
some centers a standard K machine or other standard hemodialysis machine may be 
used for home therapy. These machines would not offer a step-by-step procedure on 
the computer screen to lead the patient through the process and would not have the 
Internet connection for central monitoring. 

 The Home K machine requires two 20 amp separate circuits. One circuit is 
needed for the Home K machine itself and one circuit for the reverse osmosis sys-
tem. A GFI (Ground Fault Interrupter) is mandatory to prevent any circuit overload. 
The water does not have to meet EPA standards, and it uses cold water. The minimal 
standard PSI is 40 for well water. 

  Fig. 4.5    iCare Monitoring 
(  http://www.fmcna.com/
fmcna/HomeTherapies/
iCareMonitoring/icare.
html    )       
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 The NxStage machine was developed especially for home therapies but is also 
used for in-hospital CRRT (Fig.  4.7 ). The treatment has a unique process of 
 treatment for uremia utilizing a slow dialysate fl ow rate that maximally concentrates 
urea and other uremic toxins in the fi ltrate. By using a very slow dialysate fl ow rate, 

  Fig. 4.6    Wireless wetness detector (  http://www.fmcna.com/fmcna/HomeTherapies/home- 
therapies.html    )       

  Fig. 4.7    NxStage machine 
(  http://www.rubindialysis.
org/homeTherapy.html    )       
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a smaller amount of fl uid is required. While being very effi cient, the slow rate may 
not remove toxins as effectively because of the super saturation of the dialysate 
solution. Nevertheless, the device has rejuvenated interest in home hemodialysis 
because it is easier to learn with very intuitive steps to carry out the therapy.

   The dialyzer and tubing are packaged as a single disposable unit making it  possible 
to set up the machine in only 15 min. Using replacement fl uid bags, the device does 
not require a special water system; however, the downside of using replacement bags 
is a higher cost per treatment as the bags are more expensive as compared to a K 
machine with a separate water treatment system. By using the company’s Purefl ow 
device to create sterile dialysate solution, the overall cost can be reduced. 

 The water must meet EPA standards to use Purefl ow. In areas of the country 
where the nitrate and sulfate concentrations are high, Purefl ow cannot be used. The 
water connects directly to the faucet, garden hose, washing machine, or below the 
sink. All of these attachments come with the NxStage kit. The blue water source 
line is standard and cannot be lengthened. The drain line has a maximum of 40 ft, 
and the electrical connection is a grounded outlet only. 

 There have been other machines that have come and gone over time which have 
been used for home hemodialysis. One example is the AKSYS home dialysis 
machine that was designed specifi cally for home hemodialysis. The system was 
disinfected by heat but did experience several problems with breakdowns. 

 More devices are being investigated for home dialysis, so we can anticipate more 
options in the future. It can be expected that these devices will become more 
 automated and patient friendly and would simplify the water system. They will 
likely be able to transmit data to the home dialysis department allowing the treat-
ment to be tracked by the home dialysis nurse.  

    Special Considerations of the Elderly 

 The elderly with renal failure often face a number of formidable issues in addition 
to their renal failure. Because vascular disease is particularly prominent prior to 
starting dialysis, the elderly patient may not tolerate dialysis as well. They often 
have underlying heart disease with reduced cardiac function. Their peripheral vas-
culature has signifi cant atherosclerosis that leads to intermittent claudication, limb 
ulcers, and amputation. Placement of the vascular access used for hemodialysis can 
lead to worsening of their circulatory compromise and/or loss of a limb. They may 
develop “steal syndrome” and subsequent neurological damage to their hand. They 
also may have an increased incidence of neurological issues such as TIAs or stroke 
as a result of carotid artery stenosis. They usually become very weak with dialysis 
treatments. The 3-day period between treatments can lead to congestive heart fail-
ure and pulmonary edema because of the inability to effectively remove all of the 
accumulated fl uid using a three-time a week treatment regimen. In addition, cardiac 
status may be compromised which makes it diffi cult to tolerate fl uid build-up 
between treatments. Appetite is often already suppressed and may frequently 
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worsen with dialysis leading to protein malnutrition that in turn leads to poorer 
outcomes. 

 Training for home hemodialysis involves training a “helper” to assist the patient. 
Usually, this is the spouse. A suitable partner is necessary for successful home 
 treatments, and not having a partner capable of learning the treatment may be a 
hindrance. Additionally, there may be medical issues with the partner that compro-
mise his/her ability to perform the treatment, or they may have disabilities limiting 
their own ability to provide any care. They may have poor vision, lack of dexterity 
or strength, and inability to learn a new technique. The housing situation may be 
inadequate for the storage of equipment and supplies. Fear about performing a 
home treatment may prevent the patient or helper from choosing this modality. The 
family may be concerned that it would place too much burden on the caregiver. 

 Financial issues may also push the patient to do in-center dialysis. Although 
Medicare provides nearly universal health care coverage for most individuals at the 
age of 65, it doesn’t cover everything. The elderly often have fi xed incomes that 
preclude them from affording expensive medications even when they have partial 
prescription coverage. Medicare does not cover an assistant at home to do the ther-
apy. The increased electrical and water costs of the home therapy may be a strain on 
their fi xed income. Transportation to and from the dialysis unit may be a problem, 
and the patient may not be able to drive himself to the dialysis facility and may have 
to rely on a family member or public transportation. 

 The elderly are also at increased risk for falling .  Abdel-Pahman EM et.al 
described in a pilot study over a 1-year period a 26.3 % incidence of falls in their 
dialysis population [ 8 ]. The elderly, particularly females, were prone to falling. The 
greater the number of falls, the worse was the outcome. Due to an increased risk of 
bleeding because of the uremic state and anticoagulants that the patients receive, 
serious complications such as subdural hematomas can have disastrous results. Hip 
fractures resulting from falls will often lead to nursing home placement and subse-
quent death. 

 It has been well recognized that renal failure patients have an increased problem 
with depression, a sense of loss of control, general fatigue, and lack of energy. The 
elderly patients on dialysis are particularly prone to these symptoms. More frequent 
dialysis treatments may tend to improve these symptoms since the treatments can be 
gentler and less aggressive. 

    Benefi ts of Home Hemodialysis for the Elderly 

 While the problems that the elderly face are similar to younger patients with mul-
tiple comorbidities, they generally do not tolerate aggressive treatments as well. 
Therefore, slower treatments can be advantageous. The standard in-center dialysis 
treatment program today is of 3–4 h duration, 3 days a week. With home therapies, 
the longer and gentler treatments can be done in a cost-effective way. Short daytime 
or slower nighttime treatments can be done four to six times per week. 
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 When Ipema et.al studied protein intakes between day and night hemodialysis 
patients, they found that the protein intake of patients improved signifi cantly when 
they transitioned from daytime therapy to nighttime. With longer treatments, the 
patients’ phosphate levels remained stable even though their phosphorus intake was 
greater [ 9 ]. These factors suggest the nutritional status of the elderly dialysis patient 
may be enhanced with more frequent, longer and gentler treatments. Similarly, 
Uldall et al. described their early experience with home nocturnal dialysis patients 
dialyzing fi ve to seven nights a week. They were successful in discontinuing phos-
phate binders and allowing a higher phosphate diet. Their patients experienced 
increased energy and stamina. 

 Sleep disturbances are common in the elderly. Improvement of sleep apnea was 
seen in the Canadian experience with home nocturnal dialysis. The conversion from 
conventional in-center dialysis to nocturnal dialysis was associated with a reduction 
in the frequency of apnea and hypopnea from 25+/−25 to 8+/8− episodes per hour 
of sleep ( p  = 0.03). The apnea-hypopnea index was greater on the nights when no 
dialysis was being performed as opposed to the nights of dialysis [ 10 ,  11 ]. The major-
ity of patients also reported improved sleep. 

 The elderly have an increased risk of hypotension, cerebral and cardiac events, 
malnutrition, infection, sleep abnormalities, and psychological complications after 
initiation of dialysis. Home nocturnal hemodialysis is a less aggressive treatment 
and thus may be advantageous due to the comorbidities of the elderly. Such patients 
do particularly well with regard to these complications when doing home nocturnal 
hemodialysis. 

 Since fl uid control can be problematic for the elderly, particularly for the 
extended 3-day periods, a nocturnal treatment program that offers at least quotidian 
therapy is an attractive option in controlling fl uid balance. Improvement of left ven-
tricular hypertrophy in home nocturnal dialysis patients has been established. 

 Therefore, taken altogether it becomes apparent that more frequent dialysis, 
slower dialysis, and extended treatments can potentially improve the outcomes and 
quality of life of the elderly patient on dialysis.  

    Benefi ts of Early Education 

 If the patient is seen early in their course by the nephrologist, the patient is more 
likely to choose a home therapy, less likely to start dialysis with a catheter and over-
all have better outcomes (Table  4.1 ).

   Studies at Fresenius Medical Care have shown that a proactive educational pro-
gram (Treatment Options Program or TOPS) for patients with progressive renal dis-
ease will more often lead to choosing a home therapy. Education also leads to early 
placement of the access so it can be functional when dialysis is needed (Fig.  4.8 ).

   Without the physician encouraging home hemodialysis, the patient and their 
family will not likely choose this form of treatment since the patient turns to the 
physician for advice and direction as to which therapy to choose. When patients 
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were asked who fi rst made them aware of home hemodialysis, only 35 % stated that 
their physician fi rst made them aware of the home treatment. When asked who rec-
ommended home hemodialysis, only 11 % of the time the recommendation was 
made by the physician (Fig.  4.9 ).

   Early education will lead to more patients choosing a home therapy; therefore, it 
is often helpful to consider the 30/20/10 rule. At a GFR of 30 ml/min, discussions 

   Table 4.1    Early Education Outcomes   

 None  0–12 mo.  >12 mo. 

 All  43.0  31.7  25.4 
 Mean age (yrs)  61.6  62.7  63.7 
 0–19  1.1  1.2  1.4 
 20–44  13.6  11.3  9.6 
 45–64  39.7  38.4  36.4 
 65–74  21.9  24.2  25.8 
 75+  23.7  24.9  26.7 
 Female  42.8  43.4  42.8 
 Race 
   White  63.2  65.7  70.6 
   Blk.Af Am  29.6  27.6  23.3 
   Native American  1.2  1.4  1.1 
   Asian  4.9  5.2  4.9 
 Hispanic  17.0  13.4  11.1 
 Access at initiation 
   Catheter  88.9  68.0  53.5 
   Fistula  3.2  16.9  26.3 
   Graft  1.2  3.4  4.0 
   Maturing fi stula  11.3  17.9  17.1 
   Maturing graft  1.7  2.5  2.0 
 ESA use  2.0  31.5  41.8 
 Dietary care  0.2  14.1  17.1 
 eGFR 
   <5  9.5  5.2  5.1 
   5 ≤ 10  35.4  36.4  38.4 
   10 ≤ 15  28.6  36.1  36.7 
   ≥15  19.5  20.1  18.5 
 DM (comorbidity)  49.4  56.9  55.8 
 Primary diagnosis 
   Diabetes  38.9  49.1  46.9 
   Hypertension  28.9  28.0  26.9 
   Glomerulonephritis  4.7  6.6  8.9 
   Cystic kidney  0.9  2.2  4–6 

  U.S. Renal Data System, USRDS 2011 Annual Data Report: Atlas of End-Stage Renal Disease in 
the United States, National Institutes of Health, National Institute of Diabetes and Digestive and 
Kidney Diseases, Bethesda, MD, 2011  
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regarding kidney failure and dialysis should be started with the patient and their 
family. All options should be presented, but home therapies can be encouraged if 
the patient is a good candidate. Since no one therapy fi ts every individual, it is real-
ized that home hemodialysis is not the only option, but it is a more viable option 
than what is being encouraged today. At a GFR of 20 ml/min, a discussion for vas-
cular access placement may be considered with the caveat that progression to ESRD 
is slower in the elderly. Usually grafts should not be placed early since the graft will 
have a limited lifespan and can be placed and used usually within 3–4 weeks. 

 At a GFR of 10 ml/min, dialysis will typically be started due to uremic symp-
toms. The 30/20/10 rule is helpful but should be used in the context of the rate of 
deterioration of renal function. There are patients whose renal function may deterio-
rate very slowly over time. If the rate of decline of renal function is slow, placement 
of an access could be delayed. To assess the rate of decline, using the reciprocal of 
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  Fig. 4.9    Home hemodialysis recommended by physician (Chadwick Martin Bailey; NxStage 
Home Hemodialysis Patient Research, October 2008 p. 1–44)       

Fistula/Graft Starts 2013

36%

17%

0%

5%

10%

15%

20%

25%

30%

35%

40%

1

% Total TOPS fist/graft
starts January 2013
% Total non-TOPS fist/
graft starts January 2013

  Fig. 4.8    Early placement of access in patients attending proactive education program vs those not 
participating. (Unpulished raw data)       

 

 

D.L. Ross et al.



41

the creatinine over time can help predict future value that in turn can assist in choos-
ing the right time for access placement. The practitioner should keep in the mind 
that the muscle mass of the elderly is reduced making calculations of estimated 
GFR skewed, thus overestimating renal function. Since education is the key element 
to having more patients on home therapies, a team approach usually works best. The 
physician rarely has the time to fully educate the patient. Therefore, a patient educa-
tor will be instrumental to increasing the use of home dialysis. The educator should 
have pamphlets, DVDs, and time to visit with the patient and family. Group sessions 
can also be very helpful. When the patient fi nds others facing similar life-changing 
decisions, they realize they are not alone in having to make diffi cult decisions 
regarding treatment for renal failure. Using current home patients to provide testi-
monials can be very helpful. If the patient with progressive renal failure speaks to 
someone already on a home therapy, they often realize the benefi ts of home dialysis 
and the fear of doing a home therapy subsides. The patient often has more confi -
dence in the advice of another patient over marketing brochures. Still marketing 
material can be helpful and should be available in multiple languages, if possible, so 
that local ethnic groups can benefi t.   

    Encouraging Home Hemodialysis 

 For all patients considering dialysis, home hemodialysis should be one of the con-
siderations. As physician, nurses, and health care providers, we have to begin con-
sidering home therapies fi rst and in-center treatments second. Home therapies allow 
patients to live independently. Because funding for dialysis in the future may 
become more limited, looking to therapies such as home hemodialysis that reduce 
cost will become more attractive. 

 Treatments at home can be tailored to the patient. For those patients who struggle 
with control of their thirst and need frequent dialysis to remove fl uid, dialysis in a 
home setting can be adjusted to manage the fl uid gains. Conforming to a 3-day a 
week schedule does not fi t everyone with ESRD. If a patient who normally complies 
with the diet eats excessive salt or drinks excessive fl uid during a special celebra-
tion, they can simply dialyze themselves extra to manage this problem. Similarly a 
diabetic patient who deviates from their diabetic diet and subsequently has high 
blood sugars adjusts their insulin to accommodate hyperglycemia. We wouldn’t 
want the patient’s blood sugars to run high leading to all the consequences of hyper-
glycemia, but instead we would want the patient to adjust their insulin dosage to 
lower the blood sugar. In the situation of a renal failure patient with fl uid overload, 
it is prudent to remove the extra fl uid and reduce the after load on the heart created 
by fl uid excess. This can be accomplished with home hemodialysis where the extra 
treatment can be performed by the patient when the need arises. 

 These types of arguments should be presented to the patient approaching dialysis. 
Convincing the patient and their family of the value of home hemodialysis takes time 
and frequent interaction. They have to hear the benefi ts repeatedly because the idea 
of starting dialysis can be overwhelming to the patient, particularly if they have never 
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been told of the options prior to requiring dialysis. The equipment appears threaten-
ing to them, the time commitment unmanageable, and the costs insurmountable. 

 When we looked at our home hemodialysis program, we found that the greatest 
success was achieved if either the patient or the helper was employed. The next most 
successful population was the elderly where the patient and the helper are not 
employed. We had the poorest success if only the patient was solely responsible for 
the treatment and the partner learned only the basics to handle emergencies. It would 
appear that the patient needs an advocate who can offer support and help the patient 
day by day to perform their treatments and give them encouragement (Table  4.2 ).

       Dialysis in Assisted Living Facilities 

 In the past, it was common for the elderly to be cared for at home through their 
declining years by their children. Today, however, the elderly often move to assisted 
living homes when they need help with activities of daily living. Although advan-
tages of home hemodialysis from a clinical standpoint may be obvious, the new 
home situation may prevent adoption of the home treatment. 

 Assisted living facilities often charge their guest based on the amount of services 
needed. For example, if the client needs more assistance with their medications, 
dressing, or bathing, there may be additional charges. If home hemodialysis of the 
elderly were permitted in an assisted living environment, the spouse could learn the 
treatment, but assistance from the nursing staff at the facility could allow and 
encourage the elderly couple to consider home hemodialysis. While this may lead 
to an additional charge to the patient by the facility, it could be reasonable if the 
spouse would perform the majority of the therapy. It could be particularly advanta-
geous to develop assisted living facilities that provide specialized care of the renal 
failure patient. The home dialysis department could work with the nursing staff of 
the facility to develop a comprehensive program that would assist with the diet and 
medications as well as with the treatment itself.  
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    Self-Care 

 A middle step to home therapy that isn’t often used is self-care. Starting a self-care 
unit where the patient sets up their own machine, sticks their access, and runs on a 
schedule that allows more fl exibility than in-center treatments can be a helpful 
option. There are currently very few self-care centers in the United States for 
patients but this option should be expanded to provide more options for the patient. 
These centers should be staffed with home dialysis nurses who will allow the patient 
to conduct their own treatments. Often in-center nursing staff have diffi culty train-
ing elderly patients for home therapies owing to busy schedules and slow learning 
process. Nursing staff oriented to home therapies will usually have more successful 
outcomes in such settings.  

    Summary 

 The elderly are faced with many diffi cult problems and decisions as their kidneys 
fail. Typically the disease that is causing their kidney failure is not confi ned to the 
kidneys but often represents a diffuse disease process. This process frequently leads 
to serious cardiac problems, peripheral vascular disease, and dementia in a body 
simply failing from age. The elderly often have depression because of their failing 
health, loss of independence, and the death of loved ones. Independent living facili-
ties and assisted living facilities have fi lled a gap for those whose families cannot 
care for their elderly parents. Currently these facilities are often not willing to take 
on patients performing home dialysis or assist them with their treatments. The 

 Key Points 
     1.    Elderly patients constitute an ever-growing segment of dialysis population, 

in the western world.   
   2.    In-center hemodialysis may not be the best option for a signifi cant number 

of elderly hemodialysis patients.   
   3.    Home therapies are a good alternative for the elderly on dialysis.   
   4.    Home hemodialysis may offer increased fl exibility and improved symp-

tom control owing to higher frequency and/or duration of hemodialysis 
besides being a “gentler” form of therapy.   

   5.    Home hemodialysis machines are becoming increasingly user friendly.   
   6.    Careful patient selection and education remain the key to successful home 

hemodialysis option for this age group.   
   7.    Transfer from self-care units to home and home hemodialysis in assisted 

living facilities are under recognized options that are available to elderly 
patients.     
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development of specialized assisted living centers that focus on care of the elderly 
with renal failure may be an attractive option to in-center dialysis. 

 Home therapies and in particular home hemodialysis have many benefi ts for the 
elderly as has been discussed in this chapter. There are, however, many obstacles 
that must be dealt with to get an elderly patient on home hemodialysis. Using a 
team of health professionals that includes a social worker, patient educator, home 
dialysis nurse along with the physician can lead to more patients choosing home 
hemodialysis. 
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    Chapter 5   
 Hemodialysis Access in the Elderly: 
Planning to Execution                     

       Tushar     J.     Vachharajani     

          Introduction 

 The defi nition of “elderly” is rapidly changing with increasing life span, at least in the 
developed countries. Being 75 years of age, or above, is commonly accepted defi ni-
tion for an “elderly” and is the fastest growing cohort of end-stage renal disease 
(ESRD) population. In the United States, since 2000, the adjusted ESRD incident rate 
among elderly patients has increased by 11 percent [ 1 ]. Similarly, a higher incidence 
of elderly needing dialysis has been seen in other developed countries. The decision 
to initiate renal replacement therapy in this age group is complex and challenging. 

 The three most common types of vascular access used in the elderly ESRD patients 
are arteriovenous fi stula (AVF), arteriovenous graft (AVG), and tunneled central 
venous catheter (CVC). Newer vascular access devices that are available for use in 
highly selective population are the hemodialysis reliable outfl ow device (HeRO) and 
the hybrid vascular graft. The HeRO device is a combination of an expanded polytet-
rafl uoroethylene (ePTFE) graft connected to a silicone-coated outfl ow component 
using a titanium connector and is placed across a stenosed central vein. The hybrid 
vascular graft is made of ePTFE material and uses a sutureless technique to connect 
the venous end of the conduit thus believed to reduce neointimal hyperplasia and 
outfl ow stenosis. The clinical experience with these two newer devices is limited 
reserving them for patients who have exhausted all other options. A native arteriove-
nous fi stula still remains the most desirable and ideal access in suitable patient. 

 The suitability of an elderly patient to start hemodialysis and be eligible for AVF 
creation presumes a signifi cant benefi t in both quality and quantity of life. The 
approach of “fi stula fi rst” that is recommended as the “fi rst-choice” dialysis access 
by several nephrology societies across the globe may not necessarily be the best 
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approach in the elderly population. The data on creating a functional AVF in the 
elderly population is confl icting. The studies have varying defi nitions for “elderly” 
and those reporting successful outcomes have the inherent drawback of being retro-
spective and probably biased in selectively including the healthier elderly patients. 
Lack of prospective data without selection bias is so far unavailable making it dif-
fi cult to propose any defi nitive guidelines. In the elderly patient rather than blindly 
implementing the “fi stula-fi rst” mantra, the process of vascular access planning and 
its successful execution ought to consider several complex decision-making steps 
that are outlined below for practical convenience.

   Step I Patient selection for dialysis therapy  
  Step II Challenges for effective vascular access planning  
  Step III Vascular access selection  
  Step IV Vascular access planning  
  Step V Effective execution of the plan     

    Step I: Patient Selection for Dialysis Therapy 

    Likelihood of Death vs. Progression to Dialysis 

 The prevalence of chronic kidney disease (CKD) in the elderly population is high, 
but the progression of the disease is much slower compared to their younger coun-
terparts. The life expectancy in the elderly population can vary signifi cantly, but 
overall the likelihood of elderly patients needing dialysis therapy is lower compared 
to death [ 2 ]. The high incidence of cardiovascular mortality associated with moder-
ate to severe chronic kidney disease in this age group is well recognized. The very 
old patients (defi ned as age more than 85 years) are less likely to need dialysis 
therapy even with estimated glomerular fi ltration rates of less than 15 ml/
min/1.73 m 2 . Moreover, the very elderly patients who are often frail with poor func-
tional status and multiple comorbidities have 3- to 6-fold greater risk of death [ 3 ]. 
Thus, the CKD management in the elderly necessitates an open discussion about the 
risks and benefi ts of initiating hemodialysis therapy. An alternate approach of active 
medical management (avoiding the term  palliative care ) may be desirable for 
elderly patients with high comorbidity scores, markedly poor functional status, and 
relatively short life span. A placement of vascular access in this population may 
trigger unnecessary procedures leading to poor quality of life increasing pain and 
morbidity and ultimately contributing to higher healthcare costs [ 4 ].   

    Step II: Challenges for Effective Vascular Access Planning 

 Arteriovenous fi stula remains the preferred access for dialysis even in the elderly 
population. Guidelines and initiatives from several societies advocate quality 
benchmarks and suggest practice standards to improve overall quality of care. The 
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intent to achieve these set targets for creating functioning AVF in the incident and 
prevalent dialysis population are the driving force behind quality measures. 
Unfortunately, elderly CKD patient fall outside the realm of these “standard of 
care” guidelines. Vascular access planning brings in unique challenges in the elderly 
CKD population. The various observational studies reported in literature often fail 
to address complex issues relevant for vascular access planning in this cohort. 
Figure  5.1  outlines these relevant patient factors that play an important role in the 
decision algorithm.

      Cardiovascular Disease Burden 

 Elderly ESRD patients with signifi cant cardiac disease may be vulnerable to cardiac 
decompensation following a permanent arteriovenous access creation, especially 
with a high fl ow upper arm access. The creation of an AVF/AVG with blood fl ows 
more than 2 L/min may increase the risk of high-output congestive heart failure. 
The negative role of higher blood fl ows on pulmonary hypertension, cardiac output, 
and ejection fraction has been described. The combination of diabetes mellitus and 
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  Fig. 5.1    Challenges in an elderly end-stage renal disease (ESRD) patient       
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poor cardiac function has an additive effect on the overall poor survival in the 
elderly patients with CKD [ 5 ]. 

 The use of cardiac implantable electronic devices (CIED) is on the rise in the 
elderly CKD patients. The presence of CIED poses several new challenges while 
planning for a permanent vascular access for dialysis. The presence of such hard-
ware in the central veins increases the potential to develop central vein stenosis 
especially in combination with a large bore central vein dialysis catheter. The pres-
ence of CKD increases the risk for CIED infection and is independent of all other 
factors. The combination of CKD, CIED, and CVC catheter is worrisome as the risk 
of catheter-related bacteremia has been reported to be up to 5.5 episodes per 1000 
catheter days. The high blood fl ow from an ipsilateral vascular access as the CIED 
can potentially unmask the underlying central venous stenosis precipitating clinical 
symptoms [ 6 ].  

    Functional Status 

 The cognitive function tends to decline rapidly in the elderly dialysis patient and 
can shorten the life span signifi cantly [ 7 ]. The efforts and resources utilized to cre-
ate a permanent access in the debilitated elderly population are often unjustifi ed and 
need careful evaluation.  

    Peripheral Arterial Disease 

 Atherosclerotic arterial disease in the elderly patient may hinder the maturation 
process, and preoperative evaluation can assist with ideal site selection [ 8 ]. The 
presence of signifi cantly small distal arteries may prevent creation of a functional 
access at the wrist. A complete risk evaluation for developing distal ischemia and 
steal syndrome post vascular access creation needs to be an integral component of 
access planning. Arterial and venous calcifi cation has been described in about a 
third of the vessels used for creating vascular access. The amount of calcifi cation is 
known to worsen with progressing CKD and age, resulting in poor maturation of 
arteriovenous fi stula.  

    Patient Preference 

 An elderly patient with CKD nearing dialysis is often faced with multiple social and 
moral issues, which may play a role in their fi nal selection of vascular access. A 
strong sense of guilt, an attitude of extending life “one day at a time,” and sense of 
burden imposed on their caregivers may drive the elderly to choose CVC over a 
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permanent vascular access. Additionally, fear of needles and associated pain may 
tilt the balance in favor of CVC over AVF/AVG. Patients who are already on dialysis 
may form their own opinion based on patient-patient interactions, personal experi-
ence, and observations in the dialysis unit [ 9 ].  

    Acute Start vs. Chronic Progression 

 The development of an acute need to initiate hemodialysis is not uncommon in 
clinical practice. Timely access planning may not be an option in relatively stable 
elderly CKD patients with high comorbidities, who often deteriorate rapidly 
while being admitted for non-renal diseases. The use of CVC in patients requiring 
acute start is unavoidable, but the goal should be to transition them to a permanent 
access as soon as the clinical condition improves.  

    Socioeconomic Factors 

 Elderly patients depend on others for their healthcare visits. Typically, creating a 
permanent vascular access involves visits for vessel mapping, preoperative anesthe-
sia clearance, surgery, and follow-up evaluations. These visits can lead to loss of 
productivity for the caregiver contributing to the ultimate decision.   

    Step III: Vascular Access Selection 

    AVF vs. AVG 

 Arteriovenous fi stula remains the preferred vascular access in the younger CKD 
population because of the lower incidence of infection, stenosis, and thrombosis 
resulting in overall longer patency compared to AVG and CVC. The clinical experi-
ence and outcomes of AVF are not necessarily identical in the elderly CKD patient 
[ 10 ]. There is a higher incidence of fi stula maturation failure due to small, calcifi ed, 
and atherosclerotic vessels. The patency rates for AVF reported in literature vary 
widely because of the variability in defi nitions and selection bias and practice pat-
terns. Figure  5.2  outlines the critical factors that play a signifi cant role in the AVF 
maturation process.

   Arteriovenous grafts are considered the second best option, especially with mul-
tiple failed AVFs, with unsuitable or damaged veins, and to limit the duration of 
CVC use. AVGs have a lower patency rate and higher associated morbidity related 
to frequent development of stenosis and thrombotic events. The patency data 
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 available in the literature on AVG in the elderly patient is not robust and with high 
variability making it diffi cult to draw defi nitive conclusions. 

 The interpretation of patency data reported in literature comparing AVF and 
AVG is dependent on the defi nitions used in the study. The overall cumulative 
patency of AVF and AVG is identical when the primary non-maturing AVF is 
included in the survival analysis [ 11 ]. A survival analysis from the US Renal Data 
System on the type of vascular access in >65–year-old did not reveal any advantage 
between AVF and AVG. The cumulative patency was identical in elderly patients 
with and without diabetes, and in fact, AVG survival was better compared to AVF in 
the fi rst 18 months after access creation.  

    Site Selection: Forearm vs. Upper Arm 

 The consensus guidelines from several societies recommend radiocephalic AVF as 
the fi rst-choice vascular access. The fi stula maturation failure in the elderly popula-
tion, especially of the radiocephalic fi stula, is higher compared to the younger coun-
terparts. In a meta-analysis of 13 studies, the patency rate for radiocephalic and 
brachiocephalic fi stula was reduced equally in the elderly patients. In a secondary 
analysis, the 12-month patency rate of brachiocephalic AVF was higher by 12 % 
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  Fig. 5.2    Factors infl uencing maturation of an arteriovenous fi stula (AVF)       
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compared to radiocephalic AVF [ 12 ]. The available data for 1-year and 5-year 
cumulative survival of AVF in the elderly remains confl icting compared to younger 
ESRD patients.  

    Central Venous Catheter 

 Limiting the use of CVC remains the best option given its associated higher morbid-
ity and mortality compared to AVF/AVG. CVC can be considered as an acceptable 
primary access in the elderly CKD patients with: (i) short life expectancy, (ii) acute 
start dialysis, (iii) chronic hypotension making it diffi cult to support prescribed blood 
fl ows for adequate dialysis therapy, (iv) severe peripheral vascular disease posing a 
surgical challenge for access creation, and (v) complications like steal syndrome and 
risk of distal ischemia and (vi) during a limited time trial before deciding on long-
term commitment and (vii) all possible vascular access sites have been exhausted.   

    Step IV: Vascular Access Planning 

 Vascular access planning is time consuming and needs active participation of sev-
eral members. Figure  5.3  outlines the various team members and patient factors that 
need to be considered while selecting an ideal vascular access for an elderly patient 
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  Fig. 5.3    Key factors in the 
vascular access planning 
process       
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with CKD. Besides the patient, the vascular access planning team should include a 
vascular access coordinator/educator, a nephrologist, and a competent surgeon. 
Patient education plays a very important role in the entire planning process. The 
role of the educator/coordinator is to educate the patient and family members the 
importance of taking a timely decision and the pros and cons of different vascular 
access options. The education process should also involve explaining the goals and 
expectations from dialysis therapy and the necessary change it can bring to the life-
style of both the patient and their family members. The nephrologist and the sur-
geon should take in to consideration all the challenges and patient-related factors 
discussed above to decide on creating an ideal vascular access for each individual 
patient. The vascular access coordinator then assists in facilitating and implement-
ing the plan so the desired vascular access is created long before the actual need for 
dialysis therapy.

       Step V: Effective Execution of the Plan 

    Evaluate Comorbidities 

 A thorough evaluation and documentation of comorbidities is essential once the 
decision is made to prepare a patient for hemodialysis therapy. A detailed history 
pertaining to previous CVC and failed attempts at permanent accesses should be 
documented. Patients with CIED should be identifi ed for objective evaluation of the 
central vein patency before being referred to a surgeon.  

    Evaluation of Vessels 

 Vascular access is a circuit that Starts and ends at the heart and includes the periph-
eral arterial and the venous system of the extremity. Evaluating the arteries and 
veins for ideal site selection is important to minimize maturation failure. The ves-
sels can be evaluated with physical examination, Doppler ultrasonography, veno-
gram, and if necessary selective arteriogram studies. 

 Physical examination is a simple bedside tool that can provide valuable informa-
tion for suitability of both artery and vein in creating an AVF. A modifi ed Allen test 
performed using pulse oximetry signal can assist in identifying elderly patients at 
risk of developing steal syndrome. 

 Doppler ultrasonography can simultaneously help evaluate the arteries and 
superfi cial veins. The compliance and distensibility of superfi cial veins can be 
assessed with and without the use of a tourniquet. Doppler ultrasonography has a 
distinct advantage over venography as it also allows evaluation of the arteries for the 
presence of calcifi cation and blood fl ow assessment, without the potential risk of 
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precipitating contrast-related nephropathy. Venography has its role in evaluating the 
central veins in high-risk patients especially those with multiple previous CVC or 
with a CIED. 

 A minimum venous luminal diameter of 2.5 mm and arterial diameter of 2.0 mm 
are considered favorable for suitable vascular access creation. Even though these 
criteria are commonly used in clinical practice, successful fi stula maturation pro-
cess remains unpredictable. In older women, primary AVF failure rate has been 
reported to be as high as 78 % despite vessel mapping [ 13 ].  

    Surgical Skills 

 The surgical training and skills have been shown to be important to create a success-
ful vascular access. The selection of a dedicated, skilled, and innovative surgeon in 
the vascular access team can improve the success of the vascular access program.  

    Interventionalist 

 An interventionalist can be a nephrologist, radiologist, or a vascular surgeon and 
remains an integral member of the vascular access team [ 14 ]. An interventionalist 
plays a vital role in the evaluation of non-maturing AVFs and treats failing accesses 
with endovascular procedures. Endovascular procedures remain the mainstay ther-
apy to maintain the access patency. The procedures are commonly performed in an 
outpatient setting and prevent loss of dialysis treatment. There is a growing trend 
across the globe for nephrologists to take a leadership role in patient selection, plan-
ning, and performing endovascular procedures and act as a liaison between the 
dialysis units and the surgeons.   

    Summary: Individualized Approach 

 Vascular access creation in an elderly CKD patient is clearly a challenging process 
and involves a complex multistep process. The vascular access planning should start 
with an open discussion about risks and benefi ts of initiating dialysis therapy giving 
equal consideration for quality of life rather than quantity of life. The discussion 
should include not only the patient but also the family members and consider alter-
nate treatment modalities such as peritoneal dialysis or active non-dialysis medical 
therapy. A common sense approach is sometimes the “best approach,” and incorpo-
rating life expectancy, functional status, relevant comorbidities, and available surgi-
cal expertise can guide the ideal vascular access creation process. Even though 
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guidelines suggest “fi stula-fi rst” approach, in the elderly CKD population “patient- 
fi rst” approach may be more rational. A suggested algorithm for an individualized 
approach as provided in Fig.  5.4  may be a practical way until more defi nitive data 
are available to guide practice patterns [ 15 ].

Elderly end stage renal disease patient

Medical therapy
(Palliative care)

Trial of dialysis
 or acute start

Maintenance
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CVCEvaluate for co-morbidities

Assess co-morbidities for
individualized approach

Assess functional status Life expectancy

≤ 6-months 6-12 months

CVC AVG vs. AVF

GoodPoor

CVC vs. AVG

Consider

AVF preferred over AVG

  Fig. 5.4    Suggested algorithm for an individualized approach to dialysis vascular access planning 
in an elderly patient with chronic kidney disease       
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 Key Points 
1.      Vascular access planning in elderly ESRD requires multidisciplinary team 

involvement and poses unique challenges.  
2.    Multiple comorbidities, complex social circumstances, patient preferences, 

and quality of life issues dictate the decision-making process.  
3.    Arteriovenous fi stula remains the preferred long-term vascular access but 

may not be an ideal vascular access for all elderly ESRD patients.  
  Active medical management (palliative care), peritoneal dialysis, and end-

of- life care therapies should be offered to elderly ESRD as treatment options.    
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    Chapter 6   
 Peritoneal Dialysis for the Elderly                     

       Edwina     A.     Brown    

            Introduction 

 The default dialysis choice for the elderly is usually haemodialysis in most European 
countries, Canada and the USA with relatively few patients starting on peritoneal 
dialysis (PD) compared to younger and fi tter patients. This is actually quite surpris-
ing as a home-based treatment avoids the need for transport and peritoneal dialysis 
(PD) does not have the haemodynamic swings associated with haemodialysis (HD). 
There is no doubt that there are often challenges to enabling an elderly patient to 
have PD, but the development of assisted PD can surmount many of these. Indeed, 
in France where assisted PD has been available for many years, the PD population 
is predominantly elderly [ 1 ]. As discussed in Chap.   2    , the BOLDE study has shown 
that PD patients have less illness and treatment intrusion than patients on HD [ 2 ], 
though the patients in the BOLDE study were mainly fi tter older patients and none 
were on assisted PD.  

    Eligibility for PD 

 PD eligibility for older patients depends on factors related to the PD itself and on 
those more specifi cally related to ageing (see Table  16.1 ). Older patients are also 
more likely to be late presenters or “crashlanders”. Once started on HD, they are 
often unlikely to change to PD. With planning and appropriate education, many of 
the barriers can be surmounted. With appropriate education, over half of older 
patients would prefer to be on PD [ 3 ]. In this study of 134 older incident Canadian 
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patients with a median age of 73 years, 25 % had visual problems, 20 % were con-
sidered immobile and 17 % had reduced hearing. In units with assisted PD avail-
able, 80 % patients were deemed eligible for PD as against 65 % when assistance 
was not available. In both groups, almost 60 % of those eligible chose PD. Oliver 
et al. [ 4 ] have also shown how important social support is for the eventual choice of 
PD; family support was associated with an increase in PD eligibility from 63 to 
80 % and PD choice from 40 to 57 % in patients with barriers to self-care.

       Benefi ts of PD for Older Patients 

 The advantages and disadvantages of PD compared to HD for older patients are 
discussed in Chap.   2    . As shown in Table  16.2 , the principal advantage of PD is being 
able to have treatment at home and thereby avoid the disruption and discomfort of 
visits to hospital in all weathers and regardless of how the patient is feeling. 
Furthermore, PD avoids the haemodynamic swings associated with HD and enables 
more freedom in terms of travel. This can be particularly important for older people 
who wish to visit family members in different parts of the world. Finally, and a point 
that is often not considered, there is the benefi t of preservation of residual renal 
function enabling a relatively low dialysis prescription which minimises treatment 
burden and intrusion into lifestyle. It is well recognised that rate of decline in kidney 
function is lower with increasing age. Calculation of PD clearance includes residual 

   Table 6.1    Potential obstacles for PD in elderly patients   

 Potential obstacle  Solution 

 PD 
related 

 Prior lower abdominal 
surgery 

 Consider surgically placed catheter, but PD may be 
contraindicated, particularly in presence of colostomy, 
previous pelvic radiotherapy, etc. 

 Severe obesity  Consider surgically placed catheter but PD may be 
contraindicated 

 Housing – no storage 
space 

 Can be a contraindication, but consider more frequent 
smaller deliveries of supplies 

 Depression/anxiety  Can be a contraindication, but consider assisted PD 
 Age- 
related  

 Poor manual dexterity  Consider assisted PD 
 Impaired physical 
activity with diffi culty 
in lifting bags of fl uid 

 Consider assisted PD 

 Impaired vision  Consider assisted PD 
 Impaired hearing  Use visual aids for training; consider assisted PD 
 Cognitive dysfunction  Consider assisted PD. Can be contraindication if patient 

gets agitated, at risk of contaminating catheter or exit site 
 General frailty  Consider assisted PD 
 Late presentation (more 
common in elderly) 

 Consider acute start PD ± assisted PD 
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renal function, thereby enabling an incremental increase in the PD prescription as 
renal function declines; if there is little decline, dose of PD remains low. It is there-
fore not uncommon to fi nd older patients still using only 3 CAPD exchanges some 
years after starting dialysis.

       Assisted PD 

 Realistically, very few frail elderly patients will be able to perform their own PD. In 
some instances, family members will help, but usually, when this is not possible, 
patients are placed on HD with all its diffi culties, and a few will opt for conservative 
care, i.e., no dialysis. Patients incapable of self-care PD, however, could be sup-
ported through assisted peritoneal dialysis (aPD) where trained staff provides daily 
dialysis assistance either in nursing homes or in patients’ homes. Assisted PD is 
available in many European countries, in parts of Canada and Australia using health-
care workers and in many Asian and South American countries where domestic help 
is often relatively inexpensive. Assisted PD, however, is not reimbursed in the USA 
and so is not readily available unless provided by the patient and/or their family. 

    French Experience: Assisted CAPD 

 In France, aPD has been standard treatment for older patients for many years. A 
detailed analysis by the French REIN registry [ 5 ] of 3512 patients over 75 years 
starting dialysis between 2002 and 2005 showed that 18 % began with PD, with the 
proportion varying from 3 to 38 % depending on region; over half of these patients 
were on assisted PD. Interestingly, starting dialysis with PD was signifi cantly asso-
ciated with older age, congestive heart failure and severe behavioural disorders. The 
availability of assistance has enabled PD in France to be predominantly a treatment 
of the elderly, with ~55 % of patients on PD in January 2011 being >70 years of age 

   Table 6.2    Benefi ts of PD for older patients   

 Treatment is at home 
 Hospital visits restricted to outpatient reviews and emergency visits 
 Flexibility of treatment times round social activities (CAPD) or at night with daytime 
freedom (APD) 
 Preservation of residual renal function enabling 1–2 days “off”/week and slow incremental dose 
of treatment 
 No haemodynamic swings so stable blood pressure and no periods of feeling “washed out” 
(as compared to HD) 
 Simple procedure so can be done by family member or paid assistant with minimal training 
time 
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[ 1 ]. Non-disconnect CAPD with UV fl ash is the predominant method used as this 
greatly shortens the time needed for the nurse visit—the nurse phones the patient or 
a relative to start the drain procedure so when he/she arrives, they just have to 
remove the old bag and connect the new one, leaving the fl uid to drain in and the 
patient to fold up the bag after their departure.  

    Assisted APD 

 In other European countries and in Canada, APD is used as the PD modality for 
assisted patients. Table  16.3  shows different models of how this is delivered.

       Training of Assistants 

 Length of time taken to train assistants depends on healthcare experience of that 
individual. If a family member or a layperson provided by the patient or family, then 
training is no different to the standard training provided by the PD team for patients 
starting treatment. Nurses usually only require about half a day’s training in the PD 
unit. In the UK system, assistants are mostly provided through a healthcare agency 
and require a longer period of training which is done either by the local PD unit or 
in a commercial PD training unit. In all programmes, the local PD team need to 
provide backup and be available for advice for the PD assistant.  

   Table 6.3    Models of delivering assisted APD   

  Europe (non-UK), Canada  
 Community nurses visit twice a day 
 Morning visit to disconnect patient from cycler machine, remove used bags and set up machine 
with new bags for the evening 
 Shorter evening visit to connect patient to cycler machine 
 This model is being developed in some European countries (Sweden, Denmark, Netherlands, 
Belgium, France) and Canada 
 Main disadvantage is cost of using nurses and providing 2 visits/day 
  UK  
 Daily visit from a healthcare assistant (individual with short basic training in healthcare) 
 Nursing qualifi cation is not needed to perform PD (usually done by patients ± family support); 
salary of healthcare assistant is less than a nurse 
 One visit a day only – assistant takes used bags off cycler machine and sets up machine with 
new bags and also checks blood pressure and weight of patient and can perform exit site 
dressings 
 Patient (with or without family support) still has to do their own connection to and 
disconnection from the cycler machine. This limits the patient population suitable 
for assisted PD 
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    Selection of Patients for Assisted PD 

 Patients starting on assisted PD come from various sources: existing PD patients 
who are no longer able to perform autonomous PD, predialysis patients starting 
dialysis electively, patients who have chosen PD but are diffi cult to train and HD 
patients who tolerate HD poorly. Assisted PD is also useful for patients who present 
late and are started on PD acutely (“acute-start PD”) while they wait for a training 
slot or to provide a transition period during which they can adjust to life on 
dialysis. 

 Not all elderly patients are suitable for aPD. Apart from the standard contraindi-
cations to PD, factors that make patients unsuitable for aPD include restlessness at 
night so unable to stay on machine, living alone and unable to be trained for even-
tuality of machine alarming overnight (if necessary, response can be just to switch 
off machine), unable to be trained to disconnect from machine in emergency, 
accommodation too small for cycling machine and fl uid supplies and patient proves 
to be unreliable so frequently not at home when assistant calls.  

    Quality of Life 

 Anecdotally, patients can be very stable on aPD and those who have transferred 
from HD feel much better. There are currently no studies which report specifi cally 
on quality of life in patients on assisted PD.   

    Management of PD 

 Management of patients on PD includes initial assessment, catheter insertion, train-
ing and maintenance. The majority of the principles of care are the same as for 
younger patients, but there are features that need to be highlighted for older patients. 

    Assessment for PD 

 Apart from standard assessment for PD eligibility, older patients need to be assessed 
for their physical ability to carry out the various procedures required and for the 
ability to learn how to perform these techniques and how to troubleshoot if things 
go wrong. As already discussed, they are more likely to have poor hand dexterity, 
diffi culty in lifting heavy bags, cognitive dysfunction (particularly impaired execu-
tive function), impaired vision and impaired hearing. All these factors will create 
diffi culties in performing PD independently. Particularly when problems are 
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anticipated, the PD assessment should be carried out in the patient’s home and with 
their family or carer support present. Potential barriers can then be identifi ed and 
appropriate social support can be suggested to the family and/or put in place with 
community support. Some patients may benefi t from creation of a microenviron-
ment, enabling them to carry out PD independently. As well as identifying physical 
problems, it is also important to identify whether patients can carry over informa-
tion and to obtain information from family or carers about potential memory or 
other cognitive problems. If it appears unlikely that the patient will be able to carry 
out their own PD, the possibility of assisted PD either by the family or a paid health-
care worker should be discussed at this stage.  

    Catheter Insertion 

 There is no evidence of increased complications from catheter insertion such as 
hernia or fl uid leak in older patients. In terms of actual insertion, as older patients 
are more likely to have cardiovascular comorbidities, it is important to assess suit-
ability for general anaesthetic if this is going to be needed for catheter insertion.  

    Patient Training 

 If the patient has been assessed appropriately prior to PD catheter insertion, poten-
tial diffi culties such as poor hand dexterity and impaired vision or hearing should 
have been identifi ed. As many older patients do have impaired hearing and fi nd 
learning more diffi cult, training should be done in a quiet environment and can take 
longer than for younger patients. Aids to learning, such as pictures, are often help-
ful. The most common problem in training older patients is previously undiagnosed 
cognitive impairment. This is much more common in patients with chronic kidney 
disease than in the general population, and executive function is often more severely 
affected than memory. It is hardly surprising, therefore, that such patients fi nd it 
diffi cult to learn how to do their own PD. For a patient who appears diffi cult or 
impossible to train, the options are fi nding a family member to help, providing 
assistance at home or changing to haemodialysis.  

    Maintenance on PD 

 Maintaining any patient on PD is a multi-professional activity. For the elderly, holis-
tic care is vitally important. As well as all the features of usual dialysis care, one 
needs to consider the management and progression of the associated comorbidities 
and impact of general ageing. A patient may be able to cope independently when 
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starting on PD but, with the development of cognitive impairment and/or worsening 
physical function, may need considerable support and/or be unable to carry out their 
own PD later on. Decisions then need to be made about social support at home, 
whether PD continues to be possible or not and whether changing to HD would be 
benefi cial or not. Provision of assisted PD can often enable patients to remain on 
PD. Regular conversations are essential with patients and families to update on 
prognosis and determine wishes regarding future care, both regarding need for 
social support and assistance for PD and end of life planning. When discussing pos-
sible transfer to HD, it is important to be realistic about life on HD that such a 
transfer will not improve comorbidities or the effects of ageing. It is also important 
to be aware of the impact of PD on families, particularly if the patient is dependent 
on their spouse, who is most likely also going to be elderly with their own health 
problems. Temporary periods of assistance may well be needed during periods of 
illness of the spouse or to give the family a break; this may entail training another 
family member to do PD, providing paid assistance, or temporary intermittent PD 
in the hospital.   

    Complications of PD 

 There is no evidence of PD-related complications being more common in older 
patients. Although there has been concern that peritonitis is more frequent in the 
elderly, this has not been confi rmed in most studies. Even with assisted PD in the 
frail elderly, the French experience shows very acceptable peritonitis rates of 1/36 
patient months with nurse assistance and 1/48 patient months with family assistance 
[ 6 ]. There is no evidence of increased risk of hernias or leaks in older patients. There 
has been no comparison of rate of decline of residual renal function in older com-
pared to younger patients on PD and therefore the risk of problems related to anuria. 
It is well recognised, though, that rate of decline of renal function is slower with 
increasing age. It is therefore not uncommon to fi nd older patients continuing to 
pass urine and have signifi cant residual renal function for up to many years on PD.  

    Length of Time on PD 

 Concerns about limiting length of time on PD for older patients should not be an 
issue. Even after 5 years on PD, the risk of encapsulating peritoneal sclerosis (EPS) 
is only 5 %. Given the short survival of older patients on dialysis (median survival 
for patients >75 years old is only 22 months in the UK), if they survive for 5 years 
on dialysis, they have done well. Transferring to HD at some arbitrary time period 
would have a major impact on lifestyle and quality of life, could well be deleterious 
in terms of progression of cognitive dysfunction and physical function and actually 
increases the risk of developing EPS.  
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    End of Life Management 

 Dialysis, of any sort, should be regarded as palliative treatment for older patients and 
particularly for the frail. Life expectancy is considerably shortened and death should 
not come as a surprise. A realistic prognosis should therefore be discussed with 
patients and families so that they can express their wishes and achieve end of life 
goals. Many patients choosing a home therapy would prefer to die at home. This will 
often require joint management with the palliative care team with care focused on 
symptom control rather than achieving ideal blood result targets. Withdrawal of dial-
ysis is often less of an issue than for patients on HD as families/carers can be advised 
that missing an exchange or a night on cycler is acceptable if the patient is drowsy or 
not well. This is less traumatic than deciding that dialysis is going to stop on a spe-
cifi c day. Care of PD patients requires community support and holistic care. The PD 
multidisciplinary team is therefore well placed to provide end of life support, interact 
with community care and palliative care and thereby maximise the quality of life at 
the end of life for their patients. At the end of life, supporting the patient with social 
care and symptom control is more important than achieving dialysis targets. 

 The complexity of caring for an elderly patient on PD is illustrated by the follow-
ing case history.  

 Case History 
 Edith started PD at age 71 years. She had presented with vomiting and found 
to have end-stage kidney disease with an eGFR of 8 ml/min/1.73 m 2 . Her only 
past history was a cerebellar stroke 10 years previously which had left her 
with impaired balance so that she walked with a roller zimmer frame. She 
greatly valued her independence, lived on her own and did all her own activi-
ties of daily living. She had never married and her only relative was a brother 
who lived some distance away; they phoned each other a couple of times a 
year but had not met for some time. She was maintained on CAPD 3 
exchanges/day and did very well for the fi rst 2 years. She continued to be 
independent, was always smart when coming to the clinic and had no episodes 
of peritonitis. She then started having falls when outside and in the house. Her 
walking improved after some physiotherapy and fortunately she had no frac-
tures. After 3 years on PD, it was obvious that she was not coping so well. 
However she refused to have any help at home and soldiered on. Conversations 
were had about the future – she was always adamant that she did not want to 
change to HD and that she did not want a lingering death; she had seen her 
sister die from a brain tumour over many months and did not want the same 
for herself. The inevitable crisis happened when she came to the clinic fl uid 
overloaded, anaemic and clearly not dialysing. She admitted to falling asleep 
and missing exchanges. She now agreed to change to assisted APD. At the 
community visit to set this up, it was obvious that she no longer cleaned her 
house and had not been eating. It proved impossible to train her how to turn 
alarms off on the cycler machine and it became apparent that she was now 
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 Key Points 
    1. Peritoneal dialysis should be considered for all older patients considering 

dialysis to enable treatment at home.  
  2. Assisted peritoneal dialysis is provided by many healthcare systems and 

enables older patients to have dialysis at home even when they cannot 
undertake treatment themselves.  

  3. No evidence of increased risk of PD-related complications, such as infec-
tion, for older patients.  

  4. Important to provide appropriate psychosocial support for ageing-related 
factors such as physical and cognitive function decline.  

  5. Important to discuss overall prognosis and end of life planning with 
patients and families.    

signifi cantly cognitively impaired. After 1 week of assisted APD, she was 
reviewed in the clinic. She appeared dishevelled with food stains on her 
clothes; she had bruises on her face and abdomen but could not remember 
falling. Although her memory was clearly poor, she was still clear that she did 
not want HD, but she did not want to stop dialysis. As she retained the ability 
to do CAPD exchanges, the plan was changed to increasing social support at 
home with carers visiting regularly, meals on wheels were organised and she 
returned to do CAPD with the realisation that she would often miss an 
exchange. Community palliative care was also organised to provide nurse 
support at home and to enable her to transfer to a hospice when clinically 
indicated. 
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    Chapter 7   
 Managing Blood Pressure in the Elderly: 
What Is Different?                     

       Sergio     F.  F.     Santos     ,     George     Sunny     Pazhayattil     , and     Aldo     J.     Peixoto    

            Introduction 

 Blood pressure (BP) management is essential in patients with end-stage kidney dis-
ease (ESKD) on maintenance dialysis as hypertension is the most common cardio-
vascular risk factor in this population. Even though this is true across all age groups, 
the aging process adds challenges to the evaluation and management of BP in dialy-
sis patients. In this chapter, we will review aspects related to the management of BP 
and the treatment of hypertension in patients on chronic maintenance dialysis, with 
a focus on issues that are modifi ed by the aging process, being mindful of the caveat 
that data restricted to elderly patients are scanty.  

    Epidemiology 

 The relationship between BP and outcomes in dialysis patients is complex. Many 
observational studies have shown an inverse relationship between BP and mortality 
in HD patients [ 1 ]. Fewer studies are available in PD cohorts, but the available lit-
erature shows similar results [ 2 ]. In summary, these studies suggest that the lowest 
mortality rates in HD patients occur with BP in the range that would be classifi ed as 
hypertension in the general population (140–160/70–90 mmHg). In these observa-
tional studies, the highest mortality rates occur in patients with BP below 
120/80 mmHg. Increased mortality in the high BP ranges is only observed when BP 
is above 180/100 mmHg. With relevance to the elderly, a recent cohort study noted 
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this pattern to be more pronounced in the elderly [ 3 ]; in other words,  the older the 
patient group ,  the greater the impact of low BP on mortality risk ,  especially among 
those aged 70 and older . In patients under age 60, low BP was not associated with 
increased risk. These fi ndings raise concern that aggressive BP control in dialysis 
patients, particularly the elderly, could put them at risk for worse outcomes and 
certainly complicate efforts to establish BP targets (see below). 

 There are several possible explanations for this apparent paradox [ 1 ,  4 ]. The 
most commonly raised is that low BP is associated with congestive heart failure and 
other severe comorbidities and these observational studies are uniformly fl awed by 
the absence of adjustment for cardiac function. In the only observational study 
where echocardiographic data were available, no such U-shaped relationship was 
noted [ 5 ]. In addition, there may be a time lag bias; patients have a high mortality in 
the early stages after initiation of dialysis due to other reasons, and patients with 
higher BP may take several years to have an impact of high BP levels on mortality. 
Lastly, there may be a role of the type of BP measurement used, as studies using 
48-h ambulatory or home BP monitoring have identifi ed a direct relationship 
between BP and mortality, differently from BP values obtained in the dialysis unit. 

 Approximately 90 % of patients with chronic kidney disease have a diagnosis of 
hypertension by the time they reach ESKD. Contemporary cross-sectional surveys indi-
cate the prevalence of uncontrolled hypertension in hemodialysis (HD) patients to be 
~70 %. Similar estimates apply to patients undergoing peritoneal dialysis (PD) (60–
90 %) [ 2 ,  4 ]. Interestingly and contrary to what is observed in the general population, the 
prevalence of hypertension in dialysis patients has no linear relationship with age. Some 
reports refl ect on the very low prevalence of hypertension among patients receiving 
daily HD, long nocturnal HD, and in selected populations undergoing conventional HD 
or PD while adhering to aggressive salt restriction. We are not aware of data exploring 
an interaction between age and blood pressure (BP) in these very selected populations. 

 Unfortunately, limited clinical trial data are available to isolate the effects of BP 
lowering as benefi cial or detrimental in dialysis patients, and all clinical trials have 
been underpowered to answer this question. However, two meta-analyses have com-
piled results from clinical trials in HD patients [ 6 ,  7 ]. In these trials, active antihy-
pertensive drug treatment resulted in BP that was 4.5/2.7 mmHg lower than in the 
control group. Aggregate results that include both hypertensive and normotensive 
patients indicate a decrease in risk of death or cardiovascular events of ~20–29 % 
among patients receiving active treatment. As one would expect, this effect was 
more prominent among patients who have hypertension (51 % risk reduction). 
Results from these meta-analyses, while not conclusive, dispel some of the concerns 
clinicians may have about treating hypertension in dialysis patients. We do not have 
specifi c trial data restricted to elderly patients.  

    Pathophysiology of Hypertension 

 The pathophysiology of hypertension in dialysis patients is complex, and there are 
a variety of factors contributing to it. Table  7.1  outlines some of the known factors 
involved.
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      Extracellular Volume Overload 

 This is the most common and most recognized reason for hypertension in dialysis 
patients. Increased extracellular fl uid (ECF) volume measured with different meth-
ods is associated with increased BP levels, and that seems to be  more pronounced in 
older patients  [ 8 ]. Patients receiving daily or prolonged HD reach better BP control 
at least in part through improved ECF volume status, though other mechanisms are 
likely operative as well. In a randomized clinical trial in patients receiving conven-
tional HD, increased ultrafi ltration resulting in a 1 kg difference in dry weight 
between groups translated into a 6.6/3.3 mmHg reduction in BP over a 2-month 
period [ 9 ]. In PD patients, patients with peritoneal membrane characteristics lead-
ing to faster solute transport are predisposed to volume overload and hypertension 
[ 2 ]. In such patients, improvement of sodium balance with better ultrafi ltration (e.g., 
through the use of icodextrin) results in lower BP levels. Likewise, sodium restric-
tion is associated with improved BP levels in hypertensive HD and PD patients. 
Overall, volume excess is an important mediator of hypertension in dialysis patients 
and is particularly relevant because of it can be manipulated clinically in order to 
lower BP.  

    Imbalance Between Vasoconstrictive and Vasodilatory Systems 

 This is a complex area of research involving multiple pathways, and to date, all the 
elements at play are incompletely understood, but it is apparent that as noted in 
Table  7.1 , several vasoconstrictor systems are commonly overactive in ESKD, 
whereas vasodilating mechanisms are typically blunted [ 4 ,  10 ]. Of relevance to 
therapy, the renin-angiotensin system is not usually overactive but fails to suppress 

     Table 7.1    Factors contributing to 
pathogenesis of hypertension in 
dialysis patients  

 Sodium and water retention leading to extracellular 
volume expansion 
 Excessive vasoconstriction: 
   ↑Renin-angiotensin system activity 
   ↑Sympathetic nervous system activity 
   ↑Ouabain-like factor 
   ↑Vasopressin 
   ↑Endothelin-1 
 Decreased vasodilation: 
   ↓Nitric oxide 
   ↓Kinins 
 Increased intracellular calcium 
 Increased arterial stiffness 
 Obstructive sleep apnea 
 Hyperparathyroidism 
 Erythropoietin therapy 
 Renovascular disease 
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in the face of the attendant volume overload. In addition, intrarenal renin activity is 
markedly increased in dialysis patients. Also of relevance is the well-demonstrated 
overactivity of the sympathetic nervous system, including output from renal affer-
ents. This can be manipulated pharmacologically and, more recently, with renal 
sympathetic denervation.  

    Role of Dialysate Prescription in HD 

 Dialysate concentration of sodium, calcium, magnesium, and potassium all have 
effects on intradialytic BP in HD patients [ 10 ]. BP increases upon exposure to high 
sodium or calcium and falls when the dialysate is high in potassium or magnesium. 
The impact of interdialytic BP is less clearly defi ned, though it appears that high 
sodium and calcium also have an effect on longer-term BP control. These observa-
tions have impact on treatment decisions (see below). The impact of dialysate com-
position on BP in PD patients has been less adequately studied, although the role of 
sodium and calcium appears similar to what is observed in HD.  

    Arterial Stiffness 

 Arterial stiffness is accelerated by kidney disease, and patients on dialysis have 
among the highest degrees of arterial stiffness [ 11 ]. This process is mediated largely 
by increased arterial wall calcifi cation and decreased elastin content. Although 
aging is associated with arterial stiffening, the strength of this relationship is blunted 
in patients on dialysis. Arterial stiffness results in increased pulse wave velocity, 
which causes an increase in central arterial pressure as a consequence of faster 
refl ection of pulse waves. BP lowering through any means but particularly through 
control of sodium excess and use of blockers of the renin-angiotensin system is an 
effective way of decreasing pulse wave velocity. However, there are no proven strat-
egies to improve the fundamental abnormalities of the arterial wall. 

 The other mechanistic factors listed in Table  7.1  are also operative in some cases 
and need to be entertained as part of the evaluation of patients on dialysis, in par-
ticular those with diffi cult BP control.   

    Blood Pressure Measurement in Dialysis Patients 

    Method of BP Measurement 

 Either auscultatory or oscillometric measurements are acceptable in dialysis 
patients [ 12 ]. As with any hypertensive patient, close attention to recommended 
guidelines for BP measurement is needed (e.g., the American Heart Association 
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guidelines [ 13 ]), including avoidance of recent use of nicotine or caffeine. Because 
of the combined effects of aging and advanced kidney disease on arterial calcifi ca-
tion, the possibility of noncompressibility of the brachial artery needs to be enter-
tained as a cause of pseudohypertension. Patients should be screened by careful 
palpation of these vessels. Also, given the high prevalence of atherosclerotic periph-
eral arterial disease in ESKD, all patients should be screened periodically for inter-
arm differences due to stenosis of the subclavian or axillary artery. If differences are 
observed, the arm with higher values should always be used. Unfortunately, per-
forming this screen is problematic in HD patients with functional arteriovenous 
fi stulae or grafts, which preclude BP measurement on their side. A means of bypass-
ing this shortcoming is to check the BP in the thigh, using specifi c thigh cuffs. If the 
BP is higher in the thigh by >20 mmHg in the supine position, the patient should be 
monitored using the thigh, not the arm.  

    Orthostatic BP Measurement 

 Orthostatic hypotension (BP fall by >20/10 mmHg after 3 min of standing) is 
common in older patients, with or without a diagnosis of hypertension [ 14 ]. 
Among geriatric patients treated with antihypertensive drugs, orthostatic hypo-
tension occurs in ~1/3 of patients. Patients on dialysis have impaired autonomic 
function and decreased baroreceptor sensitivity and are at increased risk for 
orthostatic hypotension. Furthermore, HD patients are at particularly increased 
risk of orthostasis following an HD session with ultrafi ltration. All dialysis 
patients should have routine measurement of standing BP during all visits. HD 
patients must have standing BP measured prior to leaving the HD unit after a 
dialysis session.  

    “Location” of BP Measurement 

 There is growing evidence that the association between BP and outcomes is best 
assessed by BP measurements made outside of the offi ce environment [ 1 ,  4 ,  10 ]. 
The most recent guidelines for patients with essential hypertension (2011 United 
Kingdom NICE guidelines and 2013 European Society of Hypertension guidelines) 
emphasize the importance of out-of-offi ce BP monitoring for the diagnosis and 
management of hypertension. In dialysis patients, the observations are similar. 
Available cohort studies, although much smaller than in essential hypertension, cor-
roborate the observations that out-of-offi ce BP (48-h ambulatory BP or home BP) is 
a better predictor of mortality in HD patients. Data in PD are scarce but indicate 
greater ability of out-of-offi ce BP to predict target organ damage (left ventricular 
hypertrophy, arterial stiffness) than conventional clinic BP measurements. 

 Besides the implications for prognosis, the following are relevant practical 
aspects of each type of monitoring:
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•     Clinic  ( dialysis unit )  BP . This is by far the most applied in clinical practice, and 
it is the method adopted in the majority of studies that evaluated BP levels in 
maintenance HD. However, this method may be imprecise because HD facilities 
are very busy and BP measurements are usually not uniform and tend to overes-
timate BP compared with standardized measurements. Besides, in-center BP 
correlates poorly with interdialytic BP obtained by ambulatory BP monitoring. 
BP in peritoneal dialysis patients is more stable because PD patients do not have 
large variations in BP associated with fl uid removal. Therefore, in PD patients 
BP can be better assessed by standard methods. When using clinic BP, it is 
important to make sure that devices are well calibrated, that cuff size matches the 
arm size of the patient, and that multiple readings are obtained and averaged. In 
HD patients, pre-, intra-, and post-HD values need to be integrated into the deci-
sion-making process (see below).  

•    Home BP . This is a simple and reliable method to estimate interdialytic BP pro-
fi le and is superior to clinic BP as a guide to achieve BP control in HD patients. 
When performing home BP monitoring, patients should use a validated device 
(list available from   www.dableducational.org    ) whose accuracy is confi rmed by 
periodic matching with readings obtained by calibrated devices in the dialysis 
unit. Most guidelines recommend monitoring of BP twice a day (early in the 
morning before taking medications and in the evening before dinner) for a period 
of 5–7 days. If patients have symptoms suggestive of low BP, extra readings in 
the late morning and late evening can be added. We recommend that this moni-
toring be done once a month for HD patients and before every clinic visit for PD 
patients. Home systolic BP readings are typically 10/5 mmHg lower than offi ce 
readings in the general population. In dialysis patients, however, the differences 
are smaller, typically less than 5 mmHg, possibly due to an underrepresentation 
of the white-coat effect and a higher prevalence of the “masked BP” effect in 
patients with advanced kidney disease.  

•    Ambulatory BP monitoring  ( ABPM ). ABPM is considered the gold standard in 
BP measurement in dialysis patients. In HD patients, ABPM shows the actual BP 
burden that occurs during the interdialytic period. ABPM also has better repro-
ducibility as compared with clinic BP and is the only method that evaluates BP 
during sleep, which provides relevant prognostic data. However, the use ABPM 
in clinical practice is limited by operational diffi culties (patients are often resis-
tant to wearing the monitor during the interdialytic period), limited availability, 
and lack of reimbursement.      

    BP Profi le in Dialysis Patients 

 The analysis of 44-h interdialytic ABPM in HD patients shows that even in patients 
who lower their BP during ultrafi ltration, about 50 % returns to hypertensive levels 
within 12 h after HD [ 4 ]. Both awake and sleep BP increase between HD sessions, 
so that BP is higher in the second interdialytic day in comparison with the fi rst inter-
dialytic day. In patients dialyzed thrice weekly, the BP rise in the longer 
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interdialytic period (72 h) in the third interdialytic day (measured by home BP) is 
attenuated in comparison with the fi rst two interdialytic days. 

 The decrease in BP that normally happens during sleep is blunted in dialysis 
patients. Up to 80 % of HD patients are non-dippers (BP decrease less than 10 % 
during sleep), and a signifi cant number of them are reverse dippers (BP higher dur-
ing sleep). The possible causes of this abnormal circadian rhythm include volume 
overload, sleep-disordered breathing, and abnormalities in hormonal and neuroen-
docrine mediators mainly those associated with the sympathetic nervous system [ 4 ]. 
Non-dipping and reverse dipping may be associated with worse cardiovascular out-
comes in dialysis patients. Due to fl uctuations in cardiac output (intravascular vol-
ume changes) and increased arterial stiffness, systolic BP characteristically oscillates 
more than diastolic BP in dialysis patients, resulting in increased pulse pressure. No 
study has addressed BP profi le specifi cally in the elderly dialysis patient.  

    BP Targets in Dialysis Patients 

 As noted above, many observational studies have shown an inverse relationship 
between BP and mortality in HD patients, whereas aggregate data from clinical tri-
als actually suggest benefi t from using antihypertensive agents in dialysis patients 
with hypertension. Reconciling these observations in the absence of defi nitive clini-
cal trial data is diffi cult. Based on weak evidence, the Kidney Disease Outcome 
Quality Initiative (K/DOQI) guidelines recommended a target BP less than 
140/90 mmHg pre-dialysis or less than 130/80 mmHg post-dialysis for HD patients 
[ 15 ]. These targets are reasonable, though one must understand that reaching these 
post-dialysis BP goals is associated with increased incidence of intradialytic 
hypotension. 

 One study compared the accuracy of the in-center BP measurements in conven-
tional HD with interdialytic 44-h BP measured by ABPM, being considered hyper-
tensive those patients with a 44-h average BP above 135/85 mmHg (levels 
extrapolated from the general population). In this study, pre-hemodialysis levels of 
150/85 mmHg and post-hemodialysis levels of 130/75 mmHg had the best accuracy 
to diagnosis of interdialytic hypertension [ 16 ]. 

 Overall, we do not disagree with the K/DOQI guidelines. However, we must be 
cognizant of the lack of data to support them. We fi nd it more useful to use measures 
of interdialytic BP (home or ABPM) to assess overall BP control and to mitigate 
hypotension. As it relates to elderly patients, the situation is no different. However, 
given the evidence in the general population that elderly individuals may be at 
increased risk of worse outcomes when BP is lowered excessively, it may be pru-
dent to use a more liberal approach to BP (i.e., higher BP targets, such as 
150/90 mmHg) in elderly dialysis patients, particularly those aged 80 or older [ 17 ]. 

 There are no specifi c guidelines for BP targets in PD patients; the K/DOQI 
guidelines do not provide any recommendations for this group of patients. We 
believe the practice should be similar to what is done in HD, using a clinic BP target 
of 140/90 mmHg in most patients (150/90 mmHg in older patients) [ 18 ].  
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    Assessment of Target Organ Damage 

 We routinely evaluate target organ damage (heart, brain, large vessels, and eye) in 
dialysis patients. Patients should be routinely asked about symptoms related to these 
organs, including focal neurological defi cits, symptoms of congestive heart failure, 
coronary disease, or peripheral arterial disease. Periodic examination of all patients 
should include a fundoscopic exam, with more detailed ophthalmologic evaluation 
in those with diabetes to identify the coexistence of retinal abnormalities. We obtain 
EKGs yearly, and all patients receive an echocardiogram to evaluate left ventricular 
mass and function, as these fi ndings help guide treatment choices, such as the use of 
blockers of the renin-angiotensin system, vasodilating beta-blockers, and mineralo-
corticoid receptor antagonists in patients with systolic dysfunction. 

 Additionally, cardiovascular risk factor evaluation and modifi cation is important, 
including advice about smoking cessation, increased aerobic exercise, evaluation 
and treatment of hyperlipidemia (preferably with a statin, although the clinical trial 
data in dialysis patients remain confl icting), and control of diabetes.  

    Management of Blood Pressure in Dialysis Patients 

 Knowledge of the multiple factors that can infl uence BP in dialysis patients 
(Table  7.1 ) and of disorders that are more prevalent in the elderly (Table  7.2 ) is 
important when making decisions regarding BP management in elderly dialysis 
patients. Mindful of these factors, the strategies to be used to control hypertension 
in dialysis involve four essential items: control of ECF volume through ultrafi ltra-
tion, management of sodium balance through diet and dialysate prescription, judi-
cious use of antihypertensive drugs, and consideration of alternative dialysis 
modalities, particularly daily and long-duration HD. Very limited data are specifi c 
to the elderly, so most of our recommendations listed below are based on data from 
the general dialysis population.

   Table 7.2    Specifi c factors that can infl uence the management of blood pressure in elderly 
dialysis patients   

 Factor  Impact 

 Arterial stiffness  Diffi cult to control systolic BP 
 Predisposition to intradialytic hypotension 

 Congestive heart failure  Dictates drug choices 
 Predisposition to intradialytic hypotension 

 Cardiac arrhythmias  May dictate drug choices 
 Renovascular disease  Treatment may improve resistant hypertension (rare) 
 Thyroid disorders  If present, may increase BP. Screening and treatment is indicated 
 Sleep apnea (both 
obstructive and central) 

 Treatment with noninvasive positive-pressure ventilation 
improves BP 
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       Control of Extracellular Fluid Volume 

 Sodium and water retention and their removal by the dialysis procedure have a piv-
otal role in determining BP levels and BP profi le in dialysis patients. In dialysis 
patients with residual renal function, the use of diuretics can aid in the achievement 
of optimal volume control. The effective use of diuretics in dialysis patients often 
requires high oral doses of loop diuretics (e.g., furosemide 120–200 mg twice daily) 
in combination with a potent thiazide agent (e.g., metolazone 10 mg once or twice 
daily). This strategy could also avoid the need for aggressive ultrafi ltration during 
dialysis. 

 In anuric dialysis patients, dietary sodium intake directly infl uences fl uid inges-
tion and interdialytic weight gain [ 19 ]. This is because human physiology strives to 
preserve extracellular osmolality at an apparent fi xed osmolar set point. In function-
ally anephric dialysis patients, the main osmolar regulator is thirst. For example, an 
HD patient who ingests 8 g of sodium chloride in one interdialytic day theoretically 
would have to ingest 1 l of water to maintain his or her osmolar homeostasis, and 
consequently, a small reduction of 2 g in sodium chloride ingestion a day may 
reduce 200 g in the daily weight gain. Thus, dietary sodium restriction, rather than 
fl uid restriction, is critical in decreasing interdialytic weight gain and BP in HD 
patients. The same concept of an osmolar set point also determines the effect of 
dialysate sodium concentration on weight gain and BP. If the prescribed dialysate 
sodium concentration is higher than the patient’s serum sodium concentration, then 
the high concentration gradient could result in unnecessary sodium load which in 
turn leads to fl uid retention and hypertension [ 20 ]. Several studies in which the 
dialysate sodium prescription was reduced showed a reduction in interdialytic 
weight gain and BP. However, recent observational studies have raised concerns 
about the use of low dialysate sodium concentration [ 21 ]; therefore, large prospec-
tive studies will be necessary to guide the use of low dialysate sodium to control 
BP. It is safe to say, however, that high dialysate sodium or the use of sodium model-
ing should be avoided in hypertensive HD patients.  

    Assessment and Achievement of Dry Weight 

 The fi rst step in BP control in HD patients is achieving the correct dry weight, which 
is the reference used in HD to determine the ultrafi ltration volume in each HD ses-
sion. In current clinical practice, dry weight is defi ned primarily as the weight at the 
end of the HD session that leaves the patient either without hypovolemia (hypoten-
sion and associated symptoms) or hypervolemia (hypertension or other evidence of 
volume overload). Although this approach seems reasonable, more specifi c estima-
tions of extracellular volume have uncovered the inaccuracy of this clinical method 
[ 22 ,  23 ]. Bioimpedance analysis has shown that a large percentage (25–50 %) of 
patients have augmented ECF despite a normal clinical exam. Likewise, 

7 Managing Blood Pressure in the Elderly: What Is Different?



76

hypertensive HD patients who appear to be at their clinical dry weight often have a 
signifi cant reduction in BP with a stepwise reduction (probing) of dry weight [ 9 ]. 

 Figure  7.1  summarizes our proposed approach to the hypertensive dialysis 
patient who does not have obvious evidence of volume overload on clinical exam 
(pulmonary congestion, jugular venous distension, and edema). Assuming maximal 
dietary sodium restriction and limited sodium infl ux through the dialysate are 
already operative, we then proceed with increased ultrafi ltration to lower the dry 
weight. In patients on conventional HD, we push the ultrafi ltration targets by 0.3–
0.5 kg per session so as to progressively lower the target post-HD weight. This is 
continued until the achievement of normotension or the development of intradia-
lytic symptoms such as cramping, nausea/vomiting, chest pain, or intradialytic 
hypotension. In the elderly, dry weight accomplishment has to be cautious because 
older patients are at increased risk of intradialytic hypotension (see discussion 
below). Therefore, smaller increments in ultrafi ltration targets are often indicated. 
In PD patients, increased ultrafi ltration is achieved by increased PD fl uid osmolal-
ity, or preferably, through the use of icodextrin, particularly in patients with perito-
neal membrane with rapid solute transport characteristics.

Elevated BP without obvious volume overload

Still hypertensive Normotensive

Continue same
management

Objective volume assessment

↓target weight + ↑HD duration or frequency (HD)
Consider change to PD (HD)

Consider change to HD (If PD)
Repeat objective monitoring for further decisions

HypervolemicEuvolemic

Push Ultrafiltration until limited by Intradialytic
symptoms (HD) or low BP (HD or PD)

Keep same target weight
HD duration or frequency (HD)

Add BP drugs

  Fig. 7.1    Approach to blood pressure and volume management in dialysis patients.  BP  blood pres-
sure,  HD  hemodialysis,  PD  peritoneal dialysis. Objective indicators of hypervolemia: inferior vena 
cava (IVC) ultrasound with inspiratory IVC collapse <25 %. Bioimpedance evidence of extracel-
lular fl uid volume excess (>25 % in women, >28 % in men). Blood volume (BV) monitoring evi-
dence of fl at residual BV slope (<1.33 %/h) during ultrafi ltration). Can be used in hemodialysis 
patients only       
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   If the patient remains hypertensive, objective assessment of ECF volume, if 
available, is indicated. The most accurate and best-studied method to determine 
ECF volume in dialysis patients is bioimpedance. The test provides a direct esti-
mate of ECF volume with normative values for age and gender. A consensus 
position is that ECF volume expansion that is greater than 15 % of the predicted 
ECF volume is defi nitive evidence of volume overload. These measurements can 
be trended over time to evaluate the effectiveness of ultrafi ltration. Inferior vena 
cava (IVC) ultrasound evaluates the changes in IVC diameter during the respira-
tory cycle as a marker of volume expansion. If the IVC diameter decreases by 
less than 25 % during inspiration, this is evidence of intravascular (and presum-
ably ECF) volume expansion. Not as well studied but perhaps the most com-
monly available method to estimate ECF volume status is the analysis of blood 
volume changes during HD. Patients with ECF volume expansion have a fl at 
slope of change in blood volume during ultrafi ltration (less than 1.3 % per hour) 
[ 24 ]. As ultrafi ltration rates are increased to achieve higher total ultrafi ltration 
volumes, the slopes tend to change toward the target slope of 2.4–5.6 % per hour. 
When the slopes reach this range, there is no further benefi t from ultrafi ltration 
on BP reduction. For obvious reasons, blood volume monitoring cannot be used 
in PD patients. 

 After applying one of these objective measures of ECF volume expansion, we 
take the following approaches in case the patient remains hypertensive (Fig.  7.1 ):

    1.    In HD patients, if there is no evidence of ECF volume expansion, no further 
titration of dry weight is indicated. In such cases, the patient is declared resis-
tant to pure control of ECF volume. There are two acceptable approaches to this 
problem: use of longer dialysis hours, use of short daily HD (e.g., 2 h/day 6 
days/week), or addition of antihypertensive drugs. If it is a PD patient, the only 
possible resorts available are the use of drugs or conversion to long-hours HD 
or short daily HD. Because of issues regarding patient acceptance and lack of 
reimbursement for longer HD hours and/or increased HD frequency, these very 
effective options are largely underutilized in most countries, thus leading to the 
use of the second option, antihypertensive drugs (see below for details on their 
use).   

   2.    If the patient remains hypertensive and the ECF volume is still expanded in an 
HD patient, dry weight needs to be titrated further down. The problem is that the 
reason why the dry weight could not be probed further was probably the 
 development of intradialytic symptoms. In such case, the patient needs either a 
lower interdialytic weight gain to minimize ultrafi ltration needs and improve HD 
tolerability or a slower means of volume removal, i.e., daily or long HD, or trans-
fer to peritoneal dialysis.   

   3.    By defi nition, patients who require objective measurement of ECF volume 
expansion cannot be adequately evaluated by the clinical exam. Therefore, if 
they remain hypertensive after changes outlined in #2, they require repeat objec-
tive assessment in order to delineate further treatment decisions.    
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      Use of Antihypertensive Drugs in Elderly Dialysis Patients 

 Because of the limitations discussed above, drugs are often used to treat hyperten-
sion in the large majority of dialysis patients. As discussed before, two meta- 
analyses of randomized clinical trials have suggested cardiovascular and mortality 
benefi t from antihypertensive drugs in dialysis patients. These trials included ACE 
inhibitors, angiotensin receptor blockers, calcium channel blockers, and the vasodi-
lating beta-blocker carvedilol. More recent studies also suggest improved outcomes 
with the use of spironolactone [ 25 ,  26 ]. It is safe to say that most drug classes are 
effective in lowering BP in dialysis patients, with the exception of thiazides and 
loop diuretics in patients without residual renal function. In considering which 
drugs to use, we take into account the following elements:

    1.    Duration of action of the agent. Our preference is to use long-acting agents, as 
they make the treatment regimen easier for the patient. This is particularly 
important in elderly patients because of the frequent coexistence of cognitive 
impairment. In dialysis patients, the use of drugs that are excreted through the 
kidney is often preferable, as the absence of renal function increases their dura-
tion of action. For example, atenolol and lisinopril have been used with thrice 
weekly post-HD dosing in HD patients. This may be particularly useful in non-
adherent patients, who can receive their medications immediately following HD 
under “directly observed therapy.”   

   2.    Removal of the agent by the dialysis procedure (relevant for HD patients). This 
has relevance to patients who have intradialytic hypertension (see below) and 
also to determine the need to provide any supplementation of agent following 
HD. Table  7.3  lists agents that are either not removed or only minimally removed 
by dialysis. It is important that the clinician becomes familiarized with the HD 
handling of the group of drugs that he/she preferentially uses in practice.

       3.    “Compelling” indications for a specifi c agent or drug class. This issue relates 
particularly to coexisting cardiovascular diseases (Table  7.4 ). Even though clini-
cal trials in these conditions have rarely included dialysis patients, most experts 
agree that extrapolations from the general population are acceptable in the man-
agement of dialysis patients, thus guiding the choice of agent in many patients.

       4.    Potential relevance to problems commonly encountered in elderly patients. 
Table  7.5  lists clinical issues that are common in the elderly and that may call for 
a specifi c agent or drug class or may raise concerns about their use.

   Table 7.3    Antihypertensive drugs that are not removed or only minimally removed by 
hemodialysis   

 ACE inhibitors  Benazepril, fosinopril 

 Angiotensin receptor blockers  Losartan, valsartan, telmisartan, candesartan 
 Calcium channel blockers  Amlodipine, felodipine, nifedipine, verapamil, 

diltiazem 
 α-blockers, β-blockers, and combined α- and 
β-blockers 

 Carvedilol, labetalol, bisoprolol, terazosin, 
doxazosin 

 Other agents  Clonidine, minoxidil 
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           Intradialytic Hypertension 

 The existence of patients who have an increase in BP during HD has long been 
recognized. However, recent cohort studies have described an association between 
an intradialytic rise in systolic BP (post-dialysis-pre-dialysis BP) of ≥10 mmHg and 
risk of death and hospitalization in HD patients. As a result, the increase in 
≥10 mmHg has been used to defi ne HD patients with intradialytic hypertension 
(ID-HTN), a process that occurs in 10–15 % of patients on conventional HD [ 10 ]. 
Interestingly, this defi nition includes patients who are normotensive at baseline, and 
in fact, one study showed that ID-HTN was associated with mortality only in 
patients with pre-HD SBP <120 mmHg. Patients with ID-HTN seem to be older and 
have lower body weight and evidence of undernutrition (lower serum creatinine and 
albumin levels). It thus appears that patients with ID-HTN may be sicker than 
patients who respond to UF with a fall in BP. 

 While not fully elucidated, the pathophysiology of ID-HTN is associated primar-
ily with increased peripheral vascular resistance (Table  7.6 ). Faster plasma refi lling 

   Table 7.4    Comorbid conditions that represent “compelling” indications for certain antihypertensive 
drug classes in hypertensive dialysis patients   

 Condition  Drug class(es) recommended 

 Heart failure with ↓ left 
ventricular systolic function 

 ACE inhibitors, angiotensin receptor blockers, vasodilating 
β-blockers, mineralocorticoid receptor antagonists 

 Coronary artery disease  β-blockers, ACE inhibitors 
 Left ventricular hypertrophy  Angiotensin receptor blockers, ACE inhibitors 
 Atrial fi brillation  β-blockers or non-DHP CCB (especially diltiazem) is the 

main agents used for heart rate control 
 Diabetes mellitus  ACE inhibitors or angiotensin receptor blockers 
 Stroke  ACE inhibitors (thiazides not indicated for this purpose in 

dialysis patients) 

   Table 7.5    Common clinical problems that may impact on antihypertensive drug choices in elderly 
dialysis patients   

 Condition  Comment 

 Cognitive dysfunction  Nonselective β-blockers (propranolol) and central antiadrenergic agents 
(clonidine, methyldopa) may rarely precipitate delirium 

 Depression  Lipophilic β-blockers (propranolol, metoprolol) may rarely increase 
depressive symptoms 

 High fall risk  Central antiadrenergics commonly cause excessive sedation and fatigue 
 Essential tremor  Nonselective β-blockers (propranolol) improve symptoms 
 Constipation 
(functional) 

 CCBs, especially non-DHP (diltiazem, verapamil), worsen colonic 
motility 

 Prostatic hyperplasia  α-blockers improve urine fl ow and obstructive voiding symptoms in 
dialysis patients who have residual urine output 

 Obstructive lung 
disease 

 β-blockers are generally safe, though may induce worsening symptoms 
in patients with signifi cant airway reactivity 

   CCB  calcium channel blocker,  DHP  dihydropyridines  

7 Managing Blood Pressure in the Elderly: What Is Different?



80

associated with volume overload could facilitate BP increase, and this hypothesis is 
corroborated by studies demonstrating less ID-HTN after aggressive probing of dry 
weight. Endothelial dysfunction resulting in increased vasoconstriction is character-
istic of ID-HTN.

   The management of ID-HTN requires a multipronged approach. First, one must 
ascertain that the patient is not volume expanded. If volume expanded, dry weight 
probing should take place as described above. In addition, factors such as high dial-
ysate sodium and calcium must be avoided in the HD prescription, and prescribing 
antihypertensive drugs that are not removed in HD is a rational method in the treat-
ment of ID-HTN. Finally, the vasodilating beta-blocker carvedilol, in doses of up to 
50 mg twice daily, reduced the episodes of ID-HTN and improved endothelial func-
tion in a prospective crossover study of patients with ID-HTN [ 27 ].  

    Management of Intradialytic Hypotension in the Elderly 

 Unfortunately, the search for BP control in hypertensive HD patients often results in 
the dreaded complication of intradialytic hypotension (IDH), which is the fall in 
systolic BP by at least 20 mmHg accompanied by symptoms of organ ischemia that 
require intervention. IDH is the most common complication of HD, occurring in 
~25 % of cases and in even higher rates among elderly patients and those with heart 
disease, diabetes, and autonomic neuropathy [ 10 ]. It is a consequence of an inade-
quate cardiovascular response to the reduction in blood volume during ultrafi ltra-
tion. Because of impaired barorefl ex function, elderly patients are particularly prone 
to IDH. Moreover, the consequences of IDH may be more severe in the elderly: 
dizziness, fatigue, and weakness may predispose to falls; underlying cerebrovascu-
lar disease may facilitate the occurrence of syncope, seizures, transient ischemic 
attacks, or stroke during IDH episodes; underlying coronary artery disease may 
result in myocardial infarction or cardiac arrhythmias during IDH; and repetitive 
episodes of IDH may be associated with asymptomatic myocardial ischemia and 
irreversible cardiac damage over time. 

 One or more of the factors that control BP in HD and keep hemodynamic stabil-
ity can be affected in IDH-prone patients. Patient-specifi c factors and HD-related 

  Table 7.6    Potential 
mechanisms associated with 
intradialytic hypertension  

 Patient factors: 
   Failure to reach estimated dry weight (i.e., volume 

overload) 
   Endothelial dysfunction: 
   HD removal of antihypertensive drugs 
   Hypokalemia 
 Dialysis procedure factors: 
   Dialysate composition (high sodium, high 

calcium, low potassium) 
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factors should be thought to prevent IDH episodes. These factors include aggressive 
ultrafi ltration; decline in extracellular osmolality; impaired venoconstriction of the 
splanchnic circulation, which decreases venous pooling, impaired vascular response 
(decreased vasoconstriction or enhanced vasodilation); and structural heart disease. 
Identifi cation of these processes is important in the mitigation of IDH. 

 Often in clinical practice, managing hypertension on the one hand and IDH on 
the other needs to take place. The management of IDH frequently requires multiple 
interventions that are summarized in Table  7.7 . Finding the balance between BP 
control in the interdialytic period and BP “safety” during the HD session is a critical 
aspect of the care of complex elderly HD patients.

 Key Points 
1.     Orthostatic hypotension is common in the elderly. HD patients must have 

standing BP measured prior to leaving the HD unit after a dialysis 
session.  

2.   Extracellular volume overload is the most important reason for hyperten-
sion in elderly dialysis patients.  

3.   Achievement of dry weight must be cautious in the elderly dialysis patient.  
4.   Choice of antihypertensive drugs often depends on comorbid conditions 

that are common in the elderly.  
5.   Intradialytic hypotension and intradialytic hypertension are adverse intra-

dialytic events that are more frequent in the elderly.  
6.   Longer HD hours and short daily HD should be considered for a better BP 

control in the elderly dialysis patients.    

   Table 7.7    Interventions for the management of intradialytic hypotension   

 Optimize dry weight, making sure that the patient is not volume depleted 
 Decrease interdialytic fl uid gain 
 Treat reversible cardiac diseases (myocardial ischemia, aortic stenosis, pericardial effusion) 
 Adjust antihypertensive medications. Consider holding them on the days of HD. Consider 
evening dosing to minimize morning hypotension 
 High sodium dialysate or sodium modeling. Monitor interdialytic weight gain as it may increase 
 Ultrafi ltration profi ling (often combined with sodium modeling). Consider longer HD 
or addition of extra sessions to avoid the use of fast ultrafi ltration rates 
 Avoid food during dialysis 
 Cool dialysate (~36° Celsius) 
 Avoid low-calcium dialysate 
 Correct severe anemia 
 Screen for and correct carnitine defi ciency if present 
 Pharmacological therapy: midodrine (2.5–15 mg orally given 15 min prior to HD) 
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    Chapter 8   
 A Sensible Approach to Address Dialysis 
Adequacy in the Elderly                     

       Nicole     Stankus      and     John     T.     Daugirdas     

            Introduction 

 A number of relevant issues regarding whether to start dialysis or manage an older 
patient with conservative therapy and whether to start hemodialysis or peritoneal 
dialysis are covered in other chapters of this handbook. This chapter is limited to the 
question of what sort of hemodialysis or peritoneal dialysis prescription we should 
write for an older patient, once the decision has been made to manage their advanced 
symptomatic kidney disease with chronic renal replacement therapy.  

    Hemodialysis 

 With regard to hemodialysis prescription, the following questions can be asked:

    1.     Should greater use of twice-weekly dialysis be recommended for some older 
patients?    

   2.     Is a minimum single-pool Kt/V of 1.2 as recommended by KDOQI  [ 1 ]  or ~1.35 
as recommended by the European Best Practices Group (EBPG)  [ 2 ]  appropriate 
for older patients?    

   3.     Should the minimum session length be 3 h as recommended by KDOQI, or 4 h as 
recommended by the ERBPG? Should there be a maximum ultrafi ltration rate of 
10–13 ml/kg/h?    

   4.     Should high-fl ux membranes be used routinely? Is there a benefi t to 
hemodiafi ltration?    
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   5.     Should home hemodialysis, in-center nocturnal dialysis, and more frequent dial-
ysis be utilized more frequently in the older adults? Is it possible to overdialyze 
older patients?    

   6.     Is there a role for a palliative dialysis only to control symptoms of uremia and 
volume overload?      

   Quality of evidence 

 It should be pointed out that in the area of adequacy for both hemodialysis and peri-
toneal dialysis, high-level evidence in the form of randomized trials simply does not 
exist. The basic recommendation for a minimum Kt/V of 1.2 in hemodialysis 
patients stems from the National Cooperative Dialysis Study, where Kt/V was a 
secondary analysis [ 3 ], and the NIH HEMO Trial, which failed to fi nd a benefi t of 
higher doses of dialysis [ 4 ]. Data from the European NECOSAD group suggest that 
when substantial residual kidney function is present, the dose of dialysis given has 
little effect on outcomes, and the 2006 KDOQI adequacy guidelines were written to 
apply to patients with residual kidney clearance of urea <2 ml/min/1.73 m 2 . 

 As opposed to randomized trials, a large number of observational datasets exist, 
suggesting optimum or minimum doses of either hemodialysis or peritoneal dialy-
sis. However, analysis of such results is complicated by the occurrence of “dose- 
targeting bias,” where patients achieving a certain dose target appear to have better 
survival that is not related to the biological effects of dose. This dose-targeting bias 
can result in an apparent never-ending increase in an apparent minimum dose of 
dialysis, as dose targets are progressively raised. Dose-targeting bias can also result 
in artifactual “benefi ts” of extending dialysis time beyond a certain target, such as 
4 h, where very marked apparent improvement is seen with only trivially longer 
dialysis sessions when sessions above and below a given target are compared [ 5 ]. 

 Older patients form a heterogeneous group with strikingly different levels of 
physical and cognitive function and goals of care. First of all, there are patients in 
the 65–80 year range, which were included in many of the trials used to establish 
dialysis dose targets, and then there are patients older than 80 years, who were 
excluded from most trials. Some older patients may be frail, have marked cognitive 
impairment, and be on the border of being best treated by dialysis vs. by some form 
of nondialysis palliative care, whereas there is a subset of healthy older people who 
have survived intact to a sometimes a very old age who have activity and indepen-
dence levels typically found only in much younger patients. Frailty is commonly 
seen in older adults not only for reasons related to uremia but to lack of fi nancial or 
social support or because of comorbidities. It is usually very easy to reach conven-
tional adequacy targets in malnourished patients, because their body size is quite 
small, and both hemodialysis and peritoneal dialysis guideline groups sometimes 
recommend dialysis targets based on median standard body weight based on height, 
weight, age, and frame size as opposed to current weight. Then there is another 
subgroup of markedly obese older patients, in whom it may be diffi cult to deliver 
conventional adequacy targets due to their relatively high total body water volume. 
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 Perhaps the minimum amount of small molecular weight solute clearance pre-
scribed during dialysis should be a certain minimum percentage of the GFR found 
normally in healthy age and sex-matched controls. Median GFR does decrease as 
we age, but it is not clear whether this is a physiological change, refl ecting suffi -
ciency of a lower GFR, or progressive loss of renal reserve. In the latter instance, the 
minimum solute clearance should theoretically be unchanged. 

 Aging is associated with many changes in body composition. As a rule, per-
cent body fat increases and lean mass and bone mineral density and fat-free mass 
(FFM) decrease. Body composition changes associated with aging often occur in the 
absence of weight fl uctuations. In the Fels Longitudinal Study, from 18 to 64 years of 
age, TBW volume for men did not decline with age, and the age-related decrease of 
TBW in women was small [ 6 ]. Bioimpedance studies in healthy well-hydrated older 
adults also showed that TBW was not signifi cantly different, FFM is signifi cantly 
lower, and FFM hydration ratio (TBW/FFM) is higher than in the younger adults 
[ 7 ]. However, lean body mass and TBW decrements occur in subjects older than 70. 
Many older patients tend to be small, and their ratio of TBW/BSA will be low. A 
surface-area scaled approach to dosing dialysis would suggest that in such patients 
with a low TBW/BSA ratio, the recommended minimum spKt/V values of 1.2 or 
even 1.4 according to European standards, might not be adequate. 

 According to DOPPS fi ndings, hemodialysis prescription and clinical practices in 
older patients mainly refl ected country-specifi c practices [ 8 ]. Mean prescribed blood 
fl ow rate was virtually identical in all age groups in most countries, between 295 and 
395 ml/min, except for Japan, which displayed a mean blood fl ow rate between 184 
and 207 ml/min. The mean duration of dialysis sessions was about 15 min shorter in 
older than in younger patients across various regions of the world. However, once 
the prescribed treatment time was normalized for body weight, no signifi cant differ-
ences were observed across age groups. No differences were observed in the deliv-
ered dialysis dose, as measured by single-pool  Kt / V , which was similar in all age 
categories within each region. Maintenance of a satisfactory dialysis dose can be 
partially explained by the lower dry weight and lower lean body mass, which were 
common in the older group. The mean ultrafi ltration rate was lower in the older than 
in the younger age groups. This is likely explained by a lower sodium intake.

    1.     Should greater use of twice - weekly dialysis be recommended for some 
older patients ?    

  Twice-a-week dialysis has generally been frowned upon as a therapy option. 
Theoretical analyses of equivalent weekly clearances such as standard Kt/V suggest 
that in the absence of residual kidney function, it is diffi cult to reach the currently 
recommended minimum standard Kt/V value of 2.0 or 2.15 (the minimum value 
depends on what method is used to calculate standard Kt/V). In patients dialyzed 
three times per week, there also is the issue of increased mortality that seems to occur 
on Monday or Tuesday, i.e., after the long interdialytic interval. With a twice-weekly 
dialysis schedule, every interval is “long”; in fact, one interval is “long,” comparable 
to the weekend interval with a 3/week schedule, and the other is “very long,” being 1 
day greater. Nevertheless, in a rather large cross-sectional US study, twice-a-week 
dialysis was associated with slightly better outcome instead of the expected results 
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(worse outcome) [ 9 ]. This result was likely due to patient selection. Recent data from 
China has shown similar survival in patients dialyzed 2/week and 3/week. [ 10 ]; plus 
incident patients with  substantial residual renal function who begin dialysis using a 
2/week schedule appear to have a slower rate of loss of urine output. 

 These fi ndings suggest that perhaps while twice-a-week schedules should be pre-
scribed only in unusual circumstances in anuric patients of any age, that usage of 
such a schedule could be liberalized in older patients with substantial residual urine 
volume. In this regard, CMS quality measures need to carefully mirror the thought-
ful 2006 KDOQI guidelines, which did not disallow twice-a-week schedules for 
patients with residual urea clearances greater than 2 ml/min per 1.73 m 2 .

    2.     Is a minimum single - pool Kt / V of 1.2 as recommended by KDOQI or  ~ 1.35 as 
recommended by the European Best Practices Group  ( EBPG )  appropriate for 
older patients ?    

  Although the very older were excluded from the NCDS study, cross-sectional data, 
which often does include older subjects, suggest an exponential rise in mortality as 
Kt/V decreases to very low values. When one starts to get below a Kt/V of 0.9, 
even short-term outcomes deteriorate. For the general dialysis population as a 
whole, these minimum Kt/V values are being far exceeded, especially in smaller 
patients. Again, KDOQI 2006 limits these guidelines to patients with minimum 
degrees of residual kidney function, basing the recommendation of the data from 
NECOSAD [ 11 ]. 

 For anuric older patients and especially older women who are small in size, due 
to either malnutrition or because they always were small, the question might be 
whether to increase the amount of dialysis based on body surface-area consider-
ations. The answer to this question is not known and is purely opinion based. 
Guidelines suggest giving more dialysis to poorly nourished subjects, with the hope 
of increasing appetite, but while this might work in the Kt/V range below 1.2, in the 
HEMO study, there was no apparent nutrition benefi t of moving from a Kt/V of 1.3 
to about 1.7. Similarly, in the Frequent Hemodialysis Network (FHN) trial, provid-
ing very large increments in the standard Kt/V in terms of 6/week daily or nocturnal 
dialysis did not result in any improvement in lean body weight or serum albumin 
[ 12 ]. Conversely, if there is diffi culty in achieving a Kt/V > 1.2 in a very large 
patient, surface-area considerations suggest that one might be able to dialyze such a 
patient with a slightly lower Kt/V, while giving a surface-area-adjusted dose of dial-
ysis that would be similar to a dose > 1.2 in an average-sized patient.

    3.     Should the minimum session length be 3 h as recommended by KDOQI or 4 h as 
recommended by the ERBPG ?  Should maximum ultrafi ltration rate be limited to 
10 – 13 ml / kg / h ?    

  There is an increasing tendency by guideline and regulatory groups to set a mini-
mum dialysis session length as a quality target. Currently KDOQI as a clinical prac-
tice recommendation suggests a minimum time of 3 h for patients with minimal 
residual kidney function, while the EBPG recommends 4 h. Weekly dialysis time 
affects removal of molecules such as phosphorus as well as middle molecules, the 
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concentration of which does not progressively decrease to a great extent during a 
dialysis session and especially those solutes which maintain relatively high plasma 
concentrations after the fi rst 3 h of a dialysis session. Weekly dialysis time also 
affects ultrafi ltration rate. Ultrafi ltration rate depends completely on three variables: 
weekly fl uid ingestion, weekly urine output, and weekly dialysis time. In the USA, 
the median value is close to 10 mL/kg/h, and various studies have suggested worse 
outcomes when the UF rate exceeds 10 or in some studies, 12–13 ml/kg/h. A recent 
abstract suggested that sizing target UF rate per kg body weight is not an optimum 
approach, as it resulted in different risk profi les for small and large patients and for 
men and women; a more consistent risk profi le was obtained by a cutoff of 800 ml/h 
(Lacson-JR et al., ASN abstract, JASN Sep. 2014) regardless of body size. 

 The data for session length beyond 3.5 h affecting outcome are very much country 
dependent, and in the USA, in some studies, there is no apparent benefi t. There may 
to be a dose-targeting bias effect, as in those countries where 4 h is targeted, e.g., 
Japan, the session length appears to affect mortality to an especially great extent [ 5 ]. 

 Older patients often are more compliant with dietary restrictions than their 
younger counterparts. They eat less sodium and also less meat, which should lower 
their phosphorus intake. Thus, even anuric older may achieve Kt/V targets with ses-
sion lengths substantially lower than 4 h. In older patients with substantial urine 
output, even a minimum treatment time of 3 h may be unnecessary if interdialytic 
weight gain is modest and ultrafi ltration is well tolerated.

    4.     Should high - fl ux membranes or hemodiafi ltration be used routinely in the older ?     

 Recent meta-analyses of controlled studies suggest that the main benefi t of using of 
high-fl ux dialysis is a modest reduction in terms of cardiovascular mortality. No 
benefi t in terms of quality of life, anemia control, or nutrition was seen in these stud-
ies, and in those studies which identifi ed prespecifi ed subgroups, age was not one of 
the subgroups that had particular benefi t from removal of middle molecules. In par-
ticular, the large “CONTRAST” study, which compared hemodiafi ltration with low-
fl ux hemodialysis, failed to show a benefi t in overall survival or in cardiac structure 
[ 13 ]. Over time, there was a slight lowering of infl ammatory mediators, but this was 
apparent only after 2 years of treatment. All in all, these data argue that any benefi ts 
of high-fl ux dialysis or hemodiafi ltration in the older adults would be modest. If 
high-fl ux dialyzer membranes or HDF are being used routinely, there is no reason 
not to use them in the older, but there should be no expectation that an older dialysis 
patient would be having any particularly benefi t.

    5.     Should home hemodialysis ,  in - center nocturnal dialysis ,  and more frequent dial-
ysis be utilized more frequently in the older adults ?  Is it possible to overdialyze 
older patients ?    

  There appears to be a marked survival advantage in patients being dialyzed at home 
compared to those being dialyzed in-center, even when comparable doses of dialy-
sis are being given. Although this has been ascribed completely to patient selection 
(more motivated, self-actuated patients with greater family and social  support struc-
ture having better survival), there may be real advantages to home hemodialysis, 

8 A Sensible Approach to Address Dialysis Adequacy in the Elderly



90

including less exposure to infectious agents, less interruption of meals, and increased 
time for work and hobbies. On the other hand, in some older patients with limited 
social and family support, especially those living alone, in-center dialysis may pro-
vide an appreciated and needed source of social interaction. 

 In terms of more frequent dialysis, in the FHN and other trials, it has been shown 
that a more frequent “daily” (5–6 times/week) schedule improves left ventricular 
hypertrophy and physical functioning and also resulted in slightly improved control 
of phosphorus, a substantial decrease in the need blood pressure medications, and a 
signifi cant reduction in blood pressure. In other studies, frequent dialysis has been 
associated with reduced myocardial stunning and post-dialysis recovery time. More 
recently matched cohort data suggest that relative to thrice-weekly in-center hemo-
dialysis, daily home hemodialysis associates with modest improvements in survival. 
However, benefi ts from frequent home hemodialysis on mortality in the older 
patients maybe be reduced and signifi cant support from a caregiver may be needed 
to overcome age-related physical and mental limitations. 

 Some patients do complain of feeling “overdialyzed,” and this can appear with 
long session lengths given 3 times per week, as well as with frequent long nocturnal 
dialysis. It is unclear to what extent these symptoms may be due to excessive ECF 
volume reduction or to removal of some as yet undefi ned solute. To date, no one has 
identifi ed key substances which may be excessively removed from the blood during 
dialysis, apart from certain vitamins. In fact, in high-fl ux dialysis, vitamin B12 sup-
plementation has been shown to reduce ESA requirements. B12 defi ciency is com-
mon in the older adults, many of whom are on proton pump inhibitors. An additional 
depletion that is known to occur with long and frequent dialysis is that of phospho-
rus, and this may be particularly important in older patients who follow a diet rela-
tively low in phosphorus, as well as potassium, and depletion can occur in the very 
older who are not ingesting an adequate diet, even with more conventional dialysis 
schedules.

    6.     In older patients on the border between dialysis care and palliative care ,  can 
dialysis be given in a palliative fashion to control any distressing symptoms ?     

 Kidney transplantation reduces mortality compared to staying on dialysis in all 
ages; however, surgery itself temporarily increases the risk of death. Therefore, the 
mortality benefi ts associated with kidney transplantation (regardless of donor type) 
are restricted to older patients with reasonable baseline life expectancy and without 
dramatically increased perioperative risk. The majority of older patients on RRT 
thus are on dialysis for the rest of their life. UK Renal Registry 2012 data show that 
median survival for patients >75 years old is only 2.4 years. For frail patients, sur-
vival rates are considerably worse and often accompanied by a marked decline in 
physical function. A recent Canadian longitudinal study of 97 patients >80 years old 
showed a dramatic reduction in physical function within the fi rst 6 months of start-
ing dialysis [ 14 ]. At the start, 75 % of patients were functionally independent and 
living at home; by 6 months, a further 30 % required community support or transfer 
to a nursing home. At 12 months, only 22 % remained alive and independent. 

 In patients who are deteriorating slowly, the question of ceasing dialysis abruptly 
vs. reducing the amount of dialysis to control most pressing symptoms can arise. 
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For example, such patients may be eating small amounts of food, with little diffi -
culty in control of phosphorus, potassium, or ECF due to low intake of phosphorus 
and sodium. Alkalosis is prevalent in patients eating limited amounts of protein. 
Thus, it may be reasonable to reduce the amount of dialysis in such patients to a 
level needed to control volume and potassium, phosphorus, and bicarbonate, until a 
decision can be reached to change to completly palliative care.   

    Peritoneal Dialysis Adequacy, Age, and Outcomes 

 With regard to peritoneal dialysis, the questions might be:

    1.     Should the general guideline for a minimum weekly Kt / V of 1.7 be maintained in 
the older ?   

   2.     Is there any advantage of APD over CAPD in terms of adequacy in this patient 
group ?     

    General Issues Regarding PD Versus HD in the Older Adults 

 Choice of PD over HD is a complex one and infl uenced heavily by physicians’ tar-
geting improved long-term survival on RRT. Age plays a signifi cant role in dialysis 
mortality. The debate on whether PD is equally benefi cial in younger vs. older 
patient with and without serious comorbidities has been going on due to disparate 
outcomes of various studies. Earlier studies indicated that PD was more benefi cial 
in younger patients (<60–65 years old) without comorbidities, while HD was more 
benefi cial in older patients. Superiority of HD in diabetics over the age of 45 with 
or without other comorbidities has been shown, summarizing the rather widely 
accepted view that being older and having multiple comorbid conditions favor bet-
ter outcomes with HD. However, patients on PD, both incident and prevalent, his-
torically tended to be younger; thus, adjustment for age is essential when comparing 
mortality data. Importantly, most studies agreed that risk of death is generally lower 
on PD during fi rst 2 years of dialysis. 

 Recently, the focus of discussion has shifted from the survival on RRT to the 
quality of life (QoL), especially in older adults where emphasis is shifting to the 
age-appropriate care. For the fi t older patient, PD enables individuals to travel and 
have an active social life. The frail older often tolerate HD poorly because of hemo-
dynamic instability and require transportation to and from dialysis. PD can help 
with these diffi culties. 

 Assisted PD is a proven way to increase the overall number of older patients who 
can be treated with PD at home despite having very severe comorbidities. 

 In nursing homes, assisted PD allows the patient’s daytime to be used for other 
activities and enables better rehabilitation. Also, in the USA, a new trend of “home 
hemodialysis” has established itself in nursing homes, when patients receive 3 h of 
low-effi ciency dialysis 5–6 days a week.
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    1.     Should the general guideline for a minimum weekly Kt / V of 1.7 be maintained 
in the older patients ?     

 The original recommendation for a weekly Kt/V of 2.1 in PD was based on results 
of the CANUSA study; however, it later became apparent that the benefi ts of higher 
dialysis dose were limited to that component of dose provided by residual kidney 
function [ 15 ]. The ADEMEX trial then showed that results were no poorer in 
patients being dialyzed to a weekly Kt/V of 1.7, and that is where we stand today. 
In peritoneal dialysis, as dose of dialysis is decreased, the level of peritoneal clear-
ance at which outcomes begin to deteriorate simply is not known. Which V to use 
for calculating Kt/V is an issue in PD: V from  standard weights obtained from 
NHANES results in a targets for Kt/V adjusted for obese and for thin and frail 
patients. Under current guidelines, a weekly Kt/V of 1.7 is recommended regardless 
of whether a dry day or continuous modality of PD is used, and weekly creatinine 
clearance is relegated to a subsidiary role. 

 There is no special evidence suggesting that a dose of PD lower than 1.7 might 
be acceptable in the older patient, but on the other hand, there is little evidence to 
suggest that lowering the dose below this value is of harm in general. In PD the dose 
is calculated as the sum of residual renal and peritoneal clearances, and the extent 
of residual kidney function is of key importance in maintaining good outcome. 
Once residual kidney function is lost, then peritoneal clearance obviously becomes 
the foundation of PD, but even then, there is little formal evidence that, for example, 
anuric PD patients treated with a weekly Kt/V of 1.4 have increased risk of adverse 
events relative to those receiving weekly Kt/V values that meet or exceed the cur-
rent target of 1.7. By choosing PD in older adults, we emphasize that QoL and age- 
appropriate interventions are preferred to the more aggressive approaches that may 
insignifi cantly prolong life. Because the adequacy data for PD are so limited, one 
should apply clinical judgment and use guideline-recommended Kt/V targets with 
discretion. In many cases, a Kt/V of 1.5 with sustainable peritoneal prescription is 
more benefi cial to a frail, older patient than a prescription delivering a higher Kt/V 
that requires an onerous schedule and that might lead to patient and caregiver 
burnout. 

 APD with a dry day, in combination with some degree of residual renal function, 
may allow attainment of target weekly Kt/V in frail older patients. Care should be 
exercised when introducing icodextrin solutions to the PD prescription, as it may 
produce excessive ultrafi ltration in the very frail and result in volume depletion and 
hypotension. It should be remembered that ultrafi ltration in PD is magnifi ed in 
patients with low serum albumin due to reduced plasma oncotic pressure, a caveat 
that applies to patients of any age group.

    2.     Is there any advantage of APD over CAPD in terms of adequacy in this 
patient group ?     

 In earlier iterations of dosing guidelines for PD, the recommended weekly Kt/V 
urea dose was higher for APD than for CAPD, and a second dosing target based 
on weekly creatinine clearance was designed to focus on removal of larger weight 
 molecules which equilibrate relatively slowly with peritoneal dialysate. Currently, 
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PD is often given as a blend of APD and CAPD, using APD at night and one or 
two exchanges during the day as needed to control fl uid. The increased practical-
ity of treating older patients with APD discussed above, combined with poorer 
tolerance of daytime fi lls, makes APD the therapy of choice for the majority of 
older patients.   

    Summary 

 In deciding an appropriate dose of dialysis for older patients, fl exibility is the key, 
and the relative lack of high-level evidence behind current “quality” adequacy 
guidelines needs to be kept in mind. The dose of dialysis needs to be individualized, 
and in patients with signifi cant urine output, dose can be reduced from that recom-
mended by guidelines that were designed primarily for patients with little residual 
renal function. 

 Modern dialysis care should focus on alleviating bothersome symptoms and 
enabling patients to achieve their goals for living. 

 Key Points 
1.     Aging is associated with many changes in body composition: percent of 

body fat increases, lean mass and bone mineral density and fat-free mass 
decrease, and total body water essentially stays stable. Thus, a physiologic 
rationale to alter the HD dose in the older is not clear, except in small 
patients with a low TBW/BSA ratio, where a surface-area-scaled approach 
to dosing dialysis would suggest prescribing higher than the minimum 
spKt/V.  

2.   On a thrice-weekly schedule, a minimum treatment time of 3 h may be 
unnecessary if interdialytic weight gain is modest and ultrafi ltration is well 
tolerated. Twice-a-week HD schedules could be used in older patients with 
substantial residual urine volume or in patients who are transitioning to 
complete palliative care.  

3.   Benefi ts of high-fl ux dialysis or hemodiafi ltration would be modest; the 
impact on mortality of daily home hemodialysis would be lower in the 
older adults, and selection of home vs. in-center dialysis should be made 
base on patient preference and availability of appropriate family and social 
support.  

4.   When prescribing PD, the prescription should be written to maximize non-
intrusiveness of the therapy. Usually, this means greater use of APD and 
APD with a dry day in particular. The target weekly Kt/V prescription 
should be set according to clinical judgment, seeking to maximize tech-
nique survival and patient comfort.    
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    Chapter 9   
 Anemia Management in the Elderly Dialysis 
Patient: Is It Different?                     

       Iain     C.     Macdougall     

          Introduction 

 Prior to the 1990s, anemia management in the dialysis patient was fairly limited and 
was clearly suboptimal. Several strategies were tested and occasionally implemented, 
including iron supplementation and replacement of other hematinics, such as vitamin 
B 12  or folic acid, and the use of androgens (which are weak stimulators of erythropoi-
esis). Many dialysis patients remained severely anemic and were supported by regu-
lar red cell transfusions, which often had to be administered every 2–4 weeks to 
patients whose baseline hemoglobin concentration was about 5 or 6 g/dL. Transient 
increases in the hemoglobin concentration to levels of around 10 or 11 g/dL were 
seen following the blood transfusions, but within a few weeks, the hemoglobin con-
centration had once again fallen to the baseline level of around 5–6 g/dL. Further 
transfusions were administered, and this desperate cycle of treatment repeated itself, 
resulting in transfusional iron overload. Thus, it was not uncommon for dialysis 
patients to run serum ferritin concentrations in the 1000’s. Other complications of 
blood transfusions included the transmission of infectious agents, particularly viral, 
as well as transfusion reactions, including transfusion- related acute lung injury 
(TRALI) and transfusion-associated circulatory overload (TACO). Although rare, 
such complications could be devastating. Another important complication of blood 
transfusions includes HLA sensitization, which renders subsequent renal transplan-
tation problematic; although this remains a concern, it is clearly of little relevance to 
elderly dialysis patients, most of whom are not suitable for kidney transplantation. 
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 The advent of recombinant human erythropoietin in the late 1980s heralded a 
logical and much more satisfactory solution to the management of anemia in dialy-
sis patients [ 1 ,  2 ]. For the fi rst time, it was possible to achieve a steady and sustained 
increase in hemoglobin concentration without transfusional support, and indeed the 
use of red cell transfusions in hemodialysis patients dramatically decreased during 
the 1990s. Recombinant human erythropoietin or epoetin, as it became known, was 
followed by two other erythropoietic agents, namely, darbepoetin alfa and pegylated 
epoetin beta. The use of these agents increased the demands for iron, and there was 
renewed focus on iron management. 

 There are, however, specifi c aspects of anemia management that are more rele-
vant to the elderly dialysis population. These include many other causes of anemia 
in the elderly population in general but still relevant for the dialysis patient. The 
prevalence of hematological conditions, particularly myelodysplastic syndrome, is 
much increased in the older patient, as are many cancers. Thus, anemia management 
in the elderly may be somewhat complex, and resistance to ESA and iron therapy is 
common. Poor diet and nutritional defi ciencies are also more common in the elderly. 
The remainder of this chapter will discuss the prevalence and causes of anemia in 
the elderly, ESA therapy, iron management, and the role of blood transfusions. 
Specifi c attention will be given to the use of ESA therapy in patients with a previous 
or current history of stroke or malignancy, as well as a discussion on how to manage 
the patient who is resistant to ESA therapy.  

    Prevalence of Anemia in the Elderly 

 The incidence and prevalence of anemia increase with age. Using the World Health 
Organization defi nition of anemia (hemoglobin <13 g/dL for men and <12 g/dL for 
women), 11.0 % of men and 10.2 % of women aged 65 years or older and living in 
the community were anemic, according to the Third National Health and Nutrition 
Examination Study (NHANES III) data set [ 3 ]. The prevalence of anemia increases 
sharply in later life to values of 26.1 % in men and 20.1 % in women aged 85 years 
and over [ 3 ]. 

 A high prevalence of anemia was also found in a longitudinal Swedish study of 
elderly subjects followed at 1–5 year intervals for 18 years [ 4 ], as well as a cross- 
sectional study of community-dwelling older persons in the Chianti area of Italy 
(CHIANTI Study) [ 5 ]. Much higher prevalences of anemia in the elderly dialysis 
population are seen, with upward of 95 % of patients being anemic or requiring 
treatment with ESA therapy. 

 The implications of anemia in the elderly population are severalfold. There are 
strong associations with a number of unfavorable outcomes that include death, 
functional dependence, dementia, falls, and cardiovascular disease. There are also 
economic implications for anemic individuals, with healthcare costs (both direct 
and indirect) being substantially higher in anemic patients compared to those with-
out anemia.  
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    Causes of Anemia in the Elderly 

 The major causes of anemia in the elderly, both in nondialysis and dialysis patients, 
are erythropoietin defi ciency and iron defi ciency (Table  9.1 ). Even without chronic 
kidney disease, elderly patients are known to have inappropriately low levels of 
erythropoietin for the degree of anemia, and it is estimated that approximately 30 % 
of anemia in the elderly is due to relative or absolute erythropoietin defi ciency [ 6 ]. 
In approximately 50 % of cases, anemia in the elderly is due to reversible causes, 
including iron, B 12 , and folate defi ciency [ 6 ]. Chronic infl ammation [ 6 ] and blood 
loss (which may be occult and secondary to malignancy) are also very common in 
the elderly and may also exacerbate anemia in this age group. There is a direct rela-
tionship between the prevalence of myelodysplastic syndrome and aging (clinical 
clues include a raised mean cell volume (MCV), resistant anemia, and abnormally 
low white cell and platelet counts). Hematinic defi ciencies such as those associated 
with iron, B 12 , and folate are easily diagnosed and treated, as is hypothyroidism 
which often presents with a macrocytic anemia. Gastrointestinal infl ammation such 
as gastritis, esophagitis, and duodenitis, as well as peptic ulceration, may result in 
occult bleeding from the GI tract. Some drugs may also have anemia as a side effect 
and exacerbate this condition (Table  9.1 ).

   Iron defi ciency is also fairly common in the elderly and particularly so in dialy-
sis patients. This may be due to a combination of both decreased iron intake and 
increased iron losses (Fig.  9.1 ), and thus, the dialysis population is often found to be 
in a state of negative iron balance. Iron absorption from the gut is severely impaired 
due to hepcidin overactivity as a result of increased infl ammation [ 7 ], and certain 
commonly used drugs such as proton pump inhibitors and phosphate binders may 
bind to iron and impede iron absorption. Tea and certain foodstuffs may also have 
the same effect. In addition to iron losses caused by occult or overt GI bleeding, 
there may be iron losses due to blood trapping in the dialyzer, as well as secondary 
to frequent blood sampling. Use of aspirin as cardiovascular prophylaxis and hepa-
rin or other anticoagulants on hemodialysis may exacerbate gastrointestinal blood 
and iron losses.

   Malignancy is much commoner in the elderly, and this may exacerbate ane-
mia both by causing blood loss (e.g., bowel cancer) and by exacerbating chronic 

   Table 9.1    Causes of 
anemia in the elderly  

 Relative erythropoietin defi ciency 
 Iron defi ciency 
 B 12  and/or folate defi ciency 
 Chronic infl ammation 
 Blood loss 
 Gastrointestinal infl ammation (gastritis, esophagitis, duodenitis) 
 Malignancy 
 Myelodysplastic syndrome 
 Hypothyroidism 
 Drug side effects 
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 infl ammation (also known as the anemia of chronic disease) [ 6 ]. Caution is required 
in using ESA therapy in patients with current or previous malignancy (see below).  

    Erythropoiesis-Stimulating Agent (ESA) Therapy 

 The fi rst-generation ESAs were epoetin alfa and epoetin beta, introduced in the 
early 1990s. Use of these agents revolutionized the management of anemia in dialy-
sis patients, rendering many individuals free of blood transfusions and causing a 
sustained increase in the hemoglobin concentration [ 1 ,  2 ]. In hemodialysis patients, 
epoetin may be administered either intravenously or subcutaneously at a dosing 
frequency of one to three times per week. In peritoneal dialysis patients, the epoetin 
is virtually always given subcutaneously. 

 Subcutaneous administration of epoetin generally results in dose requirements 
that are 20–30 % lower than those seen with intravenous administration [ 8 ]. 

 In 2001, a second-generation ESA was approved for the management of anemia 
in dialysis patients, called darbepoetin alfa (Aranesp®). The elimination half-life of 
darbepoetin alfa given intravenously is approximately three times that of epoetin 
(25.3 h vs 8.5 h). This agent is therefore able to be administered with less frequent 
injections, usually once per week or once every 2 weeks. In contrast to epoetin, 
there is no difference in dosing requirements between intravenous and subcutaneous 
administration with darbepoetin alfa. 

 A third-generation ESA has also been produced by inserting a polyethylene gly-
col (PEG) molecule into the epoetin molecule. Pegylated epoetin beta (methoxy 
polyethylene glycol epoetin beta or CERA; brand name Mircera®) has a much 
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  Fig. 9.1    Iron balance in dialysis patients       
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 longer half-life than all the other ESAs, at around 130 h. This allows the agent to be 
injected once every 2 weeks, or even once a month. Again, there is no difference 
between intravenous and subcutaneous dosing requirements. For patent reasons, 
this product has not been able to be marketed in the United States, but it is widely 
available throughout Europe and the rest of the world. A randomized controlled trial 
(PATRONUS) showed superiority of pegylated epoetin beta compared to darbepo-
etin alfa when administered once–monthly to dialysis patients [ 9 ]. 

 Most dialysis patients are already on ESA therapy by the time they start dialysis, 
but not infrequently there are “crash-landers” who present to their nephrologist with 
end-stage renal failure and often quite severe anemia which requires dialysis and 
ESA therapy. 

 Since ESAs were introduced, there has been much debate and controversy about 
the appropriate target hemoglobin range to aim for in dialysis patients. Following all 
the early studies which aimed for incomplete correction of anemia, interest then 
arose in completely normalizing the hemoglobin concentration. A large randomized 
controlled trial in hemodialysis patients comparing a target hemoglobin of around 
14 g/dL with a hemoglobin of around 10 g/dL [ 10 ], however, was the fi rst of several 
studies in the setting of chronic kidney disease to suggest that this strategy of ane-
mia management may be harmful. There was an increased incidence of vascular 
access thrombosis in the group of patients targeting a normal hemoglobin concen-
tration, and there was also a trend toward a higher risk of reaching the primary 
endpoint of death or a nonfatal myocardial infarction [ 9 ]. Several subsequent stud-
ies in nondialysis patients, including CREATE [ 11 ], CHOIR [ 12 ], and TREAT [ 13 ], 
have also raised concerns about normalization of hemoglobin. The latter study in 
particular has had the greatest impact on anemia management, and the latest anemia 
guidelines suggest that subnormal correction of anemia is preferable, with a target 
hemoglobin of around 10–12 g/dL. In the TREAT Study, aiming for a hemoglobin 
concentration of around 13 g/dL resulted in a doubling of stroke risk and a more 
than tenfold increase in cancer-related mortality in patients who had a previous 
malignancy [ 13 ]. Given that stroke and cancer are much more prevalent in the 
elderly population, this has signifi cant implications for the use of ESA therapy in 
elderly dialysis patients (discussed in greater detail below). 

    ESA Therapy and Stroke 

 The incidence of stroke rises progressively with age, and thus, this devastating car-
diovascular event is very much more common in the elderly patient. There are real 
concerns that ESA therapy may exacerbate the risk of stroke if a hemoglobin target 
of around 13 or 14 g/dL is implemented, and two randomized controlled trials have 
provided evidence to that effect. 

 The fi rst trial was in hemodialysis patients recruited from across Europe and 
Canada [ 14 ]. Although the absolute number of strokes in the trial was low, there 
were nevertheless 12 strokes seen in the group of patients targeting a higher hemo-
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globin concentration of over 13 g/dL, compared to only four strokes in the group of 
patients targeting a hemoglobin concentration of around 10 g/dL ( p  = 0.045) [ 14 ]. 
The TREAT Study of over 4000 patients with diabetes and nondialysis chronic kid-
ney disease [ 13 ] showed a doubling of stroke risk in the group of patients targeting 
a hemoglobin of 13 g/dL, compared with the placebo group who maintained hemo-
globin concentrations of just above 9 g/dL. Overall 154 of the 4038 patients included 
in this study had a stroke, with 101/2012 (5.0 %) in the active arm and 53/2026 
(2.6 %) in the placebo arm (hazard ratio 1.9; 95 % confi dence interval 1.4–2.7) [ 13 ]. 

 The data from the TREAT Study were subjected to a further detailed analysis to 
see if any baseline variables could account for the development of stroke in the 
study population. A multivariate logistic regression model was used to identify 
baseline predictors of stroke. A number of other factors, including post- randomization 
blood pressure, hemoglobin level, platelet count, or treatment dose, were also 
assessed using a nested case-control analysis (1:10 matching) identifying non- 
stroke controls with propensity matching to see if any of these factors could account 
for the increased risk related to ESA therapy [ 15 ]. None of the baseline variables or 
any of the factors in the case-control analysis could be used to mitigate the risk of 
ESA-related stroke. Although the absolute risk of stroke was greater if there was a 
history of previous stroke, the relative risk of stroke in patients treated with ESA 
therapy remained at 2:1 versus placebo [ 15 ]. 

 It is still not clear why ESA therapy might exacerbate stroke, but it is clear ESAs 
produce circulating erythropoietin levels that are considerably higher than physio-
logical levels and that there are pleiotropic effects of these agents [ 16 ]. Thus, the 
increased risk of stroke may not be due simply to a higher hemoglobin concentra-
tion but to some of the secondary effects of ESA therapy, perhaps their effect on 
endothelial and platelet function. 

 The implications of all of this for anemia management are that physicians using 
ESA therapy should be aware of the potential for exacerbating stroke and in any 
patients believed to be high risk, the benefi ts versus the risks of using this treatment 
should be weighed up carefully. If ESA therapy is used, target hemoglobin concen-
trations should not exceed 11.5 or 12 g/dL in order to reduce the risk of this poten-
tially devastating adverse effect.  

    ESA Therapy and Malignancy 

 Since the introduction of ESA therapy, there have been increasing concerns about 
the use of this treatment in patients with a history of previous or current cancer. The 
main concerns center around three main areas, namely, an increased risk of venous 
thromboembolism and whether there is any increased risk of death or tumor 
progression. 

 Most of the oncology trials using ESA therapy showed that targeting hemoglobin 
concentrations greater than 12 g/dL doubles the risk of venous thromboembolism. 
This complication is already increased in patients with cancer but appears to be 
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further exacerbated by ESA therapy. In the CKD setting, in noncancer patients, the 
only trial that has been large enough to systematically look at the risk of this com-
plication has been the TREAT Study, where again a doubling of the rate of venous 
thromboembolism was seen [ 13 ]. Again, this may be due to the pleiotropic effects 
of ESA therapy on endothelial and platelet function [ 16 ], but the consistency across 
all the oncology studies in various different types of cancer is harder to ignore. 

 The mortality risk in patients with malignancy is somewhat less clear. One of the 
earliest oncology trials of erythropoietin therapy for anemia associated with head 
and neck cancer suggested that patients whose tumor tissue tested positive for the 
erythropoietin receptor had a worse survival form those who were negative for the 
erythropoietin receptor [ 17 ]. This work has, however, since been discredited. 

 However, the publication of the TREAT Study once again raised concerns about 
the possibility of ESA therapy exacerbating cancer-related death. Patients with 
active malignancy were excluded from this study, although those who had a previ-
ous malignancy from at least 5 years ago and were deemed to be cured could be 
recruited. In this latter subgroup of patients, analysis of the rate of cancer-related 
death was conducted, and there was a more than tenfold increase in ESA-treated 
patients compared to the placebo group [ 13 ]. Given that this was not the primary 
objective of the study, the result needs to be interpreted with caution, although the 
magnitude of this effect is hard to ignore. 

 The question of whether ESA therapy can exacerbate the growth of a malignant 
cell clone is even more controversial. While the main function of erythropoietin is 
as a growth factor for red cells, there has been much discussion as to whether ESA 
therapy can also enhance tumor cell growth. This issue is still undecided. 

 All of the above has resulted in the physician not knowing what to do when a 
dialysis patient develops cancer. Given the uncertainty, it is perhaps sensible to use 
the lowest dose of ESA therapy possible, although these are the very patients who 
often show the greatest resistance to ESAs. Repeated dose escalation should there-
fore be avoided, and it may have to be accepted that patients on dialysis with an 
active cancer require red cell transfusional support. If ESA therapy is used, efforts 
should again be made not to target hemoglobin concentrations above 12 g/dL.  

    Hyporesponsiveness to ESA Therapy 

 There are two types of poor response to ESAs. The fi rst is a failure to show a signifi -
cant increment in hemoglobin concentration, despite repeated increases in ESA 
doses. The second is characterized by a loss of response to treatment, again despite 
increased ESA doses. The latter is more common in dialysis patients, although the 
former may occur in “crash-lander” patients who present with end-stage renal fail-
ure with no previous nephrological input. Hyporesponsiveness to ESA therapy 
should be subjected to a careful and systematic approach, and a cause for this should 
be rigorously sought. Common causes include iron insuffi ciency, infection or 
infl ammation, and under-dialysis, while there are a number of less common causes 
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(Table  9.2 ). In the elderly dialysis patient, blood loss, B 12  or folate defi ciency, and a 
primary bone marrow disorder such as myelodysplastic syndrome may be more 
apparent than in a younger individual.

   Investigating a patient who is hyporesponsive to ESA therapy merits a stepwise 
approach (Fig.  9.2 ). If the patient is self-injecting, then adherence with the pre-
scribed treatment should be questioned and confi rmed. The reticulocyte count may 
give a clue as to whether there is a primary problem with erythropoiesis, or whether 
the bone marrow is already working effectively, thus suggesting a shortened red cell 
survival as a result of bleeding or hemolysis.

   The possibility of either absolute or functional iron defi ciency (see below) should 
be considered, and if there is any doubt, then a trial of increased intravenous iron 
may be helpful. A raised C-reactive protein may suggest active infection or malig-
nancy, particularly in the elderly, and this should be vigorously investigated. Occult 

   Table 9.2    Causes of a poor response to ESA therapy   

 Common  Less common 

 Iron defi ciency 
 Infl ammation (infection/malignancy) 
 Blood loss 

 B 12 /folate defi ciency 
 Hemolysis 
 Marrow disorders,  e.g., myelodysplastic syndrome  
 Under-dialysis 
 ACE inhibitors 
 Hypothyroidism 
 Anti-EPO antibodies (PRCA) 

  Fig. 9.2    Investigation of a poor response to ESAs       
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conditions such as tuberculosis or malignancy should also be considered, although 
these may prove somewhat elusive to detect. An increase in dialysis prescription 
and/or a change from conventional hemodialysis to hemodiafi ltration may be of 
benefi t. Screening for vitamin B 12  or folate defi ciency, blood loss, or hemolysis may 
be indicated, particularly in the elderly. A sharp fall in hemoglobin coupled with a 
very low reticulocyte count should alert the physician to the very rare condition of 
antibody-mediated pure red cell aplasia. Bone marrow examination may be required 
to exclude some hematological conditions such as myelodysplastic syndrome, very 
common in the elderly. A higher reticulocyte count makes it more likely that bleed-
ing or hemolysis is the cause and a full hematinic screen and possible gastrointesti-
nal investigations may be indicated (Fig.  9.2 ). 

 Whereas previously, physicians tended to escalate the dose of ESA therapy to 
higher and higher levels, recent randomized controlled trials have suggested possi-
ble harm in using high doses in ESA-resistant patients. It is still not clear whether 
the poor outcomes in this situation are due to the high doses of ESA therapy per se 
or whether this simply represents a group of patients who are generally more ill. 
Nevertheless, repeated dose escalation is no longer advised, and a maximum dose 
of epoetin of around 15,000 units per week in divided doses seems reasonable. This 
translates into a weekly dose of approximately 75 mcg of darbepoetin alfa or a 
monthly dose of approximately 300 mcg of pegylated epoetin beta.   

    Iron Management 

 Elderly patients are more prone to iron defi ciency than their younger counterparts, 
and patients on dialysis are known to be in signifi cant negative iron balance 
(Fig.  9.1 ). Thus, whereas healthy individuals lose 1–2 mg of iron per day via muco-
sal cell shedding in the gut, dialysis patients may lose up to four or fi ve times this 
amount. Since dietary or orally administered iron is not absorbed due to hepcidin 
overactivity [ 7 ], intravenous iron has become mandatory in this patient population. 

 For the last two decades or so, iron defi ciency has been categorized as being 
either  absolute  or  functional  (Table  9.3 ).

    Absolute  iron defi ciency implies that there is a defi ciency in total body iron 
stores, such that there are inadequate levels of iron to supply the bone marrow. The 
two types of iron defi ciency are often compared to a bank account. Absolute iron 

   Table 9.3    Defi nition of absolute and functional iron defi ciency   

 Absolute  Functional 

 Reduced body iron stores 
 Low serum ferritin levels 

 Normal body iron stores but a failure to release iron rapidly enough 
to satisfy demands of bone marrow 
 Normal/high serum ferritin 
 ↓ Transferrin saturation (<20 %) 
 ↑ Hypochromic red cells (>10 %) 
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defi ciency implies that there is simply not enough money in the bank to be able to 
make a withdrawal. 

  Functional  iron defi ciency is a condition in which there are normal or even 
increased levels of total body iron stores, but there is a failure to mobilize this iron 
for use by the bone marrow for erythropoiesis. To continue the bank account anal-
ogy, functional iron defi ciency is illustrated by a condition in which there is an 
ample amount of money in a savings account, but it cannot be withdrawn on demand. 

 Functional iron defi ciency is much more common in the dialysis population, due 
to the chronic infl ammatory state which upregulates hepcidin production by the 
liver (Fig.  9.3 ). Hepcidin is the master regulator of iron availability and its produc-
tion is stimulated largely via interleukin-6 [ 7 ]. Hepcidin exerts its physiological 
effect by binding to the cellular iron export protein, ferroportin, thereby shutting 
down any iron effl ux from cells responsible for iron transport, such as duodenal 
enterocytes, macrophages, Kupffer cells, and splenocytes [ 7 ]. The administration of 
intravenous iron circumvents the hepcidin-induced blockade of iron availability.

   There are many laboratory tests available for the detection of iron defi ciency, but 
none is ideal. The serum  ferritin  is a marker of body iron stores, and a very low 
serum ferritin level is diagnostic of absolute iron defi ciency. Unfortunately, ferritin 
is also an acute phase protein and is elevated in chronic infl ammatory states, as 
occurs almost ubiquitously in dialysis patients. Thus, a normal or even high ferritin 
level does not exclude the possibility of functional iron defi ciency. 

 The  transferrin saturation  is also used as a marker of iron status, and levels of 
below 20 % are suggestive of iron insuffi ciency. However, levels of this parameter 
may fl uctuate, and the absolute cutoff that will exclude functional iron defi ciency or 
a response to additional intravenous iron is unclear. 
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  Fig. 9.3    Role of hepcidin in regulating iron supply in dialysis patients       
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 The  percentage of hypochromic red cells  in the circulation has also been used as 
a marker of iron suffi ciency but requires to be analyzed on a fresh sample. Thus, any 
delay in the sample reaching the laboratory may cause a serious elevation of this 
parameter. However, levels of <10 % should alert the physician to the possibility of 
iron insuffi ciency. Measurement of  reticulocyte hemoglobin content  uses a similar 
fl ow cytometric technique, with levels of <29 pg/cell suggestive of iron defi ciency. 

 Since iron insuffi ciency is common in dialysis patients, supplementation of body 
iron stores is often required, and since this cannot be achieved by oral iron, intrave-
nous iron replacement has become the standard of care in this population. Not only 
does this guarantee a readily available supply of iron, but it is extremely easy to 
administer to a hemodialysis patient who already has vascular access in situ. Thus, 
intravenous iron is usually administered during the dialysis session. There are many 
different intravenous iron preparations available worldwide. The older iron prepara-
tions such as iron dextran carry a small but defi nite risk of anaphylaxis due to pre-
formed dextran antibodies; this has been found to be more prevalent with 
high-molecular-weight iron dextran compared to low-molecular-weight iron dex-
tran compounds. Iron sucrose has been used for many years and has passed the test 
of time, being given to millions of patients worldwide. The usual administered dose 
is 100 or 200 mg, as tolerance at higher doses is reduced. Sodium ferric gluconate 
is also used in the dialysis population, mainly in the United States, Italy, and 
Germany. Several new intravenous iron preparations have recently been licensed, 
including ferric carboxymaltose, iron isomaltoside, and ferumoxytol. The main 
advantages of these preparations are that they can be administered in a higher dose 
over a shorter period of time, but their main applicability is in the nondialysis patient 
population. The amount of iron that dialysis patients require is not clear, but anemia 
guidelines suggest maintaining a serum ferritin level of somewhere between 200 
and 500 ug/L, a minimum transferrin saturation of 20 %, and a minimum percentage 
of hypochromic red cells of 10 %. It is, however, clear that some patients respond to 
intravenous iron above these minimal thresholds, with an enhanced erythropoietic 
response. Whether or not this is harmful is not clear, and there are concerns that the 
liberal use of intravenous iron may exacerbate oxidative stress and infections. There 
is indeed evidence that intravenous iron administration may enhance bacterial pro-
liferation and also reduce neutrophil function and for both of these reasons, IV iron 
should be withheld in patients with an acute bacterial or fungal infection.  

    Blood Transfusions 

 As outlined in the Introduction, blood transfusions were the mainstay of anemia 
management in dialysis patients prior to the introduction of recombinant human 
erythropoietin. Given the recent safety concerns with erythropoiesis-stimulating 
agents, however, there has been a recent increase in the use of transfusions in dialy-
sis patients once again. In the elderly population, there is less concern about HLA 
sensitization than there is in the younger patient waiting for a kidney transplant, and 
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there are also many conditions more prevalent in the elderly which can only be man-
aged by intermittent transfusions (such as myelodysplastic syndrome and advanced 
hematological or solid-organ malignancy). 

 Blood transfusions also have a role in conditions causing sudden onset of ane-
mia, such as acute blood loss or hemolysis. In patients who are septic and then 
become resistant to treatment with ESAs, blood transfusions may become necessary 
if the hemoglobin concentration becomes critically low. 

 There has been much debate over the years as to the trigger hemoglobin for 
administering blood during intercurrent illnesses, and the threshold has gradually 
decreased. Part of the reason for this is the outcome of several randomized con-
trolled trials, which have not suggested any advantages in transfusing patients 
whose hemoglobin falls below 10 g/dL. There may even be harm in doing so, and 
the threshold for transfusion for stable conditions has fallen to around 7 g/dL. Indeed, 
a randomized controlled trial of two trigger hemoglobin concentrations for blood 
transfusion in the critical care setting (7 g/dL vs 10 g/dL) showed absolutely no 
benefi t in transfusing patients at the higher hemoglobin trigger [ 18 ]. Even in the 
cardiac setting, when patients may be suffering from acute coronary syndrome, the 
use of blood transfusion above a hemoglobin level of 8 g/dL has been critically 
questioned. Thus, in the absence of acute bleeding, there is little indication to trans-
fuse a patient above 7 or 8 g/dL unless a surgical procedure is planned in which 
signifi cant blood loss might be expected. 

 Thus, in the modern era of anemia management, the focus is on the balance 
between ESA therapy, iron administration, and blood transfusions. The relative use 
of these three strategies should be selected for the individual patient, and many fac-
tors might infl uence this.  

    Conclusions 

 Anemia management in the elderly dialysis patient is not dissimilar to that in the 
younger subject and remains a balance among the use of ESA therapy, intravenous 
iron supplementation, and blood transfusions. There are, however, some specifi c 
differences that are relevant to the elderly population. 

 Nutritional defi ciencies (vitamin B 12 , folic acid, and particularly iron) are more 
common in the older patient, as is hypothyroidism. All of these defi ciencies are 
 easily corrected by the use of supplemental products. In the nondialysis setting, 
chronic infl ammation is more common in the elderly, but whether this adds anything 
to the preponderance of infl ammation induced by chronic dialysis is unclear. Blood 
loss may be more common in the elderly, as a result of gastrointestinal infl ammation 
or malignancy. Several hematologic conditions are also more common in the elderly, 
and the most noteworthy of these is myelodysplastic syndrome which may be unre-
sponsive to ESA therapy. 

 It is, however, likely that most patients will be treated with ESA therapy with or 
without supplemental intravenous iron and blood transfusions will be reserved for 
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those resistant to these measures or when there is an intercurrent acute fall in the 
hemoglobin concentration. 

 The choice of hemoglobin target for the patient should also be individualized, in 
an attempt to maximize the benefi ts of anemia correction, while minimizing poten-
tial harmful effects. Thus, in patients with a previous stroke or malignancy, caution 
should be exercised in minimizing the use and dose of ESAs, given the concerns 
about possible exacerbation of these conditions with such agents. 
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    Chapter 10   
 Dialysis in the Older Adult: Management 
of CKD–MBD                     

       Martin     K.     Kuhlmann     

            Introduction 

 CKD–MBD is strongly associated with mortality and morbidity in the general dial-
ysis population. The spectrum of clinical long-term consequences of CKD–MBD 
includes abnormal mineral metabolism; vascular, valvular, and soft-tissue calcifi ca-
tions; uremic bone disease; bone pain; and, last but not least, bone fractures. A 
consensus statement on treatment targets and principles for CKD–MBD in CKD 
and dialysis patients has been issued recently in the form of guidelines by the 
KDIGO group [ 1 ]. However, these guidelines do not specifi cally address specifi c 
treatment modalities in the subpopulation of elderly dialysis patients. 

 It is recognized by nephrologists that in dialysis patients >75 years of age, the 
focus may shift from prolonging life toward improving or maintaining quality of 
life and reducing disease-associated burdens. There are very few data on biochemi-
cal or medical factors predicting outcome in this specifi c population of elderly dial-
ysis patients. The few studies available indicate that comorbidity and age become 
major determinants of outcome, while traditional factors, such as dialysis dose 
(Kt/V), hemoglobin levels, or duration of dialysis levels, have little or no predictive 
value [ 2 ]. The fact that classical outcome parameters appear to be less important in 
this population raises the question whether management of CKD–MBD in older 
dialysis patients should differ from that in younger dialysis patients. 

 In this chapter, special aspects of CKD–MBD care in older dialysis patients will 
be discussed. It is evident that individual treatment decisions in elderly patients 
need to be made with respect to the expected survival time, which can be estimated 
from validated models (  www.touchcalc.com    ) based on comorbidities and current 
medical status and independent of age [ 3 ].  
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    Epidemiology of CKD–MBD in Elderly Dialysis Patients 

 In the general dialysis population, mineral and bone disease is highly prevalent and 
well established as risk factor for both mortality and morbidity. With increasing age, 
the impact of CKD–MBD on outcome may theoretically change, but currently 
available data are insuffi cient to draw fi rm conclusions. Two European groups have 
reported on the spectrum of CKD–MBD in elderly dialysis patients. In the French 
ESRD population, elderly hemodialysis patients >75 years of age ( n  = 3403) exhib-
ited lower serum phosphate and PTH concentrations but slightly higher calcium 
levels compared to HD patients <75 years of age ( n  = 5766). At the same time, the 
use of calcium-based and non-calcium-based phosphate binders as well as use of 
cinacalcet were signifi cantly lower in the elderly population. The authors conclude 
that it appears easier to control laboratory parameters of CKD–MBD in elderly HD 
patients [ 4 ]. 

 Similar results were reported from a Hungarian ESRD population, where a 
greater proportion of patients over the age of 65 years met KDIGO CKD–MBD 
targets while receiving less CKD–MBD-specifi c medication than younger patients. 
An inverse correlation between age and PTH levels was reported, indicating that 
hyperparathyroidism appears better manageable with increasing age. However, 
despite the apparently better control of CKD–MBD, the prevalence of bone disease 
and especially soft-tissue calcifi cations was higher in the older dialysis patients who 
also displayed signifi cantly higher serum calcium levels. This was putatively 
explained by a higher proportion of older patients receiving calcium-based phos-
phate binders [ 5 ]. 

 Taken these data together, it appears that CKD–MBD may be easier to control in 
older dialysis patients, which may be due to reduced dietary protein and phospho-
rous intake. On the other hand, nonspecifi c clinical signs and symptoms of MBD as 
well as tissue calcifi cations may be more prevalent in older patients due to a longer 
course of dialysis and a higher and longer comorbidity burden.  

    CKD–MBD in Elderly Dialysis Patients: Focusing 
on Bone Strength 

 In the older dialysis population, fractures secondary to CKD–MBD become more 
relevant when compared to younger patients. Compared with the general popula-
tion, the overall incidence of bone fractures is signifi cantly higher in the dialysis 
population, with the risk of hip fractures exceeding that of the general population by 
a factor of 4–14 [ 6 ]. More recent data indicate that elderly white dialysis patients 
appear to be at the greatest risk for fractures [ 7 ]. While the most common type of 
fracture in dialysis patients is pelvis/hip fracture, followed by vertebral, lower leg, 
and shoulder/arm fractures, the relative incidence of vertebral fractures increases 
with age. Because fractures are associated with a substantially increased risk for 
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death and hospitalization, adequate measures need to be undertaken to reduce the 
fracture incidence in elderly dialysis patients [ 8 ,  9 ]. 

 Multiple factors contribute to the increased fracture risk in dialysis patients 
including a large comorbidity burden, decreased physical strength due to protein- 
energy wasting and frailty with an increased susceptibility to falls. In addition, poly-
pharmacy including centrally acting drugs, such as narcotics and psychoactive 
medication, may increase the likelihood of falls and fractures. Fractures following 
an inadequate trauma are typically a consequence of impaired bone strength and 
stability. In healthy individuals, both bone strength and stability (or fragility) depend 
on a well-regulated balance between bone formation and bone resorption. In most 
dialysis patients with CKD–MBD, this balance is heavily deranged resulting in 
lower bone strength and increased bone fragility.  

    Pathophysiology of Reduced Bone Strength 

 ESRD-related uremic osteodystrophy encompasses a spectrum of conditions that 
are classifi ed based on histomorphometric criteria as osteitis fi brosa (high-turnover 
disease), mixed uremic osteodystrophy, osteomalacia (low-turnover disease), and 
adynamic bone disease. Chronically elevated PTH levels cause high bone turnover 
favoring bone resorption via direct and indirect activation of osteoclasts and osteo-
blasts leading to osteitis fi brosa and potentially marrow fi brosis. Uremic osteodys-
trophy may present clinically with bone and muscle pain, weakness, postural 
instability, and fractures [ 1 ]. 

 Osteoporosis in the absence of CKD is a condition characterized by bone loss 
leading to reduced bone strength and an increased risk of fractures. The hip, spine, 
and wrist are most commonly affected. By histomorphometric criteria, osteoporosis 
is characterized by microarchitectural disruption and reduced bone quality. In 
women an earlier fi rst phase of accelerated predominantly trabecular bone loss 
occurs during the perimenopausal period and is followed by a second period of 
accelerated cortical as well as trabecular bone loss occurring after the age of 70 [ 10 ]. 
In both genders numerous risk factors for the development of osteoporosis have 
been identifi ed in addition to age (Table  10.1 ). Secondary causes of osteoporosis 
can be identifi ed in more than 60 % of affected male patients [ 11 ]. Although there 
are experimental data suggesting that uremic toxins may cause a form of “uremic 
osteoporosis,” the role of CKD as an independent risk factor for the development of 
osteoporosis remains controversial [ 12 ].

   Due to the different pathophysiologic pathways, osteoporosis and renal osteo-
dystrophy will coexist in the majority of older dialysis patients, especially in 
females. In these cases, low BMD may be associated with an enormous range of 
functional abnormalities of bone remodeling. A bone biopsy study in 98 middle- 
aged male ( n  = 63) and female ( n  = 35) dialysis patients revealed signs of osteoporo-
sis with preferentially low bone formation in 46 % of the population [ 13 ]. 
Interestingly, osteoporosis was present in both low-turnover and high-turnover 
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states, with the highest rate of osteoporosis occurring in patients with adynamic 
bone disease (Fig.  10.1 ). The relatively low rate of osteoporosis in predominantly 
hyperparathyroid bone disease patients may indicate that secondary 

   Table 10.1    Risk factors associated with the development of osteoporosis   

  Endocrine disorders    Medications  
 Menopause  Glucocorticoids 
 Hyperparathyroidism  ACTH 
 Hypopituitarism (e.g., Sheehan’s syndrome)  Cyclosporin 
 Growth hormone defi ciency  Anticonvulsants (e.g., phenytoin) 
 Marfan syndrome  Thyroxine 
 Hypercortisolism  GnRH analogs 
 Hyperthyroidism  Heparin 
 Hypogonadism  Chemotherapy 
  Comorbid conditions    Hematologic disorders  
 Diabetes mellitus  Lymphoma 
 Gastrointestinal malabsorption 
   Gastrectomy 
   Short bowel syndrome 
   Chronic biliary obstruction 

 Leukemia 
 Multiple myeloma 
 Chronic hemolytic anemia 
 Systemic mastocytosis 

 Chronic systemic infl ammation 
   Rheumatoid arthritis 
   Connective tissue diseases 
   Infl ammatory bowel disease 
 Liver cirrhosis   Miscellaneous  
 Homocystinuria  Alcoholism 
 Hypercalciuria  Smoking 
 Organ transplantation  Vitamin D defi ciency 

 Immobilization 
 Anorexia nervosa 

  Modifi ed from Kansal and Fried [ 11 ]  
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  Fig. 10.1    Distribution of osteoporosis among ESRD-associated renal osteodystrophy. Results of 
a bone histomorphometry study in 98 maintenance hemodialysis patients [ 13 ].  ABD  adynamic 
bone disease,  MUO  mixed uremic osteodystrophy,  PHBD  predominant hyperparathyroid bone 
disease,  OM  osteomalacia,  OP  osteoporosis,  NOP  non-osteoporosis       
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 hyperparathyroidism may to some degree be protective against trabecular bone loss. 
The real prevalence of osteoporosis in older dialysis patients is currently unknown, 
which is due to the methodological uncertainty in diagnosing osteoporosis in this 
population. However, it may be assumed that the prevalence of osteoporosis should 
be at least as high as in the general population of similar age but without kidney 
disease.

       Diagnostic Evaluation of Bone Strength 

    Non-CKD Patients 

 In the general non-CKD population, there is a strong relationship between bone 
mineral density, bone strength, and fracture risk. Therefore, screening for osteopo-
rosis is either based on measurement of bone mineral density (BMD) or on a history 
of osteoporotic bone fractures. There are various methods to assess BMD including 
central DEXA (dual-energy x-ray absorptiometry), peripheral DEXA (pDEXA), 
quantitative computer tomography, and quantitative ultrasound densitometry (heel 
ultrasound). Among these methods, central DEXA at the hip and spine is most 
 frequently used to establish a diagnosis of osteoporosis and to predict future frac-
ture risk. It is of note that DEXA can only assess overall density but not quality of 
the bone. 

 Independent of BMD, age, and other clinical risk factors, a radiographically 
confirmed vertebral fracture is a sign of impaired bone quality and strength and 
therefore consistent with the diagnosis of osteoporosis. Most vertebral fractures 
are asymptomatic when they first occur and often are undiagnosed for many 
years. Proactive vertebral imaging therefore is the only way to diagnose these 
fractures. Vertebral imaging is performed using a lateral thoracic and lumbar 
spine x-ray or by lateral vertebral fracture assessment (VFA), available on most 
modern DEXA machines at the time of BMD assessment. The presence of a 
single vertebral fracture is indicative for a fivefold increased risk for subse-
quent vertebral fractures and a two- to threefold risk of hip and any other frac-
ture [ 14 ]. 

 The value of serum biomarkers of bone remodeling for diagnosis of osteoporosis 
in the general population is not well established, but some of these may be useful for 
the assessment of individual responses to therapy. Biochemical markers of bone 
remodeling include resorption markers, such as serum C-telopeptide (CTX) and 
urinary N-telopeptide (NTX), and formation markers, such as serum bone-specifi c 
alkaline phosphatase, osteocalcin, and aminoterminal propeptide of type 1 
procollagen. 

 The WHO defi nition of osteoporosis is based on bone mineral density (BMD) 
measurements, and most guidelines recommend screening DEXA in women >65 
years and men >70 years or in postmenopausal women or men between 50 and 70 
years with additional risk factors for fractures [ 15 ].  
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    Elderly Dialysis Patients 

 Compared with the general population, assessment of bone strength in elderly dialy-
sis patients is much more complex. In dialysis patients, the predictive value of BMD 
measurements is reduced due to the presence of renal osteodystrophy which renders 
the ability of BMD to predict fractures or other clinical outcomes in dialysis patients 
quite weak and inconsistent. Spine BMD may be overestimated by DEXA due to the 
presence of spinal osteophytes and aortic calcifi cation in the area of measurement 
[ 16 ,  17 ]. In dialysis patients, BMD of the hip and radius is generally lower than in 
the general population, while lumbar spine BMD is similar to the non-CKD popula-
tion. It must be recognized that forearm arteriovenous fi stulae may negatively affect 
structure and growth of the nearby bone and, by decreasing values of BMD mea-
surements, produce an overdiagnosis of osteoporosis [ 18 ]. If using peripheral 
DEXA in the radius region, the non-fi stula arm should be studied. Although KDIGO 
guidelines do not recommend routine BMD testing in dialysis patients by any of the 
methods mentioned above, today, DEXA scan is most commonly used to assess 
BMD in dialysis patients. Besides that, the diagnosis of osteoporosis or low bone 
mass in dialysis patients is frequently made through demonstration of vertebral frac-
tures by vertebral imaging or lateral abdominal radiographs. 

 Serum biomarkers of bone metabolism are affected by both renal osteodystrophy and 
osteoporosis and therefore are of little value for the diagnosis of osteoporosis in dialysis 
patients. Although high PTH levels may correlate with high-turnover bone disease, ady-
namic bone disease may prevail even in the presence of PTH levels between 100 and 500 
pmol/l [ 1 ]. While there is an association of bone turnover markers and survival in the 
general dialysis population, the association of alkaline phosphatase with survival appears 
much weaker in older dialysis patients. In contrast, the association between PTH and 
mortality shows an opposite association. Thus, the effect of age needs to be considered 
when interpreting the prognostic implications of serum ALP and PTH levels [ 19 ]. 

 Due to the reduced reliability of established diagnostic measures for BMD assess-
ment in dialysis patients, iliac crest bone biopsy with double tetracycline labeling 
remains the gold standard for diagnosis of renal osteodystrophy and/or osteoporosis. 
Bone histology generates information about bone quality including turnover, miner-
alization, and volume. For a diagnosis of pure idiopathic osteoporosis, biopsy would 
be expected to reveal low trabecular bone volume and disrupted microarchitecture, 
without signifi cant abnormalities in mineralization or bone turnover. In dialysis 
patients, these changes will be superimposed on CKD–MBD- specifi c alterations. 
Because of its invasiveness, bone biopsy is not a routine diagnostic step in the evalu-
ation of CKD–MBD except in specialized centers. However, iliac crest bone biopsy 
should at least be considered in patients fulfi lling one of the following criteria [ 20 ]:

•    Occurrence of fractures with minimal or no trauma  
•   Intact PTH levels between 100 and 500 pmol/l with coexisting conditions such 

as unexplained hypercalcemia, severe bone pain, or unexplained increases in 
bone alkaline phosphatase  

•   Suspected aluminum bone disease  
•   Before the start of bisphosphonate therapy to exclude adynamic bone disease      
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    Treatment of Dialysis Patients with Low Bone Mineral Density 

 The principal goal of CKD–MBD and osteoporosis therapy is improvement of bone 
mass and bone strength, which will translate in increased BMD. In idiopathic osteo-
porosis of the non-CKD patient, the pharmaceutical approach is primarily aimed at 
inhibiting osteoclastic bone resorption through bisphosphonates, estrogen, calcito-
nin, or raloxifene, mostly on top of standard calcium and vitamin D supplementa-
tion. With these antiresorptive strategies, a decrease in bone formation and an 
increase in bone mineralization can be observed which results in an increase in bone 
strength and BMD as well as in a reduction of low-trauma fracture rates by about 
50 % [ 1 ]. The only anabolic substance currently used for osteoporosis treatment is 
recombinant human 1–34 PTH (teriparatide), which leads to an increase in BMD 
through induction of bone formation. A new therapeutic concept, which is currently 
undergoing clinical evaluation, is based on specifi cally inhibiting the action of 
sclerostin, an osteocyte-derived inhibitor of osteoblast activity through the mono-
clonal antibody romosozumab. Recently published results of a phase 2 trial showed 
an impressive increase in BMD and in bone formation [ 21 ]. 

 The pathogenesis of bone disease in patients with CKD–MBD is different from 
that in postmenopausal osteoporosis; therefore, extrapolating results of studies from 
osteoporosis to dialysis patients may not be valid, especially with regard to long- term 
safety. Because until today no relevant clinical studies on treatment of low BMD in 
dialysis patients have been performed, treatment recommendations must be based on 
hypotheses and expert opinion. Similar to the non-CKD population, treatment princi-
ples in dialysis patients include non-pharmacologic and pharmacologic measures. 

    Non-pharmacological Treatment 

 Regular physical exercise remains the mainstay of any therapeutic or preventive 
approach to osteoporosis or low BMD. Especially in ESRD patients, who are 
exposed to prolonged phases of immobilization during dialysis treatment and in 
many cases throughout the whole treatment day, physical exercise is essential to 
stabilize or improve agility, strength, posture, and balance in order to prevent falls 
and subsequent fractures. Exercise may specifi cally suppress bone turnover and 
favor anabolic processes, even in adynamic bone disease. Regular weight-bearing 
and muscle-strengthening exercise should be recommended to reduce the risk of 
falls and fractures. Weight-bearing exercise (in which bones and muscles work 
against gravity as the feet and legs bear the body’s weight) includes walking, jog-
ging, Tai Chi, stair climbing, dancing, and tennis. Muscle-strengthening exercise 
includes weight training and other resistive exercises. 

 Excess alcohol consumption should be avoided. Alcohol intake of three or more 
drinks per day may be detrimental to bone health, increases the risk of falling and 
requires further evaluation for alcoholism when identifi ed. Smoking cessation is 
also recommended.  
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    Pharmacological Treatment 

    Calcium and Vitamin D 

 Calcium supplements and vitamin D are fi rst-line therapies in non-CKD patients 
and may result in small increases in BMD but with uncertain effects on fracture 
rates [ 22 ]. In view of accelerated vascular and extravascular calcifi cation processes 
in dialysis patients, daily calcium intake including the calcium load through 
calcium- based phosphate binders should not exceed an RDA of 1200 mg or even 
less in the presence of severe calcifi cations. 25-OH-vitamin D defi ciency is com-
mon in elderly dialysis patients, related to impaired synthesis, inadequate intake, 
dietary restrictions, and low skin UV exposure. Dosage of active vitamin D should 
be carefully adjusted to avoid oversuppression of PTH and induction of adynamic 
bone disease.  

    Bisphosphonates 

 Bisphosphonates can be classifi ed into two groups with different molecular modes 
of action: the simpler, nonnitrogen-containing substances clodronate and etidronate 
and the more potent nitrogen-containing compounds (alendronate, ibandronate, 
pamidronate, risedronate, and zoledronate). All bisphosphonates bind tightly to cal-
cium in the hydroxyapatite crystal mineral with a half-life of up to 10 years. The 
major mode of action is related to inhibition of osteoclast activity or induction of 
osteoclast apoptosis, and it appears that in non-CKD patients, bisphosphonates are 
more effective in the presence of increased bone turnover [ 23 ]. 

 In dialysis patients, where high bone turnover may be observed together with 
increased bone resorption, the use of bisphosphonates makes sense from a patho-
physiological perspective. Indeed, in the few studies on the use of bisphosphonates 
in dialysis patients, it was shown that bisphosphonates may increase or stabilize 
bone density compared to placebo. In the largest randomized placebo-controlled 
trial in 31 hemodialysis patients, hip BMD remained stable after 6 months in 
alendronate- treated patients, compared with a reduction in placebo-treated controls. 
However, despite being signifi cant, the difference was minimal, and treatment time 
was short [ 24 ]. Following bisphosphonate dosage, a transient increase in PTH levels 
has been described, which most likely is due to a short-term drop in serum calcium 
levels. 

 Bisphosphonates are recommended by some experts for dialysis patients with 
osteoporotic fracture types and a high risk for recurrent fracture [ 25 ]. However, it is 
uncertain whether low bone density alone, as in osteoporosis, is a suffi cient indica-
tion for bisphosphonate therapy in dialysis patients. The risk in low-turnover oste-
opathy is that the bisphosphonate radically inhibits residual bone turnover, resulting 
in adynamic bone disease with an increased risk for fractures. Therefore, dialysis 
patients who might receive therapy would be those with low BMD but high bone 
turnover (osteitis fi brosa or mixed osteodystrophy). Since PTH levels alone do not 
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allow differentiation of bone turnover rates [ 26 ], every dialysis patient would ide-
ally need a bone biopsy before commencing bisphosphonate therapy. 

 The use of these bisphosphonates is formally contraindicated in patients with 
GFR < 30 ml/min and must be considered off-label use. Dosing of bisphosphonates 
therefore deserves special consideration in dialysis patients. While in non-CKD 
patients about half of the dose is eliminated via the kidney within several hours, 
virtually the entire bisphosphonate dose would be available to the bone in a dialysis 
patient. In dialysis patients, a dose reduction to 50 %, an extended dosing interval, 
and a maximum treatment period of 3 years are recommended.  

    Raloxifene 

 From a physiological point of view, the selective estrogen receptor modulator 
(SERM) raloxifene is expected to be benefi cial to the bone in postmenopausal 
women with CKD–MBD. In non-CKD patients, it has been shown to reduce verte-
bral but not non-vertebral fractures [ 1 ]. The drug generally acts through estrogen 
receptors in the bone but is antagonistic to estrogen effects in the breast and uterus. 
A reduction in the risk of breast cancer therefore could be an additional benefi t. 

 There are few studies on the use of this compound in female dialysis patients. 
One study demonstrates that after 1 year on raloxifene, postmenopausal women on 
hemodialysis had a signifi cant increase in trabecular BMD and a decrease in bone 
resorption markers, suggesting that SERMs could constitute a therapeutic alterna-
tive to improve bone metabolism [ 27 ]. Because of an increased risk for deep venous 
thrombosis (DVT) and pulmonary embolism, SERMs should be avoided in women 
with a history of DVT. An increased risk of death from stroke was reported in post-
menopausal women with coronary heart disease. Since the cardiovascular mortality 
risk in elderly women on dialysis is already increased, these agents should be used 
with caution in dialysis patients [ 1 ]. Further side effects are hot fl ashes and leg 
cramps.  

    Denosumab 

 Denosumab, a human monoclonal antibody directed against RANKL (receptor acti-
vator of NF-κB ligand), is a novel treatment for postmenopausal osteoporosis. 
Denosumab effi cacy trials have not included dialysis patients. In the FREEDOM 
(Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months) 
trial, a signifi cant increase in BMD and a signifi cantly lower risk of both vertebral 
and non-vertebral fractures was demonstrated in stage 3 CKD women treated with 
denosumab compared to placebo, and also the few subjects with stage 4 CKD 
appeared to accrue an increase in bone mineral density with denosumab [ 28 ]. 

 Safety and effi cacy of denosumab in end-stage renal disease is unclear. There is 
one case report of a female hemodialysis patient who developed severe hypocalce-
mia after a single subcutaneous injection of denosumab, which is biologically 
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plausible because this agent neutralizes the RANKL receptor and thus reduces a 
signal that is essential for osteoclast formation, function, and survival. The decou-
pling of osteoclastic and osteoblastic activity may cause a net fl ux of calcium into 
the bone, especially in hyperparathyroid bone disease, where inhibition of osteo-
clast activity could result in a hungry bone-type syndrome [ 29 ]. 

 Denosumab should be used with caution in hemodialysis patients due to the risk 
of severe hypocalcemia and lack of evidence supporting its effi cacy in treating 
osteoporosis in this population. The fracture prevention effi cacy of denosumab in 
dialysis patients still needs to be demonstrated.  

   Teriparatide 

 Studies in non-CKD patients have demonstrated the effi cacy of recombinant human 
1–34 parathyroid hormone (teriparatide) in the treatment of postmenopausal osteo-
porosis. However, patients with elevated baseline PTH levels were generally 
excluded from clinical trials. Thus, there are no data examining the effi cacy of terip-
aratide in patients with evidence of hyperparathyroidism and CKD–MBD with 
potential peripheral PTH resistance. From a physiological perspective, the use of 
teriparatide might make sense in patients with adynamic bone disease and low PTH 
levels following parathyroidectomy [ 30 ]. But this concept needs further exploration 
in clinical studies. Use of teriparatide in elderly dialysis patients with low BMD 
cannot be recommended.  

   Calcitonin 

 Calcitonin has multiple physiological effects on the bone. It has been shown to 
inhibit osteoclast proliferation and decreases osteoclast activity, thereby inhibiting 
bone resorption increasing bone mineral content and improving bone architecture. 
Salmon calcitonin has been used to treat idiopathic osteoporosis. Due to a possible 
association between salmon calcitonin use and cancer incidence, it has been recom-
mended recently to discontinue its use for treatment of osteoporosis [ 31 ].  

   Cinacalcet 

 The calcimimetic agent cinacalcet increases the sensitivity of the calcium-sensing 
receptor in the parathyroid gland to calcium, thereby downregulating parathyroid 
hormone levels. Use of cinacalcet may be associated with reduced bone turnover 
and improved bone histology. An almost 50 % reduction in bone fracture rates was 
reported from a combined analysis of the one phase 2 and three phase 3 randomized 
controlled clinical trials in 1184 patients with ESRD and uncontrolled hyperpara-
thyroidism. Calcimimetics may act by ameliorating high bone turnover and 
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increasing cortical bone mineral density and strength. These effects may be paral-
leled by favorable changes in biochemical markers of bone formation, such as 
BSAP, and bone resorption [ 32 ]. A decline in the incidence of hip fractures in HD 
patients aged older than 66 years has been observed during the period between 1993 
and 2010, which coincided with an increased use of cinacalcet [ 33 ]. 

 The recently published EVOLVE trial was designed to test the hypothesis that 
treatment with cinacalcet would reduce the risks of death and nonfatal cardiovascu-
lar events among patients with secondary hyperparathyroidism who were undergo-
ing dialysis [ 34 ]. They did not show a signifi cant advantage of cinacalcet in regard 
of the primary composite endpoint in the overall study population but did describe 
a signifi cantly more pronounced effect of the drug among older patients. Data indi-
cating a signifi cantly lower fracture rate in cinacalcet-treated patients are contained 
in the supplementary appendix of the original publication. Further and more detailed 
evaluations are awaited. Taken these data together, it appears that favorable modula-
tion of bone turnover by calcimimetics may result in a reduced fracture rate in dialy-
sis patients.    

    Conclusion 

 The risk of fractures is signifi cantly increased in dialysis patients and associated 
with increased risk of mortality and morbidity. Elderly dialysis patients should gen-
erally be viewed at high risk for reduced bone strength as a result of the combined 
effect of CKD–MBD and osteoporosis. Evaluation of bone strength is diffi cult in 
dialysis patients, especially because of a reduced predictive value of central or 
peripheral DEXA assessment. Vertebral radiography may be used to diagnose ver-
tebral fractures as an indicator for reduced bone strength. Bone biopsy remains the 
gold standard to differentiate between osteoporosis and the various forms of renal 
osteodystrophy. 

 Preventive measures to increase bone strength include regular exercise and phys-
ical therapy to increase muscle mass and balance, maintaining a good nutritional 
status, and considerate pharmacological therapy including the use of calcimimetics, 
calcium, and vitamin D. Care needs to be taken to not oversuppress bone turnover, 
which may further increase bone fragility. 

 Basic therapeutic approaches in dialysis patients with low BMD and/or signs 
of osteoporosis include exercise and physical therapy as well as reduction of alco-
hol and nicotine consumption. Pharmacological options are few and mainly 
reserved for patients with low BMD and signs of high bone turnover. In these 
patients, moderate suppression of secondary hyperparathyroidism should be 
attempted by using vitamin D and/or calcimimetics. Low-dose and shorter-term 
bisphosphonates offer an alternative albeit off-label approach in these patients. 
Bone biopsy is recommended to exclude adynamic bone disease before prescrib-
ing bisphosphonates. 
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    Chapter 11   
 Altered Pharmacology and Pill Burden 
in Older Adults: A Balancing Act                     

       Darren     W.     Grabe       and     Katie     E.     Cardone    

           Introduction 

 Older adults represent one of the fasting growing age groups in many countries 
including the United States [ 1 ]. This rate of growth is mirrored in the dialysis popu-
lation. The number of incident dialysis patients over the age of 65 years is greater 
than 50 %. The number of incident dialysis patients greater than 75 years of age 
represents the fasting growing population of dialysis patients. 

 This older dialysis population has consumed more medication over a similar time 
period. The increased medication use among older adults who are considered to be 
a vulnerable population demands scrutiny and careful attention [ 2 – 6 ]. This requires 
data-driven decision making to provide thoughtful medication management [ 7 – 9 ]. 

 Unfortunately, most clinical studies do not include the elderly and exclude 
patients with CKD or receiving dialysis. As a result, there is a paucity of data to help 
guide clinical decision making in this vulnerable and complex population.  

    Altered Pharmacokinetics in Older Adults Receiving Dialysis 

 It is well recognized that older adults have physiologic changes as they age which 
infl uence the pharmacokinetics of drugs [ 10 ]. While the effect of some physiologic 
changes (decreased kidney function) is clear, other changes present more diffi culty 
in establishing the clinical signifi cance. Table  11.1  summarizes the perceived phar-
macokinetic differences in older adults. Figure  11.1  represents a basic view of drug 
handling in the body along with the infl uence of kidney failure (Fig.  11.2 ).
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         Absorption 

  Effect of aging : There are several age-related changes that may affect the absorption 
of drugs in older adults [ 11 ]. These include hypochlorhydria, altered splanchnic blood 
fl ow, and altered gastrointestinal motility. Hypochlorhydria is a natural process of 
aging and may result in a decreased dissolution of solid dosage forms of drugs admin-
istered orally. This, in turn, can lead to decreased absorption. First-pass metabolism 
decreases with age and may result in the increased absorption of drugs that are infl u-
enced by this process such as nitrates, beta blockers, and calcium channel blockers. 

  ESRD considerations : Absorption is affected in patients with ESRD due to 
changes in delays in gastric emptying, reduction in gastric acidity, interactions with 
phosphate binders, and changes in intestinal biotransformation and transport 
[ 12 – 14 ]. Delayed gastric emptying will modify the absorption profi le of many 
orally administered medications and can result in lower peak concentrations and 
slower times to maximal absorption. Some medications require gastric acidity to 

   Table 11.1    Pharmacokinetic differences in older adults   

 Variable  Change  Clinical implications 

 Absorption/
bioavailability 

 Reduced hydrochloric acid in stomach 
 Reduction in gastrointestinal blood fl ow 
 Decreased gastric motility and emptying 
 Reduced lung alveolar surface area 

 Little 

 Volume of 
distribution 

 Increased for lipid-soluble drugs 
 Decreased for water- soluble drugs 
 Decreased lean body mass 
 Lower albumin concentrations 
 Reduced cardiac output 

 Increased half-life 
 Higher plasma concentration 
 Lower loading dose 
 Increased free drug levels 

 Metabolism  Reduced hepatic blood fl ow 
 Reduced number of hepatocytes 

 Increased half-life in phase I 
metabolism 

 Elimination  Decreased renal blood fl ow 
 Decreased glomerular fi ltration rate 

 Increased half-life of renally 
excreted drugs 
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  Fig. 11.1    Conceptual 
model of 
pharmacodynamics       
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maximize the dissolution of the dosage form, and thus, any reduction will likely 
have an impact on overall absorption of that medication, for example, oral iron 
preparations. Drug interactions with phosphate binders have been well established. 
This is particularly problematic for metal-based phosphate binders and coadminis-
tration with fl uoroquinolones. Countering this is a decrease in intestinal metabolism 
and  intestinal transport in patients with kidney failure. In kidney failure, changes at 
the cellular level affect drug absorption and subsequent bioavailability. 

  Clinical implications : The absorption profi le of orally administered medications 
is affected by the aging process and kidney failure. Delays and reduction in overall 
bioavailability may be reduced, and patients may have a blunted response to certain 
medications.  

    Distribution 

  Effect of aging : A change in body composition occurs as individuals age. The most 
important change is an increase in body fat and a subsequent decline in both lean 
body mass and total body water [ 10 ]. In addition, many older adults may have a 
decrease in plasma protein binding. 

  ESRD considerations : The distribution of drugs is affected by kidney failure as a 
result of changes in volume status and decreased protein binding [ 15 ]. The overall 
changes in volume of distribution are complicated and diffi cult to predict. The vol-
ume of distribution of hydrophilic drugs may be increased in patients who have 
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volume overload and decreased in those with muscle wasting. Plasma protein bind-
ing is reduced in patients receiving dialysis due to accumulation of uremic toxins, 
conformation changes in albumin, and hypoalbuminemia. The accumulation of 
 uremic toxins has been shown to compete for binding sites on plasma proteins, 
thereby reducing overall protein binding of drugs. Changes in amino acid composi-
tion and carbamylation of albumin have been suggested and may contribute to 
decreased drug binding as a result of altered albumin composition. Hypoalbuminemia 
is a common fi nding in patients on dialysis and leads to a further reduction in plasma 
protein binding in these patients. 

  Clinical implications : Changes in drug disposition in older adults on dialysis will 
result in altered drug dosing. The volume of distribution of medications in older 
adults on dialysis will differ signifi cantly from the general population. Increases in 
the unbound concentration of drugs coupled with a reduction in overall clearance 
will increase the likelihood of drug receptor binding.  

    Metabolism 

  Effect of aging : There is an age-related decline in overall liver volume as well as 
hepatic blood fl ow, and this has been implicated in reducing overall drug clearance 
[ 10 ,  16 ]. Hepatic blood fl ow may be decreased by as much as 40 % in older adults and, 
along with reduced blood volume, may predict reduced clearance of fl ow- dependent 
drugs or those with a high hepatic extraction ratio (e.g., morphine, propranolol, vera-
pamil) [ 17 ]. Evidence supporting this claim is lacking with a high interindividual 
variability. Preliminary data in animal models show a decline in microsomal micro-
enzymes; however, this has not been reliably duplicated in humans. 

  ESRD considerations : A decline in kidney function will result in a change in the 
hepatic clearance of drugs [ 14 ]. Infl ammatory cytokines and certain uremic toxins 
such as parathyroid hormone and indoxyl sulfate are partially responsible for reduc-
ing cytochrome P450 (CYP) expression and enzymes (uridine diphosphate- 
glucuronosyltransferase and N-acetyltransferases) that mediate phase II reactions. 
Parathyroid hormone has been shown to reduce the expression of CYPs, specifi cally 
CYP3A, thereby reducing the hepatic metabolism of drugs that serve as substrates 
to that isoenzyme. Alterations in drug transport have been shown in experimental 
models of kidney failure with reductions in OATP expression of up to 40 % [ 15 ,  18 ]. 
A reduction in drug transport will lower overall metabolic clearance of drugs depen-
dent on those pathways. Reduced renal metabolism of compounds should also be 
considered (e.g., vitamin D and insulin). 

  Clinical implications : Clinicians managing patients with kidney failure and 
receiving dialysis often focus on drugs that are renally cleared. Some attention to 
the impact of kidney disease and aging on hepatic function is warranted. Interventions 
such as control of secondary hyperparathyroidism and adequate dialysis have been 
shown to reverse some of the effects of kidney failure on hepatic drug clearance, but 
the results are unpredictable.  
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    Excretion 

  Effect of aging : The potential for age-related declines in hepatobiliary clearance 
exists. Reductions in bile acid secretion and fl ow have been demonstrated and may 
impact the overall clearance of drugs and related metabolites [ 17 ]. 

  ESRD considerations : The clearance on dialysis of drugs remains an important 
area of research as changes in dialysis modalities, technology, and new drugs enter 
clinical practice. Patients on intermittent hemodialysis exhibit two different elimi-
nation profi les: (1) intradialytic clearance, which occurs at a highly effi cient rate 
during the dialysis session, and (2) interdialytic clearance, which represents the 
non-dialytic clearance achieved by both nonrenal mechanisms and any residual 
renal function. Thus, dosing of drugs should consider each of those scenarios. 
Increasing the time on dialysis or the number of sessions per week will impact over-
all drug clearance. A change in dialysis fi lter technology has also been shown to 
impact drug clearance with vancomycin as a prime example. Prior to the introduc-
tion of highly effi cient, high-fl ux membranes, vancomycin was dosed once every 
5–7 days. The more contemporary dosing of vancomycin represents the increased 
clearance achieved by modern membranes used in most dialysis centers. 

 Peritoneal dialysis is a modality that offers an attractive and viable option for 
older patients. The risk of hypotension is lower since it provides a more stable 
hemodynamic profi le. It also minimizes transport issues of intermittent hemodialy-
sis. Continuous ambulatory peritoneal dialysis (CAPD) provides continuous drug 
clearance but at a lower effi ciency. Factors such as the dialysate fl ow rate (DFR) 
should be considered while prescribing and monitoring pharmacological therapy. 
Some medications may be administered intraperitoneally to reduce the need for 
another oral medication (e.g., antibiotics, vitamin D) or parenteral medications 
(e.g., antibiotics, insulin). 

  Clinical implications : Dialysis will have a signifi cant impact on drug selection 
and dosing. Hemodialysis and peritoneal dialysis affect drug clearance in different 
ways. Clinicians should review available literature and existing guidelines on drug 
dosing in these settings. In the setting of dialysis, residual kidney function is often 
ignored, although the additional clearance thus provided may be signifi cant. There 
are multiple drug information resources that provide guidance for choosing and 
selecting drugs in patients receiving dialysis.  

    Infl uence of Dialysis on Drug Dosing 

    Factors Affecting Drug Removal During Dialysis 

 Several factors may infl uence the clearance of drug molecules during dialysis. These 
include molecular weight, charge, protein binding, volume of distribution, water 
solubility, and the dialysis modality, fi lter characteristics, and dialysate and blood 
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fl ow rates. In essence, drugs which have larger molecular weights, have signifi cant 
protein binding, and have large volumes of distribution are less likely to be cleared 
effi ciently during dialysis. The type of dialysis modality may also infl uence clear-
ance (HD vs. PD). It is also important to note that the variants that exist within each 
of these modalities (e.g., CAPD vs. APD, traditional vs. extended hemodialysis 
treatments) will further affect the overall clearance of medications. However, studies 
outlining the specifi c pharmacokinetic profi les of individual agents in these settings 
and in older adults are limited. The advent of contemporary high-effi ciency (large 
surface area) and high-fl ux (larger pore size) hemodialysis fi lters has increased the 
clearance of drugs. As such, drug dosing guidelines that refl ect older technology 
(e.g., conventional fi lters) may provide inaccurate direction for optimal drug dosing.  

    Medications Commonly Administered at the Dialysis Facility 

 When evaluating a medication regimen for a patient on dialysis, it is important to 
note that a number of medications are commonly administered at the dialysis facil-
ity and are not self-managed. These medications may affect clinical outcomes, lead 
to drug interactions, and alter therapeutic decision making, yet may not be on a 
patient’s home medication list. The typical medications that are administered at the 
dialysis facility include erythropoiesis-stimulating agents (ESAs), intravenous iron, 
vitamin D analogs, antimicrobials (vancomycin, cefazolin, ceftazidime, levofl oxa-
cin), and anticoagulants (heparin).   

    Altered Pharmacodynamics 

    Changes in Medication Responsiveness with Aging 

 The aging process will result in a change in receptor density, receptor affi nity, signal 
transduction mechanisms, cellular response, and homeostatic regulation [ 19 – 22 ], 
ultimately leading to a diminished response to drugs that interact at those sites. The 
result is a change in the dose-response curve, making it more diffi cult to predict 
optimal dosing to achieve therapeutic targets while avoiding toxic doses. Thus, 
older patients respond differently to typical drug doses than younger patients. Age- 
related changes to body functions also contribute to variations in drug action. For 
example, blood supply to vital organs may be compromised through pathological 
processes (e.g., atherosclerotic narrowing of blood vessels). This may partially add 
to the increased sensitivity to centrally acting drugs such as benzodiazepines. 
Baroreceptor refl exes are decreased with age and can cause older adults to develop 
postural hypotension, making them prone to the adverse reactions of drugs that 
lower vascular smooth muscle action. Older adults will have lower plasma renin and 
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aldosterone levels, which predisposes them to enhanced response to diuretics and 
calcium channel blockers and reduces response to beta blockers and drugs which act 
on the renin-angiotensin-aldosterone system (e.g., ACE inhibitors).  

    Pharmacodynamic Changes in the Cardiovascular System 
in Older Adults 

 Aging leads to a decreased response to adrenergic agents with a resultant decline in 
myocardial responsiveness to catecholamines and a decreased response to the chro-
notropic and inotropic effects of beta agonists [ 23 ]. Older adults require higher 
doses to elicit the same response seen in younger individuals with less tachycardia 
at similar doses. Conversely, older adults demonstrate greater sensitivity to beta 
blockers at similar doses. Plasma noradrenaline concentrations are increased with 
age and lead to downregulation of mediator responses. As an example, peripheral 
alpha blockers show similar pharmacokinetic profi les in younger and older adults, 
but elicit a greater reduction in blood pressure in older adults and a diminished rela-
tive rate of compensatory tachycardia [ 24 ].  

    Pharmacodynamic Changes in the Central Nervous System 
in Older Adults 

 In general, older adults are more sensitive to centrally acting pharmacological 
agents. Neurotransmission is markedly altered in older adults as a result of changes 
in structure, electrophysiological activity, and biochemical concentrations [ 25 ]. It is 
well known that aging decreases brain weight and gray matter volume, continuously 
accompanied by a loss of neuronal function [ 10 ]. Combined with a decrease in the 
number of synapses, changes in second messenger function (diacylglycerol, DAG) 
and neurotransmitter concentration (acetylcholine and dopamine) predispose older 
adults to adverse reactions to drugs that target those receptors.  

    Pharmacodynamic Changes in ESRD 

 Patients with ESRD are almost always excluded from dose-fi nding clinical studies 
that identify effi cacious doses while minimizing adverse events. Because patients 
with ESRD are exposed to different ratios of parent drug and metabolites than 
patients with normal kidney function, it is unknown if the pharmacologic effect of 
the drug will differ compared with the general population. Additionally, the effect 
of uremia on medication use should be considered. For example, compromised 
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immune function in patients with ESRD may require different antibiotic targets for 
effi cacy (e.g., higher peak concentrations or more time over the minimum inhibitory 
concentration of the infecting organism). Because of impaired gluconeogenesis in 
ESRD, risk of hypoglycemia may be elevated with certain antidiabetic agents, even 
at doses adjusted for kidney function. Pharmacodynamic effects of medications in 
patients with ESRD are rarely well studied. Given the paucity of data in this area, 
caution should always be exercised when prescribing new medications to patients 
with ESRD.   

    Management of Common Diseases in Older Adults on Dialysis 

 Several special considerations are needed when managing conditions in older adults 
on dialysis. Changes in pharmacodynamic and pharmacokinetic drug profi les, along 
with multiple comorbidities and potentially frail individuals, create a challenging 
therapeutic landscape. Each section below outlines drug therapy considerations in 
this population. 

    Diabetes 

 There is a paucity of evidence to support treatment decisions in older adults with 
diabetes. In fact, a recent analysis has documented that most older adults have been 
excluded from clinical trials and that only 0.6 % of interventional trials targeted 
older adults (≥65 years) [ 26 ]. The trials that did include older adults excluded 
patients on dialysis, resulting in a lack of clinical evidence to assist clinical decision 
making. Thus, the treatment of diabetes in older adults on dialysis is challenging 
and controversial, and clinicians caring for these patients must rely on extrapolating 
available evidence from clinical trials in different populations. It is also important to 
note that older adults often have various comorbid illness and disabilities that impact 
optimal diabetes control. For example, an older adult may suffer from functional 
disabilities such as vision loss, reduced manual dexterity, and/or cognitive impair-
ment. Chronological age should not dictate therapy decisions, but should sensitize 
the clinician to consider alternate approaches to treatment and therapeutic goal set-
ting. Optimal diabetes management must consider more fl exible outcomes while 
avoiding signifi cant hyper- and hypoglycemia. Hypoglycemia can result in devas-
tating consequences in older adults. Older adults often have an altered response to 
hypoglycemia with impaired counter regulatory mechanisms leading to an elevated 
symptom threshold. Thus, regular blood glucose monitoring is critical. Since insulin 
is a commonly prescribed therapy for managing diabetes in patients on dialysis, 
clinicians should consider the hypoglycemia risk and adopt a pragmatic approach to 
dosing. Promoting the use of pen devices or insulin syringe magnifi ers may help 
facilitate insulin administration. Clinicians may consider using intraperitoneal 
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insulin for patients receiving peritoneal dialysis. There is one small study that 
expressed some concern of an increased risk of peritonitis with intraperitoneal insu-
lin; however, the etiology of this remains undefi ned. Other concerns with intraperi-
toneal insulin administration that have been raised include dyslipidemia, subcapsular 
hepatic steatosis, and neoangiogenesis of the peritoneum [ 27 – 30 ]. Table  11.2  identi-
fi es preferred agents for managing diabetes in older adults on dialysis.

   Table 11.2    Diabetes mellitus medications in aging patients on dialysis   

 Drug class  Use these…  Avoid these…  Notes 

 Alpha glucosidase 
inhibitors 

 • Acarbose a  
 • Miglitol 

 • Lower effi cacy than other therapies 
 • Adverse GI reactions may limit use 
 •  Accumulation of parent molecules 

and their metabolites is a concern 
 •  These agents have not been studied 

in dialysis 
 Amylin analog  • Pramlintide  •  Pramlintide signifi cantly raises the 

risk of hypoglycemia and has not 
been studied in dialysis 

 Biguanide  • Metformin a   •  Metformin is contraindicated in 
ESRD 

 •  Relative risk of lactic acidosis 
increased in patients over 80 years 
old 

 Dipeptidyl-
peptidase-4 
(DPP4) inhibitors 

 •  Alogliptin 
 •  Linagliptin 
 •  Sitagliptin 
 •  Saxagliptin 

 •  All require dosage adjustment in 
kidney failure except linagliptin 
with limited data in dialysis 

 •  Incidence of upper respiratory 
infections is 5 % This may 
potentially increase risk of other 
infections (e.g., peritonitis) in 
patients on dialysis 

 •  Linagliptin not excreted by dialysis 
and highly protein bound 

 •  Saxagliptin may worsen heart failure 
 •  Saxagliptin is removed by dialysis 

(23 %) 
 Incretin mimetics 
 (GLP-1 agonists) 

 • Liraglutide 
 • Albiglutide 

 • Exenatide  •  No dosage adjustment necessary for 
liraglutide and albiglutide 

 •  Limited safety and effi cacy data in 
kidney failure patients for 
liraglutide and albiglutide 

 Insulin, rapid 
acting 

 • Insulin lispro 
 • Insulin aspart 
 •  Insulin glulisine 
 •  Insulin human 

powder 
(inhaled) 

 •  Inhaled insulin I contraindicated in 
patients with asthma or COPD due 
to risk of acute bronchospasm 

(continued)
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       Cardiovascular Conditions 

 Cardiovascular events remain the leading cause of death in patients on dialysis. This 
risk is signifi cantly increased as patients age, with older adults over the age of 65 at 
the greatest risk. With respect to the management of heart failure or atrial fi brilla-
tion, the use of digoxin deserves special mention. Digoxin is primarily excreted by 
the kidney, and as such, the dosage should be appropriately adjusted to minimize the 

Table 11.2 (continued)

 Drug class  Use these…  Avoid these…  Notes 

 Insulin, short 
acting 

 • Insulin, regular  •  May be added to peritoneal dialysis 
solution to manage diabetes 

 • Avoid using sliding scale b  
 Insulin, 
intermediate acting 

 • Insulin, NPH  •  Increased risk of hypoglycemia 
compared to long- acting insulins 
in older adults 

 Insulin, long 
acting 

 • Insulin detemir 
 • Insulin glargine 

 •  Basal insulins are preferred due to 
less chance of hypoglycemia in 
older adults 

 Meglitinides  • Repaglinide  • Nateglinide  •  Initial dose of repaglinide should be 
reduced (0.5 mg with meals) 

 •  Nateglinide metabolites are active 
and may accumulate in kidney failure 

 •  Limited safety data exist for this 
class in kidney failure 

 •  Appear to be well tolerated in older 
adults 

 Others: bile acid 
sequestrant 

 • Colesevelam  •  Colesevelam has a high pill burden 
and is structurally related to sevelamer, 
which the patient may already be 
taking Sevelamer also has the benefi ts 
of reducing lipids and A1C 

 Others: dopamine 
agonist 

 • Bromocriptine  • Not studied in patients on dialysis 

 Sodium-glucose 
cotransporter 2 
(SGLT2) inhibitors 

 • Dapaglifl ozin 
 • Canaglifl ozin 
 • Empaglifl ozin 

 •  SGLT2 inhibitors are likely not 
effective in patients with ESRD 
based on their mechanism of action 

 Sulfonylureas  • Glipizide 
 • Glimepiride 

 • Glyburide a,b  
 • Chlorpropamide a,b  
 • Tolazamide a  
 • Tolbutamide a  

 •  Glyburide possesses a high risk of 
hypoglycemia in elderly and 
dialysis patients 

 •  1st generation sulfonylureas are 
associated with cardiovascular risks 

 Thiazolidinediones  • Pioglitazone  • Rosiglitazone  •  Rosiglitazone adversely affects 
lipids and is associated with poor 
cardiovascular outcomes 

 •  This class should be avoided in 
patients with heart failure 

   a Medication on PAIR Criteria List 
  b Medication on the Beer’s Criteria List  

D.W. Grabe and K.E. Cardone



133

risk of toxicity. However, recent evidence suggests that the use of digoxin is associ-
ated with higher mortality rates in patients receiving hemodialysis [ 31 ]. This risk is 
dose related and further increased in the setting of low pre-dialysis serum potassium 
concentrations. Digoxin should be used with extreme caution in this population and 
only with strict monitoring of digoxin and potassium concentrations and patient 
symptomatology.  

    Hypertension 

 There are no uniform blood pressure therapeutic targets for patients on dialysis. The 
goal of treatment should be to minimize hypotensive episodes, while preventing 
spikes in blood pressure that could lead to stroke or other cardiac events. Blood 
pressure management should entail careful assessment of dry weight and fl uid man-
agement in combination with medications. Both the choice of medications and the 
timing of medications should be considered when designing a regimen. If possible, 
at least one antihypertensive agent should be dosed at bedtime. With regard to the 
dialysis procedure, the dialytic removal of the drug should be considered as well as 
the pharmacodynamic effect of the drug during dialysis. Table  11.3  identifi es pre-
ferred agents for managing hypertension in older adults on dialysis.

       Dyslipidemia 

 Guidelines directed toward the general population promote the exclusive use of 
HMG-CoA reductase inhibitors for the management of dyslipidemia. However, cur-
rent KDIGO guidelines do not support initiating treatment for dyslipidemia in 
patients on dialysis. However, if a patient was receiving drug therapy prior to dialy-
sis, it may be continued. Dosage adjustment should be made based on kidney func-
tion. Drug interactions may be signifi cant for this class. Simvastatin, lovastatin, and 
atorvastatin are metabolized by CYP3A4, and the use of strong inhibitors or induc-
ers of CYP3A4 should be avoided concomitantly.  

    Thrombosis 

 The treatment of thrombotic conditions (e.g., atrial fi brillation) in older adults on 
dialysis presents some diffi cult challenges [ 32 ]. Despite the introduction of newer 
anticoagulants, warfarin and heparin serve as the mainstays for the management of 
these conditions. However, the use of warfarin in the dialysis population may be 
associated with increased risk for calciphylaxis and vascular calcifi cation. Its use to 
treat atrial fi brillation is controversial in dialysis patients, given confl icting data. 
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   Table 11.3    Antihypertensive medications in aging patients on dialysis   

 Drug class  Use these…  Avoid these…  Notes 

 Thiazide 
and 
thiazide-like 
diuretics 

 • Metolazone  • Hydrochlorothiazide 
 • Chlorothiazide 
 • Indapamide 
 • Chlorthalidone 

 •  Thiazides may be effi cacious in 
patients with anuria, as they reduce 
peripheral vascular resistance 

 •  If used, metolazone is commonly 
prescribed in combination with loop 
diuretics to enhance diuresis 

 Loop 
diuretics a  

 • Furosemide 
 • Torsemide 
 • Bumetanide 

 • Ethacrynic acid  • Use only in non-anuric patients 
 •  Ethacrynic acid is more likely to cause 

ototoxicity than other loop diuretics 
 •   a Avoid use in older adults for 

dependent edema only 
 Aldosterone 
antagonists 

 • Spironolactone b  
 • Eplerenone 

 •  Preliminary data suggest the use of 
spironolactone may be benefi cial in 
patients on dialysis; however, 
studies are ongoing 

 Beta 
blockers and 
alpha-beta 
blockers a,c  

 • Atenolol 
 • Bisoprolol 
 • Carvedilol 
 • Labetolol 
 • Metoprolol tartrate 
 •  Metoprolol succinate 
 • Nebivolol 

 • Acebutolol 
 • Betaxolol 
 • Nadolol 
 • Pindolol 
 • Propranolol 
 • Timolol 

 •  Increased risk of bronchospasm in 
patients with COPD 

 •  Atenolol is removed by hemodialysis 
(50 %) but has favorable outcomes 
when dosed three times per week after 
hemodialysis 

 •  Preliminary data suggest that 
carvedilol has antioxidant properties 
and may confer cardioprotection in 
patients on dialysis 

 •  Nebivolol requires a reduction in dose 
for dialysis but has not been studied 

 •  Nebivolol has a lower incidence of 
sexual dysfunction 

 • Nebivolol has a vasodilatory effect 
 Calcium 
channel 
blockers 
(non-DHP) 

 •  Diltiazem a,b  
 •  Verapamil a,b  

 •   b Non-DHP CCBs should be avoided 
in older adults with chronic 
constipation 

 •  Avoid combination with beta blockers 
 •   a Avoid use with NYHA class III or 

IV heart failure 
 Calcium 
channel 
blockers 
(DHP) 

 •  Amlodipine 
 •  Felodipine 
 •  Isradipine 
 •  Nicardipine 
 •  Nifedipine (XL) 
 •  Nisoldipine 

 •  Nifedipine (IR)  •  May cause gingival hyperplasia which 
may affect denture fi t in older adults 

 •  Immediate-release nifedipine is 
associated with profound 
hypotension precipitating 
myocardial infarction 

 ACE 
inhibitors 

 •  Benazepril 
 •  Enalapril 
 •  Fosinopril 
 •  Lisinopril 
 •  Perindopril 
 •  Quinapril 
 •  Ramipril 
 •  Trandolapril 

 •  Captopril  •  Select medication based on 
intradialytic blood pressure (if 
hypertensive, use an ACE inhibitor that 
is not removed by dialysis – fosinopril 
or benazepril, if hypotensive select an 
agent that is removed by dialysis) 

 •  Captopril is dosed TID, which may 
lead to poor adherence 

 •  ACE inhibitors are removed by 
dialysis except for fosinopril and 
trandolapril 
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The direct thrombin inhibitor (i.e., dabigatran) is renally eliminated and may pose 
signifi cant safety concerns in dialysis patients. There is also no reliable reversal 
strategy in the setting of severe bleeding. Factor Xa inhibitors (i.e., apixaban, rivar-
oxaban, and fondaparinux) have not been studied in patients on dialysis. Rivaroxaban 
and fondaparinux unnecessarily increase bleeding risk in patients with chronic kid-
ney disease. The safety and effi cacy have not been established for apixaban in older 
adults with ESRD. However, a reduced dosage may be considered. Nadroparin and 
tinzaparin are approved by the US Food and Drug Administration for use during 
hemodialysis to prevent clotting.  

    Pain Syndromes 

 Pain is a common clinical condition in patients on dialysis, which is often under-
treated. In fact, the prevalence rate is approximately 50 %, with 74 % of those with 
moderate to severe pain not receiving any analgesia [ 33 ]. The management of pain 
in older adults on dialysis is particularly diffi cult since many agents adversely affect 
functional status. Pain medications may worsen cognitive function, increase fall risk 

Table 11.3 (continued)

 Drug class  Use these…  Avoid these…  Notes 

 ARBs  •  Azilsartan 
 •  Candesartan 
 •  Eprosartan 
 •  Irbesartan 
 •  Losartan 
 •  Olmesartan 
 •  Telmisartan 
 •  Valsartan 

 •  ARBs are not removed by dialysis 

 Direct 
vasodilators a  

 •  Minoxidil 
 •  Hydralazine 

 •  Hydralazine requires dosage 
adjustment in ESRD 

 •  Minoxidil use in women may lead to 
unwanted hypertrichosis 

 •    a  Increased risk of syncope and falls 
in older adults  

 Direct renin 
inhibitor 

 •  Aliskiren  •  Very limited data on the use of 
aliskiren in ESRD 

 Alpha 
antagonist 

 •  Doxazosin b  
 •  Prazosin b  
 •  Terazosin b  

 •  Alpha blockers cause signifi cant 
orthostasis in older adults and offer 
inferior cardiovascular protection 
compared with other classes 

 Central 
alpha 
agonists 

 •  Clonidine b   •  Reserpine 
 •  Methyldopa 

 •  Avoid the use of this class in older 
adults when possible; increases risk 
of bradycardia and orthostasis 

   DHP  dihydropyridine,  IR  immediate release,  ACE  angiotensin-converting enzyme,  ARB  
 angiotensin receptor blocker 
  a Medication on the STOPP Criteria List 
  b Medication on the Beer’s Criteria List 
  c Medication on PAIR Criteria List  
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and subsequently increase fall-related morbidity and mortality, negatively impact 
gastrointestinal integrity, and increase the risk of cardiovascular events. The World 
Health Organization’s analgesic ladder has been proposed as a simplistic approach 
to pain relief. However, it ignores neuropathic pain and only offers oral medications 
for consideration. A modifi cation of the WHO analgesic ladder has been proposed 
for patients with ESRD which eliminates NSAIDs and COX-2 inhibitors in step 1, 
codeine in step 2, and morphine in step 3. Consideration of topical agents should be 
incorporated in any management plan to avoid untoward, adverse effects of oral 
agents. Finally, non-pharmacological therapy may be useful for some patients, with 
high-tone external muscle stimulation a potential option for patients with neuro-
pathic pain. Table  11.4  identifi es preferred agents for managing pain in older adults 
on dialysis.

       Neuropsychiatric Conditions 

 Older adults on dialysis are at risk for a multitude of neuropsychiatric conditions 
including depression, dementia (e.g., Alzheimer’s disease), Parkinson’s disease, 
sleep disturbances, and insomnia. These conditions are particularly diffi cult to 

   Table 11.4    Pain medications in aging patients on dialysis   

 Drug class  Use these…  Avoid these…  Notes 

 Opioid 
analgesics a  

 •  Hydromorphone (IR) 
 •  Hydrocodone 
 •  Tramadol b  

 •  Fentanyl 
 •  Meperidine b,c  
 •  Methadone 
 •  Morphine 
 •  Hydromorphone (ER) 
 •  Oxycodone 
 •  Pentazocine b  

 •  Meperidine metabolite 
(normeperidine) accumulates 
in kidney failure and causes 
neurotoxicity 

 •  Methadone and meperidine 
associated with highest risk 
of falls in older adults 

 •  Methadone requires dosage 
adjustment in ESRD, not 
removed by HD 

 •  Fentanyl associated with 
most expensive injury-related 
ED visits in older adults 

 •  Morphine and oxycodone 
removed by dialysis 

 •   b Tramadol lowers the seizure 
threshold and concomitant 
use with SSRIs and TCAs 
should be avoided 

 •  Tramadol dosage adjustment 
necessary in older adults and 
dialysis 

 •   a  Avoid long - term use in older 
adults  ( risk of drowsiness , 
 postural hypotension , 
 vertigo ) 
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Table 11.4 (continued)

 Drug class  Use these…  Avoid these…  Notes 

 NSAIDs a,b,c , 
salicylates, and 
acetaminophen 

 •  Acetaminophen 
 •  Diclofenac (topical) 
 •  Methyl salicylate 

(topical) 
 •  Trolamine (topical) 

 •  Acetylsalicylic acid a,b  
 •   Celecoxib  a  
 •  Choline magnesium 

salicylate a  
 •  Diclofenac a, b  
 •  Difl unisal a,b  
 •  Etodolac a,b  
 •  Fenoprofen a, b  
 •  Flurbiprofen a,b  
 •  Ibuprofen a,b  
 •  Indomethacin a,b  
 •  Ketoprofen a,b  
 •  Ketorolac a,b  
 •  Mefenamic acid a,b  
 •  Meclofenamate a,b  
 •  Meloxicam a,b  
 •  Nabumetone a,b  
 •   Naproxen  a,b  
 •  Oxaprozin a,b  
 •  Piroxicam a,b  
 •   Salsalate  a  
 •  Sulindac a,b  
 •  Tolmetin b  

 •  NSAIDs should generally be 
avoided to protect residual 
kidney function and to avoid 
gastric irritation, bleeding, 
and ulcers. Celecoxib and 
salsalate may be associated 
with lower risk 

 •  NSAIDs are associated with 
increased cardiovascular risk. 
Indirect and observational 
data suggest that naproxen 
has a lower risk of adverse 
cardiovascular events 
compared to other NSAIDs 

 •  Use of NSAIDs should be 
limited to short term or with 
a proton pump inhibitor or 
misoprostol 

 •   b Aspirin >325 mg per day 
 •   a  Aspirin  > 150 mg per day  
 •   a  NSAIDs to be avoided in 

older adults with history of  
 •  Peptic ulcer disease 
 •  GI bleeding (w/o therapy) 
 •  Moderate-severe HTN 
 •  Heart failure 

 Adjunctive 
agents 

 •  Gabapentin c  
 •  Nortriptyline 
 •  Pregabalin c  

 •  Duloxetine 
 •  Amitriptyline a,b  
 •  Chlordiazepoxide 
 •  Clomipramine a,b  
 •  Doxepin a,b  
 •  Imipramine a,b  
 •  Perphenazine a,b  
 •  Trimipramine a,b  

 •   c Gabapentin requires dosage 
adjustment in ESRD and is 
removed by dialysis 

 •  Duloxetine and metabolites 
accumulate in kidney failure 

 •  Tertiary TCAs are highly 
anticholinergic and sedating 
and cause orthostatic 
hypotension in the elderly 

 •  Nortriptyline may be 
inappropriate in those with a 
history of falls 

 •   c Pregabalin requires dosage 
adjustment in dialysis 

 Skeletal 
muscle 
relaxants 

 •  Baclofen 
 •  Carisoprodol b  
 •  Chlorzoxazone b  
 •  Cyclobenzaprine b  
 •  Metaxalone b  
 •  Methocarbamol b  
 •  Orphenadrine b  

 •  Skeletal muscle relaxants are 
highly anticholinergic and 
sedating, making them poor 
choices for elderly patients 

   NSAID  nonsteroidal anti-infl ammatory drug,  TCA  tricyclic antidepressant agent,  IR  immediate 
release,  ER  extended release 
  a Medication on the STOPP Criteria List 
  b Medication on the Beer’s Criteria List 
  c Medication on PAIR Criteria List  
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manage in the non-dialysis patient and become more diffi cult in the setting of kid-
ney failure. Among the selective serotonin reuptake inhibitors (SSRIs), fl uoxetine 
and sertraline are preferred in patients on dialysis. As an added benefi t, sertraline 
may be used for intradialytic hypotension. It should be noted that SSRIs can increase 
bleeding risk through their effects on platelet aggregation. Tricyclic antidepressants 
should be avoided due to cardiovascular risks and anticholinergic side effects. 
Benzodiazepines should be avoided whenever possible; however, lorazepam is pre-
ferred when one is necessary. For Alzheimer’s disease, cholinesterase inhibitors 
may be used in dialysis with the exception of galantamine. Parkinson’s disease 
medications may also be used to treat restless leg syndrome in patients on dialysis. 
Some examples include drugs like carbidopa/levodopa, pramipexole, and catechol-
O   - methyltransferase inhibitors.  

    Nutritional Supplements 

 Malnutrition that occurs in approximately 40 % of older adults on dialysis is a sig-
nifi cant risk factor for mortality [ 34 ]. Various approaches to managing malnutrition 
have been investigated and include pharmacological interventions such as meges-
trol acetate and dronabinol and non-pharmacological interventions with protein 
bars, liquid-based supplements (e.g., Nepro), and intra-dialytic parenteral nutrition. 
Megestrol acetate is not recommended for use in this population based on inconsis-
tent data supporting its effectiveness and signifi cant adverse effects (adrenal insuf-
fi ciency, venous thromboembolism) associated with its use.  

    Gastrointestinal Conditions 

 Many patients on dialysis have gastrointestinal conditions that require treatment. 
These management decisions in the setting of an older adult deserve additional con-
siderations to avoid unwanted adverse effects. Fluid consumption should be consid-
ered when selecting medications for constipation. For example, caution should be 
exercised when using polyethylene glycol powder and bulk-forming laxatives. 
Electrolyte-containing laxatives such as sodium phosphate and magnesium citrate 
should be avoided. Medications to treat diarrhea with anticholinergic properties 
should be avoided, such as tincture of opium, paregoric, and diphenoxylate/atro-
pine. Most antiemetics and antinausea agents are highly anticholinergic and should 
be avoided in older adults. Metoclopramide may be used for gastroparesis but can 
cause extrapyramidal side effects. Proton pump inhibitors are preferred for gastro-
esophageal refl ux disease and ulcers, but may be associated with an increased risk 
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for osteoporosis-related fractures of the hip, wrist, or spine. Sucralfate should be 
avoided in dialysis due to aluminum content.  

    Genitourinary Conditions 

 Older adults often develop genitourinary conditions including prostatism, benign 
prostatic hyperplasia, and urinary incontinence. However, as these patients initiate 
dialysis and urine production is reduced to an anuric level, it is important to recog-
nize the opportunity to discontinue those related medications. This intervention has 
the benefi t of reducing medication burden and minimizing cost and related adverse 
effects. This approach also holds true for diuretics, which lose effectiveness once 
the patient develops anuria.  

    Complications of ESRD 

    Anemia 

 Anemia is likely to be multifactorial in older adults on dialysis, requiring the clini-
cian to consider vitamin defi ciencies such as vitamin B12 and folate. Poor manage-
ment of anemia in these patients will compromise functional status, contribute to 
cognitive impairment, and increase risk of falls and fall-related complications [ 35 , 
 36 ]. Subcutaneous administration of ESAs may be more diffi cult given changes in 
subcutaneous fat disposition in older adults. As such, clinicians should monitor 
clinical response to these agents since pharmacokinetic profi le may be altered.  

    Bone and Mineral Metabolism Disorders 

 Older adults on dialysis have multiple bone and mineral metabolism disorders that 
complicate typical management strategies. Osteoporosis is an important comorbid-
ity in these patients, but its management is superseded by secondary hyperparathy-
roidism. It is also important to recognize that the use of bisphosphonates is 
contraindicated in patients on dialysis. 

 The use of phosphate binders is associated with poor compliance in the gen-
eral dialysis population related to cost, pill burden, frequency of administration, 
and adverse effects [ 2 ]. These concerns are enhanced in older adults on dialysis. 
Clinicians must develop effective strategies to optimize therapy. Table  11.5  outlines 
some preferred agents for managing hyperphosphatemia in older adults on dialysis.
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         Special Considerations Affecting Medication Use 

    Hemodialysis 

 Medication-related decisions should always consider the impact that hemodialy-
sis has on therapy. A patient’s hemodialysis schedule may dictate when certain 
medications can be administered. For example, some medications may be 
removed by dialysis, and thus, dosing may be reserved for after the session, while 
other drugs may be administered during dialysis to reduce overall pill burden 
when the patient is at home. Other changes induced by hemodialysis such as 
hypotension or cognitive changes may infl uence a patient’s ability to take certain 
medications.  

   Table 11.5    Considerations in selecting a phosphate binder in aging patients on dialysis   

 Phosphate binder  Dosage forms  Advantages  Disadvantages 

 Sevelamer 
carbonate 

 •  Tablet 
 •  Powder for suspension 

 •  No exogenous 
calcium exposure 

 •  Reduces LDL 
cholesterol 

 •  High pill burden 
 •  Expensive 

 Sevelamer HCl  •  Tablet  •  No exogenous 
calcium exposure 

 •  Reduces LDL 
cholesterol 

 •  High pill burden 
 •  Expensive 
 •  Metabolic acidosis 

 Calcium acetate  •  Capsule 
 •  Tablet 
 •  Solution 

 •  Generic available 
 •  Multiple dosage forms 

 •  Hypercalcemia 

 Lanthanum 
carbonate 

 •  Chewable tablet  •  Potent  •  Expensive 
 •  Chewable tablet may 

be diffi cult for some 
older adults with 
poor dentition 

 Sucroferric 
oxyhydroxide 

 •  Chewable tablet  •  May reduce burden 
of parenteral iron 

 •  Potent 

 •  Expensive 
 •  Chewable tablet may 

be diffi cult for some 
older adults with 
poor dentition 

 Calcium carbonate  •  Various  •  Inexpensive 
 •  Multiple dosage forms 
 •  Nonprescription 

 •  Hypercalcemia 

 Aluminum 
hydroxide 

 •  Suspension  •  Potent 
 •  Inexpensive 

 •  Chronic use associated 
with encephalopathy 
(“dialysis dementia”) 

 •  Anemia 
 •  Bone disease 

 Tetraferric tricitrate 
decahydrate 

 •  Tablet  •  Potent, may reduce 
burden of parenteral 
iron 

 •  Expensive, pill 
burden 
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    Peritoneal Dialysis 

 Peritoneal dialysis provides less effi cient but continuous solute clearance. Clinicians 
should be cognizant of the type of dialysis and apply drug dosing recommendations 
appropriately. It is important to point out that there is limited evidence supporting 
dosing of drugs in peritoneal dialysis. Most available literature is related to antibiot-
ics in continuous ambulatory peritoneal dialysis, with sparse data in more contem-
porary variants of peritoneal dialysis such as automated peritoneal dialysis. Finally, 
clinicians may consider intraperitoneal administration of drugs in dialysate; how-
ever, confi rmation of stability and pharmacokinetic parameters should be studied 
prior to prescribing any such regimen.   

    Drug Prescribing in Older Adults 

 The elderly consume a disproportionately large number of drugs for multiple acute 
and chronic diseases. In fact, prescription medication consumption has increased 
substantially for numerous drug classes over the last two decades. Complicating the 
increase in prescription burden is a parallel increase in nonprescription drugs, with 
adults over 65 years old consuming 40 % of all nonprescription drugs [ 5 ]. Almost 
90 % of older adults use nonprescription drugs, and this population uses twice as 
many nonprescription drugs as prescription drugs [ 5 ]. Accompanying the increase 
in medication burden are increases in costs to the patient and healthcare system. 
Average prescription drug costs for older Americans increased rapidly for many 
years, with average cost per person in the United States at $2834 in 2008. However, 
it is important to recognize that costs vary signifi cantly among individuals. A small 
percentage (6 %) of older adults in the United States incurred no prescription drug 
costs in 2008, while more (15 %) incurred over $5000 in these costs. This variability 
can be partially explained by the presence of chronic conditions. For example, in 
2008, an older adult with 5 or more chronic conditions paid over $5000 for prescrip-
tion drugs compared to about $1200 in those with no chronic conditions. The 
increased use of medications is also associated with an increase in the risk of drug- 
related morbidity and mortality. Given the high number of comorbid conditions and 
associated prescription medications used in patients on dialysis, it is expected that 
they will fall in the highest cost category. 

    Polypharmacy and Inappropriate Medications 

 The issue of inappropriate medications in older adults has been addressed by using 
specifi c criteria to identify potentially inappropriate medications in older adults. 
The Beers’ criteria are the most widely cited tool for this purpose. It was originally 
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developed in 1991 and recently updated in 2012 [ 37 ]. The STOPP (Screening Tool 
of Older Persons’ potentially inappropriate Prescriptions) criteria and START 
(Screening Tool to Alert doctors to the Right Treatment) criteria exist as two other 
tools to assist with evidence-based clinical decision making [ 38 ,  39 ]. Unfortunately, 
these tools are lacking in guidance for the management of older patients on dialysis. 
To address this defi ciency, the PAIR (Pharmacotherapy Assessment in Chronic 
Renal Disease) criteria were developed in 2011 [ 40 ]. Utilizing each of these tools in 
concert may ultimately provide some insight into proper medication management in 
this vulnerable population.  

    Medication-Related Problems 

 Medication-related problems (MRPs) are common among patients who take ≥5 
medications, take ≥12 medication doses per day, frequently change medications, 
have multiple disease states, are nonadherent, or use medications requiring thera-
peutic monitoring. Many patients with CKD meet all of these criteria, especially as 
CKD progresses to stage 5. For example, the average patient on hemodialysis 
requires 10–12 medications and has 6 comorbid conditions. Frequent review of the 
medication regimen is warranted in order to identify and resolve MRPs as well as 
keep an accurate medication list at all times. Inaccurate medication lists put patients 
at risk for MRPs. Analysis of one HD clinic electronic drug record demonstrated 
that 60 % of records contained at least 1 discrepancy [ 41 ]. These inaccuracies 
increased the risk of adverse drug events and dosing errors. In another similar study 
at an HD clinic, a 79 % discrepancy rate of reviewed records was reported. 
Reconciling medication lists is important for all patients, including those with 
CKD, as improving accuracy of the medication records allows proper intervention 
on MRPs.  

    Medication Regimen Complexity 

    Pill Burden 

 In a recent analysis the median daily pill burden in patients on dialysis was 19 with 
25 % of the population taking greater than 25 pills per day [ 2 ]. Phosphate binders 
constituted nearly 50 % of this burden. This increased burden was associated with a 
decreased quality of life independent of the Charlson’s comorbidity index. 
Medication regimen complexity is also a consideration in the care of patients with 
CKD and may impact adherence.  
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    Medication Regimen Complexity Index 

 While some advocate for quantifying medication regimen complexity by count-
ing the number of medications or the pill burden, these measures fall short of 
fully realizing the impact of other important variables such as multiple dosage 
forms, administration instructions, frequency, and specifi c restrictions related to 
specifi c medications. The Medication Regimen Complexity Index (MRCI) is a 
tool that has been validated in patients with respiratory disease, but has also been 
studied in dialysis patients [ 42 ]. Considering the full impact of the prescribed 
treatment regimen in a patient on dialysis must consider many factors including 
the quantity of medications, dosage forms, costs, frequency, timing, and collec-
tive adverse events.  

    Compliance/Adherence 

 There are signifi cant barriers to successful adherence to medication regimens in 
older adults on dialysis [ 43 ]. As mentioned, patients on dialysis have complex medi-
cation regimens that carry a large pill burden along with special instructions. 
Administration of oral medications is diffi cult given the sheer number of pills but is 
complicated in these patients by the fl uid restriction guidelines. Certain demo-
graphic and socioeconomic factors are also important variables to consider as many 
patients may have poorer adherence rates due to the cost of medications. Poor health 
literacy, chronic illness, cognitive impairment, and age may also contribute to lim-
ited recall or understanding of the prescribed regimens [ 44 ]. Older adults on dialysis 
may have poor vision and manual dexterity necessary for administering medica-
tions successfully.  

    Tips for Improving Medication Management 

 Disease state management should incorporate some basic approaches to maximize 
medication management and minimize barriers such as nonadherence, drug interac-
tions, increased cost, and adverse drug reactions. These include taking a thorough 
medical, social, medication (including prescriptions, nonprescription drugs, and 
herbal supplements) history; consideration of the physiological effects of aging; 
conservative dosing and titrating to clinical therapeutic targets; communication with 
other healthcare team members; simplifi cation of drug regimens to reduce complex-
ity; introducing medication aids such as pill organizers to manage daily consump-
tion; considering practical implications of drug storage containers and measurement 
of liquid volumes; and referring to appropriate drug information resources for 
 possible drug and disease interactions [ 8 ,  9 ,  45 ]. 
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    Chapter 12   
 Dialysing the Elderly Patient with Congestive 
Heart Failure: What Is Important to Know?                     

       Andrew     Davenport     

            Introduction 

 The number of elderly patients surviving with increasing and more complex co- 
morbidity, especially in affl uent countries, continues to grow exponentially. Elderly 
patients with the combination of chronic kidney disease stage 5 and congestive 
heart failure (CHF) have an increased risk of death. They should, if possible, be 
empowered to choose between conservative supportive care and dialysis. In coun-
tries without well-developed supportive palliative care programs, greater numbers 
of elderly patients with high co-morbidity scores, including CHF, withdraw from 
dialysis within the fi rst few months of starting treatment [ 1 ]. This is particularly true 
for haemodialysis (HD). It is worth noting that a 4 h HD session may well expand 
into 8–10 h day, with the patient feeling too exhausted to do anything but to simply 
go to straight to bed on fi nal arrival at home [ 2 ].  

    CHF 

 Many of the signs and symptoms of CHF result from sodium and water retention, i.e., 
leg swelling, orthopnoea, paroxysmal nocturnal dyspnoea, accompanied by the clini-
cal signs of peripheral oedema, raised jugular venous pulse and pulmonary rales. 
However, these may simply represent an overhydrated dialysis patient. The echocar-
diogram and electrocardiogram (ECG) are the most useful tests to determine underly-
ing cardiac pathology. The echocardiogram provides information on chamber 
volumes, left and right ventricular systolic and diastolic function, wall thickness and 
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valve function, whereas the ECG primarily provides information regarding electrical 
conduction, chamber hypertrophy and loss of viable myocardium (Q waves). 
Measurement of natriuretic peptides has become standard practice in the general med-
ical assessment of patients with suspected heart failure, with an N-terminal probrain 
natriuretic peptide (NTproBNP) concentration ≥300 pg/ml or brain natriuretic peptide 
(BNP) of ≥100 pg/ml (in the acute setting) and NTproBNP of ≥125 pg/ml or BNP of 
≥35 pg/ml (in the chronic setting) suggestive of CHF. However, natriuretic peptide 
concentrations are normally higher in the elderly and may also be increased with 
chronic kidney disease, atrial arrhythmias, left ventricular hypertrophy and chronic 
obstructive pulmonary disease, thus making interpretation of single values less clear. 

 The majority of elderly dialysis patients will have some degree of ischaemic 
atheromatous cardiac disease (Table  12.1 ), due to the common underlying patho-

   Table 12.1    Causes of heart failure in the elderly dialysis patient   

 Cardiac pathology  Causes 

 Coronary artery disease  Atheroma 
 Arteriosclerosis 
 Vasculitis 
 IgG4 associated 

 Valvular heart disease  Degenerative 
 Calcifi c 
 Valve prolapse/dilatation valve ring 
 Rheumatic fever 
 Autoimmune diseases/vasculitis 
 Syphilis 
 Congenital 

 Myocarditis  Viral 
 Endocrine (thyrotoxicosis) 

 Infi ltrative  Sarcoidosis 
 Malignancy 

 Hypertrophic cardiomyopathy  Hypertrophic obstructive cardiomyopathy 
 Hypertension 
 Amyloid 

 Dilated cardiomyopathy  Myocarditis 
 Eosinophilic syndromes 
 Iron overload 
 Persistent overhydration 
 High output arteriovenous fi stula 

 Restrictive cardiomyopathy  Pericarditis (tuberculous) 
 Amyloid 
 Chemotherapy (anthracyclines) 
 Endomyocardial fi brosis 
 Anderson–Fabry 
 Long vintage haemodialysis 

 Right ventricular heart failure  Secondary pulmonary hypertension 
 High-output arteriovenous fi stula 
 Primary pulmonary hypertension 
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physiological mechanisms linking small vessel ischaemia and hypertension to the 
progression of chronic kidney disease. Nearly all elderly dialysis patients will have 
diastolic dysfunction (Table  12.2 , adapted from ref [ 3 ]) that predisposes them to 
episodes of acute symptomatic heart failure typically precipitated by modest over-
hydration or arrhythmias.

    Haemodialysis is an independent risk factor for developing both de novo and 
recurrent heart failure, with 51 % mortality within 2 years after a diagnosis of CHF 
[ 4 ]. Besides heart failure, sudden arrhythmic death also accounts for a signifi cant 
percentage of cardiac mortality in dialysis patients, and this appears to be tempo-
rarily associated with the longer 72 h gap between dialysis sessions in the standard 
thrice-weekly schedule and is thought to be triggered by a combination of underly-
ing abnormal ventricular morphology and function, electrolyte imbalances and 
overhydration [ 5 ].  

   Table 12.2    Echocardiographic assessment of systolic and diastolic myocardial function   

 Abnormal parameter  Clinical relevance 

  Systolic dysfunction  
 LV EF  <50 %  LV global dysfunction 
 LV fractional shortening  <25%  LV radial dysfunction 
 LV regional function  Akinesia, hypokinesia, 

dyskinesia 
 MI, ischaemia cardiomyopathy, 
myocarditis 

 LV end-diastolic size  Diameter ≥ 60 mm 
 or > 32 mm/m 2  
 or volume > 97 mL/m 2  

 Volume overloaded 

 LV end-systolic size  Diameter > 45 mm 
 or > 25 mm/m 2 , 
 or volume > 43 mL/m 2  

 Volume overloaded 

 LV outfl ow tract velocity 
time integral 

 <15 cm  Reduced LV stroke volume 

  Diastolic dysfunction  
 LV diastolic dysfunction  E/e ratio > 15 

 E/A ratio >2 
 Severity and fi lling pressure 

 L atrial volume index  >34 mL/m 2   Increased LV fi lling pressure or mitral 
valve disease 

 LV mass index  Women > 95 g/m 2  
 Men > 115 g/m 2  

 Hypertensive heart disease, aortic 
stenosis, 
 HOCM 

  RV  
 TAPSE  <16 mm  RV systolic dysfunction 
 Systolic PAP  >50 mmHg  Pulmonary hypertension likely 
 IVC width  Dilated, no respiratory 

collapse 
 Volume overloaded, increased right atrial 
pressure, RV dysfunction 

  Adapted from European Society of Cardiology [ 3 ] 
  LV  left ventricle,  RV  right ventricle,  EF  ejection fraction,  MI  myocardial infarction,  HF  heart fail-
ure,  HOCM  hypertrophic obstructive cardiomyopathy,  TAPSE  tricuspid annular plane systolic 
excursion,  PAP  pulmonary artery pressure,  IVC  inferior vena cava  
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    General Considerations for the Elderly Patient 
with Congestive Heart Failure 

 Although there have been many randomised prospective drug trials in the fi eld of 
CHF, typically both the elderly and patients with advanced chronic kidney disease 
have been excluded, and as such it is unclear whether the recommendations from 
these studies can be extrapolated to elderly dialysis patients. The pivotal trials which 
showed an advantage for beta-blocker therapy were conducted in patients with con-
tinuing symptoms of heart failure and a persistently low left ventricular ejection 
fraction, despite treatment with angiotensin-converting enzyme inhibitors (ACEIs) 
and, in most cases, combined with diuretics [ 6 ,  7 ]. The current cardiology consen-
sus is that these treatments are complementary and that a beta-blocker and an ACE 
inhibitor, (or angiotensin receptor blocker if ACEIs cannot be tolerated) should both 
be started in low doses and titrated upwards according to clinical response and 
blood pressure [ 3 ]. ACE inhibitors generally only have a modest effect on LV 
remodelling, whereas beta-blockers often lead to a substantial improvement in ejec-
tion fraction and additionally are anti-ischaemic, reducing the risk of sudden cardiac 
death. Studies in haemodialysis patients with heart failure have reported a survival 
advantage with beta-blockers. However it is important that dialysis patients have 
their dry weight or target weight regularly reviewed and adjusted to minimise vol-
ume overload, as persistent hypervolaemia will exacerbate underlying cardiac dys-
function. Mineralocorticoid receptor blockers are recommended for patients with 
ongoing symptoms of heart failure but risk hyperkalaemia. However, several studies 
have reported that low doses of spironolactone can be given safely to chronic dialy-
sis patients, if appropriately monitored [ 8 ]. 

 It should always be recognised that excessive blood fl ow through an arteriove-
nous fi stula or graft may exacerbate heart failure, and as such colour Doppler stud-
ies should be performed to regularly assess fi stula fl ows, particularly with the 
increasing use of brachial fi stulae and banding or other fl ow-restrictive procedures 
considered when fl ows are greater than 1.5 l/min. 

 If patients continue to suffer symptomatically with heart failure despite pharma-
cological therapy, and if the left ventricular ejection fraction is <35 % with a pro-
longed QRS complex, then resynchronisation pacemaker insertion may be helpful. 
However this should be discussed with a cardiologist as there is a signifi cantly 
increased risk of bacterial colonisation and infection of the pacing leads in 
 haemodialysis patients dialysing with a venous catheter and also in those using the 
button hole or constant site cannulation method for arteriovenous fi stulae [ 9 ]. 

 Supraventricular arrhythmias, particularly atrial fi brillation, are common in the 
elderly dialysis patient with CHF. Although digoxin is renally excreted, most 
patients can tolerate low doses without signifi cant toxicity. The main debate in this 
area centres on the risk of stroke compared to bleeding between coumarin antico-
agulants and aspirin [ 10 ]. Aspirin does increase the risk of gastrointestinal haemor-
rhage in the older patient, and it may be prudent to co-prescribe H2 blockers (as 
there is a potential increased risk of  Clostridium diffi cile  with proton pump inhibi-
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tors). Certainly in the non-dialysis population, warfarin therapy is more effective in 
reducing the risk of ischaemic stroke than aspirin. However the dialysis literature is 
less clear, with some studies reporting equal stroke prevention with both warfarin 
and aspirin, while others reporting reduced incidence of stroke but greater spontane-
ous bleeding with warfarin therapy. As such most clinicians continue to favour aspi-
rin [ 11 ], although patient risks should be calculated on an individual basis to 
determine the likely risk–benefi t of oral anticoagulation using scoring systems like 
CHA2DS2-VASc and HAS-BLED [ 12 ,  13 ].  

    Dialysis Choice for the Elderly Patient with Congestive 
Heart Failure 

 The options available for the older patient with CHF differ between health-care 
systems and from country to country. In the patients who have no available help, 
haemodialysis typically becomes the default option. Whereas if peritoneal dialysis 
can be performed by family members, or if the patient can receive assistance from 
visiting nursing staff or trained nursing home personnel, then peritoneal dialysis 
may well be the better option in terms of quality of life by reducing hospital or 
dialysis centre visits. Not surprisingly self-reported depression levels are high in 
elderly patients with chronic diseases. As such peritoneal dialysis patients without 
social support may become depressed and wish to withdraw from treatment, 
whereas in centre haemodialysis patients who have the opportunity to go outside 
their homes and meet other patients in the dialysis unit may be less depressed 
despite similar co-morbidity.  

    How Much Dialysis Does the Elderly Patient with CHF Need? 

 Clinical guideline committees have suggested minimum urea clearance targets for 
both haemodialysis and peritoneal dialysis patients. However these targets are based 
on historic cohorts of relatively younger and healthier patients studied in clinical 
trials. Body composition changes with age, so the older person has less skeletal 
muscle than when middle aged. Patients generally adapt their dietary intake accord-
ing to physical activity, and it is recognised that patient activity declines with 
increasing co-morbidity. As such on one hand older dialysis patients with CHF 
would be expected to have a reduced dietary protein intake and do little if any exer-
cise, thus reducing muscle (nitrogen) turnover and generating less nitrogenous 
waste products. On the other hand, CHF is an infl ammatory state leading to cachexia. 
Thus it would appear that lower urea-based clearance targets might suffi ce, as many 
conservatively managed chronic kidney disease stage 5 patients remain relatively 
healthy until very shortly before their death. Indeed reducing the urea clearance 
target may well reduce disequilibrium symptoms in the older person and 
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paradoxically improve patient wellbeing post-dialysis. Further studies are required 
to investigate energy expenditure and dialysis clearance targets for this group. The 
main indication for dialysis in these patients continues to be correction of 
overhydration.  

    Does the Elderly Patient with Congestive Heart Failure Need 
Dietary Supplements? 

 Water-soluble vitamins and other nutrients are lost during haemodialysis and hae-
modiafi ltration. Although there may be a marked fall in free serum levels during 
the dialysis session, there is no clinically signifi cant clearance of water-soluble 
vitamins by different dialysis modalities, provided patients have an adequate diet 
[ 14 ]. However elderly dialysis patients with heart failure are unlikely to have ade-
quate nutrition and would benefi t from vitamin supplementation (water as well as 
fat soluble) [ 15 ]. Others have speculated about the need for carnitine supplementa-
tion, trace metals including zinc and selenium and other micronutrients in heart 
failure [ 16 ].  

    Peritoneal Dialysis for the Elderly Patient with Congestive 
Heart Failure 

 Peritoneal transport is traditionally described by the 3 pore model. Fast transporter 
status can either be due to increased peritoneal mesenteric capillary surface area or 
increased number of blood vessels. Patients with heart failure typically have an 
infl ammatory milieu, due to oedema of the intestine, changes in gut permeability 
and increased endotoxin transfer [ 17 ]. As such most peritoneal dialysis patients 
with CHF behave as rapid transporters and may have diffi culty achieving adequate 
ultrafi ltration to correct their expanded extracellular volume, especially in an acute 
setting. Several studies which have reported clinical benefi ts and longer survival of 
patients with CHF hated by peritoneal dialysis have often treated (up to 50 %) of 
been initially with continuous ultrafi ltration or daily haemodialysis. Once fl uid bal-
ance was improved these patients were then started on peritoneal dialysis [ 18 ,  19 ]. 
In the acute situation, patients are generally too unfi t for general anaesthesia and 
may be too symptomatic to be able to lie fl at for percutaneous insertion of the peri-
toneal dialysis catheter under local anaesthesia, thus increasing the risks of catheter 
insertion and malfunction [ 20 ]. To overcome rapid transport-induced reduced ultra-
fi ltration, most centres prescribe short peritoneal dialysis cycles, often requiring 
hypertonic exchanges in combination with 7.5 % icodextrin. 

 Although peritoneal dialysis may allow patients with pharmacologically refrac-
tory CHF to be cared for at home, peritoneal dialysis does not prevent further dete-
rioration in underlying cardiac pathology and as such should be regarded as part of 
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a community-based palliative care package. Short rapid peritoneal dialysis cycles 
lead to greater water removal than sodium, due to the effect of sodium sieving. 
7.5 % icodextrin, which does not have this initial rapid water movement, therefore 
removes relatively more sodium. In cases of refractory CHF, it may be reasonable 
to manage patients with two long icodextrin exchanges per day. Although there may 
be accumulation of the isomaltose polymer, and lead to hyponatremia the life expec-
tancy of these patients is limited, and two icodextrin exchanges per day may reduce 
the amount of their time spent performing peritoneal dialysis of changes and thus 
improve their quality of life.  

    Haemodialysis for the Elderly Patient with Congestive 
Heart Failure 

    Vascular Access 

 Elderly patients with chronic kidney disease and CHF are likely to have vascular 
calcifi cation. As such, their radial arteries may not be of suffi cient internal diameter 
to successfully create a forearm native arteriovenous fi stula. Many surgeons now 
prefer a two-stage brachial artery fi stula, either a brachiocephalic or brachiobasilic 
anastomosis with subsequent superfi cialisation of the draining vein. Brachiobasilic 
fi stulae may lead to a vascular steal to the hand. Just as too low a fl ow through a 
fi stula is undesirable, so is too high a fl ow for the elderly patient with aortic valve 
stenosis or other severe valvular heart disease, severe diastolic dysfunction or 
restrictive cardiomyopathy. The alternative access is the dialysis catheter, and for a 
patient with limited life expectancy, this may well be the better option.  

    Choice of Dialyser 

 As elderly dialysis patients with CHF typically have poor appetite and limited mobil-
ity, urea generation rates are lowered, and as such patients can be adequately dialysed 
with smaller surface area dialysers, without the need to use high blood pump speeds. 
Dialyser capillary surfaces are negatively charged, and depending upon the charge, 
when diluted acidic blood from the patient initially fl ows across the dialyser surface, 
high-molecular-weight kallikreins are activated, resulting in the generation of brady-
kinin and complement activation. This reaction can be accelerated by a large bolus of 
heparin, which contains a series of very negatively charged molecules. Bradykinin is 
normally very rapidly metabolised, but if patients are prescribed ACEIs for heart 
failure, then bradykinin clearance is delayed, and patients may suffer hypotensive 
episodes shortly after starting dialysis. As dialysers differ in the amount of surface 
charge (zeta potential), use of membranes with less charge or switching ACEIs to 
ARBs with heparin boluses administered into the venous limb of the extracorporeal 
circuit (rather than predialyser) may help reduce this anaphylactoid- like reaction.  

12 Dialysing the Elderly Patient with Congestive Heart Failure: What Is Important



154

    Choice of Dialysis Schedule 

 Routine outpatient haemodialysis treatments are often complicated by episodes of 
intradialytic hypotension. The elderly patient with underlying heart failure is more 
prone to hypotension, due to changes in central venous capacitance vessels that 
occur when patients are connected to the extracorporeal circuit. Venodilatation 
reduced right atrial and ventricular fi lling pressures and hearts which are stiffer due 
to diastolic dysfunction are unable to compensate adequately leading to a reduction 
in left ventricular output and hypotension. Elderly dialysis patients with intrinsic 
cardiac disease may therefore benefi t from more frequent dialysis sessions than the 
current standard thrice weekly paradigm.  

    Choice of Ultrafi ltration Profi le 

 If the rate of removal of plasma water by dialysis exceeds the vascular refi lling rate, 
hypotension can easily occur, especially in the elderly patient with CHF with 
already activated sympathetic nervous system and compensatory neurohormonal 
mechanisms that are soon overwhelmed. Sudden hypotension may lead to cardiac 
ischaemia. Patients with baseline co-morbidities, including diabetes mellitus, 
hypertension, CHF, coronary artery disease, dysrhythmia and other cardiac diseases 
are not only at increased risk of an acute coronary artery syndrome but also more 
likely to die [ 21 ]. As such it is important to reduce the risk of intradialytic hypoten-
sion in the elderly dialysis patient with heart failure. Repetitive hypotensive epi-
sodes are not only a risk to the heart but also to the brain where, normal autoregulatory 
defence mechanisms are no longer intact. The risk of ischaemic stroke during hypo-
tensive episodes is much higher in the elderly patient. 

 Even for healthy patients, an ultrafi ltration rate of >10 ml/kg/h is associated with 
increased risk of hypotension. Therefore, the dialysis sessions may have to be 
extended to reduce the required ultrafi ltration rate [ 22 ]. In terms of cardiovascular 
stability and ultrafi ltration rate (UFR), then either a constant UFR or one that starts 
at a little higher rate followed by a linear decay during dialysis has been observed to 
cause least hypotension [ 23 ].  

    Choice of Dialysate Electrolyte Composition 

 During the fi rst hour of dialysis, the serum urea falls exponentially, lowering serum 
osmolality, that may lead to a reduction in plasma refi lling rates and increasing the 
risk of hypotension. Using a dialysate, sodium concentration higher than plasma 
will result in a net movement of sodium from the dialysate into the plasma, increas-
ing plasma osmolality and preserve plasma refi lling rates despite a falling blood 
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urea level. Even though, raising the dialysate sodium may induce a net positive 
sodium balance in the patient. . However, since elderly patients with heart failure 
have reduced appetite and therefore dietary sodium intake, one can afford to use 
somewhat higher dialysate sodium concentration than those for younger and fi tter 
patients [ 24 ]. 

 The risk of hypotension and cardiac arrhythmias can also be reduced by selecting 
a higher dialysate potassium and calcium concentration. In particular minimising 
the serum to dialysate potassium gradient to 2.0 mmol/l has been reported to mini-
mise the risk of arrhythmias [ 25 ]. In addition low dialysate calcium concentrations 
of 1 mmol/l increase the risk of cardiovascular instability, and as such higher dialy-
sate calcium concentrations should be chosen [ 26 ]. As dietary potassium and cal-
cium intakes are expected to be reduced, then most elderly patients can readily 
dialyse with higher concentrations; indeed, too, a low serum potassium at the end of 
the dialysis session is a major risk factor for fatal arrhythmias. 

 The concentration of bicarbonate in the dialysate is typically set above the nor-
mal physiological range, and during haemodialysis the serum bicarbonate rapidly 
rises. In addition to bicarbonate, a varying amount of acetate is typically present in 
dialysate concentrates. Supraphysiological bicarbonate dialysates with high acetate 
concentrations should be avoided as they have been reported to increase the risk of 
intradialytic hypotension.  

    Choice of Dialysate Temperature 

 Closing down capillary beds to skin and pooling of blood in the central venous 
capacitance vessels increase core body temperature during dialysis, and if the core 
temperature rises too high, then there will be sudden vasodilatation and hypoten-
sion. Thus deliberate cooling of the dialysate will help avoid thermal gains and 
improve cardiovascular stability [ 27 ].  

    Choice of Dialysis Machine 

 Dialysis machines differ in their technology to check and regulate dialysate compo-
sition and temperature control. Some machines can alter dialysate temperature to 
prevent thermal heat gain by the patient; others can only provide pre-set 
temperatures. 

 More recently several manufacturers have embarked on providing real-time esti-
mation of plasma water as a surrogate for intravascular volume, using either haema-
tocrit or plasma density measurements. Using the relative change in this surrogate 
for intravascular volume, such dialysis machines with fuzzy logic can regulate dial-
ysate sodium and ultrafi ltration rate according to the relative change in relative 
blood volume. This design may reduce the frequency and severity of intradialytic 
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hypotension [ 28 ]. Thus, use of such machines while dialysing elderly patients with 
CHF seems preferable.  

    Choice of Dialysis Modality 

 Although the elderly patient with CHF is unlikely to see any of the longer-term 
benefi ts from haemodiafi ltration (HDF) compared to standard dialysis, HDF allows 
an additional cooling effect compared to haemodialysis, particularly in predilu-
tional mode, which may improve cardiovascular instability.   

    Should Patients Be Given Inotropic Agents to Prevent 
Intradialytic Hypotension? 

 Midodrine and to a lesser extent some of the selective serotonin reuptake inhibitors 
locally increase norepinephrine levels at nerve synapses and have been used to pre-
vent intradialytic hypotension. As these are constrictors, they should be avoided in 
patients with symptomatic angina. Other centres have infused more potent vasocon-
strictors including vasopressin and terlipressin, which may cause digital and gut 
ischaemia, in addition to coronary artery spasm.  

    Should Antihypertensive Medications Be Withheld Prior 
to Dialysis to Prevent Intradialytic Hypotension? 

 Starting a patient with heart failure on dialysis does not prevent the progression of 
their underlying heart disease. Since many such medications protect against isch-
aemia and arrhythmias and improve cardiac remodelling, they should generally not 
be withheld prior to haemodialysis. Studies of large cohorts of patients have not 
shown that withholding antihypertensive medications prior to a haemodialysis ses-
sion reduces the risk of intradialytic hypotension during that session [ 29 ].  

    Summary 

 Mortality increases with age and co-morbidity, and as such the elderly dialysis 
patient with congestive heart failure has a shortened life expectancy. Dialysis is only 
one part of their integrated care package and should be individualised to ensure that 
the patient can maximise their remaining quality of life. Dialysis prescriptions 
should primarily be targeted to control extracellular fl uid without causing hypoten-
sion, rather than primarily focusing on small solute clearance. 
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solute clearances.    
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    Chapter 13   
 Dialysis Options for the Elderly Patient 
with Acute Kidney Injury                     

       Mitchell     H.     Rosner     

            Introduction 

 Acute kidney injury (AKI) is a common and serious event that most often compli-
cates hospitalization for serious illness [ 1 ]. Recent data demonstrates that from 
2000 to 2009, the incidence of dialysis-requiring AKI increased from 222 to 533 
cases per million person-years, an average increase of 10 % per year [ 2 ]. An impor-
tant factor driving this increase in AKI over the past decade is the older age of the 
population, which serves as an independent risk factor for the development of 
AKI. It is now clear that the elderly are at the very highest risk for the development 
of AKI, and over the past 25 years, the mean age of patients with AKI has increased 
by at least 5 years and perhaps as much as 15 years [ 3 ]. In a large European cohort 
of patients, the average age of patients with AKI was 76 years [ 4 ]. Hsu et al. most 
recently also demonstrated that not only were elderly patients at higher risk for the 
most severe form of AKI (that requires dialysis) as compared to younger patients, 
but that over time the incidence of AKI in the elderly is increasing more rapidly than 
in younger cohorts [ 2 ]. At the more severe extremes of AKI, hospitalized patients 
with dialysis-requiring AKI are older than their counterparts without dialysis- 
requiring AKI (63.4 versus 47.6 years) [ 2 ]. 

 The outcomes for elderly patients who develop dialysis-requiring AKI are uni-
formly poor with reported mortality rates ranging from 31 to 80 % (with the highest 
mortality seen in patients requiring dialysis) [ 5 ]. In part, the wide variation in these 
mortality rates is due to study inclusion criteria, differences in whether intensive 
care unit versus hospital discharge mortality was studied, and defi nitions for 
advanced age. Furthermore, in those patients who survive their episode of AKI, an 
important consideration is the eventual development of chronic kidney disease due 
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to the acute insult. Along those lines, in a meta-analysis, Schmitt and co-workers 
found that patient’s age >65 years had signifi cantly worse renal recovery rates as 
compared with younger patients (31.3 % of surviving elderly patients did not 
recover kidney function compared with 26 % of younger patients) [ 6 ]. Other studies 
have also demonstrated that the rates of renal recovery after AKI are lower in the 
elderly [ 7 ]. Thus, in those elderly patients who develop dialysis-requiring AKI, the 
likelihood of renal recovery is lower, leaving patients with the burden of signifi cant 
CKD and possibly end-stage renal disease (ESRD). This fact is important to con-
sider when making decisions regarding intensive and invasive therapies in elderly 
patients with multiple comorbid conditions.  

    Treatment of AKI in the Elderly 

 There are no specifi c pharmacological therapies for AKI once it has occurred. Thus, 
the management of AKI is largely supportive and may include the need for renal 
replacement support. The decision to initiate renal replacement therapy (RRT) in an 
elderly patient may be diffi cult and complex. This decision must factor the possibil-
ity that older persons may not fare well on this aggressive, life-sustaining type of 
therapy and may have competing comorbid conditions that lead to a very poor over-
all prognosis. Existing outcome data for elderly intensive care unit (ICU) patients 
requiring dialysis vary widely, with reported mortality ranging from 31 to 80 % [ 8 ]. 
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 mortality risk in elderly critically ill patients with AKI [ 8 ]. 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 pat-
terns) [ 9 ]. One of these studies found multiple organ dysfunction syndrome (MODS) 
to be an independent risk factor for increased mortality [ 10 ]. 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 attribut-
able in part to less comorbid illness. Another feature of AKI that has important 
implications for long-term outcomes is the duration of AKI [ 11 ]. In one study, those 
patients with a duration of AKI greater than 7 days had a higher mortality than those 
with shorter durations of AKI [ 11 ]. Indeed, several studies on long-term outcomes of 
hospital survivors of MODS and AKI treated with RRT have documented a surpris-
ingly low post-discharge mortality rate and an acceptable self-perceived quality of 
life [ 12 ]. 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 [ 13 ]. Admission from a chronic care facility, comorbid 
illness, nonsurgical admission, greater illness severity, mechanical ventilation, and 
longer stay in ICU were found to be associated with lower patient survival. 

 Age per se should not be used as criterion to withhold dialysis, and decisions 
must be individualized accounting for numerous factors, i.e., the severity of illness, 
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likelihood of meaningful physical and cognitive recovery, and family and patient 
wishes. In this regard, the recent Renal Physicians Association (RPA) guidelines for 
shared decision making in the appropriate initiation of and withdrawal from dialysis 
can provide a useful framework for these diffi cult decisions [ 14 ]. In certain circum-
stances, a time-limited trial of dialysis for those patients with an uncertain prognosis 
may be warranted. However, all members of the care team and family should agree 
in advance on the length of the trial as well as the parameters to be assessed during 
and at the completion of the time-limited trial to determine if dialysis has benefi ted 
the patient and whether dialysis should be continued. 

 There are three critical questions to assess when deciding upon dialysis initiation 
in the elderly patient with AKI: (1) when to start dialysis and for what indications, 
(2) what modality of renal replacement therapy should be utilized (intermittent 
hemodialysis, slow low-effi ciency dialysis (SLED), continuous renal replacement 
or peritoneal dialysis), and (3) how much dialysis is needed or what clearance goals 
should be prescribed for the patient. In most cases, data specifi c to the elderly 
patient are not available, and decisions must be based upon extrapolation of existing 
data to this population along with expert opinion and the clinician’s own experience. 
It is also important to realize that by the very nature of AKI and its epidemiology, 
most patients in these studies are greater than age 60 years. The availability of local 
resources and expertise may also impact decisions.  

    Initiation of Dialysis in the Elderly Patient with AKI 

 The traditional indications for this initiation of dialysis in the elderly patient are the 
same as in other patient groups (Table  13.1 ). These traditional indications include 
refractory electrolyte and acid-base disturbances, volume overload refractory to 
diuretics, and uremic symptoms. However, it is clear that the elderly patient may not 
tolerate the loss of renal function to the same degree as young patients and thus may 
develop uremic symptoms, specifi cally mental status changes, at lower levels of 
blood urea nitrogen, and therefore, a high index of suspicion must be maintained in 
assessing for uremic encephalopathy and other uremia-related complications. In 
cases where uncertainty exists as to whether AKI may be impacting on mental status 
or other symptoms, a trial of dialysis may be indicated to better assess whether this 
may be the case.

   The timing of initiation of renal replacement therapy for AKI remains a contro-
versial issue with no clear consensus. At the extremes, dialysis initiation could 
occur only when uremic symptoms and absolute indications (Table  13.1 ) are present 
or dialysis could be initiated based upon earlier queues (such as oliguria or specifi c 
laboratory levels such as a cutoff value of blood urea nitrogen or creatinine (prophy-
lactic therapy)). In the former case, late dialysis initiation may expose the patient to 
excessive volume overload or potentially dangerous laboratory values or symptoms. 
For example, later initiation of dialysis may be associated with increased risk for 
bleeding; encephalopathy, which increases the risk for aspiration; and limitation of 
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nutritional support in an attempt to avoid volume overload and electrolyte abnor-
malities. On the other hand, earlier prophylactic therapy potentially exposes the 
patient to an invasive therapy when they might recover renal function with more 
waiting. The risk here is that the patient may develop a complication associated with 
dialysis (catheter insertion complications, infection, hemodynamic instability, 
arrhythmias, and others) when they might have recovered with simply waiting lon-
ger. However, complicating this decision-making process is that there are no good 
predictors on whether a patient with AKI will recover with “watchful waiting” or 
will progress to absolute indications for dialysis. 

 Data informing this decision is derived from retrospective cohort studies, obser-
vational studies, or the rare, but small and underpowered, randomized controlled 
trials [ 15 ]. Defi nitions regarding what constitutes early versus late dialysis initiation 
differ in each study, making conclusions diffi cult. However, early dialysis generally 
refers to the start of dialysis based upon decreases in urine output for a short period 
of time or rises in serum creatinine and/or blood urea nitrogen that are modest in 
degree. Late dialysis generally refers to the initiation of therapy once clear indica-
tions for dialysis are reached or if oliguria is prolonged in duration. A recent system-
atic review and meta-analysis comparing early versus late initiation of dialysis 
included 15 studies performed between 1985 and 2010 and calculated an odds ratio 
for 28-day mortality of 0.45 (95 % confi dence interval 0.28–0.72) favoring early 
initiation of dialysis [ 16 ]. However, the authors cautioned that the quality of studies 
was generally poor. Thus, no clear recommendation for the timing of initiation of 
dialysis can be offered, and individualized decision making factoring the benefi ts 
and risks of early versus late treatment remains the best course of action. 

 One particular issue of importance when considering the timing of initiation of 
RRT is the volume status of the patient. Recent data has consistently demonstrated 
an association of progressive positive fl uid balance (>10–20 %) at the time of initia-
tion of RRT with mortality [ 17 ]. This data suggests that waiting to start dialysis 

   Table 13.1    Indications for 
initiation of dialysis for 
patients with acute kidney 
injury  

  Absolute indications : 
 Hyperkalemia (>6 mEq/L) refractory to 
medical therapy 
 Volume overload refractory to diuretic therapy 
 Azotemia with uremic symptoms 
   Encephalopathy 
   Bleeding 
   Pericarditis 
 Metabolic acidosis (pH < 7.2) refractory to 
medical therapy 
  Other possible indications : 
 Drug or toxin removal 
 Removal of contrast agents 
 Ultrafi ltration for volume overload (>10 %) 
 Hyponatremia in the setting of acute kidney 
injury or volume overload 
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while the patient is in continued positive fl uid balance may be deleterious. However, 
more data is needed before fi rm recommendations can be made surrounding the 
issue of volume balance and initiation of RRT. However, it seems prudent to initiate 
dialysis if the patient is continuing to experience large positive fl uid gains and 
remains oliguric despite having no specifi c laboratory indications for initiation.  

    Selection of Dialysis Modality 

 Once it is determined that a patient with AKI will require RRT, the clinician must 
decide upon the modality by which the therapy will be delivered. Broadly speaking, 
there are two options: (1) conventional intermittent hemodialysis (IHD) and (2) 
more prolonged therapies which can be delivered continuously (continuous renal 
replacement therapy (CRRT)) or intermittently but through prolonged sessions 
(slow low-effi ciency dialysis (SLED)). The rationale for utilizing either continuous 
or more prolonged intermittent therapies rests on the idea that with these treatments, 
both ultrafi ltration and solute removal are slower and thus will minimize the hemo-
dynamic stress in critically ill patients. A comparison of these various therapies is 
shown in Table  13.2 .

   Continuous therapies include several subtypes such as continuous venovenous 
hemofi ltration (CVVH), continuous venovenous hemodialysis (CVVHD), and 
continuous venovenous hemodialfi ltration (CVVHDF). The most common indica-
tion for choosing a continuous therapy over IHD is the belief that continuous thera-
pies are associated with greater hemodynamic stability. The main determinant of 
hemodynamic stability during RRT is the maintenance of the intravascular com-
partment volume. Maintenance of this compartment size rests on slow ultrafi ltra-

   Table 13.2    Comparison of the techniques available to provide dialysis for the patient with acute 
kidney injury   

 IHD  SLED  CVVH  CVVHD  CVVHDF  PD 

 Access  VV  VV  VV  VV  VV  PD catheter 
 Anticoagulation 
duration 

 Short  Long  Prolonged  Prolonged  Prolonged  None 

 BFR (ml/min)  250–400  100–200  200–300  100–200  100–200  N/A 
 DFR (ml/min)  500–800  100  0  16.7–33.4  16.7–33.4  0.4 
 Clearance 
mechanism 

 Diffusion  Diffusion  Convection  Diffusion  Both  Both 

 Urea clearance 
(ml/min) 

 180–240  75–90  16.7–67  20–30  30–60  8–10 

 Duration (h)  3–4  8–12  >24  >24  >24  >24 

   Abbreviations :  IHD  intermittent hemodialysis,  SLED  slow low-effi ciency dialysis,  CVVH  continu-
ous venovenous hemofi ltration,  CVVHD  continuous venovenous hemodialysis,  CVVHDF  continu-
ous venovenous hemodiafi ltration,  BFR  blood fl ow rate,  DFR  dialysis fl ow rate,  PD  peritoneal 
dialysis  
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tion rates, which allow for movement of fl uid from other body compartments into 
the vascular space to buffer the loss in plasma volume. The other important factor 
is slow removal of solutes from the intravascular compartment, which lessen the 
development of a plasma-tissue solute gradient that might favor fl uid movement 
from the vascular to tissue compartments. Continuous therapies, with slower blood 
fl ow and dialysate rates as well as with lower ultrafi ltration rates, allow for greater 
maintenance of the intravascular volume. For elderly patients, this may be espe-
cially relevant as these patients tend to have higher degrees of hemodynamic insta-
bility and due to underlying cardiovascular disease do not tolerate large volume 
fl uid shifts as well as younger patients. Elderly patients are also much more sus-
ceptible to the development of delirium which could be exacerbated by rapid solute 
shifts and changes in intracellular volume. Furthermore, rapid changes in electro-
lyte levels typically seen with hemodialysis may result in arrhythmias, which 
would not be well tolerated in the critically ill elderly patient. Whether these theo-
retical issues translate into improved outcomes with continuous therapies has been 
a matter of great debate, and no specifi c comparative data in the elderly population 
exists. 

 Numerous studies have tried to compare outcomes among various dialysis 
modalities [ 15 ]. Observational cohort trials are subject to selection bias as those 
patients receiving continuous therapies are more likely to have had a greater sever-
ity of illness and are hemodynamically unstable. Thus, unadjusted mortality rates in 
observational studies generally show higher mortality rates in the group receiving 
continuous therapies. When statistical techniques are applied to adjust for baseline 
differences, the results vary with some studies demonstrating equivalence between 
intermittent and continuous therapies or fi nding that one therapy is associated with 
better outcomes. No consensus results from these studies. 

 To better elucidate whether intermittent or continuous therapy may be superior, 
several randomized controlled trials have been attempted. Unfortunately, issues sur-
rounding patient selection and protocol adherence and confounded these studies and 
has limited their power to discriminate outcomes with different therapies. In those 
few well-designed and implemented randomized controlled trials, there has been no 
difference in survival between IHD and CRRT [ 18 ,  19 ]. Furthermore, no trials have 
demonstrated a difference in the rate of recovery of kidney function between the 
two modalities [ 15 ,  18 ,  19 ]. Several meta-analyses and systematic reviews have also 
not been able to detect an outcome benefi t of IHD or CRRT with the exception that 
CRRT is more effective in leading to negative fl uid balance [ 20 ,  21 ]. However, stud-
ies have demonstrated that CRRT is a more costly therapy [ 15 ,  18 – 21 ]. This data set 
led to the recent Kidney Disease Improving Global Outcomes (KDIGO) Clinical 
Practice Guidelines for Acute Kidney Injury to recommend viewing CRRT and IHD 
as complementary therapies with the suggestion to consider the use of CRRT over 
IHD in hemodynamically unstable patients [ 22 ]. 

 Similar to the outcomes between CRRT and IHD, studies between SLED and 
IHD have not demonstrated that one therapy is superior to another [ 15 ]. In many 
cases, specifi c institutional limitations may dictate the use of one therapy over 
another (i.e., CRRT may not be available, and hemodynamically unstable patients 
may receive SLED instead).  
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    Specifi c Clinical Situations Favoring the Use of One Form 
of Dialysis 

 Patients with increased intracranial pressure (ICP) who develop AKI are at risk for 
further increases in ICP during IHD. In IHD, rapid diffusion of urea creates a 
plasma-to-interstitial and interstitium-to-cell osmotic gradient that drives water to 
the interstitium and to the intracellular compartment. This results in a decrease in 
plasma volume and cellular edema. The cellular edema within the central nervous 
system further increases ICP. With CRRT, the slower rate of urea clearance allows 
for equalization of urea concentrations between compartments and a lower risk of 
signifi cant fl uid shifts between compartments. Thus, with CRRT there is a lower 
risk of raising ICP, and studies have demonstrated that cerebral perfusion pressure 
is better maintained with CRRT over IHD [ 23 ]. This fact has led to the recommen-
dation to preferentially recommend CRRT for patients with acute brain injury, with 
cerebral hemorrhage, or with fulminant acute liver failure. 

 CRRT may also be a preferred option for those patients with severe hyponatre-
mia (serum sodium < 120 meq/L) and AKI [ 24 ]. In this case, IHD risks rapid correc-
tion of the serum sodium, while CRRT can be prescribed to slowly correct the serum 
sodium and thus decrease the risk of osmotic demyelination.  

    Hemodialysis, Hemofi ltration, or Hemodiafi ltration? 

 Hemofi ltration offers the potential benefi t of convective clearance with improved 
removal of larger molecular weight species (>1000 to 5000 Da). These larger 
molecular weight species include protein-bound uremic toxins and infl ammatory 
mediators. Theoretically, convective clearance might offer benefi t in clinical situa-
tions such as sepsis where removal of deleterious cytokines could improve out-
comes. However, endogenous production is greater than dialytic removal, and trials 
have not shown any benefi t of hemofi ltration over hemodialysis [ 15 ]. Thus, there are 
no conclusive data that favor any one form of solute removal, and as long as ade-
quate overall clearance is adequate, hemofi ltration, hemodialysis, and hemodiafi l-
tration are all reasonable options for the provision of CRRT.  

    Peritoneal Dialysis as an Option for Dialysis of the Patient 
with AKI 

 Peritoneal dialysis (PD) has long been used for the treatment of AKI. However, there 
are few studies that compare outcomes of patients receiving PD versus other modali-
ties. A concern with PD is that clearances tend to be lower than with other forms of 
dialysis, and thus, for a highly catabolic patient, PD may not provide adequate clear-
ance. Furthermore, there is a risk of PD-associated peritonitis. In one study of 
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patients with falciparum malaria-associated AKI, there was statistically signifi cantly 
increased mortality as compared with CVVH [ 25 ]. However, another study demon-
strated similar outcomes between high-volume PD compared to IHD [ 26 ]. Available 
resources often dictate the use of PD as a treatment for AKI, and as with other dia-
lytic therapies, it is critical that adequate clearances be achieved. One advantage of 
PD over various types of hemodialysis is that there is no need for anticoagulation 
with PD. However, PD is contraindicated in patients with recent abdominal surgery 
and may complicate artifi cial respiratory support due to the changes in intra-abdom-
inal pressure associated with the infl ux of 2 or more liters of dialysate into the 
abdominal cavity. Furthermore, for those patients who do not recover renal function 
after their episode of AKI, rapid conversion to PD (“urgent- start” PD) may offer 
elderly patients a better method of RRT during their rehabilitation [ 27 ]. In this case, 
PD allows patients to avoid travel to dialysis units, thus maximizing rehabilitation 
time. Furthermore, the prolonged recovery time after HD is avoided with PD which 
further increases the ability of the patient to participate in meaningful activity.  

    What Dose of Dialysis Is Optimum for the Patient with AKI? 

 Much of the recent research regarding dialysis for the patient with AKI centers on 
the key question of what is optimum “dose” or clearance that should be provided to 
patients. In this regard, research has focused on classical clearance of urea and mea-
surement of Kt/Vurea or urea reduction ratio. This excessive focus on urea is due to 
its convenient measurement and well-established kinetics. However, by focusing 
solely on urea, the clearance of other potentially important uremic toxins, which may 
follow different kinetic removal patterns, is neglected. There are no specifi c studies 
that assess the dosing of acute dialysis in the elderly population, and it is assumed 
that patients may respond the same to dosage changes across the spectrum of ages. 

 In terms of IHD dosing for the patient with AKI, there is only study that exam-
ined the benefi t of moving from alternate day to daily IHD therapy without changing 
the intensity of the therapy delivered [ 28 ]. This study is confounded by the fact that 
the daily dose of IHD was suboptimal (Kt/Vurea 0.92–0.94). However, moving from 
alternate day therapy to daily therapy was associated with a large decrease in mortal-
ity. Whether this intensifi cation in the schedule of dialysis would have resulted in the 
same benefi t if an adequate dose of dialysis was given per session is not known. 

 In the one study investigating extended dialysis (Hanover Dialysis Outcome 
Study), a total of 156 patients with AKI requiring renal replacement therapy were 
randomly assigned to receive standard dialysis [dosed to maintain plasma urea lev-
els between 120 and 150 mg/dL] or intensifi ed dialysis [dosed to maintain plasma 
urea levels <90 mg/dL] [ 29 ]. Outcome measures were survival at day 14 (primary) 
and survival and renal recovery at day 28 (secondary) after initiation of renal 
replacement therapy. There were no differences in these outcome measures between 
the groups suggesting that intensifi cation of dialysis dose had no benefi t. 

 Dose calculation for CRRT takes advantage of the fact that there is near- complete 
equilibration of urea between the blood, dialysate, and ultrafi ltrate. Thus, dose cal-
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culation is simply derived from the rate of effl uent fl ow (equal to the sum of the 
dialysate and ultrafi ltrate fl ows) normalized to body weight. This assumes that dia-
lytic and ultrafi ltration clearances are equivalent which is an oversimplifi cation. 
However, for small molecular weight solutes such as urea, this is true. 

 An initial study assessing the effect of the dose of CRRT on mortality suggested 
that higher doses were associated with improved outcomes [ 30 ]. Patients were ran-
domized to effl uent fl ow rates of 20, 35, or 45 ml/kg/h, and there was an increase in 
survival measured 15 days after stopping CRRT in the two higher doses of dialysis as 
compared to the lowest dose (41 % survival with 20 ml/kg/h, 57 % with 35 ml/kg/h, 
and 58 % with 45 ml/kg/h). A second, larger study assessed the doses of 25 or 
40 ml/kg/h of CVVHDF and could not detect a survival difference at 90 days [ 31 ]. 
Another study investigated intensive versus less intensive IHD and CRRT. IHD was 
provided at a target Kt/V of 1.2–1.4 either six times per week (intensive) or three 
times per week (less intensive). CRRT was provided either with an effl uent fl ow of 
35 ml/kg/h (intensive) or 20 ml/kg/h (less intensive) [ 32 ]. In this trial, 60-day all- 
cause mortality was similar in both groups. Thus, there is no signifi cant benefi t asso-
ciated with more intensive RRT for AKI. Based upon these data, the KDIGO AKI 
guidelines recommend delivering an effl uent volume of 20–25 ml/kg/h for CRRT 
and a Kt/Vurea of 3.9 per week (equivalent to a dose of 1.2–1.4 three times per week) 
[ 22 ]. In practical terms, it is important to recognize that it is often diffi cult to achieve 
the prescribed dose of dialysis for patients with AKI. This is due to the numerous 
interruptions in therapy that are common in the ICU setting (system clotting, care 
issues that require interruption in therapy). Thus, it is wise to prescribe a higher dose 
of dialysis to maintain a buffer to deliver a minimally adequate dose. As in all thera-
pies, an individualized approach is warranted as in some cases higher doses of dialy-
sis may be warranted, such as in a hypercatabolic patient.  

    Other Issues in the Provision of Dialysis for AKI 

 Given that one of the most common etiologies of AKI is sepsis, correct dosing of 
antibiotics is critically important and yet the literature supports the fact that once 
patients begin dialysis, antibiotics are underdosed and expose the patient to exces-
sive risk from undertreated infections [ 33 ]. Whenever possible, drug levels should 
be followed and maintained at therapeutic levels. If it is not possible to measure 
drug levels, for those drugs with wide therapeutic indices, it is best to err on the side 
of higher recommended dosages and closely monitor response to therapy. 

 Anticoagulation is used to delay or prevent extracorporeal circuit clotting. The 
two methods utilized to achieve this goal are either intravenous heparin or regional 
citrate anticoagulation with CRRT [ 34 ]. The use of heparin requires close monitor-
ing and is relatively contraindicated in those patients at high risk of bleeding. 
Regional citrate anticoagulation seems to incur a lower risk of systemic bleeding as 
compared to heparin since the anticoagulant effects of citrate are largely localized 
to the extracorporeal circuit. Citrate anticoagulation may lead to metabolic alkalosis 
as one mmol of citrate is metabolized to bicarbonate. In patients with liver disease, 
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citrate metabolism may be impaired leading to the risk of systemic accumulation of 
citrate with resulting metabolic acidosis, hypocalcemia, and hypomagnesemia. 
Thus, when prescribing a citrate-based anticoagulation regime, metabolic monitor-
ing is essential and includes regular assessment of pH, ionized calcium, serum 
bicarbonate, and sodium and magnesium levels. In those cases where bleeding risk 
is deemed to be very high, brief use of IHD or CRRT without anticoagulation is 
possible. With IHD, this requires frequent saline fl ushes, and with CRRT this can be 
achieved with prefi lter fl uid replacement.  

    Summary 

 AKI that results in the need for dialysis is associated with a high mortality rate. 
Elderly patients are at the highest risk for the development of this complication, and 
decision making in this population may be diffi cult due to multiple comorbid condi-
tions and uncertainty as to quality of life and the possibility for functional improve-
ment. However, decisions to offer dialysis therapy should not be based solely on age 
as many elderly patients can achieve signifi cant recovery with supportive care. The 
past decades have seen tremendous advances in the technology available to provide 
dialysis support while awaiting renal recovery. However, much uncertainty sur-
rounding the use of these technologies still persists. Fundamental questions such as 
the proper timing and indications for dialysis, the preferred modality of dialysis 
support, and the correct dose of dialysis remain without defi nitive answers. Thus, 
clinical judgment and individualized assessment and care remain mandatory. 

 Key Points 
     1.    Acute kidney disease is a common and serious event in the elderly 

population.   
   2.    Acute kidney disease resulting in the need for renal replacement therapy 

(RRT) is associated with a high mortality rate, but there is no evidence that 
older patients fare worse with RRT than younger patients. Thus, decisions 
regarding the initiation of RRT need to be individualized.   

   3.    The optimal timing for the initiation of RRT is not known, and decisions 
must balance the risks and benefi ts of either early or late starts.   

   4.    There is no evidence that one modality of RRT is superior in the therapy of 
AKI.   

   5.    Patients who are hemodynamically unstable or with evidence of increased 
intracranial pressure may benefi t from continuous renal replacement ther-
apy (CRRT).   

   6.    A minimum dose of RRT must be given to patients with AKI to ensure 
adequate clearance and volume removal. Doses above this minimal level 
do not offer additional benefi t.     
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    Chapter 14   
 Dialysis Versus Conservative Care 
in the Elderly: Making a Choice                     

       Aine     Burns     

            Introduction 

 The aging process results in marked alterations in the kidneys, impairing their abil-
ity to maintain homeostasis, adapt to changing local environments and recover from 
injury. These changes are both anatomical and functional and have been considered 
the cause of the increased propensity of the elderly to acute or chronic renal failure 
that may be accelerated and/or accentuated by diseases such as diabetes mellitus 
and hypertension. 

 Frailty is a biologic syndrome of decreased reserve, and resistance to stressors 
that results from cumulative decline across multiple physiologic systems is com-
mon in elderly CKD patients. Protein-energy wasting (PEW), sarcopenia, dyna-
penia, etc., which accompany frailty, contribute to poor outcomes. 

 One of the biggest challenges nephrologists face is how to best serve frail elderly 
and (increasingly) very elderly patients who present with advanced CKD. 

 Perhaps the most important thing to recognise from the outset is that each indi-
vidual patient presents with his or her own unique set of social, medical and cogni-
tive as well ethical and moral circumstances requiring multiple and individually 
tailored solutions. 

 A further consideration is the changing nature of this fi eld as populations survive 
even longer and patient and public expectations adjust accordingly. Arguably, 
nephrology has become the victim of its own success as renal replacement therapy 
has become technically possible even in the sickest patients [ 1 ]. 

 Yet, despite anecdotal success stories, there are numerous elderly people for 
whom dialysis has not been a success, where symptom burden and quality of life is 
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poor and death may even have been hastened and certainly medicalised. The num-
ber of patients withdrawing from dialysis programmes bears witness to this fact. 
These latter considerations have led many clinicians to offer a structured alternative 
‘conservative or supportive care’ to elderly patients with advanced CKD. In recent 
years, the success of these endeavours has enshrined ‘conservative care’ (CC) as a 
legitimate alternative to haemo- or peritoneal dialysis, particularly for the frail older 
patient. This chapter will explore the current evidence clinicians can draw upon to 
help inform an individual patient’s choice and deliver optimal non-dialytic or con-
servative care (CC).  

    Historical Perspective 

 Since the introduction of chronic dialysis in the 1960s, there has been increasing 
demand fuelled by technical success, medical advances and increased patient and 
public expectation. In the early years of chronic dialysis, treatment was unasham-
edly rationed with young, otherwise healthy, candidates, or those with dependent 
families being chosen amongst the lucky few to receive treatment! Throughout the 
1980s and 1990s, increasingly older patients were commenced on dialysis, many 
with very signifi cant additional co-morbidity. Crude survival amongst these patients 
was shockingly poor: as bad or even worse than many advanced cancers. 
Furthermore, these patients were found to suffer a considerable burden of physical 
symptoms [ 2 ], and many authors reported a marked and permanent deterioration in 
functional status and quality of life (QOL) after dialysis initiation [ 3 ]. Thus, many 
nephrologists have questioned the wisdom of offering dialysis to all comers. It has 
been suggested that a conservative approach might be a more humane way to deal 
with advanced CKD in elderly patients, particularly in those with poor functional 
status and multiple other co-morbidities. Over the past decade, there has been a 
growing wave of interest in CC both in palliative and geriatric care communities and 
amongst nephrologists [ 4 ,  5 ]. Conservative and end-of-life care together with symp-
tom management are now included on the curriculum for nephrology trainees on 
both sides of the Atlantic. Today, most renal units in the developed world aspire to 
deliver symptom-driven multidisciplinary care to their elderly patients with an 
increasing realisation that the removal of waste solute and water, alone, is not the 
answer. In recent years, the take-on rates for dialysis programmes have plateaued in 
many European countries. However, it is not known what part the emergence of CC 
has played in this change. 

    Terminology for Non-dialytic Management 

 There is no consensus regarding terminology for these latter approaches. Table  14.1  
outlines the commonly used terms. For the purposes of this chapter, we will use the 
term conservative care (CC).
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   This varied terminology refl ects signifi cant differences in approaches to care for 
patients who either do not wish to receive dialysis or are deemed not suitable and 
therefore are not offered renal replacement therapy. Treatment pathways vary as 
well. On one hand, patients may be discharged back into the community with no 
renal follow-up with the label ‘unsuitable for dialysis’. On the other hand, intensive 
patient and family education regarding treatment options, prognosis and complica-
tions are offered with shared decision-making and follow-up by renal services. Such 
programmes usually include anaemia management, symptom control, treatment of 
intercurrent illnesses and a package of social and supportive services that can be 
escalated as the patient’s condition deteriorates. Some programmes also strongly 
encourage patients to create advance directives or other formal end-of-life plans. 

 The existing terminology does not defi ne whether a plan for CC was initiated by 
the patient alone, with their families or on the recommendation of a nephrologist or 
other health professional. Very few registries exist to catalogue CC patient out-
comes. Similarly, the motivation behind CC decisions is rarely recorded and has 
only been investigated in a handful of very small studies.   

    Dialysis Choices 

 The choice of dialysis treatments for elderly patients has broadened in recent years. 
Regular haemodialysis (HD) is performed for the most part in the same manner as 
for younger patients. Conventional peritoneal dialysis (PD) performed four times 
daily by the patient or a family member at home can now be replaced by overnight 
or automated peritoneal dialysis (APD) systems and more recently, in some coun-
tries, by assisted peritoneal dialysis (see chapter on PD). 

    Conservative Care Versus Dialysis 

 Dialysis places a signifi cant burden on elderly patients, their families and health 
service. There is evidence that elderly HD patients experience an increased rate of 
deterioration in functional and mental capacity on haemodialysis and have a 

  Table 14.1    Terms used for non-dialytic 
conservative therapies  

 Conservative management 
 Conservative care 
 Maximum conservative management 
 Renal supportive care 
 Residual renal support 
 Palliative renal care 
 Conservative kidney care 
 The non-dialysis option 
 Structured supportive care 
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symptom burden and quality of life comparable to patients with advanced cancer. 
By contrast, many patients who choose a CC approach appear to have a fairly fl at 
functional trajectory until a short time before death. Symptom burden in both groups 
has been shown to be high and may not differ signifi cantly between patients under-
going dialysis and CC. Yet, impressive survivals have been documented in both 
cohorts of patients who commenced dialysis over the age of 80 years [ 6 ] or followed 
CC programmes [ 4 ]. 

 Trajectories of decline in renal function vary hugely and often unpredictably with 
many elderly patients having a very slow decline and surviving with minimal (<5 ml/
min) measured creatinine clearance. Thus, the boundaries are unclear as to when dial-
ysis confers overall benefi t. There are no controlled trials of CC versus dialysis, but 
several authors have attempted to determine whether dialysis signifi cantly prolongs 
life in the old and frail. Current evidence suggests that although dialysis may extend 
survival, the number of out-of-hospital intervention-free days does not differ much 
between the two groups [ 7 ] and the survival benefi t disappears as co-morbidity 
increases and functional status declines [ 4 ]. A convincing argument in favour of CC in 
patients over the age of 80 with high co-morbidity or poor functional status purely on 
the grounds of survival benefi t has been put forth [ 8 ]. CC patients are also more likely 
to die at home or in a hospice than in an acute hospital setting. It is not clear whether 
dialysis improves symptoms or quality of life or merely exchanges one set of symp-
toms for another in the frail and elderly. Given the same education and free choice, 
older frailer patients choose CC [ 9 ]. Interestingly, there is also some evidence to sug-
gest that survival curves diverge between groups of patients who choose CC compared 
with dialysis at relatively high e-GFRs, i.e. well before dialysis is initiated.  

    Symptom Prevalence in CC Patients 

 Elderly patients with advanced CKD and multiple co-morbidities have been shown 
to have high symptom and depression scores in cross-sectional studies. However, 
little is known about symptom trajectory over time and the effect of interventions 
such as dialysis. Detailed measurements of symptom burden are cumbersome and 
impractical for routine use in all patients. Table  14.2  reports the symptom preva-
lence in a cohort of CC UK patients [ 2 ].

       Survival and Quality of Life 

 There are no randomised trials to determine whether elderly patients who choose 
dialysis over CC survive longer. It is unlikely that such studies will be undertaken 
for ethical reasons. However, there are several studies that catalogue the outcomes 
of elderly and very elderly patients on dialysis. Very impressive survival (median 
survival 46.5 months, range 0–107) has been reported by some for those who 
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initiated dialysis in their eight decade [ 6 ]. Registry data, however, would suggest 
that elderly people, particularly those with poor functional status and multiple co- 
morbidities, fare poorly with very many surviving less than 6 months on dialysis. A 
few studies have compared survival between patients undergoing dialysis and 
CC [ 4 ]. However, all studies are fl awed by possible selection bias of healthier 
younger patients for dialysis intervention. Many authors have questioned whether 
such dialysis interventions are merely prolonging dying rather than extending 
meaningful life. Carson et al. who retrospectively examined survival and hospitali-
sation in a single unit’s population of over 75 year olds found an increased survival 
in those dialysed but reported that almost every day of life gained was at the expense 
of a day spent in a hospital environment either on dialysis or as an inpatient [ 7 ]. 
Murtagh et al. reported that 1- and 2-year survival rates were 84 and 76 % in a group 
of patients opting for dialysis ( n  = 52) and 68 and 47 % in those on a CC pathway 
( n  = 77) [ 10 ]. However, the survival advantage was lost in those patients with high 
co-morbidity scores, especially when ischemic heart disease was present. Da-Silva 
has recently reported that CC patients in their unit were older, more dependent and 
more highly co-morbid, had poorer physical health and higher anxiety levels than 
those choosing dialysis. Mental health, depression and life satisfaction scores were 
similar even when examined longitudinally. They also demonstrated that quality-of-
life measures except life satisfaction decreased signifi cantly after dialysis initiation 
but remained stable in CC patients. Their model, which controlled for co-morbidity, 
Karnofsky performance scale, age, physical health score and propensity score, con-
fi rmed an increased survival in HD patients (median survival from recruitment: 
1317 days in HD patients (mean of 326 dialysis sessions) and 913 days in CC 
patients). Therefore, they concluded that patients choosing CC did not live as long 
as their counterparts on dialysis but maintained a better quality of life. Adjusted 
median survival from recruitment was 13 months shorter for CC patients than HD 

   Table 14.2    Symptom Prevalence in Conservatively Managed CKD patients [ 2 ]       

Symptom prevalence in CM patients (N=66)

Itching

Quite a lot/very much

A little/somewhat

None

Fatigue

Drowsiness

Feeling anxious

Dyspnoea

Swelling of arms or legs

Pain

Muscle cramps

Dry mouth

Restless legs

Lack of appetite

Dry skin

Difficulty concentrating

Difficulty sleeping

Constipation

Dizziness

Muscle soreness

Nausea

0 % 50 % 100 %
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patients [ 9 ]. Likewise, Hussain found a survival advantage for their patients who 
chose dialysis over CC, but this disappeared in the older frailer patients [ 8 ]. Whether 
post-dialysis initiation rehabilitation interventions would improve quality of life or 
longevity in this elderly co-morbid group is not known.   

    The Trajectory of Illness 

 Distinct trajectories of illness over time and towards death are well described in 
many diseases. Understanding these trajectories can facilitate standard of care and 
optimal timing of discussions about goals of care, symptom management and 
advance care planning in the last months of life. A different functional trajectory 
over the last year of life has been described in CC renal patients (Table  14.3 ). This 
is likely to help facilitate best timing and confi guration of care.

   On average, CC patients report low to moderate levels of physical and psycho-
logical symptom distress through the course of their illness. However, they report 
increasing concerns about the need for information as the duration of illness extends. 
CC patients also experience a marked increase in symptoms and quite sudden 
decline in functional status in the last weeks of life. Worsening symptoms may be a 
much better prognostic indicator than biochemical or other disease markers [ 11 ]. 

 However, this ‘average’ trajectory, which is helpful for service development and 
planning, does not always refl ect the patterns for an individual patient. Amongst CC 
patients, three discrete symptom trajectories have emerged: (1) relatively stable, (2) 
steadily increasing and (3) markedly fl uctuant, with this pattern occurring more 
often in those with concurrent cardiac and/or respiratory disease. This latter fl uctu-
ant and unpredictable pattern is associated with much higher psychological distress 
amongst patients and families coping with recurrent acute crises with uncertain out-
come. Several investigators have identifi ed that 1–2 weeks prior to death CC patients 
experience an increase in symptoms. This has been termed the ‘tipping point’ or 
transition and is where interventions to address symptoms and other concerns can 
be targeted to provide most benefi t. Further research and a better understanding of 
illness trajectories in CC and end-stage kidney disease are needed. 

Cancer

Organ failure *
Physical frailty and dementia

(*end-stage cardiac or respiratory disease)

High

LowUpper/Lower 95 % confidence intervals Mean KPS

Months before death

K
P

S

100
90

80
70
60
50
40
30

20

10
0

F
un

ct
io

n

12 11 10 9 8 7 6 5 4 3 2 1 0
Death

   Table 14.3    Functional Trajectory Using Karnofsky Performance Scores (KPS) in the last year of 
life of Conservatively Managed CKD Patients= Left hand side, Recognized Functional Trajectories 
in various other conditions =Right hand side [ 11 ]       
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    Delivering Conservative Care 

 Once a decision has been made to follow a CC pathway, the emphasis of care should 
shift from preparation for renal replacement therapy to symptom control, mainte-
nance of residual renal function, avoiding acute medical events likely to destabilise 
the patient’s condition and minimising complications related to CKD. Reversible 
causes of CKD need to be considered and treated where possible and constant atten-
tion paid to minimise pill burden.  

    Symptom Control 

 The prevalence and variety of patient reported symptoms is now well recognised. In 
untreated or newly referred patients, many relate to anaemia and most units are 
adept at improving and maintaining haemoglobin (Hb) using both iron and subcuta-
neously administered erythroid-stimulating agents (ESAs) with only occasional 
need for transfusion. Protocols vary from unit to unit, but in general the availability 
of erythropoietin and safe intravenous iron preparations have meant that Hb can be 
maintained at target levels in the majority. In general, target Hb are those used in the 
dialysis population. Maintenance of Hb has the added advantage of mitigating some 
of the distress caused by angina and CHF and can improve physical functioning and 
fatiguability. 

 Longer-acting ESAs are particularly useful in elderly patients especially if com-
munity nurses are required to administer the injections. 

 Several studies confi rm the high prevalence of pain in HD and CKD patients opt-
ing for CC. In general NSAIDs are harmful to residual kidney function and may 
cause or exacerbate GI haemorrhage. Other analgesics, particularly opiates, accu-
mulate or are metabolised differently in advanced CKD [ 12 ]. This issue is discussed 
at length later in this chapter. Hence, caution needs to be exercised to eliminate pain 
without causing additional problems.  

    Preserving Residual Function 

 When supporting residual renal function in elderly CKD patients, clinicians should 
have several objectives: perhaps the most important is pre-empting and avoiding 
intercurrent illnesses that can precipitate acute deterioration. In men, care should 
be taken to consider and treat new or worsening bladder outfl ow obstruction that 
might be silently accelerating decline in renal function. Minimising proteinuria and 
optimising blood pressure and glycaemic control in diabetics are desirable but may 
not markedly slow progression in this group. In such vulnerable patients, it is often 
wise to accept trade-offs between optimal control of blood sugar and BP and poten-
tial problems created by the tools used to achieve them. Thus, for individual 
patients the clinician may need to be pragmatic in their interpretation of guidelines 
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and targets designed for younger and fi tter patients. Use of angiotensin-converting 
enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) to control 
both BP and reduce proteinuria is desirable but should be instituted with a close 
watch on renal function and worsening hyperkalaemia. In practice, if potassium 
control is diffi cult, it may be necessary to discontinue them. Discontinuing ACEI 
or ARBs may have the added benefi t of ‘buying back’ a few mls of residual renal 
clearance. This strategy has been examined by Goncalves et al. who concluded by 
questioning the universal pre-emptive initiation of RAS inhibitors in advanced 
CKD and suggested that they could be safely stopped, at least in some patients 
particularly those on CC pathways [ 13 ]. Caution needs to be exercised, however, if 
cardio-renal syndrome is present. Whether optimising Hb prolongs residual renal 
function is not known.  

    Managing Diet, Nutrition and Fluid Balance 

 In the era before chronic dialysis became widely available, clinicians advised dra-
conian dietary restrictions to control intake of protein, potassium and phosphate in 
CKD to extend survival. However, the cost to the patient was often severe malnutri-
tion with profound muscle wasting. In contrast, most CC programmes now empha-
sise maintenance of a low-salt, normal-protein diet, encouraging patients to eat and 
enjoy the foods they like, in order to maintain fl esh weight and enhance quality of 
life (QOL). If hyperkalaemia or hyperphosphotaemia becomes problematic, limited 
dietary restrictions may be appropriate. However, it is important to remain mindful 
of the important part food contributes towards optimising QOL which underpins 
the ethos of CC. In reality, elderly and frail CKD patients often lose enjoyment of 
food as CKD progresses, and renal dieticians need to be creative in augmenting 
diets rather than restricting them. Food supplements can be used to good effect in 
some patients. 

 Controlling phosphate by dietary or pharmacological means may help reduce the 
distressing symptom of itch. Some authors suggest that optimal Ca and phosphate 
control slows progression of CKD. However, a balance needs to be established 
between the potential benefi ts of phosphate control and the negative effects of 
dietary restriction and increasing the pill burden in CC patients. Aggressive avoid-
ance or treatment of hyperparathyroidism is only relevant, in this group, if there are 
symptoms such as bone pain or fractures or as a part of the efforts to alleviate itch. 
There is some data suggesting that treating hyperparathyroidism, per se, impacts 
overall survival in CKD patients, but once again the clinician has to judge the rele-
vance of treating a patient with very limited life expectancy. Similarly, many clini-
cians actively seek to identify and treat reduced vitamin D levels, yet, despite a glut 
of recent publications concerning ESRD patients, it is not known whether this is 
advantageous in CC patients. 

 Finally, many CKD patients erroneously believe that increased fl uid intake will 
‘help’ their kidneys to ‘work better’. Others have particular diffi culty excreting salt 
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and water because of either concurrent diabetic nephropathy or heart failure. Advice 
about fl uid intake therefore needs to be individualised depending on the particular 
circumstances pertaining to the patient. Many if not most elderly patients with 
advanced CKD require diuretics. Loop diuretics are the most commonly prescribed. 
They can however cause AKI in addition to the existing CKD and exacerbate uri-
nary frequency, nocturia and gout. Consequently, once again, their dose and timing 
needs to be considered carefully on an individual basis.  

    Minimising Futile Interventions 

 If possible, clinicians should clarify, in advance, whether a CC patient wishes to 
receive dialysis for a limited time to overcome a temporary reduction in renal func-
tion that might, for example, result from an intercurrent respiratory tract or other 
infection. Similarly, ‘ceilings of care’ in accordance with a patient’s wishes may be 
usefully discussed and documented. Formalised advanced care plans or directives 
can be helpful and are in general desirable, although uptake of this option where 
formally offered is low (author’s personal experience).   

    Decision-Making 

 Decision-making about ESRD is often/always challenging for elderly patients, their 
families and professionals. There is limited evidence to guide practice. Most people 
tend to focus on living rather than dying. CKD patients can become accustomed 
to living with their chronic conditions, and many patients, their families and even 
their clinicians are reluctant to consider the implications of future deterioration. 
Others are focussed on their additional co-morbid conditions and can be unaware 
of the severity and implications of their renal disease. However, based on the small 
amount of evidence available, important points that elderly patients who choose 
CC consider in reaching their decision include avoiding poor quality of life, mini-
mising pain and suffering, a desire not to be a burden to care givers, feeling ‘too 
old’ for dialysis and that it would be more ‘natural’ to die without dialysis and 
not wishing to attend the hospital frequently [ 14 ]. Discrete choice experiments in 
Australian patients suggest that travel restrictions are an important additional con-
sideration and that patients were willing to forgo a surprisingly long duration of life 
expectancy (23 months, 95 % CI, 19–27) in order to decrease the travel restrictions 
that dialysis would impose [ 15 ]. In general, however, the processes and determi-
nants of decisions for or against the CC are poorly understood. Preserved cognitive 
function, particularly higher mental function, is clearly an important consideration 
when appraising patients of treatment options and facilitating informed choice. 
A proactive and open approach towards decision-making is recommended, but is 
diffi cult to achieve. A recent web-based survey of nephrologists in Europe found 
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that nephrologists decided to offer CC in 5–20 % of patients and a further 5 % of 
patients chose CC as they refused when nephrologists intended for them to start 
dialysis [ 16 ].  

    Timely Communication and Advance Care Planning 

 The importance of timely information, which meets individual patients’ prefer-
ences, cannot be overstated. Patients with advanced CKD may have been receiving 
nephrology care for some months or years and become used to living with their 
renal disease. Thus, it can be diffi cult for professionals to open up conversations 
about deterioration or decline in health, and limited survival, when these begin to 
become relevant. Delivery of optimal palliative and supportive care for patients 
starts with honest prognostic information, tailored to the patient’s information pref-
erences. Many factors prevent good communication, including the inherent uncer-
tainty of prognostication, the uncertainty of an individual trajectory of illness, the 
imbalance of knowledge between patients and professionals, cognitive impairment 
and the perceived and actual time limitations in busy health care settings. 

 The annual mortality rate of dialysis patients approaches 20–24 %. This is higher 
than that of prostate, breast or colorectal cancer, but many renal patients and their 
families are not aware of this and consider renal failure as curable with transplanta-
tion or treatable with dialysis. Open prognostic information to counter this should be 
offered even before treatment pathways are considered, but this occurs infrequently. 

 Advance care planning is a dynamic process that does not occur at one point in 
time. A good relationship with the patient, and an understanding of their perspec-
tives, is important before having discussions about future priorities and preferences 
for care. Palliative and supportive care emphasises improving quality of life as end-
of- life approaches, and this can only be achieved if there is genuine communication 
as a foundation for planning, considering outstanding issues and addressing family 
relationships and confl ict. Davison, when studying advanced care planning, showed 
that patients wanted more information and, in non-medical language on prognosis, 
disease process and the impact of treatment on daily life [ 17 ]. 

 Renal professionals often need prompts to help them open up discussion about 
the future, as they are much less familiar with how to do this than palliative care 
professionals. But when sensitive, open exploration of concerns for the future is 
achieved, the discussion is usually appreciated by patients [ 18 ].  

    Symptom Assessment 

 Symptom alleviation in renal failure patients is very challenging for many reasons. 
The symptoms commonly go unrecognised, and renal impairment may constrain 
management with drugs. It is not always clear whether uraemia or co-morbid 
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conditions are the main cause of each symptom, and for many patients, a  combination 
of factors contributes to their overall symptom burden. The diabetic patient poses 
particular challenges in this regard and illustrates the diffi culties. Diabetic gastropa-
resis is characterised by anorexia, early satiety, nausea and sometimes vomiting. 
Advanced uraemia itself also leads to delayed gastric emptying, gastric refl ux and 
dyspepsia. Additional autonomic nerve damage affecting the mid- and lower gut 
may cause alternating diarrhoea and constipation. Neuropathic pain can be severe, 
persistent and diffi cult to control. Skin and soft tissue problems are also common; 
decubitus ulcers or diabetic foot may occur and amputation may sometimes be 
required. In these circumstances, clinical judgement skills are critical if complex 
diagnostic interventions are to be avoided and symptom alleviation maximised 
which can be helpful (Table  14.4 ).

   A variety of symptom assessment scoring systems have been developed or vali-
dated for or used in groups of renal patients. They vary from the long and in-depth 
memorial symptom assessment score where 32 symptoms are scored for frequency, 
severity and impact to the simple distress thermometer validated and used widely in 
cancer services.  

    Management of Common Symptoms 

    Pain 

 Pain is such a common yet under-recognised and under-treated fi nding in elderly 
renal patients, and it deserves special attention. 

 Firstly, removal or specifi c treatment of the underlying cause of pain is (when 
feasible) always the best approach, and only when this cannot be achieved should 
palliation be the main focus. Non-opioid, opioid and adjuvant analgesics can be 
used in CC patients, but it is critically important not to risk remaining renal func-
tion, and careful consideration must be paid to altered metabolism and excretion in 
the context of renal impairment to avoid unnecessary adverse events. 

  There are reports of serious side effects following codeine and dihydrocodeine 
use in patients with advanced renal failure, in particular profound hypotension, 
respiratory arrest and narcolepsy. For these reasons, they are not recommended.  

  Table 14.4    Symptom 
assessment scoring systems 
for renal patients  

 Edmonton Symptom Assessment System 
 Memorial Symptom Assessment Scale 
 The Dialysis Symptom Index 
 The renal version of the Patient Outcome Scale 
 The distress thermometer* 
   Individual symptom scoring systems (pain, 

depression, pruritus, restless legs syndrome) 

  *Data only published in abstract form at the time of going 
to press  
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  90 % of tramadol is excreted via the kidneys, resulting in a twofold increase in 
the elimination half-life in renal impairment; therefore, the dose interval should be 
increased to twelve hourly, and the dose reduced. Uraemia also lowers the seizure 
threshold, and tramadol may be more epileptogenic in CC patients.  

  Morphine and diamorphine are not recommended, because of problems with 
metabolite accumulation, some of which are clinically active.  

  Less than 10 % of fentanyl is excreted unchanged in the urine. In renal failure, 
no dose modifi cation appears necessary. One study however suggests accumula-
tion with sustained administration, and a further study demonstrates reduced 
clearance. Despite these concerns, fentanyl is, on present limited evidence, one of 
the preferred opioids in CC patients, and the metabolites are inactive. Some 
authorities suggest 50 % normal dose if creatinine clearance is <10 ml/min. 
Careful monitoring for any gradual development of accumulation and toxicity is 
advised with sustained administration (beyond 1 or 2 days), and there may be 
some basis for gradual dose reduction if fentanyl is used over days or weeks. 
Transdermal patches make administration easy. However, a wide individual varia-
tion in the pharmacokinetics of fentanyl has been observed and supports a cau-
tious approach.  

  Alfentanil is shorter acting than fentanyl, but is limited to very end-of-life use as 
it is only available parenterally.  

  Buprenorphine because of its high systemic clearance and largely hepatic 
metabolism has the potential to be reasonably safe in CC patients. Some evidence 
shows no change in the pharmacokinetics of buprenorphine in renal impairment, 
but other work shows accumulation of metabolites, although adverse effects have 
not been reported. Buprenorphine also has the advantage of being available in sub-
lingual, transdermal and injectable preparations (12 Murtagh 2007).  

  Hydromorphone is likely to accumulate in renal impairment (with proportion-
ately greater accumulation in more severe renal impairment), and clear guidance 
on its use cannot be given until there is more evidence available.  

  Methadone is metabolised mostly in the liver and excreted both renally and fae-
cally. There is large interindividual variation and also considerable difference 
between acute and chronic phase metabolism. Caution should be exercised, and 
experienced specialist supervision of methadone is required, making it a less valu-
able tool in CC patients.  

  Elimination of oxycodone and its metabolites in renal failure is signifi cantly pro-
longed. There is insuffi cient evidence to determine whether or not it is safe to use in 
ESRD patients. Some clinicians use it with caution by reducing the dose and increas-
ing the dosing interval.   

    Fatigue 

 Fatigue is multidimensional, with physical, cognitive and emotional elements. 
Sleep disturbance, poor physical functioning and depression commonly accompa-
nying renal disease may contribute. A number of causes are potentially treatable. 
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These may be related to the renal disease, e.g. anaemia, or to co-morbid conditions, 
e.g. hypothyroidism or heart failure, and should be treated aggressively. There is a 
consistent relationship between haematocrit and energy/fatigue domains in health- 
related quality of life scores. So for CC patients also, maintenance of Hb is para-
mount. Non-pharmacological managements of fatigue, such as exercise, cognitive 
and psychological approaches and complementary treatments, are important, espe-
cially as pharmacological interventions become increasingly limited [ 19 ].  

    Nausea and Vomiting 

 Nausea and vomiting are extremely unpleasant symptoms and are often multifacto-
rial. The fi rst step is to identify any specifi c cause if present, since cause-directed 
treatment is most likely to succeed. Uraemia, drugs, gastroparesis or delayed gastric 
emptying should all be considered. Constipation may exacerbate nausea and vomit-
ing. Poor and/or erratic absorption of oral medications may result, and alternative 
routes (sublingual, rectal or subcutaneous) need to be considered. 

 Metoclopramide can be used for delayed gastric emptying or gastroparesis, 
although doses should be reduced by 50 %, for severe renal impairment. There is 
also an increased risk of dystonia. Haloperidol or levomepromazine is often used for 
nausea related to uraemia or drugs, although due to increased cerebral sensitivity, 
both drugs need dose reduction. 5HT3 antagonists can also be used, although the 
side effect of constipation needs active management. Because gastritis is common 
amongst uraemic patients, a low threshold for treatment with a proton pump inhibi-
tor is advised if gastritis is a contributory factor.  

    Pruritus 

 The aetiology and pathogenesis of pruritus in ESRD remain unclear, and treatment 
is frustratingly suboptimal. Current explanatory hypotheses postulate abnormal 
infl ammatory/immune processes, dysfunction in the opioid receptor system and/or 
neuropathic processes within the nervous system itself. 

 Thus, immune modulators (such as ultraviolet B light, tacrolimus and thalido-
mide), opioids antagonists such as naloxone and naltrexone, a relatively new 
κ-opioid agonist nalfurafi ne, neuropathic agents (lidocaine, gabapentin) and capsa-
icin as a counterirritant have all been trialled to treat itch, with varying success. The 
most commonly used agents, antihistamines, often fail to resolve the itch, but most 
practitioners would suggest them before moving on to other agents. An important 
factor in ESRD-related itch is xerosis, or dry skin, that may be a particularly impor-
tant factor in older people and should be countered with generous and frequent 
application of emollients. Other common causes of pruritus such as skin disorders; 
skin infections, e.g. scabies; and liver impairment, especially if the symptom is not 
resolving, need to be considered. 
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 The fi rst management step is to optimise phosphate levels which contribute sig-
nifi cantly to pruritus. Hyperparathyroidism may also be a factor and should be con-
sidered. Older people living alone may fi nd it diffi cult to apply emollients, and 
spray applications can be helpful in this instance. Preventive measures, such as nail 
care (keeping nails short), keeping cool (light clothing) and tepid baths or showers 
are useful concurrent measures. The psychological and social dimensions of severe 
itch are considerable, and psychological, family and social support is an important 
component of management [ 20 ].  

    Restless Legs 

 Restless legs syndrome (RLS) is characterised by uncomfortable sensation and/or 
an urge to move the legs, worsening at rest, especially during the night. It is often 
partially or totally relieved by physical activity. The exact cause is not well under-
stood, but the dopaminergic neurons, in the central nervous system, are thought to 
be disrupted. Iron defi ciency, low parathyroid hormone levels, hyperphosphataemia 
and psychological factors may all play a role. Treatment should involve correction 
of these factors and reduction of potential exacerbating agents, such as caffeine, 
alcohol and nicotine. Drugs including sedative antihistamines, metoclopramide, tri-
cyclic antidepressants, selective serotonin uptake inhibitors, lithium, dopamine 
antagonists and calcium antagonists may also exacerbate RLS. 

 Much of the evidence for pharmacological treatment in CC is extrapolated from 
patients with idiopathic restless legs. Gabapentin, dopamine agonists, co-careldopa 
and clonazepam are the treatments most commonly used, with varying results. All 
need dose reduction, and gabapentin in particular accumulates rapidly without dial-
ysis and should be used with extreme caution in CC patients [ 21 ].  

    Sleep Disturbance 

 A detailed history of any sleep disturbance is important, in order to identify sleep 
apnoea, restless legs syndrome and pruritus, which may be underlying the problem 
and need treating, in their own right, initially. General sleep hygiene measures are 
important; avoiding caffeine after lunch, reducing overall caffeine intake, avoiding 
alcohol (which is both depressant and stimulant) and daytime sleeping. If sleep 
apnoea is excluded and other exacerbating symptoms treated optimally, and if gen-
eral measures are unsuccessful, hypnotics may be necessary. Ideally they should be 
short term, and attempts to re-establish sleep patterns should be made. For those 
with a longer prognosis, hypnotics carry risk of dependence, and this needs consid-
eration in CC management. The shorter-acting hypnotics, such as zolpidem 
5–10 mg, or temazepam 7.5–10 mg are preferable. Longer-acting agents should be 
avoided as next day overhang sedation may increase the risk of falls.  

A. Burns



187

    Breathlessness 

 The most common causes of breathlessness or dyspnoea in the renal patient are 
anaemia and pulmonary oedema related to fl uid overload or to coexisting cardio-
vascular or respiratory disease. It is important to identify the cause since treating 
the cause is almost always the most appropriate and effective fi rst line of man-
agement. Once treatment of the underlying cause has been exhausted, then symp-
tomatic measures to relieve breathlessness will be required. These include general 
and non- pharmacological measures, psychological support and pharmacological 
measures. 

 General measures in advanced disease include sitting upright rather than lying 
(which maximises vital capacity), using a fan or stream of cool air that can provide 
effective symptom relief, inhaled oxygen if hypoxia is confi rmed or suspected and 
a calm, settled environment. For the patient whose mobility is limited by breathless-
ness, physiotherapy and occupational therapy can help to maximise mobility and 
provide appropriate aids to improve function constrained by breathlessness. Since 
breathlessness is a profoundly unpleasant symptom, assessment and management of 
the underlying psychological state is important. Breathlessness is very commonly 
associated with anxiety, often in an escalating cycle (anxiety causing worsening 
dyspnoea, which triggers worsening anxiety, and so on). Information, education and 
support of patient and family are therefore critical. 

 As prognosis worsens, general and non-pharmacological measures will have less 
to offer, and pharmacological measures directed at the symptom of breathlessness 
itself may be more appropriate. 

 Pharmacological treatments directed specifi cally at breathlessness include low- 
dose opioids and benzodiazepines (especially if there is moderate or severe associ-
ated anxiety). However, there are considerable constraints on the use of opioids in 
renal patients; the guidance as for pain management should be followed, although 
dose of opioids for breathlessness is likely to be notably smaller (usually half or 
quarter the starting dose for pain) and titration upwards is usually not necessary. If 
small doses are not at least partly effective, combining an opioid such as fentanyl 
with low-dose midazolam towards the end of life (last few days or hours) may bring 
relief where either alone is only partially effective. This is often a better strategy 
than increasing the dose, since adverse effects quickly increase as doses rise. 

 Benzodiazepines are useful when there is coexisting anxiety but need to be used 
with care and in reduced doses. Shorter-acting benzodiazepines are recommended, 
such as lorazepam 0.5 mg orally or sublingually QID (if used sublingually, it has a 
quicker onset of action and may more readily restore a sense of control to the fright-
ened and anxious patient). If the patient is in the last days of life, midazolam (at 
25 % of normal dose if eGFR < 10) can be given subcutaneously and titrated accord-
ing to effect. Midazolam can be given every 2–4 h, although ESRD patients are 
sensitive to its effects and do not usually need frequent or large doses. A starting 
dose of 1.25 or 2.5 mg is often suffi cient. If more than one or two doses are required, 
a subcutaneous infusion over 24 h is most practical. Opiates may have a role as 
death approaches [ 22 ].   
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    Conclusions 

 People with advanced renal disease who receive CC have extensive need for symp-
tom control, psychological and social support as well as optimal disease management 
to minimise complications and maintain their residual renal function. They, there-
fore, need signifi cant medical, nursing, psychological, spiritual and social care par-
ticularly as their illness advances towards end of life. High levels of coordination and 
collaboration between caregivers are paramount. Shared and appropriately informed 
decision-making backed up by effective and accessible care is recommended. 
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    Chapter 15   
 Unplanned Start of Hemodialysis 
and Transition to Community                     

       Preethi     Yerram     

            Introduction 

 Advances in medicine have helped fi ght disease allowing people to live longer, 
albeit with a myriad of chronic medical conditions. There is no universally accepted 
defi nition of “elderly, old, or older” person, but the generally accepted age range for 
this cohort is over 65 years. Those over the age of 80 years are considered 
“very-elderly.” 

 There has been a surge in the number of older patients with end-stage renal dis-
ease starting dialysis therapies in the recent years. According to the recent 2012 
USRDS report, patients in the 75 years and older age group was the fastest growing 
cohort of ESRD patients followed by those between 65 and 74 years of age [ 1 ]. 
Elderly dialysis patients also have poor survival – a mean survival of 24.9 months in 
those between 65 and 79 years, progressively decreasing with increasing age, to 8.4 
months in those over 90 [ 2 ]. 

 The USRDS data is also very revealing in that the majority of ESRD patients are 
not receiving optimal pre-ESRD care. This results in a disproportionate number of 
patients starting hemodialysis (HD) with a catheter [ 1 ]. 

 There is limited published literature pertaining to unplanned dialysis initiation 
and its outcomes, and only a handful of publications are specifi c to the elderly popu-
lation. As a result, general observations made from these studies are often extrapo-
lated to the elderly patient cohort.  
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    What Is “Unplanned Start” of Dialysis? Defi ning 
the Terminology 

 Review of literature suggests that there has been much variability in the defi nition 
of “unplanned dialysis.” In general, dialysis is considered “planned,” when it is 
initiated in a scheduled, outpatient setting with the use of a permanent vascular or 
peritoneal access. On the other hand, any unscheduled initiation of dialysis with or 
without the use of a permanent access is considered “unplanned.” Most patients 
initiating dialysis in an unplanned setting are started on HD with a central venous 
catheter (CVC), as it is the “path of least resistance.” 

 The lack of consistency and uniformity in the terminology and defi nition of 
“unplanned dialysis” can make data gathering across studies challenging, which in 
turn makes deduction of outcomes diffi cult and unreliable. As a result, an alternative 
term, “suboptimal initiation” was proposed to defi ne this better and recommended 
including those patients that initiate dialysis (a) in the hospital or (b) with a central 
venous catheter or (c) not on the chronic dialysis modality of their choice. Creating 
a broader awareness for the consistent use of this term is recommended to help with 
standardization and for research purposes. 

 The rate of suboptimal dialysis initiation has ranged from 24 to 49 % in different 
studies [ 3 ] and has been noted to be a problem in patients with and without pre- 
ESRD nephrology care.  

    Causes of Suboptimal Dialysis Initiation 

 Several reasons have been cited in the literature as being responsible for suboptimal 
dialysis initiation, including late referral to nephrology (defi ned as nephrology care 
<1 year prior to initiation of dialysis) or diffi culties in accessing nephrology care 
due to insurance or fi nancial reasons, acute or chronic kidney disease, patient- 
related issues such as being in denial/refusing referral to education for RRT, and 
lack of proper surgical resources for establishment of a permanent dialysis access 
(Table  15.1 ).

   Table 15.1    Causes of suboptimal initiation of dialysis   

 1. Late referral to nephrology/diffi culty accessing nephrology/specialty care due to insurance 
or fi nancial reasons 
 2. Acute on chronic kidney disease 
 3. Patient-related issues such as being in denial/refusing referral for education and preparation 
for RRT 
 4. Lack of proper surgical resources for establishment of a permanent dialysis access, such as 
diffi culty with referral, insuffi cient surgical expertise 
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   While one may assume that early referral to nephrology would prevent subopti-
mal dialysis initiation, data suggest otherwise [ 1 ]. 

 Suboptimal dialysis initiation is a signifi cant problem in patients with and with-
out pre-ESRD nephrology care with the majority of incident ESRD patients starting 
dialysis “suboptimally,” utilizing a central venous catheter (CVC). Furthermore, 
these patients were noted to have a higher mortality rate in the fi rst 6 months of 
dialysis initiation, and any benefi t conferred by early nephrology referral was viti-
ated by suboptimal dialysis initiation [ 4 ]. 

 Studies investigating the factors associated with suboptimal initiation in patients 
referred to nephrology prior to their dialysis start found that acute on chronic kid-
ney disease, patient-related delays, delays attributed to renal service (relating to 
timely referral for modality education, access creation), and surgical delays were 
some of the common causes of suboptimal dialysis initiation (Table  15.2 ) [ 5 ,  6 ]. 
Also, the risk of suboptimal initiation increased by 4 % with each one-year incre-
ment in age [ 5 ].

       Outcomes of Suboptimal Dialysis Initiation 

 Suboptimal dialysis initiation has been associated with poor outcomes with 
increased morbidity and mortality, higher rates of hospitalization/associated costs 
with increased economic burden to the healthcare system, increased use of CVCs 
(associated with higher rates of infection and attendant complications), and a neg-
ative impact on the patients’ ability to choose a modality of their choice 
(Table  15.3 ).

  Table 15.2    Causes of 
suboptimal initiation in 
patients with pre-ESRD 
nephrology care >12 months  

 1. Patient-related 
 2. Acute on chronic kidney disease 
 3. Surgical delays 
 4. Late decision-making by the nephrologist 

  Table 15.3    Outcomes of 
suboptimal dialysis initiation  

 1. Higher mortality 
 2. Higher rates of hospitalization, blood transfusions 
 3. Worse metabolic profi le 
 4. Higher costs to healthcare system 
 5. Lower quality of life 
 6. Increased use of central venous catheters and higher 
rate of infections 
 7. Inability to initiate with dialysis modality of 
choice 
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      Mortality and Hospitalization Outcomes 

 Unplanned start leads to an increased risk of mortality as well as higher rates of 
blood transfusion and subsequent hospitalization, when compared to those that 
started electively [ 4 ,  7 – 10 ]. For patients over 75 years of age, late referral and 
unprepared access were noted to confer higher mortality risk than mortality related 
to 5-year age increments [ 8 ].  

    Economic Outcomes 

 Suboptimal dialysis initiation is also associated with increased economic burden, 
with studies noting severalfold increased per-patient cost for suboptimal initiation 
compared to optimal initiation. This was mainly attributed to the need for hospital-
ization and the need for higher number of in-hospital dialysis sessions [ 9 ,  11 ].  

    Quality of Life Outcomes 

 The manner of dialysis initiation may have a bearing on the quality of life (QoL). 
Planned dialysis initiation may be associated with better QoL independent of 
comorbidities, suggesting that the QoL benefi t may not be due to selection bias [ 12 ]. 
Similar fi ndings were noted in another study involving elderly incident ESRD 
patients (>70 years old). Those with suboptimal dialysis initiation had a lower QoL, 
higher rate of pulmonary and peripheral edema, digestive disorders, and anorexia, 
as well as signifi cantly lower levels of sodium and hematocrit compared to those 
with optimal initiation. Futhermore, QoL in ESRD patients undergoing optimal 
dialysis initiation was similar to controls without chronic kidney disease [ 13 ].   

    Strategies to Prevent Suboptimal Initiation 

 Prevention of suboptimal dialysis initiation entails addressing and resolving the 
underlying factors that are responsible for this problem. Late referral to a nephrolo-
gist is one of the factors associated with suboptimal initiation as previously dis-
cussed, and this has been associated with poor outcomes. This problem can be 
addressed by increasing awareness and educating the primary care providers (PCPs) 
about the adverse socioeconomic, mortality/morbidity, and QOL outcomes associ-
ated with late referral and suboptimal initiation. Providing information and tools to 
primary care providers to identify patients with kidney disease who are potentially 
headed towards dialysis can decrease the number of late referrals This is very 
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important as PCPs are usually the fi rst line of contact for patients with kidney 
 disease. A timely referral by the PCPs will allow for provision of effective pre-
dialysis education, so that the patient can make an informed choice about the modal-
ity, plan for it accordingly, and avoid suboptimal dialysis initiation. 

 The advent of chronic kidney disease (CKD) guidelines by work groups such as 
KDOQI (Kidney Disease Outcomes Quality Initiative) and KDIGO (Kidney Disease 
Improving Global Outcomes) [ 14 ] has improved awareness regarding the criteria 
for referral to a nephrologist. Nephrology referral is warranted when the estimated 
glomerular fi ltration rate (eGFR) drops below 30 ml/min or in cases of rapid pro-
gression of CKD (decline in eGFR of more than 5 ml/min/1.73 m 2 /year). Once a 
patient is referred to the nephrologist, a multidisciplinary team care approach 
(involving the nephrologist, dietitian, social worker, pharmacist, and a CKD educa-
tor with a thorough knowledge of management of CKD-ESRD and its complica-
tions) seems to lead to improved overall patient care. 

 Dialysis education is usually recommended at an eGFR of <30 ml/min, followed 
by a decision concerning modality between 20 and 30 ml/min. 

 Pre-dialysis education can determine whether dialysis initiation would be 
planned or unplanned. The benefi cial effect of multidisciplinary care (MDC) in pro-
viding pre-dialysis education has been shown in a few studies. Care in the setting of 
an MDC clinic along with standard nephrology care is known to be associated with 
a better metabolic profi le (higher hemoglobin, albumin, calcium) and lower morbid-
ity and mortality [ 15 ]. Patients with multidisciplinary pre-dialysis care are also 
more likely to have a functioning access at the time of dialysis initiation, fewer 
hospitalizations, and deaths at 1 year. Lack of MDC and older age and cardiovascu-
lar disease are known to be independently associated with increased mortality on 
dialysis [ 16 ].  

    Transition to the Community 

 Without further education, most patients with suboptimal hemodialysis start tend to 
choose in-center HD as their permanent dialysis modality of choice [ 17 ]. This may 
especially be true in case of the elderly patients, as they are often perceived as being 
“unsuitable” for a home dialysis therapy possibly due to concerns regarding their 
frailty, physical and cognitive functioning, and lack of social support. However, 
with proper education (Fig.  15.1 ) and understanding of the patient’s support sys-
tems and possible barriers to pursuing a home therapy, we may be able to offer 
alternatives (such as assisted PD) and provide the needed support for patients to 
pursue home dialysis if they should so desire.

   As previously discussed, increased mortality and frailty for elderly dialysis 
patients has been well documented. These issues need to be factored into the discus-
sion and education provided to patients and their caregivers. Depending on the 
patient’s overall condition and other prevalent comorbidities, it may be appropriate 
to discuss conservative management/hospice care in lieu of continuing dialysis. 

15 Unplanned Start of Hemodialysis and Transition to Community



196

 An in-hospital CKD-education program for patients with suboptimal dialysis 
initiation has been shown to increase the number of patients choosing a home dialy-
sis modality for maintenance (35 %) compared to the rates prior to the implementa-
tion of the in-hospital education program (13 %) [ 17 ]. Also, education of suboptimal 
HD patients by a renal triage nurse (RTN) may also help achieve similar results 
[ 18 ]. These data suggest that patients with suboptimal dialysis start will benefi t 
from a CKD-education program that is initiated in the hospital and continued as an 
outpatient, and efforts should be made to facilitate this. 

 For CKD-dialysis patients to have a good understanding of their disease process, 
prognosis, pros and cons of different dialysis modalities, generally, 3–6 educational 
sessions are recommended [ 19 ], and these should include information pertaining to 
non-dialytic conservative management and possibly palliative/hospice care if 
appropriate. 

 The concept of advance care planning (ACP) is also gaining ground, which 
includes ongoing communication between patients, their families, and health care 
providers about the patients’ wishes regarding their end-of-life care. ACP calls for 
continuing discussion about the prognosis, goals of care, and patient’s preferences 

Advance care planning and ongoing communication with 
patient and family about prognosis, goals of care and

end-of-life decisions

Shared decision-making

Discuss the option of non-dialytic conservative 
management/palliative care

Continue multidisciplinary education in the outpatient 
setting (3−6 sessions)

Commencement of CKD-Dialysis education in the hospital

Suboptimal initiation of dialysis

  Fig. 15.1    Algorithm for transition after suboptimal initiation       
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as the patient’s health deteriorates and end-of-life issues become more relevant [ 20 ]. 
ACP also facilitates change in ESRD therapy if patient desires, as patients can 
change their mind with ongoing education and communication. Having advance 
care directives and a healthcare proxy in place is part of ACP [ 21 ]. Such patients use 
less invasive procedures and pursue hospice care sooner, and more frequently [ 22 ]. 

 In summary, a smooth transition to the community after suboptimal dialysis ini-
tiation requires multidisciplinary CKD-dialysis education that starts in the hospital 
and continues as an outpatient until the patient is able to make an informed decision, 
after weighing in all his options.  

    Conclusion 

 There is an increase in the number of elderly patients starting dialysis, and a signifi -
cant proportion of these patients initiate dialysis suboptimally. Suboptimal dialysis 
initiation is associated with adverse mortality, hospitalization, economic, and QoL 
outcomes. Several factors are responsible for suboptimal initiation including late 
referral to the nephrologist, patient-related factors, lack of surgical resources, and 
delay in decision-making on part of the nephrologists. Prevention of suboptimal 
dialysis starts requires a concerted effort to address the underlying factors that lead 
to this problem in the fi rst place. Educating and aiding the PCPs to identify CKD 
patients that are likely to progress to ESRD and referring them early to a nephrolo-
gist is vital to avoiding late referrals. In addition, multidisciplinary CKD-dialysis 
education is an important component of pre-dialysis care, which can improve out-
comes and increase the likelihood of optimal dialysis initiation. Given the signifi -
cant burden and increased mortality with dialysis in the elderly, the options of 
non-dialytic conservative management, time-limited trial of dialysis, and palliative/
hospice care should be included in the patient-education program. Advance care 
planning and ongoing communication with patients and their families will allow a 
smooth transition when end-of-life care decisions need to be made. 

 Key Points 
1.     Unplanned or suboptimal dialysis initiation is a major problem in the 

elderly ESRD patients.  
2.   Suboptimal dialysis initiation is associated with adverse mortality, hospi-

talization, economic, and QoL outcomes.  
3.   Multidisciplinary patient education is vital in countering the problem of 

suboptimal initiation as it helps patients make an informed choice and start 
dialysis in an optimal manner.  

4.   Shared decision-making and advance care planning are important strate-
gies to maintain an ongoing communication with patients and their fami-
lies about goals of care and end-of-life decisions when appropriate.    
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    Chapter 16   
 Shared Decision-Making: Role 
of the Nephrologist in Palliative Care                     

       Robert     G.     Fassett     

        It is imperative that the nephrologist focuses on an assessment of the patient’s 
symptoms and is fully cognizant of the therapies that are indicated in palliative care 
of patients with ESRD. These differ signifi cantly from those used in the general 
population as side effects of commonly used drugs can be distressing to patients 
with ESRD. 

    Introduction 

 With the increasing presentation and acceptance of the elderly, often with multiple 
comorbidities, onto ESRD programs, there has been heightened awareness of the 
need to address palliative care issues not only for those on dialysis but also prior to 
the onset of ESRD and the need for ESRD therapy [ 1 ]. 

 The World Health Organization (WHO) defi nes palliative care as “the active total 
care of patients whose disease is not responsive to curative treatment and includes 
control of pain, other symptoms, together with attention to psychological, social, 
and spiritual problems.” The WHO defi nition further asserts that  palliative care 
should not be limited to patients at the end of life . Rather, it is designed to improve 
the quality of life (QOL) of all patients suffering from chronic, life-limiting illness 
regardless of life expectancy. 

 Advanced care planning is an integral component of palliative care and includes 
the ethical, psychological, and spiritual issues related to starting, continuing, with-
holding, and stopping dialysis. It is the process of clarifying preferences and indi-
vidual plans for care near the end of life. The advanced care plan needs to be patient 
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specifi c and periodic updating is required. Ultimately when the patient is dying and 
the advanced care plan needs to be considered, their recorded preferences should be 
respected. 

 The nephrologists’ desired outcomes from advanced care planning include an 
enhanced understanding by the patient and their family of the trajectory of their 
disease and hence prognosis, along with their end-of-life issues. This allows greater 
patient autonomy and satisfaction for the patient and their family. It assists the 
patient in fi nding hope, a meaning to life, and spiritual settlement along with 
strengthened relationships with their loved ones. 

 Advanced care directives include the living wills and durable powers of attorney 
for healthcare and are the legal documents which vary across jurisdictions. This is 
only one component of advanced care planning. 

 Withdrawal of dialysis is one of the commonest causes of death among dialysis 
patients. Hence, the nephrologist must prepare the patient for this possibility well in 
advance and be experienced and sensitive to when this needs to be considered.  

    Palliative Care in Patients with ESRD 

 The timely involvement of the palliative care team in the management of the patient 
with ESRD is important. The point during the patient’s illness that this occurs will 
depend on the individual patient and the experience and training of the nephrologist. 
In other disease states such as non-small cell lung cancer, early involvement of pal-
liative care has even improved survival [ 2 ]. Multidisciplinary management of stage 
4–5 CKD patients with a focus on advanced care planning and directives will ensure 
patients make the best decisions for their future. These plans must be continually 
reviewed as circumstances change during the trajectory of their illness. 

 The nephrologist plays the central role within the multidisciplinary team as the 
patient’s physician. The other key healthcare providers include renal nurses, social 
workers, psychologists, palliative care clinicians, dietitians, and spiritual supporters. 

 Davison et al. surveyed and assessed the nephrologist’s preparedness for deci-
sions at the end of life [ 3 ]. This survey was conducted in 2005 and contemporary 
practice may have changed. However, 39 % of nephrologists perceived they were 
well prepared to make end-of-life decisions. However, of concern, this suggests 
61 % were not. An awareness of decision-making guidelines, experience with mak-
ing dialysis withdrawal decisions, and nephrologist age >46 years were associated 
with greater perceived preparedness. This suggests the contemporary nephrologist 
would be best placed to make end-of-life decisions if they familiarize themselves 
with the many available guidelines relevant to this area. 

 The discussions surrounding the pathway a patient takes should be initiated 
early; preferably in CKD stage 4 when eGFR reaches around 25 ml/min/1.73 m 2 . 
This of course depends on the rate of decline of eGFR as well. If the eGFR is very 
stable, then discussions may be premature, but if the eGFR is rapidly declining, 
discussions may need to occur earlier. Once the nephrologist recognizes the trigger 
point, the discussion of the following issues should be lead by the nephrologist. 
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 For those patients with ESRD on dialysis, the trigger to discuss dialysis with-
drawal is often the occurrence of a signifi cant comorbid event such as a stroke or the 
development of a malignancy. Sometimes it is simply the patient’s request once 
their QOL declines.  

    The Role of the Nephrologist 

     1.    The nephrologist should take the lead role in the discussions around palliative 
care as with all aspects of the patient’s management. The discussions will cover 
the options for therapy including choosing a non-dialysis pathway supported by 
palliative care or alternatively progressing to dialysis. Specifi cally, the nephrolo-
gist should initiate this with the patient at a clinical consultation. Subsequently, 
the nephrologist should organize consultations involving the family and the other 
members of the multidisciplinary team with the consent of the patient. An ongo-
ing dialogue at subsequent consultations will be necessary to reinforce material 
discussed as patients often forget or misinterpret information at initial discus-
sions. It is the responsibility of the nephrologist to ensure the patient receives 
consistent information from all members of the multidisciplinary team. This is to 
avoid confusing the patient at such a sensitive time. 

 Based on a survey conducted by Davison, 51.9 % of dialysis patients had not 
had any discussion of end-of-life care in the 12-months preceding the survey and 
only 9.9 % had such a discussion with their nephrologist. The survey showed 
60.7 % of patient’s regretted starting dialysis and only 34.2 % started dialysis 
because of their own specifi c wish; the rest started because of the wishes of their 
family or doctor [ 4 ]. For most patients (90.4 %), the nephrologist had not talked 
to them about how long they had left to live.   

   2.    The nephrologist should discuss the best estimate of the patients’ likely survival 
should they select to have dialysis. Recent studies have made this aspect a little 
easier [ 5 ,  6 ]. For example, if the patient is over 75 years of age with multiple 
comorbidities, one can reasonably indicate that the patients’ survival will be not 
signifi cantly better if they chose dialysis [ 5 ]. Also, if the patient is a nursing 
home resident in the USA, one can estimate that functional capacity is unlikely 
to be retained at 12 months (in 13 % only) after initiation of dialysis and that 
58 % of patients will have died [ 6 ]. The nephrologist may choose one or several 
of the predictive tools summarized below to assist this estimation.   

   3.    The nephrologist should discuss the QOL the patient is likely to experience 
should they select to have dialysis treatment. Results from a survey conducted in 
dialysis patients by Davison found 57.2 % felt relief of pain or discomfort and 
improved quality of life was preferable to extending life [ 6 ].   

   4.    The nephrologist should ensure there is an accurate compassionate assessment 
of the patient’s symptoms. Any symptoms should be treated according to specifi c 
renal guidelines. The nephrologist will be faced with many patients with multi-
ple comorbidities, functional decline, psychological distress, and social chal-
lenges. Ameliorating symptoms will improve QOL and allay anxiety.   
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   5.    The nephrologist must ensure that the elderly dialysis patient is not subjected to 
unnecessary life prolongation and distress. The United States Renal Data System 
(USRDS) and Medicare data 2004–2009 revealed that 80 % of dialysis patients 
had a dialysis procedure performed within 30 days of their death and were hos-
pitalized for twice as many days as terminal cancer patients. Thus, the nephrolo-
gist should take overall responsibility in such situations and provide direction 
and leadership by facilitating the advanced care planning. These patients are 
often impeded by cognitive decline, which impairs the capacity to make 
decisions.   

   6.    The nephrologist should use available clinical prediction models to assist deci-
sions about starting or withdrawal of dialysis. These are summarized below.      

    Clinical Prediction Models 

 The nephrologist can use several prediction models to assist in estimation of the 
prognosis of elderly patients with ESKD. These are summarized in Table  16.1 . A 
simple method is the validated “surprise question” which asks, “Would you be sur-
prised if the patient died in the next year?” This is by far the easiest method as it can 
be done at the bedside. The other scores require additional information such as the 
tool developed by Couchoud, which incorporates clinical parameters and gives an 
estimated 6-month mortality risk of between 8 and 70 % (Table  16.2 ). Another tool 

  Table 16.1    Prediction 
Models to estimate prognosis 
in elderly with ESKD  

 Clinical prediction models 
 The surprise question 
 The modifi ed Charlson score (MCS) 
 The JAMA Kidney Failure Risk Equation 
 Combination of MCS and surprise question 
 Couchoud 6-month prognosis score 

Risk factors

Total
score

6-months
mortality rate

Total dependence for transfers

Congestive heart failure stage 3 or 4

Dysrhythmia

Diabetes mellitus

Active malignancy

Unplanned dialysis initiation

Severe behavioral disorder

Peripheral vascular disease stage 3 or 4

BMI <18.5 kg/m2

3

2

1

1

1

2

2

2

2

0

1

2

3−4

5−6

7−8

≥9

8 %

8−10 %

14−17 %

21−26 %

33−35 %

50−51 %

62−70 %

Points

   Table 16.2    Couchoud prognosis score for prognosis in the elderly with ESRD [ 7 ]       
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designed by Cohen uses both the surprise question and four additional parameters: 
the presence or absence of dementia and peripheral vascular disease, age, and serum 
albumin. This tool can be accessed using an app available online at    www.qxmd.
com/apps/calculate-by-qxmd.    

    Another such tool is the modifi ed Charlson score (MCS) is adapted from the 
Charlson Comorbidity index and identifi es dialysis patients likely to have a 1-year 
mortality rate of 50 %. The score is derived from the sum of the patient’s comor-
bidities (Table  16.3 ) and their age. The age score is based on one point per decade 
from the age of 40 years. This gives a predicted survival time in months 
(Table  16.4 ).

    Finally, the JAMA Kidney Failure Risk Equation uses laboratory test results and 
patient demographics to estimate the risk of progression to ESKD and the calculator 
is available as an app from   www.qxmd.com/Kidney-Failure-Risk-Equation.     

 The Renal Physicians Association has also produced guidelines to help the 
nephrologist and the patients and families make the diffi cult decisions regarding 
starting and withdrawing from dialysis. The recommendations for establishing a 
shared decision-making relationship are outlined in Table  16.5 .

   The physical and psychological symptom burden that stage 5 ESRD patients 
have during the last month of their life can be greater or similar to that of terminal 
cancer patients. The Liverpool Care Pathway through guidelines outlines the best 
available evidence for providing therapy for treatment of patients dying from 
ESRD. A United Kingdom Expert Consensus Group also developed evidence-based 

  Table 16.3    Modifi ed 
Charlson comorbidity score 
for prognosis in the elderly 
with ESRD  

 Comorbidity  Score 

 Cancer  5 
 Myocardial infarct  2 
 Congestive cardiac failure  2 
 Cerebrovascular disease  2 
 Diabetes with complications  2 
 Liver disease  2 
 Peripheral vascular disease  1 
 Dementia  1 
 Chronic pulmonary disease  1 
 Rheumatologic disease  1 
 Peptic ulcer disease  1 
 Diabetes without complications  1 

  Table 16.4    Modifi ed Charlson 
score for prediction of survival  

 MCS  Predicted survival time (months) 

 9–15  <3 
 6–8  3–12 
 4–5  12–24 
 2–3  24–60 
 0–1  >60 
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guidelines for symptom control in patients dying from ESKD [ 8 ]. The recommen-
dations are summarized in Table  16.6 .

   Figure  16.1  outlines our understanding of management of CKD over time. It 
arbitrarily divides overall management into: (i) the technical issues related to the 
kidney disease and its comorbidities and their treatment, (ii) the immediate symp-

   Table 16.5    Summarized Renal Physician Association guidelines   

 1. Establish a physician-patient relationship for shared decision-making 
 2. Fully inform ESKD patients of their diagnosis, prognosis, treatment options 
 3. Give all patients a prognosis specifi c to their overall condition 
 4. Institute advanced care planning and an advanced care directive 
 5. Withhold initiating or withdraw dialysis in clearly defi ned circumstances a  
   Fully informed patients with capacity who refuse dialysis or request its withdrawal 
   Patients without capacity with an advanced directive 
   Patients without capacity whose legal guardian refuse dialysis or request its withdrawal 
   Patients with irreversible profound neurological impairment 
 6. Forgo dialysis when prognosis is very poor or if it cannot be performed safely 
   Patients whose condition makes it technically impossible to provide dialysis 
   Presence of a nonrenal terminal illness such as cancer 
   Age >75, “no” to surprise question, high comorbidity score, poor functional capacity, or 

malnutrition 
 7. Consider time-limited dialysis trial if prognosis uncertain and no consensus 
 8. Establish confl ict resolution process for dialysis decision disagreement 
 9. Offer palliative care services to all ESKD patients with disease burden 
 10. Use systematic approach to communicate diagnosis, prognosis, and treatment options and 
goals of care 

   a Palliative care is an integral part of the medical management with a focus on symptom relief, 
comfort, and QOL. This is led by the nephrologist with input from the multidisciplinary palliative 
care team  

   Table 16.6    Symptom control in the dying patient with ESKD, summarized from the United 
Kingdom Expert Consensus Group [ 8 ]   

 Symptom  Treatment recommendations 

 Nausea and vomiting  Haloperidol (half usual dose) 
 Levomepromazine (alternative) 
 Metoclopramide (avoid greater risk of extrapyramidal reaction) 
 Cyclizine (avoid hypotension and tachyarrhythmia) 

 Respiratory secretions  Glycopyrronium (half dose) 
 Hyoscine butylbromide (alternative) 
 Hyoscine hydrobromide (avoid, drowsiness, agitation) 

 Terminal agitation  Midazolam at reduced dose and increased dose interval 
 Levomepromazine (alternative) 

 Pain and/or dyspnea  Fentanyl (subcutaneous) 
 Alfentanil (alternative) (continuous infusion) 
 Oxycodone, hydromorphone, diamorphine (short term if alternatives 
unavailable) 
 Morphine, diamorphine (avoid regular or continuous infusion) 
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toms and quality-of-life issues suffered by the patient, and (iii) psychological impact 
of the disease and its prognosis on the patient, their spouse and family, and how this 
affects communication and decision-making between them and the renal multidis-
ciplinary team. Optimal patient care through the course of the disease will involve 
combining technically profi cient disease assessment and management, attention to 
the immediate condition as perceived by the patient, and guidance of the emotional 
condition of the patient, their knowledge and understanding of their disease and its 
prognosis, in order to allow decision-making that maximally satisfi es the patient 
and their family. The relationships between the components of care have not been 
made explicit, and the effects of symptomatic and psychological management, and 
quality of communication, on patient satisfaction have not been measured to any 
useful extent. The following category of patients might have diffi culty in being 
brought into an effective partnership with their physicians in deciding on the nature 
and timing of transitions in their renal replacement therapy:

•     Those who are uncertain about his/her prognosis  
•   Whose understanding differs signifi cantly from their professional advisors  
•   Those suffering from denial or depression as a reaction to realizing their mortally 

threatening and severely restrictive disease  
•   Whose communication with the renal team seems to be at cross-purposes    

 However, evidence would be more helpful than speculation. The “standard or 
usual” and “palliative” designations do not imply separate functions, but might be 
regarded as integrated components of overall patient care. Current best practice 
will be intuitively performing these functions but is stated explicitly here to 
assist service planning and information recording and communication between 
the patient’s healthcare providers. The list of activities is not intended to be 
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 exhaustive, but only illustrative of types of activity. Also, health-funding models, 
notably item-of- service payment, may need to be modifi ed to facilitate this inte-
grated model of care. 

 Although the nephrologist should lead discussions with the patient and their 
family, they should function in close collaboration with the multidisciplinary team. 
The varied skills of the renal nurses, social workers, psychologists, and palliative 
care professionals should be incorporated into the patients’ care at levels dependent 
on the individual situation. The strengths of these professionals will vary individu-
ally and by institution. Thus, the nephrologist must lead this group in the context of 
palliative care for the patient with ESRD.  

    Conclusions 

 The nephrologist is the clinical leader and coordinates all aspects of palliative care 
for the patient with ESRD. They must be trained and familiar with the available 
contemporary guidelines appropriate to their practice location. Skills working as 
part of a multidisciplinary team are essential. 

 Key Points 
    1. Advanced care planning and directives.  
    Nephrologists must ensure patients approaching end-stage renal disease 

(ESRD) and those established on dialysis have participated in advanced 
care planning and record an advanced care directive appropriate for the 
jurisdiction where they undertake their medical care. This must be regu-
larly reviewed and supported by an accessible, recorded update. It is espe-
cially important to review and update the record when there are signifi cant 
changes in the patient’s clinical condition.  

  2. End-of-life decisions.  
    End-of-life decisions at critical times in a patient’s care trajectory will be 

signifi cantly aided by prior advanced care planning and the availability of 
an advanced care directive. However, at these times, the nephrologist 
should lead the discussion around the end-of-life decisions with the patient 
and their family.  

  3. Palliative care.  
    Depending on the resources available in the healthcare facility, the nephrol-

ogist may be the de facto palliative care provider or when available enlist a 
qualifi ed palliative care physician in the management of the patient. 
Palliative care has increasingly been considered at earlier stages of life-
limiting disease and according to the World Health Organization defi nition 
should be part of all such chronic disease care.  

R.G. Fassett
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