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Kidney disease 1

Epidemiology, contributors to, and clinical trials of mortality 
risk in chronic kidney failure
Alberto Ortiz, Adrian Covic, Danilo Fliser, Denis Fouque, David Goldsmith, Mehmet Kanbay, Francesca Mallamaci, Ziad A Massy, Patrick Rossignol, 
Raymond Vanholder, Andrzej Wiecek, Carmine Zoccali, Gérard M London, for the Board of the EURECA-m Working Group of ERA-EDTA

Patients with chronic kidney failure—defi ned as a glomerular fi ltration rate persistently below 15 mL/min per 
1·73 m²—have an unacceptably high mortality rate. In developing countries, mortality results primarily from an 
absence of access to renal replacement therapy. Additionally, cardiovascular and non-cardiovascular mortality are 
several times higher in patients on dialysis or post-renal transplantation than in the general population. Mortality of 
patients on renal replacement therapy is aff ected by a combination of socioeconomic factors, pre-existing medical 
disorders, renal replacement treatment modalities, and kidney failure itself. Characterisation of the key 
pathophysiological contributors to increased mortality and cardiorenal risk staging systems are needed for the rational 
design of clinical trials aimed at decreasing mortality. Policy changes to improve access to renal replacement therapy 
should be combined with research into low-cost renal replacement therapy and optimum clinical care, which should 
include multifaceted approaches simultaneously targeting several of the putative contributors to increased mortality.

Scope of the problem
Chronic kidney failure is defi ned as a glomerular 
fi ltration rate (GFR) persistently below 15 mL/min 
per 1·73 m² and represents the end stage of chronic 
kidney disease.1 Renal replacement therapy (RRT), 
achieved by haemodialysis, haemodiafi ltration, perito-
neal dialysis, or kidney transplantation, can be lifesaving. 
However, mortality rates in patients on RRT are high, 
and in developing countries RRT is initiated in less than 
25% of patients with chronic kidney failure.2 In this 
review, we discuss the extent and causes of chronic 
kidney failure and actions to improve outcomes.

Epidemiology
At age 40 years, the lifetime risk of chronic kidney failure 
is one in 50.3 Each year about 440 000 patients worldwide 
start RRT, but 3 200 000 have no access to RRT and die 
prematurely (fi gure 1, appendix).1 Detailed mortality data 
are available only from registries in developed countries. 
Therefore, these data might not be representative of 
worldwide reality. Furthermore, information about 
patients with chronic kidney failure who do not receive 
RRT is scarce. The Global Burden of Disease 2010 study6  
identifi ed chronic kidney failure as one of the three 
causes of death with the greatest increase from 1990 to 
2010. In some developing regions, such as Central 
(Colombia, Costa Rica, El Salvador, Guatemala, 
Honduras, Mexico, Nicaragua, Panama, and Venezuela) 
and Andean (Bolivia, Ecuador, and Peru) Latin America, 
chronic kidney failure is the fi fth most common cause of 
death (appendix).6

Haemodialysis is the most frequent form of RRT. 
Mortality is highest during the fi rst 3 months of 
haemodialysis (27·5 deaths per 100 person-years during 
the fi rst 120 days vs 21·9 deaths per 100 person-years for 
days 121–365; p=0·002).7 Thereafter, yearly mortality in 

dialysis remains around 5–27% in developed countries.7 
In patients aged 65–74 years—the most common age 
group in the European Renal Association–European 
Dialysis and Transplant Association (ERA-EDTA) 
Registry4—life expectancy is only 5 years, which is 50% 
lower than in the same age group in the general 
population. Cardiovascular disease is the most frequent 
cause of death (fi gure 1). Cardiovascular mortality in 
patients on dialysis is 10–20 times higher than in the 
general population and seems to be more than 100 times 
higher in patients younger than 45 years (fi gure 2).4 
Figure 2 shows absolute and relative diff erences in 
mortality between the general population and the ERA-
EDTA Registry. Younger patients on RRT had a higher 
relative risk of death than the general population, mainly 
from cardiovascular causes, which decreased with 
increasing age, although always remained several times 
above that of the general population. This increased risk 
was especially high in women. However, in view of the 

Search strategy and selection criteria

We searched the Cochrane Library, Medline, Embase, and 
Database of Systematic Reviews (up to Nov 30, 2013). We used 
the search terms “mortality” or “survival” or “malnutrition” or 
“wasting” or “infection” or “cardiovascular” in combination 
with the terms “dialysis” or “end stage renal disease” or 
“chronic kidney disease” or “chronic kidney failure”. We mostly 
selected publications from the past 5 years, but did not exclude 
commonly referenced and highly regarded older publications. 
We also searched the reference lists of articles identifi ed by this 
search strategy and selected those we judged relevant. Review 
articles are cited to provide readers with more details and more 
references than there is room for in this Review. Additional 
publications were proposed by the authors.
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low baseline risk of death and the low number of young 
patients on RRT, the excess absolute number of deaths in 
young patients on RRT was not as high as in older 
patients. The greatest eff ect in terms of absolute number 
of excess deaths was from age 44 years and older and 
peaked in the 64–84 years age group. This fi nding is 
mainly the result of a combination of a high number of 
at-risk patients on RRT and a high relative risk of death, 
although in the 64–84 years age group the relative risk of 
death was much lower than in younger patients on RRT. 
There was a lower absolute number of excess deaths in 
those older than 84 years, which is misleading since the 
most probable cause is a low number of patients on RRT, 
which lowers the number of at-risk patients on RRT. 
Thus, the excess absolute risk of death in terms of death 
rate per 1000 patients was similar in those aged 
75–84 years and above 84 years. The gap between 
75–84 years and above 84 years in excess absolute number 
of RRT patient deaths can be regarded as an estimation 
of chronic kidney failure deaths because of limited RRT 
in developed countries. Aggregated non-cardiovascular 
deaths are even more frequent than cardiovascular 
deaths (appendix).4 In relation to the general population, 
absolute excess mortality is greater for non-cardiovascular 
causes but relative excess is greater for cardiovascular 

deaths. Young women on RRT display the most dramatic 
increment in relative risk of all-cause death.

Cardiovascular death encompasses several causes with 
divergent pathogenic mechanisms from atherosclerosis to 
heart failure and sudden death. Sudden cardiac death 
accounts for up to 25% of haemodialysis deaths and occurs 
most often towards the end of the long inter-haemodialysis 
interval and in the 12 h immediately after haemodialysis.8 
Standardised mortality rates from pulmonary embolism, 
myocardial infarction, and stroke or other cardiovascular 
diseases were 12, 11, and eight times higher, respectively, in 
patients on dialysis than in the general population.9 
However, in developing countries so-called cardiovascular 
death can represent pulmonary oedema secondary to 
stopping dialysis for economic reasons.10

Infection is the second most common cause of death in 
chronic kidney failure. Mortality from septicaemia or 
lung infections is 50 and 15 times higher, respectively, in 
patients on dialysis than in the general population.11 Also, 
cancer incidence in patients on dialysis is increased by 
10–80% compared with the general population for about 
ten cancer locations, and cancer incidence is over three 
times higher in 20 locations in patients who have 
received a kidney transplantation.12,13 Death as a result of 
withdrawal from dialysis is more common in the elderly, 
whereas refusal of care or suicide are more frequent in 
younger patients.4

Mortality on RRT is highest in the USA, lowest in Japan, 
and intermediate in Europe and Canada (appendix).14,15  
Per-head gross domestic product and mortality in the 
general population are associated with these geographical 
diff erences.14,15 Factors associated with high mortality, such 
as greater use of haemodialysis catheters and shorter 
haemodialysis sessions or physician–patient contact 
times, are more prevalent in the USA than in other 
developed countries.16,17 In developing countries, mortality 
is higher and its causes diff er from those in developed 
countries. In an Ethiopian centre, 1-year mortality on 
dialysis was 58%.5 The most frequent cause of death was 
septicaemia (34%), and uraemia accounted for 24% of 
deaths.5 1-year mortality in patients with catheters was 
96%;5 catheter prevalence might be as high as 92%.18

Despite an increase in age and comorbidities in the RRT 
population, mortality in patients on RRT has decreased in 
recent years over all age strata, although more slowly than 
in the general population (appendix).19–21 Transplantation 
off ers the lowest mortality rates, around 1·5–7% per year,22 
and is cost eff ective. However, access is restricted 
worldwide. In 2004, 23% of the world RRT population had 
a functioning kidney graft, ranging from 5–7% in Japan 
and Africa to 31% in Europe and North America.23 Patients 
who have received a kidney transplant represent over 50% 
of the RRT population in only a few European countries.22

Potential pathophysiological contributors
Several factors contribute to the high risk of death in 
chronic kidney failure (fi gure 3). Common risk factors for 
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Figure 1: Causes of death in chronic kidney failure
(A) Global causes of mortality in chronic kidney failure.2 (B) Causes of death in the ERA-EDTA Registry.4 Social death 
includes withdrawal of dialysis, refusal of care, and suicide. (C) Causes of death in an Ethiopian dialysis centre.5 Social 
death represents withdrawal of dialysis. Non-cardiovascular, non-social causes were represented exclusively by 
infection. Cardiovascular causes might be secondary to underdialysis. Widely cited registries from developed countries 
might not be fully representative of situations around the world, especially of the situation in developing countries 
where registry data are not available. The fi gure does not intend to compare registry data with single-centre data. 
There is a wide spectrum of economic development and RRT availability in diff erent developing countries and the 
fi gure is not representative of all developing countries. Availability of RRT registries is in itself a sign of economic 
development, and data from developing countries registries might not represent the reality in other developing 
countries where registry data are not available. ERA-EDTA=European Renal Association–European Dialysis and 
Transplant Association. RRT=renal replacement therapy.

Unknown
Miscellaneous
Social death
Cachexia
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Infection
Cardiovascular
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No access to RRT

C  Causes of death in patients receiving
RRT in an Ethiopian dialysis unit

B  Causes of death in patients receiving
RRT in developed countries

A  Global causes of death in 
chronic kidney failure
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chronic kidney failure and mortality include diabetes, 
hypertension, overweight, atherosclerosis, lipid disorders, 
smoking, and possibly salt and phosphate intake.

Kidney failure results in accumulation of damaging 
molecules (uraemic toxins), volume overload, electrolyte 
abnormalities, metabolic acidosis, and neurohumoral and 
metabolic abnormalities that progress as renal function 
declines. Uraemic toxins, including trimethylamine-N-
oxide, have been linked to cardiovascular risk in the 
general population,24,25 whereas phosphate accumulation is 
thought to be a key driver of chronic kidney disease 
mineral bone disorder.26 As discussed later, present dialysis 

techniques cannot replace all the diff erent physiological 
functions of the kidney, and in those in whom they do off er 
some functional improvement, it is incomplete.

Dialysis-related factors, such as the use of central venous 
catheters for haemodialysis, increase the risk of death 
from infection and cardiovascular causes.27 Transplantation-
related factors, such as the use of immunosuppressive 
drugs, increase the risk of infection and cancer and impair 
the cardiovascular risk profi le.28

These risk factors contribute to processes precipitating 
death. Chronic kidney disease results in accelerated 
ageing, particularly of the cardiovascular system.29 

Figure 2: Four diff erent points of view on age-specifi c and sex-specifi c absolute and relative diff erences in mortality between the general population and the 
European Renal Association–European Dialysis and Transplant Association Registry
Relative excess mortality of patients on RRT versus the general population per age group and stratifi ed by cause of death: (A) overall and (B) by sex. (C) Sex-based 
absolute excess death rate per 1000 patient-years in patients on RRT versus the general population per age group and stratifi ed by cause of death. (D) Sex-based 
absolute excess number of deaths calculated for the cohort of 123 407 patients on RRT reported by de Jager and colleagues. The number of individuals at risk in each 
age group of patients on RRT was multiplied by the death rate in person-years of that age group and stratifi ed by cause of death. Figures created from data in de Jager 
and colleagues.4 RRT=renal replacement therapy.
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Klotho is a multifunctional protein and hormone 
expressed by the kidney that has phosphaturic and anti-
ageing properties.30 Klotho defi ciency in chronic kidney 
disease is in part related to systemic and renal 
infl ammation.31.32

Both atherosclerosis and arteriosclerosis contribute to 
cardiovascular mortality.33 Premature arterial ageing, 
calcifi cation, and stiff ening are characteristic of arterio-
sclerosis in chronic kidney failure.34 Aortic stiff ness 
results in high aortic pressure and left ventricular 
afterload, decreased coronary perfusion, and micro-
vascular rarefaction. Left ventricular hypertrophy and 

progressive cardiosclerosis are faciliatated by high left 
ventricular afterload and increased left ventricular 
preload (overhydration, arteriovenous fi stulas, and 
anaemia), which promotes a cardiomyopathy of overload 
associated with systolic or diastolic left ventricular 
dysfunction, or both; heart failure; arrhythmias; and 
sudden death. Atherosclerosis is primarily a disease of 
the intima. Although not a specifi c consequence of 
chronic kidney failure, it is strongly aggravated by 
chronic kidney disease.35

Chronic kidney disease mineral bone disorder is often 
complicated by fractures or vascular arterial calcifi cation. 
Negative mineral bone balance and accumulating 
mineral content in arteries (ie, vascular calcifi cation) are 
closely and reciprocally related.36 Cardiovascular 
calcifi cation involves cellular and mineral processes, 
resulting from an imbalance between inducers (eg, 
phosphate, infl ammation, and uraemic toxins) and 
inhibitors (eg, carboxylated matrix Gla protein, calcium 
sensing receptor, and pyrophosphate).37 Although 
various stimuli promote dediff erentiation of vascular 
smooth muscle cells into osteoblast-like or chondroblast-
like cells and vascular calcifi cation in vitro,37 such a 
mechanism is uncertain in vivo. Small calciparticles—
extracellular particles composed of Fetuin-A, calcium, 
and phosphate—are possible contributors. Active 
vitamin D defi ciency seems to aff ect immunity, 
infl ammation, and vascular risk.38 Additionally, risk 
factors such as coronary artery disease and heart failure, 
left ventricular hypertrophy, electrolyte shifts, and 
vascular calcifi cation might be important contributors to 
sudden death.8,37

Sympathetic nerve activity, which contributes to 
hypertension and cardiovascular events, is markedly 
increased in chronic kidney failure due to activation of 
central sympathetic tone by diseased kidneys.39,40 Nocturnal 
hypoxaemia due to sleep apnoea triggers sympathetic 
overactivity and is an independent predictor of 
cardiovascular death in patients on dialysis.41 Increased 
concentrations of asymmetric dimethyl arginine, an 
inhibitor of nitric oxide synthase, are associated with 
increased all-cause death. Both asymmetric dimethyl-
arginine and sympathetic activity are part of the same  
pathophysiological pathway, which leads to an increased 
risk of death.

The immune system is altered in chronic kidney 
failure. Innate immune activation leads to systemic 
infl ammation whereas immune suppression predis-
poses to infection and cancer.42 Infl ammation is 
associated with protein energy wasting and increased 
mortality.43 Left ventricular overload and excess sodium 
might be proinfl amma tory.44 Furthermore, haemo dialysis 
is now the most frequent cause of catheter-related 
bacteraemia in the USA, after new standards of care 
dramatically decreased catheter-related bacteraemia in 
intensive care units.45 Mortality risk remains increased 
for years after pneumonia or septicaemia.46,47

Figure 3: Pathophysiological links between potential contributors to mortality in chronic kidney failure
Coloured lines represent a direct eff ect on mortality. Line thickness shows the magnitude of eff ect. Dotted lines 
show a lesser eff ect than solid lines. *Diabetes, hypertension, overweight, atherosclerosis, lipid disorders, smoking, 
and possibly salt and phosphate intake. †The consequences of kidney failure accelerate atherosclerosis, which itself 
is not a direct consequence of kidney failure.
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Patients with chronic kidney failure are at high risk for 
protein energy wasting because of anorexia, infl ammation, 
hypothalamic appetite sensor dysregulation, unpalatable 
diets, or fear of kidney disease progression.48 Reaching 
chronic kidney failure in a malnourished state seems to 
contribute to the high early mortality in dialysis.48

Factors predisposing to cancer include acquired renal 
cysts, immunosuppressive drugs, viral infection, 
diabetes, and diagnostic ionising radiation.49,50 Cancer or 
its treatment might also provoke chronic kidney disease.51 
Frailty, poverty, depression, and social inequality further 
compound the complexities inherent to this population.52

Staging of mortality risk
Large observational databases, including the United 
States Renal Data System, the ERA-EDTA Registry, and 
the Dialysis Outcomes and Practice Patterns Study, have 
identifi ed many hypothesis-generating risk factors for 
mortality in RRT (appendix). Randomised controlled 
trials (RCTs) should test whether interventions for these 
risk factors decrease mortality. Some traditional risk 
factors display a reverse epidemiology pattern, in which 
patients at both extremes of a given parameter have the 
highest mortality (U or J curve), suggesting a paradoxical 
link between, for example, blood pressure, serum 
cholesterol, or serum phosphate and mortality.53 This 
fi nding can be explained by the presence of patients with 
infl ammation and malnutrition in the group with low-
range parameters (low blood pressure, serum cholesterol, 
or serum phosphate), who might be sensitive to the 
increased short-term risk of death conferred by 
infl ammation over a short follow-up (<5 years), but who 
would be sensitive to the cardiovascular risk related to 
the persistence over the years of the high range of these 
variables (high blood pressure, serum cholesterol, or 
serum phosphate). Although several new biomarkers 
have been associated with increased risk of death, their 
eff ect on outcomes when used for therapeutic decisions 
has been insuffi  ciently tested.54

Clinical trials of mortality in chronic kidney failure
Several RCTs have addressed overall and cardiovascular 
mortality in chronic kidney failure. Interventions tested 
so far have mainly focused on drugs that might reduce 
the risk of atherosclerotic complications, for example, 
myocardial infarction and stroke. However, most 
cardiovascular deaths in chronic kidney failure are 
attributable to non-atherosclerotic complications, 
especially sudden death,8 which has rarely been 
targeted. No trials have systematically targeted 
non-cardiovascular mortality.

Several RCTs that assessed the eff ect of diff erent 
therapeutic approaches on mortality in patients receiving 
treatment for chronic kidney disease have reported 
negative outcomes in the past few decades (table). 
Limited statistical power, selection of healthier patients 
than the general population of patients with chronic 

kidney disease, better quality of care during trials than 
standard care, high dropout rates, inadequate selection 
of the outcome most likely to respond to the intervention, 
and competing risks for mortality are all possible 
explanations for these negative outcomes. Most 
importantly, single target interventions were 
preferentially selected over multitarget approaches for 
what is a systemic, complex disease.

In patients with renal disease, the outcome after 
lowering cholesterol depends on chronic kidney disease 
stage and treatment. Findings from a meta-analysis of 
51 099 patients showed a marked reduction in all-cause 
mortality for patients with chronic kidney disease treated 
with statins before starting dialysis, no eff ect in patients 
on dialysis, and uncertain eff ects after renal 
transplantation.63 In large RCTs, treatment with statins or 
ezetimibe plus a statin in patients on haemodialysis had 
no eff ect on cardiovascular mortality or composite 
endpoints that included cardiovascular mortality.67,68,81  
The question arises whether (1) statins are no longer 
eff ective once chronic kidney failure develops; (2) the 
high contribution of sudden death to dialysis mortality is 
insensitive to statins; or (3) unknown confounding 
factors such as competing mortality risks are responsible.

The search for an optimum haemoglobin target has 
been marred by the constraints of trial design. Thus, 
although higher achieved haemoglobin concentrations 
were associated with lower mortality in observational and 
RCT cohorts,69 aiming for a normal haemoglobin 
concentration (about 130 g/L) in RCTs was associated with 
an increased risk of hypertension (relative risk 1·67, 
95% CI 1·31–2·12) and stroke (1·51, 1·03–2·21) compared 
with lower haemoglobin level targets (90–110 g/L); the 
diff erences in risks for mortality (relative risk 1·09, 95% CI 
0·99–1·20) and serious cardiovascular events (1·15, 
0·98–1·33) were not statistically signifi cant.57,69 In this 
regard, high epoetin doses are also associated with 
increased mortality, independent of targeted or achieved 
haemoglobin concentration.58

Regarding chronic kidney disease mineral and bone 
disorders, a meta-analysis59 of 11 RCTs including more 
than 4000 patients with chronic kidney disease reported a 
22% reduction in overall mortality (12% in patients on 
dialysis) when using non-calcium phosphate binders 
versus calcium-based ones. Findings from a major trial72 
and a Cochrane systematic review comprising over 
7000 patients60 did not provide evidence of an eff ect of 
cinacalcet, a calcium receptor agonist used to treat 
hyperparathyroidism, on all-cause or cardiovascular 
mortality in patients on dialysis.

Findings from a meta-analysis61 of antioxidant treatment 
(ubidecarenone, acetylcysteine, recombinant superoxide 
dismutase, and vitamin E) in chronic kidney failure and 
chronic kidney disease did not show a signifi cant eff ect 
on all-cause mortality. Some benefi t might be present in 
patients on dialysis, but studies were small and generally 
suboptimum. A meta-analysis did not identify an eff ect of 
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Primary endpoints Population Drug or intervention Number Follow-up 
(years)

Mortality result Comment

Meta-analyses

Agarwal and 
Sinha (2009)55

Cardiovascular events Haemodialysis Antihypertensive drugs 5 studies, 
1202 
patients

·· HR 0·69 (95% CI 0·56–0·84) 
using a fi xed-eff ects model. 
HR 0·62 (95% CI 0·45–0·86) 
using a random-eff ects 
model

All-cause mortality reduced 
signifi cantly when calculated 
by the fi xed-eff ects model 
(RR 0·79, 95% CI 0·65–0·96) 
but not when estimated by 
the random-eff ects model 
(0·77, 0·56–1·04)

Palmer et al
(2012)56

All-cause and cardiovascular 
mortality

Chronic kidney 
disease

Statins vs placebo 51 099 ·· Reduced all-cause mortality 
and cardiovascular mortality 
in patients not receiving 
dialysis; no eff ect in dialysis

None

Palmer et al
(2010)57

All-cause mortality Chronic kidney 
disease

Haemoglobin target trials 
or trials of erythropoiesis-
stimulating drug vs no 
treatment

10 452 ·· No eff ect Targeting higher haemoglobin 
levels in chronic kidney disease 
increased risks for stroke, 
hypertension, and vascular 
access thrombosis

Koulouridis et al
(2013)58

All-cause and cardiovascular 
mortality

Chronic kidney 
disease

Erythropoiesis-stimulating 
drugs

12 956 ·· High erythropoiesis-
stimulating drug dose 
associated with increased 
mortality

None

Jamal et al
(2013)59

All-cause mortality Chronic kidney 
disease

Non-calcium vs calcium 
containing phosphate 
binders

4622 ·· 22% reduction in all-cause 
mortality

None

Palmer et al
(2013)60

All-cause and cardiovascular 
mortality

Chronic kidney 
disease stage 3–5 
and dialysis

Cinacalcet vs placebo 7446 ·· No eff ect Reduces the need for 
parathyroidectomy

Jun et al
(2012)61

All-cause and cardiovascular 
mortality

Chronic kidney 
disease

Antioxidants vs placebo 1979 ·· No eff ect Some benefi t might be 
present in patients on 
dialysis, but studies were 
small and generally of 
suboptimum quality

Pan et al
(2012)62

All-cause mortality Chronic kidney 
disease

Homocysteine-lowering 
treatment vs placebo

4836 ·· No eff ect None

Palmer et al
(2013)63

All-cause and cardiovascular 
mortality

Chronic kidney 
disease

Antiplatelet treatment vs 
placebo

21 460 ·· No eff ect Reduced the risk of 
myocardial infarction, 
increased the risk of bleeding

Randomised controlled trials

Cice et al
(2010)64

(A) All-cause mortality and 
(B) cardiovascular death

Haemodialysis 
and chronic kidney 
disease

Telmisartan vs placebo 332 3 (A) RR 0·51 (95% CI 
0·32–0·82; p=0·004); 
(B) RR 0·42 (95% CI 
0·38–0·61; p<0·0001)

None

Zannad et al 
(2006)65

Combined fatal and non-fatal 
fi rst major cardiovascular 
events (cardiovascular death, 
resuscitated death, non-fatal 
stroke, heart failure, myocardial 
infarction, or revascularisation)

Haemodialysis 
and left ventricular 
hypertrophy

Fosinopril vs placebo 397 2 No eff ect Adjusted RR 0·79 (95% CI, 
0·59–1·10; p=0·099) in per-
protocol analysis (n=380)

Matsumoto et al 
(2014)66

Composite of cardiov ascular 
or cerebrovascular death or 
hospital admission

Oligoanuric 
haemodialysis

Spironolactone vs usual 
care

309 3 0·40 (95% CI 0·20–0·81) None

Wanner et al
(2005)67

Cardiovascular mortality 
(composite of death from cardiac 
causes, non-fatal myocardial 
infarction, and stroke)

Haemodialysis and 
type 2 diabetes

Atorvastatin vs placebo 1255 4 No eff ect None

Fellstrom et al 
(2009)68

Cardiovascular mortality 
(composite of death from 
cardiovascular causes, non-fatal 
myocardial infarction, or 
non-fatal stroke)

Haemodialysis Rosuvastatin vs placebo 2776 3·8 No eff ect None

Besarab et al
(1998)69

All-cause mortality Haemodialysis Haematocrit at 42% vs 30% 1233 14 months No eff ect Terminated because of 
safety concerns

(Table continues on next page)
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treatment of hyperhomo cysteinaemia by administration 
of vitamins on all-cause mortality.62 In a meta-analysis,63 
antiplatelet drugs had no eff ect on all-cause or 
cardiovascular mortality, but did reduce the risk of 
myocardial infarction while increasing the risk for major 
bleeding in patients with chronic kidney disease.

The dose of dialysis and the size of molecules removed 
represent old but still tempting targets for treatment of 
chronic kidney failure. Findings from the Hemodialysis 
(HEMO) study73 did not show any diff erence of a higher 
compared with lower dialysis dose (equilibrated Kt/Vurea of 
1·45 vs 1·05) on outcome in an intention-to-treat analysis. 
Similarly, there was no improvement in all-cause 
mortality when using high-fl ux dialysers, apart from in 
patients with hypoalbuminaemia.74 Findings from two 

initial studies did not show any reduction of overall 
mortality by haemodiafi ltration (a more effi  cient dialysis 
technique)82 versus conventional haemo dialysis.75,76 In a 
third, open-label, trial,77 all-cause mortality was 30% lower 
for high-exchange-volume haemodiafi ltration compared 
with high-fl ux haemo dialysis, although no intention-to-
treat analysis was provided and patients who did not 
reach the preset exchange volumes were censored. Only 
benefi ts on surrogate or composite endpoints could be 
shown by RCTs that tested the eff ect of long and frequent 
dialysis83 or long nocturnal dialysis84 compared with 
conventional haemodialysis. The Lung Water by Ultra-
Sound Guided Treatment (LUST) trial explores the eff ect 
on mortality of adjusting fl uid status on the basis of lung 
water content in high-risk patients on haemodialysis.

Primary endpoints Population Drug or intervention Number Follow-up 
(years)

Mortality result Comment

(Continued from previous page)

Di Iorio et al
(2013)70

All-cause mortality, 
arrhythmia, cardiovascular 
mortality

Incident 
haemodialysis

Sevelamer vs calcium-based 
phosphate binders

466 28 months Reduction in arrhythmia 
and all-cause and 
cardiovascular mortality

None

Suki et al
(2007)71

All-cause and 
cause-specifi c mortality

Prevalent 
haemodialysis

Sevelamer vs calcium-based 
binders

2103 20 months No eff ect Lower mortality in patients 
aged >65 years who received 
sevelamer vs those who 
received calcium-based 
binders

Chertow et al 
(2012)72

All-cause mortality Haemodialysis Cinacalcet vs placebo 3883 64 months No eff ect None

Cheung et al
(2003)73

All-cause mortality Haemodialysis Equilibrated Kt/V urea 1·45 
high-fl ux dialyser

1846 ·· No eff ect None

Locatelli et al 
(2009)74

All-cause mortality Haemodialysis High-fl ux vs low-fl ux 
dialyser

738 3–7·5 No eff ect Only small benefi t in patients 
with albumin <40 g/L

Ok et al
(2013)75

All-cause mortality Haemodialysis Postdilution online 
haemodiafi ltration vs 
high-fl ux haemodialysis

782 Mean 
22·7 months 
(SD 10·9)

No eff ect Better cardiovascular and 
overall survival in online 
haemodiafi ltration subgroup 
with substitution volume 
>17·4 L per session

Grooteman et al 
(2012)76

All-cause mortality Haemodialysis Postdilution online 
haemodiafi ltration vs 
high-fl ux haemodialysis

714 3 No eff ect None

Maduell et al
(2013)77

All-cause and 
cardiovascular mortality

Haemodialysis Postdilution online 
haemodiafi ltration vs 
high-fl ux haemodialysis

906 3 Online haemodiafi ltration 
30% lower risk of all-cause 
mortality and 33% lower 
risk of cardiovascular 
mortality

No intention-to-treat analysis

Cano et al
(2007)78

All-cause mortality Haemodialysis Intradialytic parenteral 
nutrition plus oral 
supplements vs oral 
supplements

186 2 No eff ect of intradialytic 
parenteral nutrition

Improved nutrition in both 
arms (both on oral nutrition)

Paniagua et al 
(2002)79

All-cause mortality Peritoneal dialysis Peritoneal creatinine 
clearance 60 L per week 
per 1·73 m² vs peritoneal 
exchange volume of 8 L 
per day

965 2 No eff ect None

Cooper et al
(2010)80

All-cause mortality Chronic kidney 
failure initiating 
dialysis

Early (eGFR 10–14 mL/min 
per 1·73 m²) vs late start 
(eGFR 5–7 mL/min 
per 1·73 m²)

828 3·6 No eff ect None

··=not applicable. eGFR=estimated glomerular fi ltration rate. HR=hazard ratio. RR=relative risk.

Table: Summary of key randomised controlled trials and meta-analyses that assessed mortality in chronic kidney failure as a primary endpoint

For the LUST trial see http://
www.era-edta.org/eureca-m/
LUST_eureca-m.html
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All-cause and cardiovascular death were reduced in 
patients on haemodialysis who had severe heart failure 
and reduced ejection fraction and who were treated with 
carvedilol and renin-angiotensin aldosterone system 
blockers (secondary endpoints)85 or with the combination 
of an angiotensin-converting enzyme inhibitor with the 
angiotensin II receptor blocker telmisartan (coprimary 
endpoints).64 The Fosinopril in Dialysis study65 was a large 
trial of an antihypertensive drug in patients on 
haemodialysis with left ventricular hypertrophy but was 
underpowered and fi ndings were not signifi cant. 
However, fi ndings from a meta-analysis55 suggested that 
overall antihypertensive drugs seem to improve cardio-
vascular outcomes in haemodialysis. However, the 
optimum blood pressure target (and how best to represent 
the blood pressure burden) remains controversial. A 
promising target could be mineral ocorticoid receptor 
inhibition.86 In the open-label Dialysis Outcomes Heart 
Failure Aldactone Study (DOHAS),66 spironolactone was 
compared with usual care in 309 oligoanuric patients 
assessed for 3 years, with a composite primary outcome 
of cardiovascular or cerebrovascular death or admission 
to hospital. The hazard ratio for spironolactone compared 
with usual care  was 0·40 (95% CI 0·20–0·81). A larger 
double-blind RCT (ALdosterone Antagonist Chronic 
HEModialysis Interventional Survival Trial 
[ALCHEMIST]) is ongoing (NCT01848639).

Findings from a meta-analysis45 showed that both 
topical and intraluminal antibiotics reduced the rate of 
bacteraemia in patients with haemodialysis catheters. 
However, no trials have assessed mortality after 
antibiotic prophylaxis or oral nutritional management 
in RRT. Addition of intradialytic parenteral nutrition to 
oral nutritional supplements did not decrease mortality 
in malnourished patients on haemodialysis.78

Lessons learned for early stages of chronic 
kidney disease and disease in the elderly
Chronic kidney disease has been generally recognised 
as a major cardiovascular risk factor, independent of the 
amount of kidney failure. The risk of death and 
cardiovascular risk are increased even in early stages.87,88 
Even in patients with minor kidney dysfunction—ie, 
stage 2 chronic kidney disease corresponding to an 
estimated GFR (eGFR) of 60–89 mL/min—
cardiovascular outcome is worse than when the eGFR is 
normal. Advanced chronic kidney disease conveys an 
even higher risk for incident myocardial infarction than 
diabetes mellitus88 and thus deserves appropriate 
treatment and public health attention. Both traditional 
and non-traditional cardiovascular risk factors occur in 
patients with chronic kidney disease.89 The latter 
comprise a long list of uraemia-induced changes such 
as anaemia, infl ammation, and disturbances of 
lipoprotein metabolism, resulting in pathophysiological 
mechanisms for cardiovascular disease, which diff er 
from those in the general population.90 This factor 

might explain, at least in part, why traditional strategies 
to improve cardiovascular outcome failed in chronic 
kidney disease, especially chronic kidney failure. Future 
research in chronic kidney disease should focus on 
changes of the cardiovascular system induced by even 
mild reduction of kidney function to improve our 
understanding of pathophysiology and provide new 
treatment options to reduce cardiovascular mortality.

eGFR decreases with ageing even in the absence of 
major confounding factors such as diabetes or 
hypertension. As a result, many of the apparently 
healthy elderly in developed countries are categorised 
as having mild chronic kidney disease. Whether this 
age-related decline of kidney function conveys an 
additional cardiovascular risk on top of that linked to 
age per se is unknown.

A call to action: how to decrease worldwide 
mortality due to chronic kidney failure
In addition to preventing progression to chronic kidney 
failure, key issues to be tackled to decrease mortality due 
to chronic kidney failure range from optimisation of care 
before progression to chronic kidney failure to 
improvement of access to RRT. Optimisation of care 
before chronic kidney failure can delay the development 
of chronic kidney failure and ensure that patients are in 
the best possible clinical condition when they reach 
chronic kidney failure, with improved nutrition, better 
controlled bone mineral metabolism, and milder 
cardiovascular disease. Thus, optimised care will control 
comorbidities and prepare patients for RRT initiation in 
a timely manner. Optimised care will avoid the need for 
central venous haemodialysis catheters, and, if possible, 
will allow pre-emptive kidney transplantation to be 
planned. All of these factors have been associated with 
improved outcomes. Optimisation of non-RRT care for 
chronic kidney failure might improve survival and 
quality of life for patients who do not have access to RRT 
or who are unwilling to receive RRT. Patient education 
and frequent physician contact are important. Correction 
of acidosis91 or reduction of protein intake in patients 
with chronic kidney disease not on dialysis seems to 
improve uraemic manifestations and reduce the 
incidence of a composite of RRT and death.92,93 Ketoacid-
supplemented very-low-protein diets are well tolerated 
and their potential to prolong survival in the absence of 
RRT should be explored.

Optimisation of RRT
In the IDEAL (Initiating Dialysis Early and Late) trial,80 

there was no advantage of an early start (mean eGFR at 
start of dialysis 12·0 mL per min) of RRT in asymptomatic 
patients compared with a late start (mean eGFR at start of 
dialysis 9·8 mL per min). This study was characterised by 
a large number of patients randomly assigned to late start 
not reaching their target, because uremic symptoms 
necessitated an earlier start. Consequently, the start of 
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dialysis should be based on symptoms rather than the 
eGFR. Higher eGFR at that start of dialysis was associated 
with higher mortality risk, independent of nutritional 
status.94 Together with prevention of chronic kidney failure, 
a later start of RRT might contribute to a decreased need 
for RRT.

Patients on dialysis remain uraemic. Haemodialysis 
and peritoneal dialysis provide a time-averaged creatinine 
clearance of around 10 mL/min. This is even lower in 
patients who receive haemodialysis once or twice weekly 
for economic reasons. The kinetics of urea are used to 
assess the dose of dialysis. However, increasing thresholds 
above standard targets do not benefi t either patients with 
haemodialysis or those with peritoneal dialysis. Urea 
kinetics can be considered as a baseline parameter of 
dialysis adequacy, but many other aspects such as 
nutritional factors or residual renal function should be 
considered.95,96 Defi ning additional parameters to assess 
dialysis dose might improve outcome.

The endocrine function of the kidneys is not substituted 
by dialysis. Thus, substitution of hormones, such as 
erythropoietin, which can be expensive and risky, and 
calcitriol, may be needed. Additional factors secreted by 
the kidneys, such as Klotho, are not yet suffi  ciently 
characterised and are not available for supplementation.

In healthy individuals, blood purifi cation by normal 
kidneys is based on the function of glomeruli, which 
passively fi lter water-containing solute, and on active 
tubular transport. However, dialysis replaces only the 
function of the glomerulus. Therapeutic options that 
have functional similarities to tubules, such as adsorption 
or hybrid organs containing tubular cells (renal bio-
replacement treatment), are experimental. Enhancement 
of tubular cell pump function might improve removal of 
renal excreted solutes and protect against the solute’s 
cardio vascular eff ects.97

Successful kidney transplantation is cost eff ective, 
replaces all renal functions, and is associated with 
improved survival. Living donation has better outcomes 
than optimum dialysis98 and, if pre-emptive, can avoid the 
need for dialysis. Transplantation should be promoted 
through educational campaigns, legislation changes that 
follow the opting-out model, and training of physicians. 
The recent diff erentiation of human pluripotent cells into 
ureteric-bud-committed renal progenitor-like cells might 
set the stage one day for kidney tissue engineering.99

RRT-linked complications are estimated to be the 
primary cause of death in 2% of patients on RRT.100 
Health-care-associated infection contributed to 10% of all 
deaths.100 Additionally, dialysis-related bleeding, release 
of plastic material, blood contamination via dialysate, 
inappropriate calcium:phosphate balance, and over-
correction of anaemia have been linked to morbidity and 
mortality. For peritoneal dialysis, the gradual failure of 
the peritoneal membrane is detrimental. Thus, RRT 
should be made safer, but such countermeasure 
interventions have rarely been assessed with hard 

endpoints in RCTs. In a recent RCT,101 a glucose-sparing 
peritoneal dialysis regimen improved the metabolic 
profi le in patients with diabetes, but was associated with 
increased mortality and serious adverse events (safety 
outcome) compared with a glucose-based regimen.

Medical treatment  
Absence of diff erences on mortality in trials of drugs for 
treatment of chronic kidney disease or its consequences 
has been suggested to show that in patients on RRT the 
intervention comes too late. This fi nding led to a 
pessimistic attitude and insuffi  cient interest by non-
nephrologists in drug treatment to reduce mortality. In 
observational studies, drugs such as β blockers or 
diabetes treatment in patients with diabetes with glycated 
haemoglobin greater than 9% were underused,102,103 
despite observational evidence for a survival advantage of 
β blockers and avoidance of high glycated haemoglobin 
concentrations in chronic kidney failure (appendix). 
Additionally, research is needed on incompletely 
identifi ed non-traditional factors that also aff ect 
outcomes, in part related to solutes retained by the failing 
kidneys.104 Defi nition of their actions should lead to 
treatments that antagonise their eff ects.

Large trials with focus on factors underlying the high 
risk for sudden death and on non-cardiovascular mortality 
in chronic kidney failure are urgently needed. In view of 
the disappointing results of previous RCTs, their high 
costs, and the multifactorial pathophysiology of chronic 
kidney disease and its complications, future attempts 
should target several factors simultaneously. A way 
forward would be the implementation of randomised 
registry trials through structures such as the ERA-EDTA 
Registry.105 Research is also needed into mechanisms, 
markers, and prevention of progression and compli cations 
of chronic kidney disease.

Improvement of access to RRT  
The population of patients who need RRT largely exceeds 
available health-care resources. In countries in which 
health-care costs are not fully reimbursed to the patient, 
RRT costs can exhaust family reserves.18 In developed 
countries, previous reimbursement policies have become 
untenable, resulting in drastic restrictions106 or bundling 
of dialysis and drug costs, which increase the risks for 
patient selection.

In developing countries, limited resources, infra-
structure, and adequately trained health-care personnel 
present severe challenges that are diffi  cult to overcome.18 
Even if dialysis is locally available, subsequent trans-
plantation is often not possible. Both technical and 
organisational aspects should be explored, including 
recycling of dialysis material. Supranational or non-
governmental organisations should play a key part in 
facilitating physician training and supporting research 
into low-cost RRT. However, local governments have a 
key responsibility. Labour cost is low but hardware 
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expensive, resulting in an inverse ratio of cost of 
peritoneal dialysis over haemodialysis.107 Here, eff orts 
should focus on local production of hardware. Finding a 
balance between the high expenses for few with RRT 
versus the low cost for many with prevention, for example, 
of diabetes, hypertension, or malaria, which are frequent 
causes of chronic kidney failure in developing countries, 
will be diffi  cult.108 However, experience from developed 
countries suggests that even preventive action will not 
avoid the need to off er RRT to some of the population.

In developed countries, transplantation and home 
dialysis are most cost eff ective. However, home strategies 

are not widely used despite patient and physician 
preference. In most countries, living and cadaveric donor 
transplantation rates lag behind demand, and some 
patients die on the waiting list. The community at large 
might profi t from a shift from benefi t-driven renal 
medicine to patient-driven and society-driven incentives.109

Research on adequacy and technical improvement of 
RRT remains important, but should become more 
socioeconomically oriented by distribution of specifi c 
RRT types, including kidney transplantation, and by 
directing eff orts to test and use less expensive solutions, 
thus directly tackling the real costs of RRT and how to 

 Panel: Reduction of mortality in chronic kidney failure: actions needed and research needs

Needed actions
1 National or international programmes for prevention 

of deterioration of chronic kidney disease to chronic 
kidney failure.

2 National or international programmes for a holistic 
approach to cardiovascular risk in patients with chronic 
kidney disease.

3 National or international education programmes for the 
general population and health-care personnel, covering 
prevention of chronic kidney disease and alternative 
treatments after chronic kidney failure (including 
transplantation). Developing nations are important targets 
because of the expected increase in incidence of chronic kidney 
failure and the low availibility of resources for treatment.

4 Legislative changes that encourage kidney transplantation.
5 Improved care before dialysis and logistics before 

transplantation.
6 Increase in the number of nephrologists and other necessary 

health-care personnel in developing countries.
7 Avoidance of negative attitudes about non-renal treatment 

for patients with chronic kidney failure.

Research needs
1 Defi nition of the optimum moment to start dialysis, 

especially in the elderly and people with failed transplants.
2 Defi nition and implementation of strategies to decrease 

early mortality after the start of dialysis.
3 Defi nition of optimum logistics for dialysis centres, 

including size, caseload, and patient–doctor contact times.
4 Characterisation of risk factors for sudden cardiac death and 

arrhythmia and exploration of corrective strategies.
5 Optimisation of vascular access management.110

6 Defi nition of the optimum medical and interventional 
management of each cardiovascular cause of death.

7 Optimisation of immunosuppressive regimens to reduce 
cardiovascular, infection, and cancer risk.

8 Low-cost treatments: investment in low-cost RRT techniques 
and exploration of the eff ect of infrequent dialysis.

9 Defi nition of the optimum dialysate composition regarding 
sodium, potassium, calcium, and bicarbonate.

10 Defi nition of the optimum glycated haemoglobin range in 
patients on RRT.

11 Identifi cation of the causes and study of the eff ect of the 
lower than expected use of drugs to reduce cardiovascular 
risk and treat diabetes in patients on RRT.

12 Optimisation of the dialysis schedule to reduce the peak 
mortality rates on particular days of the week.

13 Optimisation of management of chronic kidney failure in 
elderly patients and role of diff erent RRT modalities.

14 Investigation of the role of infl ammation and other new 
biomarkers in patient risk staging and individualisation 
of treatment.

15 Optimisation of mode and timing of nutritional support to 
delay RRT and decrease mortality.

16 Optimisation of management of lipid abnormalities in 
chronic kidney failure.111

17 Optimisation of non-RRT care for chronic kidney failure.
18 Optimisation of management of diff erent aspects of chronic 

kidney disease mineral bone disorder, including magnesium 
concentrations and the eff ect of warfarin.112

19 Optimisation of supplementation strategies for vitamin D 
and water soluble vitamins.

20 Optimisation of diuretic use.
21 Further refi nement of dialysis dose assessment and eff ect 

on mortality.
22 Optimisation of patient education techniques.
23 Optimisation of the use of stimulation of erythropoiesis and 

target haemoglobin concentrations.113

24 Optimisation of the use of convective treatments, including 
haemodiafi ltration, and long and frequent dialysis.

25 Exploration of adsorption as extracorporeal treatment.
26 Exploration of sex diff erences in risk and cause of death, 

sex-individualised treatment, and the role of testosterone 
supplementation.

27 Optimisation of use of implanted cardioverter-defi brillator 
devices.8

28 Optimisation of replacement of all renal functions: renal 
bioreplacement therapy.

29 Increase of the pool of transplantable kidneys: 
bioengineered kidneys.

RRT=renal replacement therapy.
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decrease them. Education of the general population,  
doctors, and health-care planners remains vital. The 
panel summarises research needs and needed actions.

Only a combination of health-care policy changes, 
education, and research will reduce the high rates of 
mortality from chronic kidney failure. Chronic kidney 
disease is often not regarded as a key non-communicable 
disease.114 The nephrology community should at all costs 
advocate the inclusion of chronic kidney failure in 
non-communicable chronic disease programmes.115
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Supplemental figures

Supplemental figure 1. Flow chart of patients with chronic kidney failure (CKF) in developed (ERA-
EDTA Registry) (1) and selected developing countries (2-4). Size of the initial CKF banner proportional to 
absolute yearly number of patients in each region. Thickness of flow chart arrows proportional to percentage of 
patients in each pathway. At each level of the flow chart the total percentage of patients is established at 100%. 
The ideal pathway would consist of 100% transplantation as initial RRT and is not achieved in any of the 
regions. RRT: renal replacement therapy. CV: cardiovascular causes. The chart is aimed at illustrating 
differences between frequently cited Registries and the reality in selected struggling developing economies. 
There is a wide spectrum of economic development and RRT availability in developing countries and the figure 
is not representative of all developing countries.
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Supplemental figure 2. Increase in death rate from chronic kidney failure (1990-2010) in the world and 
selected regions, according to the global burden of disease 2010 (GBD2010) study (5)
(http://www.healthmetricsandevaluation.org/gbd/visualizations/gbd-arrow-diagram; accessed July 30, 2013).
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Supplemental figure 3. Mortality in patients with chronic kidney failure (CKF): effect of age, country and 
secular trends. A) Distribution of causes of death as a function of age at death (ERA-EDTA Registry) (1). At 
each age range the sum of all causes equals 100%. Social death includes withdrawal of dialysis (more frequent 
over age 55) and suicide/refusal of treatment (more frequent below age 44). B) Incidence of RRT and 2-year 
mortality in patients on RRT in selected countries. There are wide variations both in incidence and mortality. 
Among countries above a certain threshold in per capita gross domestic product (GDP)(>$8000), a higher per 
capita GDP and a higher mortality in the general population of similar age were associated with a higher 
mortality in dialysis (6;7). However, mortality in very low GDP countries may far exceed mortality in high GDP 
countries. * Single Dialysis Unit, maximum follow-up 1 year (8). ** Single Dialysis Unit, mortality at one year 
(3). Country names in green: countries with per capita GDP > $39,000, in purple <$1,500.
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Supplemental figure 3. Mortality in patients with chronic kidney failure (CKF): effect of age, country and 
secular trends. 
C) Secular trends. An overall secular trend towards decreased mortality has been observed in several registries. 
USRDS adjusted mortality rates by dialysis duration for period prevalent patients on dialysis shown here (9). 
Note the increased mortality rate in patients with dialysis vintage > 5 years in the nineties of the previous century 
(red arrows). The cause is unknown. A better understanding of these trends may provide clues to further reduce 
mortality. There were differences between the standard of care in the nineties and the 2000s. As an example, in 
the nineties high doses of calcium-based binders were prescribed following an initial report of calcium carbonate 
as phosphate binder at mean daily doses of 3.4 g elemental calcium (upper range limit 6.8 g per day) (10). In the 
2000s calcium-free binders became available. Redrawn, re-scaled and smoothed from (9).
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Supplementary table 1. Factors associated with increased mortality in patients on dialysis in observational 
studies 

1. Intrinsic patient characteristics
a. Increased age
b. Female sex in diabetics and < 45 year-olds
c. Male sex versus older women (11)
d. Diabetes
e. Co-morbidities

2. Factors related to dialysis initiation (pre-dialysis care standards)
a. Late referral to nephrologist and sparse visits before dialysis initiation (12)
b. Return to dialysis from transplantation (13)
c. Poor planning for dialysis initiation, including initiation by central venous catheter (9;14;15)
d. First three months in haemodialysis

3. Factors potentially related to dialysis care logistics
a. Small dialysis facilities (16)
b. Less frequent and shorter duration of patient-doctor contact (17;18)
c. Higher nephrologist caseload (19)
d. Shorter dialysis session length (treatment time) in thrice weekly haemodialysis (20-22)
e. Conventional haemodialysis (versus nocturnal haemodialysis) (23)
f. Day following the long inter-haemodialysis interval (24;25)
g. Longer time on transplant waiting list

4. Factors related to the standard of care in patients on dialysis
a. Central venous catheter use (26;27)
b. Abnormal CKD-MBD parameters, including high serum calcium, high serum phosphate, high PTH, high alkaline 

phosphatase, hypomagnesemia, bone fractures and cardiovascular calcification (28-32)
c. Large interdialytic weight gain (33)
d. High ultrafiltration rates (22)
e. Lower predialysis serum sodium (34)
f. High dialysate bicarbonate (35)
g. Low dialysate potassium (36)
h. Low dialysate calcium (37)
i. Therapeutic nihilism (38)
j. No use of beta-blocker use in patients without a previous history of heart failure (39)
k. No use of diuretics  (40)
l. No use of vitamin D receptor activators (in some adjusted models) (41-43)
m. No use of phosphate binders (44;45)
n. No use of water soluble vitamins (46)
o. Low serum testosterone (47)
p. No use of monitored intradialytic oral nutritional supplements in patients on haemodialysis with albumin levels ≤3.5 

g/dL (48;49)
q. Protein-energy wasting (50;51)
r. Too low or too high HbA1C levels in diabetics on haemodialysis (<7.0/>7.9% or <5.4/>8.5%) (52) (53)
s. Loss of residual renal function
t. Facility-level interpatient haemoglobin variability (54)
u. Lower haemoglobin levels (55;56)
v. Higher estimated GFR at haemodialysis initiation (57)
w. Midweek predialysis bicarbonate >27 mEq/L or ≤17 mEq/L (58)
x. Pneumonia, septicaemia or bacteraemia (59-61)
y. Urea reduction ratio <75% for women (62)  
z. Patient non-compliance
aa. High pulse pressure (33)
bb. Inflammation (63;64)
cc. Dynamic impairment of prognostic indicators (65)

5. Research biomarkers
.......................................................................................................
Some factors may belong to multiple categories. If potentially modifiable by medical intervention they have 
been assigned to the category "Factors related to the standard of care". Since this information is derived 
mainly from observational studies, the relationship to mortality risk may not be causal. CKD-MBD: chronic 
kidney disease mineral bone disorder.
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The art of medicine
When kidneys fail

“Superfi cially, it might be said that the function of the 
kidneys is to make urine; but in a more considered view one 
can say that the kidneys make the stuff  of philosophy itself.”

Homer W Smith, Lectures on the Kidney (1943)

It is more than 40 years since I used a stethoscope 
professionally, but some patients from those far-away 
days stick in the memory. One was a feisty middle-aged 
woman whom I helped care for during my time on the 
dialysis service. Although arterial shunts had been around 
for a few years, hers had failed, and she was kept alive with 
three peritoneal dialyses each week. She was a bundle of 
nerves during the dialysis (which was mostly when I saw 
her), in pain and discomfort, but mostly annoyed about her 
constant itching. As far as I could tell, her principal concern 
in life was to stay alive a little longer.

In 1970, chronic dialysis was still novel: the American 
legislation that made end-stage renal disease into a 
disability, and therefore eligible for federal funding, was 
still 2 years away. The nature of kidney failure is such that, 
in many instances, the failure is short-lived, and therefore, 
if the person can be kept alive with dialysis, the body’s 
own healing capacities can take over with normality 
restored. That had been the rationale in the early years of 
the new treatment that had been invented in the war-torn 
Netherlands by Willem Kolff  (1911–2009), using a variety 
of recycled parts to build his dialysis machine. Aluminium 
from a bomber that had been shot down and bits from an 
automobile engine were used, with blood drawn from the 
patient into a rotating wooden drum lined with cellophane 
and bathed in a solution. It was crude and most of Kolff ’s 
early patients died, but the procedure and its concept were 
suffi  ciently promising to attract attention. Kolff  went to 
the USA after the war, where the technologically inclined 
establishment welcomed this innovator. 

Both dialysis machines and the use of the arterio-venous 
shunt, which made repeated haemodialysis possible, 
improved dramatically during the 1950s and 1960s. This 
changed dialysis from an emergency measure to keep 
someone alive while his or her kidneys were recovering 
from a self-limited disease or insult, into something that 
could off er a long-term medical strategy. It was expensive, 
uncomfortable, and second-best (kidneys work 24 hours a 
day, whereas dialysis machines work only part-time), but 
it could keep people alive who were otherwise doomed. 
Complete kidney failure was no longer a fi nal diagnosis. 

There are two background infl uences on the timing 
of the emergence of chronic dialysis programmes in the 
1960s and 1970s. The fi rst is that kidney function, in health 
and disease, was beginning to be understood much more 

completely. One of the key players in this development 
(and one of my medical school heroes) was the physiologist 
Homer W Smith (1895–1962). Smith made his laboratory 
at the New York University School of Medicine a focus of 
interest for both renal physiologists and physicians, where 
his students and collaborators numbered about 170. Both 
Robert F Pitts (1908–77) and George Schreiner (1922–2012), 
the nephrologist whose service I worked for, passed through 
his laboratory and acquired his enthusiasms. Pitts, the 
consummate renal physiologist, was described as building 
the temple of which Smith was the high priest.

Smith was a philosopher of the kidney. His research on the 
comparative functions of excretion in animals, especially 
fi sh, signifi cantly contributed to our understanding 
of evolutionary biology, but also shed much light on 
mammalian kidney functions. Excretory functions have 
changed dramatically as organisms adapted to life in salt 
or fresh water, on arid or wet land, in the air or between 
land and water. As Smith pointed out, one of the major 
achievements of the mammalian kidney is its ability to 
excrete urine that is more concentrated than the blood 
plasma that it fi lters. He also underlined the ineffi  ciency 
of the operation, a common conclusion of evolutionary 
biologists studying function. Nature has only to be 
successful, and success in evolutionary terms cannot always 
be equated with effi  ciency. The human kidney, he wrote, 
excretes only about one percent of the fl uid that its 
glomeruli fi lter, passively and actively absorbing the rest as 
the fi ltrate passes through the tubules. It is not the way an 
engineer would design an organ to excrete urine.

Smith perfected the use of inulin, an inert sugar neither 
excreted nor absorbed by the kidney, as the perfect 
substance with which to measure the rate at which the 
glomeruli are able to clear the blood of substances such 
as urea. This glomerular fi ltration rate (GFR) has become 
a standard measure of how well kidneys are functioning, 
and of measuring their rate of failure. Smith discussed this 
and many other renal matters in his classic monograph 
The Kidney in Health and Disease (1951). Its importance was 
immediately recognised by both practising nephrologists 
and physiologists. 

Although not medically trained himself, Smith mastered 
many aspects of pathological function in the kidney. In 
earlier generations, end-stage kidney disease was generally 
simply called Bright’s disease. It had been named after 
Richard Bright (1789–1858), the innovative physician 
at Guy’s Hospital in London. Bright was a distinguished 
example of what has been called the anatamo-pathological 
tradition, pioneered by French clinicians in the early decades 
of the 19th century. Bright managed to get a small ward set 
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aside at Guy’s for his research on the diagnosis and treatment 
of kidney disease; as was then common, his case histories of 
patients who had died included autopsy reports. In addition, 
Bright used chemistry to examine urine, equating albumin 
in the urine and the signs and symptoms of kidney failure 
(oedema, anaemia, tiredness, among other consequences) 
with this disease that subsequently became eponymous. 

For the rest of the 19th century, kidney disease with 
proteinuria was Bright’s disease. Gradually, clinicians 
realised that not all cases ended fatally, and careful 
studies of the circumstances leading to this condition 
suggested that a number of causes might be implicated. 
Microscopic studies of failing kidneys identifi ed the 
glomeruli as the probable site where protein escaped into 
the fi ltrate, and the condition gradually became known as 
glomerulonephritis. Thomas Addis (1881–1949), a Scot 
who practised in California, did much to elucidate the 
variable courses of serious kidney disease, and to provide a 
rational therapeutics, based mostly on diet. 

The management of kidney disease, the second 
background infl uence on the development of chronic dialysis 
programmes, improved signifi cantly during the fi rst half of 
the 20th century, and so did diagnosis, which was important 
for what was done as well as for informing patients about 
their life chances. Measurements of failing kidney function 
do not diff erentiate the causes of that failure, however, and 
this endpoint was codifi ed in the 1972 American legislation, 
which created a new diagnostic category of end-stage renal 
disease but paid no attention to the route of the failed 
kidney. The legislation would never have been passed had 
dialysis not made it possible to buy time for patients with 
chronic uraemia. The availability of public funds refl ected 
a growing use of chronic dialysis, but also, of course, 
stimulated it, since there was now money to fund it. The 
nephrologist and historian Steven J Peitzman has off ered a 
nuanced account of this legislation, within the context of 
the US health-care system. The establishment of chronic 
dialysis units was repeated elsewhere in modern health-
care systems, with details diff ering from country to country, 
infl uenced by many variables, including philosophies of 
health, resource allocation, and payment methods. 

Readers of the poet Hugo Williams’ poignant accounts 
in The Times Literary Supplement of his own chronic dialysis 
in present-day Britain will appreciate that the substantial 
improvements in the procedure since the 1970s have not 
rendered it a substitute for nature’s own cleansing of the 
blood. Dialysis is still close to a full-time occupation, the 
periods of some energy and wellbeing interspersed between 
longer periods of nausea, weakness, and malaise, and the 
uncomfortable hours at the dialysis machine. Unsurprisingly, 
patients on chronic dialysis remain focused on the possibility 
of a kidney transplant. Unless the donor is an identical twin, 
a transplanted kidney is much better than chronic dialysis 
but not like having one’s own normally functioning kidney. 

A kidney was actually transplanted in a human being as 
early as 1906, far earlier than Kolff ’s pioneering work on 
dialysis. Early enthusiasm for transplanting organs of all kinds 
faltered in the wake of virtually universal immunological 
rejection, and the vibrant but premature fi eld of the early 
20th century almost disappeared between about 1920 and 
1945. Its revival after World War 2 rode the wave of new 
confi dence about modern scientifi c medicine in the era of 
penicillin. The early surgical results for kidney transplantation 
were disappointing, save for the occasional identical twin, 
(the fi rst in 1954), but since chronic dialysis programmes 
were not yet a viable option, surgeons felt able to intervene 
in this incurable, fatal disease. New methods of matching 
donors to recipients, and a battery of immunosuppressive 
drugs and support measures have improved transplant 
surgery dramatically, and not simply for the kidney. 

The science and surgery of transplantation are major 
achievements of modern biomedicine, but, like many 
other examples, have created other complicated issues in 
their wake. Most recipients of successful renal transplants 
still require careful and regular monitoring. The collection, 
evaluation, and preservation of donor kidneys are not 
straightforward activities, and the politics and economics 
of who benefi ts from transplantation programmes has 
thrown up innumerable problems of resource allocation, 
fairness, and equity. So even more starkly has the black-
market traffi  c in organs. These problematic issues remind 
us of the wisdom of the pathologist Rudolf Virchow’s 
comment: “Medicine is a social science”. 

William Bynum
w.bynum@ucl.ac.uk
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