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ONLINE HDF – The most advanced 
HD therapy for improved patient outcomes

ONLINE HDF with high volumes of replacement fl uid 

offers not only the most physiological clearance 

profi le for a broad range of small, medium-

sized and large molecules, but also facilitates the 

improvement and correction of a number of 

clinical conditions that affl ict the dialysis population.

The innovative 5008 Therapy System combines 

our technological and dialysis provider expertise 

and allows you to utilise the full benefi ts of 

sophisticated ONLINE HDF.



3

Contents

1. �Anemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               4

2. �Bone Disease and Mineral Metabolism . . . . . . . . . . . . . . . . . . . . . . .                       9

3. �Cardiovascular Complications  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             13

4. �Elderly CKD Patients  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    19

5. �Dialysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               24

Selected Abstracts of the  

World Congress of Nephrology 

Milan, Italy 

May 22-26, 2009

Organized by 

European Renal Association – 

European Dialysis and Transplantation Association (46th Congress) 

and International Society of Nephrology (20th Congress)

Editors: 

Fresenius Medical Care  

International Marketing & Medicine 

Cristina Lage, MD 

Ilona Weber-Fürsicht

Printing Office: 

mt druck, Neu-Isenburg 

Germany

ONLINE HDF – The most advanced 
HD therapy for improved patient outcomes

ONLINE HDF with high volumes of replacement fl uid 

offers not only the most physiological clearance 

profi le for a broad range of small, medium-

sized and large molecules, but also facilitates the 

improvement and correction of a number of 

clinical conditions that affl ict the dialysis population.

The innovative 5008 Therapy System combines 

our technological and dialysis provider expertise 

and allows you to utilise the full benefi ts of 

sophisticated ONLINE HDF.



4

Tadao Akizawa,1 

Yoshiharu Tsubakihara,2 

KRN321 Study Group

1 � Showa University School of 
Medicine, Japan

2 � Osaka General Medical Center, 
Japan

Introduction and Aims: Erythro-
poiesis stimulating agent (ESA) is 
widely used for the correction of 
anemia in CKD patients, but ther-
apeutic hemoglobin (Hb) target in 
CKD patients not on dialysis is still 
under debate and clinical evidenc-
es are few. We previously reported 
that in a one year randomized 
controlled trial (RCT) in which we 
divided CKD patients not on dialy-
sis into two different Hb target 
groups, improvement in QOL and 
left ventricular hypertrophy in the 
higher targeted Hb group was 
observed. Furthermore, there was 
no cause of concern in safety. In 
order to evaluate the correlation of 
high Hb level and renal function, 
further studies are required. So we 
conducted an additional two-year 
follow-up study for patients who 
completed the study reported 
above.
Methods: In this RCT, we enrolled 
CKD patients not on dialysis who 
had Hb levels under 10g/dL and 
serum creatinine levels above 
2 mg/dL to under 6 mg/dL. We 
assigned two groups, patients 
receiving darbepoetin alfa targeted 
to achieve Hb level of 11.0 to 13.0 
g/dL (high Hb group) and those 
receiving recombinant human 
erythropoietin to achieve Hb level 
of 9.0 to 11.0 g/dL (low Hb group). 
The primary endpoints were 
cumulative renal survival rate (a 

composite of death, doubling of 
serum creatinine, infusion of renal 
replacement therapy and renal 
transplantation) and safety. In this 
report we present the two-year 
intermediate result.
Results: A total of 321 patients 
were randomly assigned to high 
Hb and low Hb group. There was 
no significant difference in the 
mean Hb and serum creatinine at 
baseline between the two groups. 
Hb level transition was maintained 
at target range in both groups 
throughout the two years (Figure 
1). The cumulative renal survival 
rate evaluated by Kaplan-Meier in 
year one was 81.4% in high Hb 
group and 77.9% in low Hb group 
(p=0.361). Additionally, the result 
of year two was 56.6% and 48.0% 
respectively (p=0.103) and although 

there was no significant difference, 
renal survival rate was higher in 
the high Hb group (Figure 2).�  
The serious adverse events that 
occurred were 42.9% in the high 
Hb group and 48.8% in the low 
Hb group. Those associated to 
cardiovascular were 34.2% and 
36.3% respectively and there was 
no significant difference.
Conclusions: High Hb group had 
better outcomes in cumulative 
renal survival rate although it was 
not significant. The difference be-
tween the two groups is expand-
ing with time and further results of 
the study are expected. For safety, 
there was no significant difference 
between the two groups. These 
results suggest that 11.0 to 13.0 
g/dL is the appropriate Hb target 
for CKD patients not on dialysis.

1.  Anemia

Target Level of Hemoglobin Correction and the Influence on Renal Function for 
Chronic Kidney Disease (CKD) Patients not on Dialysis
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Introduction and Aims: Haemo-

globin (Hb) variability is a common 

phenomenon in haemodialysis 

(HD) patients, but it remains 

unclear whether this impacts on 

future clinical outcomes. The aim 

of this study was to evaluate the 

association between Hb variability 

and mortality in a large European 

HD population.

Methods: In an open-cohort 

design, 11,153 patients were ran-

domly selected from 172 Fresen-

ius Medical Care facilities between 

Jan 2005 and Dec 2006 (n=7,037 

prevalent, n=4,116 incident) and 

met study inclusion criteria. Hb 

variability was measured using 

standard methods: standard devi-

ation (SD), time spent in target 

(11–12 g/dL), and categories as 

previously defined by Ebben et al. 

(table). We also applied a novel 

method which takes into account 

both amplitude and duration of 

excursion of each Hb cycle in a 

quantitative index which measures 

the area under the curve (AUC). 

Hazard ratios for all-cause and 

cardiovascular disease (CVD)-

related mortality were derived 

using multivariable Cox regres-

sion, adjusting for demographics, 

medical history, dialysis parame-

ters, medications, laboratory tests, 

markers of inflammation, hospi-

talisation, change in vascular 

access and ESA use. Assessment 

of the at-risk population started 

after 6 months of Hb measure-

ments were collected. Subse-

quently, patients were followed for 

up to 18 months until death, trans-

plantation, lost to follow-up or 

study completion. Patients with 

bleeding episodes or blood trans-

fusions during the 6-month expo-

sure period were excluded.

Results: A total of 4,988 patients 

with at least 6 continuous monthly 

Hb measurements were included 

in these analyses. Multivariable 

Cox regression showed that SD 

(Q4 v Q1: HR=1.10, 95%CI=0.84–

1.43), time spent in target (Q4 v 

Q1: HR=0.76, 95%CI=0.56–1.03) 

and AUC (Q4 v Q1: HR=0.98, 

95%CI=0.75–1.27) were not pre-

dictive of increased mortality. Like-

wise, patients who were consist-

ently high (CH) (HR=1.82, 

95%CI=0.85–3.88), LAH (HR=1.40, 

95%CI=0.77–2.57), LAL (HR=1.75, 

95%CI=1.00–3.04), and HA 

(HR=1.52, 95%CI=0.88–2.64) did 

not experience an increased risk. 

However, patients with consist-

ently low (CL) levels of Hb (<11 g/

dL) had over twice the risk of 

death (HR=2.36, 95%CI=1.25–

4.45) compared to patients con-

sistently on target (CT). Results for 

CVD-related mortality were con-

cordant with those for all-cause 

mortality.

Conclusions: Hb variability is not 

an independent predictor of mor-

tality in this European HD popula-

tion. This is in contrast to previous 

findings which were derived main-

ly from HD populations in the Unit-

ed States.

Haemoglobin Variability is not an Independent Predictor of Mortality in a European 
Haemodialysis Population: Results from the ARO Study

Definitions of Ebben Categories (Ebben et al., Clin JASN 1:1205, 2006)

CT consistently on target (Hb levels consistently between 11–12.5 g/dl)

CL consistenty low (Hb<11 g/dl)

CH consistently high (Hb>12.5 g/dl)

LAH low-amplitude fluctuation with Hb levels > 11 g/dl

LAL low-amplitude fluctuation with Hb levels < 12.5 g/dl

HA high-amplitude fluctuation (Hb ≤ 11 to ≥ 12 g/dl)



6

D. A. Goodkin1, J. L. Bragg-Gresham1, 
B. Robinson1, C. Combe2, R. Fluck3, 
D. Mendelssohn4, T. Akizawa5, 
R. L. Pisoni1, F. K. Port1

1 � Arbor Research, Ann Arbor, 
MI, USA

2 � Centre Hosp Univ de Bordeaux, 
France

3 � Derby City Gen Hosp, 
United Kingdom

4 � Univ of Toronto, Canada
5 � Showa Univ Sch of Med, 

Tokyo, Japan

Introduction and Aims: The opti-

mal target haemoglobin (Hb) for 

patients undergoing HD remains 

unclear. Practice guidelines and 

instructions from ESA manufactur-

ers caution against Hb > 12 g/dL. 

However, a subset of patients 

maintain higher Hb in the absence 

of ESA prescription. This study 

characterizes these patients and 

their mortality rate.

Methods: Analyses included 

33,959 patients from the Dialysis 

Outcomes and Practice Patterns 

Study (DOPPS), an observational 

study of HD patients in Australia/

New Zealand (ANZ), Belgium, 

Canada, France, Germany, Italy, 

Japan, Spain, Sweden, UK, and 

US. Data were collected from 

1996–2008, with median follow-

up of 1.7 years. Patients who 

entered the study with 2 consecu-

tive 4-month periods of no pre-

scribed ESA and Hb ≥ 12 g/dL 

were defined as ‚Endogenous Epo 

patients’ and were compared to 

all Others (patients receiving ESA 

exogenously or Hb < 12 g/dL). 

Cox models were used to assess 

the relative risk (RR) of mortality. 

Models were adjusted for age, 

sex, race, vintage, hemoaccess 

type, 14 comorbidites, Kt/V, PTH, 

and cause of ESRD, and were 

stratified by region and phase of 

study.

Results: Approximately 2–3% of 

HD patients maintain Hb ≥ 12 g/

dL without ESA. The prevalences 

were highest in Germany and 

Italy (4–5%) and lowest in the 

US (1–2%). Differences in pa- 

tient characteristics are shown in 

table 1.

Death rates were 12.1/100 patient-

year for Endogenous EPO; 15.8 

for Other. Unadjusted RR of mor-

tality for Endogenous Epo vs Oth-

er patients = 0.80 (P<0.01). After 

adjusting (see Methods), RR=0.95 

(P=0.55). Adjusted RR comparing 

Endogenous Epo patients with 

only Others whose Hb was 

10–12 g/dL = 0.96 (P=0.69). 

Adjusted mortality risk is signifi-

cantly lower among Endogenous 

Epo patients with Hb ≥ 14 g/dL vs 

Hb 12–13 g/dL (RR=0.56, P=0.04) 

(Table 2).

Conclusions: Endogenous Epo 

patients comprise 2–3% of HD 

patients and tend to be younger, 

male and have fewer comorbidi-

ties. Underlying cystic disease is 

over-represented, but present in 

only a minority. There is no evi-

dence that Hb >12 g/dL is associ-

ated with higher mortality risk in 

Endogenous Epo patients. In fact 

the unadjusted RR is lower among 

the Endogenous Epo group than 

the Others, but this is likely due to 

better overall health. Within the 

Endogenous Epo group, the 

adjusted mortality risk for those 

with Hb ≥ 14 g/dL vs Hb 12–13 g/

dL was significantly lower.

Hemodialysis Patients who Maintain Higher Hemoglobin Concentration without 
ESA Treatment: Prevalence, Characterization, and Mortality, in the DOPPS 
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Table 1: Patient Characteristics

Europe ANZ Japan North America

Endogenous EPO Other Endogenous EPO Other Endogenous EPO Other

Characteristics

Sample Size 410 14.101 132 6.419 196 12.701

Age (years) 60.9 62.8 56.9* 61.0 55.1* 61.4

Male (%) 77.1* 57.9 84.1* 61.2 75.5* 54.3

Black (%) 0.2* 1.6 – – 28.6 31.8

Vintage (years) 6.7* 3.7 10.2 6.5 5.0* 2.4

Catheter (%) 6.3* 21.7 0.0* 1.9 23.2* 37.5

Comorbidities (%)

CAD 42.0 42.7 25.8 27.3 55.1 53.8

CHF 26.1* 30.8 12.9 16.6 40.3 44.4

Other Cardiac 40.2 36.7 32.6 27.6 29.1 32.3

Cerebrovascular 15.4 15.6 9.8 13.3 15.8 18.0

PVD 30.2 26.5 15.9 12.9 27.6 26.9

Hypertension 70.0* 78.4 37.9* 66.0 82.1 85.8

Diabetes 20.2* 29.1 22.0* 31.1 39.3* 50.9

Cause of ESRD (%)

Diabetes 11.5* 19.2 18.9* 27.2 33.2* 37.6

Hypertension 7.6* 14.9 0.0* 3.6 20.4* 26.6

GN 21.2* 19.1 58.3* 49.3 12.2* 11.0

Cystic 33.7* 7.2 6.8* 3.8 12.8* 2.8

Urologic 2.0* 2.2 0.0* 0.3 2.6* 1.0

Other 23.6* 37.4 16.0* 15.8 18.8* 21.0

*p < 0.05 vs. other patients within region

Table 2: Mortality Risk among Endogenous EPO Patients by Hemoglobin Levels (n = 729)

Baseline Hemoglobin (g/dl) % Patients Unadjusted RR (p-value) Adjusted RR (p-value)

12–13 42.5 1.00 (ref) 1.00 (ref)

13–14 29.6 0.97 (0.90) 1.18 (0.48)

>14 27.9 0.81 (0.34) 0.56 (0.04)
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Norma Garrote1,2, 
Martin Guinsburg1,2, Leticia Garcia1, 
Sebastian Boubee2, Hector Moretto3, 
Rita Canale3, Isabel Fernandez3, 
Adrian Guinsburg1,2 

1 � FME Ciudad Evita, Argentina
2 � FME Morón, Argentina
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Introduction and Aims: Erythro-

poietin (EPO) hyporesponsive ane-

mia in HD patients is usually asso-

ciated to FID. Chronic inflamma-

tion and oxidative stress could 

lead to this situation but patho-

genesis is still poorly understood. 

We hypothesized that Vitamin C, 

an antioxidant and cofactor for 

iron mobilization process could 

improve hemoglobin (Hb) levels 

and reduce EPO resistance, 

increasing iron availability to red 

cells.

Methods: We conducted a ran-

domized, open label, controlled, 

multicentric trial in 3 dialysis units 

in Buenos Aires. Patients with at 

least 90 days on HD, anemia 

(defined as Hb < 11 g/dl or < 12.5 

g/dl and EPO requirement) and 

FID (defined as ferritin > 500 ng/

ml, TSAT < 20%) were included. 

Patients with non renal anemia, 

acute infection, malignancies, 

hospitalizations, active bleeding or 

who received transfusions during 

three months prior study start 

were excluded.�  

Patients were randomized be-

tween two groups; Group 1: 

Standard anemia care + Vitamin C 

300 mg IV three times per week, 

during 90 days and Group 2: 

Standard anemia care during 

90 days.�  

EPO and iron dosing for anemia 

treatment were defined in a proto-

col in order to avoid bias. A large 

set of laboratory values and EPO 

resistance index (ERI) was record-

ed at baseline and after 90 days. 

ERI was defined as EPO dose (IU/

kg/wk) divided by Hb (g/dl). To be 

able to detect a change of 1 g/dl 

in Hb (alpha 0.05, beta 0.8, single 

side), sample size was estimated 

in 34 patients. Means were com-

pared using paired samples t-test. 

Linear regression was used to 

predict association controlling for 

covariates.

Results: From 35 patients who 

met inclusion criteria, 7 were 

excluded during the study (1 

death, 1 bleeding, 2 hospitaliza-

tions, 3 lost to follow-up). From 28 

patients ending the study (Group 

1: 13 – Group 2: 15) mean age 

was 55.9 ± 14.8 years, males 

46.4%, vintage 60.7 ± 42.2 

months, diabetics 21.4%. There 

was no difference between groups 

at baseline in age, vintage, gen-

der, diabetes, vascular access 

(VA), Hb, transferrin, TSAT, ferritin, 

eKt/V, albumin, ERI and iron dose. 

Hb increased in group 1 from 

10.8 ± 1.17 to 12.9 ± 0.83 g/dl 

(p < 0.0001, CI 1.24 – 2.86) while 

there was no change in group 2 

(10.99 ± 1.14 vs 10.83 ± 0.87). 

ERI decreased from 12.59 ± 5.14 

to 9.49 ± 4.38 IU/kg/wk/g/dl in 

group 1 (p 0.007) and rose from 

9.01 ± 3.12 to 11.48 ± 4.64 IU/

kg/wk/g/dl in group 2 (p 0.005). 

Adverse reactions were not 

observed in both groups.�  

After controlling for age, vintage, 

gender, diabetes, VA, dialysis 

center, iron profile, eKt/V, albumin, 

PCR, iPTH, ERI and iron dose at 

baseline Vitamin C administration 

still maintained an independent 

effect on Hb levels (model R 0.962, 

p 0.004).

Conclusions: Vitamin C improves 

Hb levels in HD patients with renal 

anemia and FID independently. It 

also modifies EPO requirements, 

reducing EPO resistance. Those 

effects could be related to antioxi-

dant and anti-inflammatory effects 

of Vitamin C. Large double blinded 

randomized controlled trials are 

needed to support these findings.

Vitamin C Improves Hemoglobin Levels and Reduces EPO Resistance 
in Hemodialysis (HD) Patients with Functional Iron Deficiency (FID). A Randomized, 
Open Label, Controlled, Multicentric Trial 
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Mehmet Kanbay1, Adrian Covic3, 
Ali Akcay1, David Goldsmith2 

1 � Internal Medicine, Section of 
Nephrology, Fatih University School 
of Medicine, Ankara, Turkey 

2 � Department of Internal Medicine, 
Renal Unit, Guy’s Hospital, 
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3 � Department of Nephrology Clinic 
and Dialysis and Transplantation 
Center, C. I. PARHON-University 
Hospital, Iasi, Romania

Introduction and Aims: The in-

creasing recognition and accept-

ance of a link between hyperphos-

phataemia and cardiovascular dis-

ease, mediated through vascular 

calcification in patients on dialysis, 

of necessity then prompts a ques-

tion ’At what stage of CKD does 

this relationship between elevated 

phosphate, vascular calcification 

and increased cardiovascular mor-

tality begin?’ The purpose of the 

current study was therefore to 

critically review the current litera-

ture. 

Methods: We performed a sys-

tematic search of the National 

Library of Medicine and the 

Cochrane Library databases from 

January 1985 to February 2008 to 

identify clinical studies examining 

the effects of plasma phosphate 

on adverse cardiovascular out-

come, mortality, and progression 

of kidney disease in subjects with 

and without CKD but not yet on 

dialysis. The primary outcome 

measure was the development of 

cardiovascular disease, mortality 

and progression of kidney dis-

ease.

Results: Twelve clinical trials 

investigated the role of serum 

phosphate level and adverse out-

come [9 studies examining cardio-

vascular disease outcomes and 3 

examining progression of kidney 

disease]. After adjustment for risk 

factors for mortality, adverse car-

diovascular outcome and progres-

sion of kidney disease, all studies 

found a graded independent sig-

nificant association between phos-

phate and death, development of 

cardiovascular disease and pro-

gression of kidney disease. There 

was no such association with 

plasma calcium levels.

Conclusions: There is a graded 

independent association between 

serum phosphate level and mor-

tality, mainly through cardiovascu-

lar disease and the progression of 

renal disease in subjects with and 

without definable CKD.

Phosphate – The Silent Stealthy Cardiorenal Culprit in All Stages of 
Chronic Kidney Disease: A Systematic Review

2.  Bone Disease and Mineral Metabolism
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Christiane Drechsler1,2, Vera Krane1, 
Diana Grootendorst2, Eberhard Ritz3, 
Karl Winkler4, Winfried März5, 
Friedo Dekker2, Christoph Wanner1 

1 � Div. of Nephrology, University of 
Würzburg, Würzburg, Germany

2 � Dept of Clin. Epidemiology, LUMC, 
Leiden, Netherlands

3 � Div. of Nephrology, University of 
Heidelberg, Heidelberg, Germany

4 � Dept of Clin. Chemistry, University 
of Freiburg, Freiburg, Germany

5 � Synlab Laboratory Diagnostics, 
Heidelberg, Germany

Introduction and Aims: High par-

athyroid hormone (PTH) levels are 

associated with poor outcome in 

the general population. The issue 

of an independent association 

between PTH and mortality in 

dialysis patients is controversial, 

however. We hypothesized that 

protein-energy wasting (PEW), as 

a common condition related to 

adynamic bone disease, modifies 

the association of PTH with mor-

tality and cardiovascular events, 

respectively.

Methods: We analyzed data from 

1,255 hemodialysis patients with 

type 2 diabetes mellitus, partici-

pating in the German Diabetes 

and Dialysis Study (4D Study). 

Patients were stratified for the 

presence / absence of PEW (albu-

min ≤ 3.8 vs albumin >3.8 g/dl) 

and divided into tertiles according 

to their PTH levels at baseline. 

They were followed for 4 years. In 

both groups of patients with and 

patients without PEW, hazard 

ratios (HR) for the risk of PTH on 1) 

all-cause mortality and 2) cardio-

vascular events (CVE) were deter-

mined using Cox regression analy-

ses. Adjustments were made for 

age, sex, atorvastatin treatment, 

duration of dialysis, comorbidity, 

HbA1c, phosphate, calcium, blood 

pressure and hemoglobin. Addi-

tional analyses were performed 

using a BMI ≤ 23 kg/m² for the 

classification of PEW.

Results: Patients had a mean 

age of 66 ± 8 years, 54% were 

male, and 53% had protein-ener-

gy wasting (PEW) as defined by 

albumin levels ≤ 3.8 g/dl. Median 

PTH levels were lower in patients 

with PEW (64.4 pg/mL; IQR 31.7–

117.7 pg/mL) as compared to 

those without PEW (78.8 pg/mL; 

IQR 38.5–144.0 pg/mL). In the lat-

ter group of patients without PEW, 

high PTH levels were strongly 

associated with poor outcome: 

patients in the highest PTH tertile 

had a 73% higher risk of death 

(HRadj 1.73, 95%CI 1.23–2.38, 

p=0.001) and a 49% higher risk of 

CVE (HRadj 1.49, 95%CI 1.05-

2.11, p=0.026) than patients in 

the lowest PTH tertile. According-

ly, in analyses using PTH as a con-

tinuous variable, all-cause mortal-

ity rose by 23% (p=0.001) and the 

risk of CVE by 19% (p=0.013) per 

unit increase in log PTH. Similar 

results were found when a BMI 

> 23 kg/m² was used to define the 

absence of PEW: both mortality 

and the risk of CVE significantly 

rose by 14% per unit increase in 

log PTH. In contrast, no associa-

tion of PTH with mortality or CVE 

was seen in patients with PEW.

Conclusions: In conclusion, pro-

tein energy wasting modifies the 

association of PTH with adverse 

outcomes in dialysis patients. High 

levels of PTH were associated 

with increased mortality and car-

diovascular events in patients 

without protein energy wasting 

(PEW), but not in patients with 

PEW. High levels of PTH are of 

concern in dialysis patients with-

out PEW, while the effect of PTH 

on mortality is nullified in patients 

with PEW.

The Relation between Parathyroid Hormone and Mortality in Dialysis Patients is 
Modified by Protein-Energy Wasting 
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London3, Tilman Drueke4, Jean-Louis 
Bouchet5
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Lyon, France
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Introduction and Aims: Phos-

phorus and calcium disturbances 

and nutritional abnormalities are 

common in patients with ESRD 

but their impact on clinical out-

comes, and specifically on the 

survival rate is still poorly under-

stood. There are no randomized 

clinical studies that determined 

the optimal levels of phosphorus 

and calcium parameters to 

improve outcome of dialysis 

patients. Marked differences exist 

among CKD-MBD patterns and 

clinical practices across coun-

tries.

Methods: The French Phospho-

rus and Calcium Photo-Graph 

observational study is the largest 

prospective cohort aiming to 

describe clinical practices and to 

identify factors predictive of sur-

vival in dialysis patients in France. 

More than 7,000 patients entered 

into the cohort in June 2007 and 

will be followed for up to 3 years. 

Here we report the results of an 

intermediate survival analysis at 

12 months. Mineral metabolism 

parameters were evaluated in ref-

erence to K/DOQI practice guide-

lines, whereas serum albumin and 

hemoglobin were analyzed as 

continuous variables.

Results: At 12 months, age, male 

sex, history of CV disease and 

diabetes were significant predic-

tors of relative risk of death. In our 

model, BMI, low serum phospho-

rus, high serum calcium, hemo-

globin and albumin were the only 

modifiable factors that affected 

one-year survival. All-cause mor-

tality was not associated with 

serum PTH levels.

Conclusions: The Photo-Graph 

cohort study shows the predictive 

value of nutritional factors (low 

serum phosphate and albumin, 

low BMI) for short-term survival 

in dialysis patients. The impact 

on survival of hyperphosphatemia, 

hypocalcemia and other factors 

may become significant only after 

longer follow-up.

Short-Term Mortality Risk Factors in a Large French Cohort of Hemodialysis Patients: 
Importance of Nutritional Parameters

Table: Short-term All-Cause Mortality Risk Associated with Parameters Assessed in Photo-Graph Cohort

Hazard Ratio 95% CI P

Age (yr) 1.04 1.04 – 1.05 < 0.0001

Gender F/M 0.78 0.65 – 0.94 0.010

CV history 1.57 1.28 – 1.93 < 0.0001

Diabetes 1.23 1.00 – 1.50 0.048

BMI (kg/m2) 0.96 0.94 – 0.98 < 0.0001

Low serum P 1.27 1.03 – 1.57 0.029

High serum P 1.05 0.84 – 1.32 0.668 

Low serum PTH 1.08 0.86 – 1.34 0.512 

High serum PTH 1.11 0.89 – 1.38 0.369

Low serum Ca 0.95 0.77 – 1.18 0.656

High serum Ca 1.37 1.08 – 1.74 0.009

Hemoglobin (g/L) 0.88 0.82 – 0.94 < 0.0001

Albumin (g/L) 0.92 0.91 – 0.94 < 0.0001

N = 4,937. Models were adjusted for age, sex, BMI, diabetes, history of CV disease, serum albumin, hemoglobin, and baseline 
serum levels of total calcium, phosphorus and PTH. Patients with recent parathyroidectomy (less than 6 months) were exclud-
ed from the analysis.
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Introduction and Aims: COS-

MOS is a multicenter study aiming 

to survey Chronic Kidney Disease 

related Mineral and Bone Disor-

ders (CKD-MBD) in hemodialysis 

patients as well as the current 

clinical practice for the prevention, 

diagnosis and treatment of this 

condition. The aim of this analysis 

was to assess the prevalence and 

characteristics of the parathyroid-

ectomized population in COS-

MOS.

Methods: COSMOS (Current 

Management Of Secondary Hyper-

parathyroidism – a Multicenter 

Observational Study) is a 3-year, 

multicenter, open-label, prospec-

tive study collecting data from 

4,500 hemodialysis patients at 

227 centers in 20 European coun-

tries. Facilities and patients were 

identified using a stratified, ran-

dom selection methodology. The 

number of patients was selected 

according to the hemodialysis 

population of each country. At 

enrolment, patient data were col-

lected by site investigators and 

entered into a web-based data 

entry system including demo-

graphics, medical history (including 

PTX), routinely collected laboratory 

parameters during the previous 6 

months, and concomitant treat-

ments. Data from baseline analy-

sis are presented in this report.

Results: The prevalence of PTX 

was 6.6% and increased with time 

on hemodialysis (0.7%, 2.9% and 

17.4% in patients on hemodialysis 

for <1, 1 to 5 and ≥5 years respec-

tively, p<0.001). PTX was more fre-

quent in female patients (7.7% vs 

6.0%, p<0.001) and in young 

patients (11.9, 9.4, 5.8 and 2.6% 

in patients aged <45, 45–64, 65–74 

and ≥75 years respectively). The 

percentage of patients with hypo-

calcemia (calcium corrected by 

albumin lower than 8.4 mg/dL) was 

higher in patients with PTX (23.0% 

vs 9.9%, p<0.001). More than half 

of the patients with PTX (58.8%) 

showed PTH levels <150 pg/mL, a 

percentage significantly higher than 

those without PTX (34.9%, 

p<0.001). Overall, 86.4% of COS-

MOS patients were on phosphate 

binders and no differences were 

found between patients with PTX 

and patients without PTX (88.0% 

and 86.4% respectively, p=0.42). 

The percentage of patients receiv-

ing more than one phosphate 

binder was higher in patients with 

PTX (32.4% vs 22.8%, p<0.001). 

Interestingly, patients with PTX 

showed higher levels of hemoglob-

in (Hb). In fact, 43.9% of patients 

with PTX showed Hb levels ≥ 12 g/

dL, whereas only 34.8% of patients 

without PTX achieved the same 

levels (p<0.001) despite the fact 

that in the latter the percentage of 

patients receiving erythropoietin 

was higher (90.7% vs 84.0% 

respectively, p<0.001).

Conclusions: The prevalence of 

PTX was high, particularly in 

patients ≥ 5 years on hemodialysis 

and younger than 65 years. PTX 

patients had a higher rate of 

hypocalcemia, lower PTH levels 

and higher Hb levels than those 

without PTX.

Prevalence of Parathyroidectomy (PTX) in the European Hemodialysis Population. 
Results from COSMOS 
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Introduction and Aims: Most 

patients with end-stage renal dis-

ease (ESRD) on hemodialysis (HD) 

have atherogenic lipid abnormali-

ties, but do not have raised cho-

lesterol. The benefits of statin 

therapy, irrespective of baseline 

levels, on cardiovascular (CV) out-

comes in ESRD patients are un-

certain. AURORA (NCT00240331) 

is a large-scale, international, dou-

ble-blind, placebo-controlled study 

to assess the effect of rosuvasta-

tin on CV morbidity and mortality 

in patients with ESRD on HD.

Methods: Patients aged 50–80 

years with ESRD who had been 

receiving HD for at least 3 months 

were enrolled in 281 centers in 25 

countries. Patients were rand-

omized 1:1 to rosuvastatin (RSV) 

10 mg daily or to placebo. The 

primary endpoint was time to CV 

death, non-fatal myocardial infarc-

tion, or non-fatal stroke; second-

ary endpoints included all-cause 

mortality, CV event-free survival, 

CV death, non-CV death, and 

thrombosis of HD vascular 

access.

Results: Overall, 2,776 patients 

were randomized into the study. 

At baseline, mean age was 64.2 

±8.7 years, BMI was 25.4±4.9 kg/

m2, and systolic and diastolic 

blood pressure were 136.9±24.5 

and 75.8±12.7 mmHg, respec-

tively. A total of 51% of patients 

had a history of CV disease (CVD) 

or CVD risk equivalent, diabetes, 

angina, and peripheral arterial dis-

ease being the most common. 

Mean baseline levels (mg/dL) of 

total cholesterol, LDL-cholesterol, 

triglyceride, and HDL-cholesterol 

were 175±42, 99±34, 155±93 

and 45±15, respectively. Mean 

hemoglobin levels were 11.68 

±1.60 g/dL. Median time on renal 

replacement therapy was 32 

months, with 92% on HD and 

the remainder on hemofiltration. 

There was a prompt 43% reduc-

tion in LDL-cholesterol by 

3 months in the RSV arm. Hs-CRP 

was elevated at baseline, but 

was reduced by 11% in the RSV 

group (p<0.001). There was no 

beneficial effect of RSV upon 

the primary composite endpoint 

cardiac death, non-fatal myocar-

dial infarction or non-fatal 

stroke, or in any of the secondary 

endpoints or pre-specified sub-

populations that were analyzed. 

Adverse events were similar in 

both groups.�   

We are currently assessing asso-

ciations of baseline and on-treat-

ment LDL-cholesterol and hsCRP 

levels with clinical outcomes in the 

AURORA population.

Conclusions: Baseline data con-

firm that the AURORA study pop-

ulation is representative of patients 

with ESRD on chronic HD. Despite 

a reduction in LDL-C of 43% and 

a reduction by 11% in CRP, no 

beneficial treatment effects on pri-

mary or secondary CV endpoints 

were observed confirming the lack 

of benefit of statins in the ESRD 

population seen with atorvastatin 

in the 4D trial. Rosuvastatin thera-

py was well tolerated in this patient 

population. We hope to report on 

any associations of baseline and 

on-treatment LDL-cholesterol and 

hsCRP levels with clinical out-

comes.

Effect of Rosuvastatin versus Placebo on Cardiovascular Outcomes in Patients 
with End-Stage Renal Disease on Hemodialysis - Results of the AURORA Study

3.  Cardiovascular Complications
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Introduction and Aims: The 4D 

study which recruited type 2 dia-

betes hemodialysis patients, 

showed no beneficial effect of 

atorvastatin therapy on a primary 

composite cardiovascular end-

point. However, the predefined 

combined secondary cardiac end-

points indicated a protective effect 

of statin therapy. The primary car-

diovascular endpoint in AURORA 

(NCT00240331) was negative in 

diabetic patients. However, we 

examined the effects of rosuvasta-

tin therapy in diabetic patients 

in the trial for a pre-defined spe-

cific atherosclerotic cardiac end-

point.

Methods: Patients aged 50–80 

years with ESRD who had been 

receiving hemodialysis for at least 

3 months and had a diagnosis of 

diabetes at enrollment were ana-

lyzed. Patients were randomized 

1:1 to rosuvastatin 10 mg daily or 

to placebo. The secondary athero-

sclerotic cardiac endpoint was 

time to fatal or non-fatal myocar-

dial infarction.

Results: Of the 731 diabetic 

patients, 343 were randomized to 

placebo and 388 to rosuvastatin. 

The groups were well matched. At 

inclusion, mean age was 65.0±8.3 

years, 65.5% were males and 

body mass index was 26.7±5.3 

kg/m2. Systolic and diastolic blood 

pressures were 140.8±25.2 and 

75.1±12.4 mmHg, respectively. 

Mean baseline levels (mmol/L) of 

total-cholesterol were 4.5±1.2 and 

4.4±1.1, LDL-cholesterol 2.5±9 

and 2.4±0.9, triglycerides 1.9±1.3 

and 1.9±1.1, HDL-cholesterol 

1.1±0.4 and 1.1±0.4 respectively 

in the rosuvastatin and the place-

bo arm.�   

There was a 25.2% reduction in 

total cholesterol and a 39.1% 

reduction in LDL-cholesterol by 

3 months in the rosuvastatin arm. 

Adverse events were similar in 

both groups.�  

Diabetic patients randomized 

to rosuvastatin had a 32% reduc-

tion in atherosclerotic cardiac 

events (HR 0.68, CI 0.51–0.90, 

p= 0.0079).

Conclusions: For diabetic patients 

receiving hemodialysis in the 

AURORA trial rosuvastatin was 

well tolerated with an effective 

reduction of LDL-cholesterol and 

was associated with a reduced 

rate of atherosclerotic cardiac 

events.

Effect of Rosuvastatin on Cardiovascular Outcomes in Diabetic Patients Receiving 
Hemodialysis – Results from the AURORA Study
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Introduction and Aims: Patients 

receiving dialysis have a markedly 

increased cardiovascular risk. 

Although blood pressure (BP) low-

ering trials have clearly demon-

strated cardiovascular benefit in 

the general population, the effica-

cy and safety of BP lowering in 

dialysis patients are uncertain. We 

systematically reviewed all availa-

ble randomised trials of BP lower-

ing in dialysis patients.

Methods: MEDLINE, EMBASE 

and the Cochrane Library data-

base were searched for trials 

reported between 1950 and 

November 2008, without language 

restriction. We extracted a stand-

ardised dataset from randomised 

controlled trials that employed any 

form of BP lowering in dialysis 

patients and reported cardiovas-

cular outcomes.

Results: Eight trials involving 

1,679 patients and 495 cardiovas-

cular events were included. In 

actively treated patients, weighted 

average systolic and diastolic BP 

levels were –4.5 mmHg and –2.3 

mmHg lower, respectively. BP 

lowering was associated with a 

29% (95% (CI) 8–45%, p=0.009) 

lower risk of cardiovascular events, 

a 20% (CI 4–34%, p=0.014) lower 

risk for all-cause mortality and a 

29% (CI 1–50%, p=0.044) lower 

risk for cardiovascular mortality as 

compared with control regimens. 

Heterogeneity (I2= 67.5% p=0.003) 

in the magnitude of the effect was 

observed for the outcome of all 

cardiovascular events, but not for 

all-cause mortality. The magnitude 

of risk reduction was similar for 

the different classes of BP lower-

ing agents. Furthermore, the 

effects appear to be consistent 

irrespective of the presence or 

absence of hypertension or other 

co-morbidities.

Conclusions: BP lowering agents 

significantly reduce the risk of car-

diovascular events, all cause mor-

tality and cardiovascular mortality 

in patients undergoing dialysis. 

These data suggest that adminis-

tration of BP lowering agents 

should be considered routinely for 

individuals undergoing dialysis to 

reduce the very high cardiovascu-

lar morbidity and mortality rate in 

this population.

Blood Pressure Lowering Reduces Cardiovascular Events and Mortality in 
Dialysis Patients: A Systematic Review of Randomised Controlled Trials
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Introduction and Aims: Annual 

acceptance rate for RRT in UK is 

rising steadily from 20 pmp in the 

1980s to 103 pmp in 20041: The 

fastest growing group of patients 

with ESRD are those over 75 years 

old2.�  

The aim of the present study was 

to compare the survival outcomes 

of the different patients’ age 

groups in two different time-peri-

ods.

Methods: The present study is a 

retrospective computer based 

study with data extracted from 

the renal patients’ database. 

The studied patients initiating 

RRT were divided in two groups 

according to the time of initiation 

RRT (group 1 : 813 patients (517 

M –296 F) initiating RRT from 

1/1/1996 to 31/12/2000 and 

group 2 : 894 patients (543 M 

–351 F) initiating RRT from 

1/1/2001 to 31/12/2005). Each 

group was divided into 3 sub-

groups according to the age of 

each patient initiating RRT <65 

years old, 65–74 years old and 

≥ 75 years old. All subjects were 

followed up until the point of 

assessment (10/12/2008) or the 

time of death.

Results: 90-days and 1-year sur-

vival: There were no significant dif-

ferences in 90-days and one-year 

survival when we compared the 

total of the two time periods and 

the different age groups in the 

three periods.�  

Long-term survival: There was no 

significant difference in 5-years 

estimated survival for the 2001–

2005 when we compared it against 

the 1996–2000 group. Six-years 

survival was significantly higher in 

the latest time period compared to 

the earlier one (Pearson Chi-

Square 4.531, df 1, P=0.033). Five 

years survival was also significant-

ly higher in the 2001–2005 group 

in the age group over 75 years old 

(Pearson Chi-Square 4,340, df 1, 

P=0.037). There was no significant 

difference concerning the five 

years survival of the under 65 

years old age group and the 65–74 

age group between the periods 

1996–2000 and 2001–2005. Six 

years survival was also significant-

ly higher in the 2001–2005 group 

in the ages under 65 years old 

(Pearson Chi-Square 5,713, df 1, 

P=0.017) in the 65-74 years old 

group (Pearson Chi-Square 3,814, 

df 1, P=0.05) and the over 75 

years old group (Pearson Chi-

Square 5,116, df 1, P=0.024).

Conclusions: The improvements 

in the RRT therapy have led to 

improvements in the long term 

(6-year) survival of the patients. 

Short term survival has remained 

unchanged during the last 15 

years and further studies are 

needed to address this issue.

1 � Ansell D et al. UK Renal Registry 
Report 2005. Bristol, UK

2 � Farrington K. et al. UK Renal 
Registry Report 2006

Survival Outcomes in Patients of Different Age-Groups. Comparison of 
Two Different Time Periods
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Introduction and Aims: Sudden 
cardiac death constitutes a major 
cause of death in maintenance 
dialysis patients. In order to pro-
vide appropriate intervention and 
to evaluate new treatments for its 
prevention, it is important to iden-
tify patients at high risk of sudden 
death.
Methods: We analyzed data from 
1,255 diabetic hemodialysis 
patients, who participated in the 
German Diabetes and Dialysis 
study (4D study) and were fol-
lowed for a median of 4 years 
(mean age 66 years, 54% male). 
We first established a prediction 
model based on patient history, 
and investigated whether the addi-
tion of 1) routine laboratory mark-
ers measured at baseline (incl. 
albumin, hemoglobin, calcium, 
phosphate, cholesterol, creatinine, 
HbA1c) and 2) selective biomark-
ers (NTproBNP, troponin T, CRP 
and adiponectin) further improved 
risk stratification for sudden death. 
Discriminative abilities were calcu-
lated with Harrells C-statistics. 

With a score being developed and 
applied to each patient, groups of 
patients at high and low risk were 
formed and compared using Kap-
lan Meier analyses.
Results: During follow-up, 160 
participants died of sudden death. 
In Cox regression analyses, the 
presence of CAD, PVD, arrhyth-
mia, CHF, catheter use and BMI 
were strong and independent pre-
dictors of sudden death (model 1). 
The C-statistic of this model on 
patient history (corresponding to 
an area under the ROC curve) was 
0.68. From routine laboratory 
markers, albumin and HbA1c were 
the strongest predictors of sudden 
death. When added to model 1, 
the discriminative power as 
assessed by the C-statistic 
increased to 0.70 (model 2). 
Among the biomarkers, which 
were all significantly associated 
with sudden death, NTproBNP 
proved to have the strongest pre-
dictive value. When incorporated 

into model 2, the C statistic further 
increased to 0.72 (model 3). Cat-
egorization of patients into groups 
of low, medium, high and very 
high risk according to a score 
developed from model 2 showed 
good discrimination in Kaplan-
Meier analyses. NTproBNP was 
very useful in specifying risks 
among the medium scoring cate-
gory, enabling further stratification 
of this group into patients at high 
and low risk.
Conclusions: We provide a prog-
nostic score based on easily 
obtainable anamnestic and routine 
laboratory markers, which allows 
for a good identification of diabet-
ic hemodialysis patients at high vs. 
low risk of sudden cardiac death. 
We furthermore suggest that 
NTproBNP can be helpful in bor-
derline cases, providing additional 
prognostic information to be used 
for the further distinction of those 
patients into groups of high and 
low risk.

Figure

Kaplan Meier 
curves for the 

time to sudden 
cardiac death 

in patients 
grouped 

according to the 
score devel-

oped from pre-
diction model 2

Score 1: 0–1.5 points (low risk, n=404)

Score 2: 2–2.5 points 
(medium risk, n=379)

Score 3: 3–4 points 
(high risk, n=319)

Score 4: > 4 points (very high risk, n=153)
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Introduction and Aims: Altera-

tions in microvascular function 

play an important role for the 

development of diabetic nephrop-

athy and retinopathy. Experimental 

data suggest increased vascular 

production of superoxide and of 

nitric oxide (NO), both subse-

quently reacting to highly toxic 

peroxynitrite. We hypothesized 

that folic acid treatment may 

reduce oxidative stress and micro-

vascular NO activity in subjects at 

high risk for diabetes.

Methods: Male subjects with me-

tabolic syndrome (n=49) and con-

trols with similar body mass index 

(BMI) (n=26) were included in a 

randomized, double-blind, cross-

over designed trial. After treatment 

with placebo or folic acid (5 mg/

day) for four weeks, oxidative 

stress was determined as reduced 

glutathione to oxidized glutathione 

levels in erythrocytes (GSH/GSSG 

ratio). Renal and retinal NO activi-

ties were assessed in vivo as renal 

plasma flow (clearance-technique) 

and retinal blood flow (laser dop-

pler scanning flowmetry) respons-

es to NO synthase inhibition with 

N(G)-monomethyl-L-Arginine 

(L-NMMA).

Results: BMI was similarly elevat-

ed in subjects with and without 

metabolic syndrome (34±4 vs 

32±3 kg/m2, n.s.). In all subjects, 

GSH/GSSG ratio increased from 

42±80 to 100±198 (p=0.04). Only 

in subjects with metabolic syn-

drome, folic acid reduced the 

responses of renal plasma and 

retinal blood flow to L-NMMA 

compared to placebo (–48±40 vs 

–66±48 ml/min/1.73m2, p=0.03; 

and –9±35 vs –27±44 U, p=0.04).

Conclusions: Folic acid reduces 

oxidative stress in obese subjects, 

and reduces NO activity in renal 

and retinal circulations in those 

with metabolic syndrome.�   

We hypothesize that folic acid 

treatment may be useful in this 

setting to prevent microvascular 

damage, e.g. via reduced genera-

tion of peroxynitrite.
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Introduction and Aims: Elderly 

patients with reduced estimated 

glomerular filtration rate (eGFR) 

are now one of the commonest 

indications for referral to nephrol-

ogy clinics. The MDRD-4 formula 

and the new classification of CKD 

are now being routinely used to 

screen patients for renal disease in 

the community. We investigated 

eGFR values and the prevalence 

of renal dysfunction in an elderly 

Scottish population.

Methods: We analysed eGFR 

(MDRD-4 UK NEQAS) values in 

1,043 patients from a population 

of primary care attenders (age 

> 64 years). The anonymised 

eGFR and creatinine results were 

part of routine blood tests ana-

lysed by the biochemistry labora-

tory for general practitioners. Fol-

low-up bloods were assessed 

12 months later. Normal renal 

function was defined as eGFR 

> 60 ml/min/1.73m2. Statistical 

analysis was performed using 

SPSS software. Patients were 

stratified into 3 age groups. 

Results: We investigated 1,043 

patients, 432 male and 611 female 

patients, age range 65 to 99 years. 

The mean eGFR for each age 

group was: 65–74 years, eGFR = 

67.2; 75–84 years, eGFR = 60.0; 

and > 84 years, eGFR = 50.7. 

Multivariate analysis showed a 

significant association between 

10-year increments in age and 

eGFR (OR 2.3). After 12 months 

the mean eGFR’s for each group 

were 70.2 (p<0.001), 62.2 

(p<0.001) and 51.4 (ns), respec-

tively. eGFR improved in two age 

groups and was unchanged in the 

third. There were 464 patients 

(44.5%) diagnosed with an eGFR 

< 60 ml/min/1.73m2. From these 

patients, 255 (24.4%) were classi-

fied as Stage 3A and 167 (16.0%) 

as Stage 3B. There were 42 

patients (4.0%) with an eGFR < 30 

ml/min/1.73m2. From these pa-

tients, 37 (3.5%) had Stage 4 CKD 

and 5 (0.5%) had Stage 5 CKD. 

Mean eGFR values in Stage 3A 

were 52.5 at baseline and 55.5 at 

12 months (p<0.001); Stage 3B, 

38.2 and 40.7 (p<0.001); Stage 4, 

24.8 and 30.8 (p<0.01); Stage 5, 

11.8 and 12.9 (ns), respectively. 

eGFR values improved or were 

unchanged after 12 months.

Conclusions: Around 45% of our 

elderly population had eGFR < 60 

ml/min/1.73m2 and this was sig-

nificantly associated with increas-

ing age. The introduction of eGFR 

reporting has led to a rising number 

of elderly patients being referred 

to the renal service for further 

investigation. The majority (40%) 

had Stage 3 CKD. Monitoring 

these elderly patients for 12 

months showed no evidence of 

progressive renal disease. Do 

these patients have clinically sig-

nificant treatable disease or are 

we simply seeing the effect of the 

normal ageing process? More 

clinical guidelines for management 

of CKD in this elderly age group 

are required. The sub-classifica-

tion of Stage 3 CKD may assist in 

appropriate investigations and 

treatment of elderly patients.
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Introduction and Aims: An AV 

fistula is the recommended vas-

cular access for hemodialysis 

patients irrespective of age be-

cause of increased patency and 

lower risk of complications com-

pared to central venous catheters. 

The elderly are the fastest growing 

group of patients on dialysis. Pre-

vious studies evaluating fistula 

outcomes in elderly subjects have 

yielded mixed results and contro-

versy still exists as to the best 

choice of hemodialysis access in 

the very elderly.�  

The aim of this study is to com-

pare fistula patency and complica-

tion rates in patients <65, 65-75 

and >75 years of age in a large, 

tertiary care, vascular access 

referral centre.

Methods: This is a retrospective 

analysis of prospectively collected 

data. All patients with their first AV 

fistula created between January 1, 

2005 and December 31, 2007 

were identified. Patients were 

excluded if they died, received a 

transplant or terminated dialysis 

within three months of fistula crea-

tion. Data was collected from 

January 1, 2005 to December 1, 

2008. The primary outcome was 

primary patency, evaluated by 

Kaplan-Meier survival analysis. 

Secondary outcomes included 

secondary and functional patency, 

as well as need for intervention 

and fistula complications. 

Results: A total of 269 patients 

were eligible for the study and 258 

patients met inclusion criteria. The 

age distribution was as follows: 

<65, n = 105, mean age 50 ± 10, 

65–75, n = 83, mean age 71 ± 3, 

>75, n = 70, mean age 80 ± 4. 

The cohort had 64% males, 45% 

Caucasians, and 33% Asians and 

no difference was noted among 

age groups. The >75 age group 

had more cardiovascular disease 

versus the <65 age group (61% 

vs. 38%, n = 0.005). The figure 

illustrates that primary patency 

was similar for all age groups.

At one year, primary patency was 

37% overall. (<65 = 37%, 65–75 = 

39%, >75 = 35%). At three years, 

primary patency was 18% overall 

and again, there was no difference 

between the age groups. Impor-

tantly, secondary patency and 

functional patency were also simi-

lar between all age groups at 1,2 

and 3 years.

On multivariate analysis, the only 

variable associated with fistula 

loss was presence of diabetes HR 

1.565 (95% CI 1.089–2.250). AV 

fistulas created predialysis were 

associated with increased patency 

HR 0.550 (95% CI 0.376–0.803). 

50% of fistulas needed interven-

tion during the study period (53%  

= <65, 47% = 65–75, 33% = >75 

p=0.61) and 13% had a complica-

tion (18% = <65, 7% = 65–75, 

11% = >75 p=0.52). Importantly, 

no differences in number of inter-

ventions or complications were 

noted by age.

Conclusions: There is no dif- 

ference in AV patency, complica-

tions, or need for intervention in 

older patients when compared to 

their younger counterparts. There-

fore, vascular access decisions, 

even in the very elderly, should not 

be made based on concerns of 

lower patency or high risk of com-

plications.

Figure: Primary Patency of AV Fistulas
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Introduction and Aims: Advanced 

age is no longer considered a 

contraindication to dialysis and in 

the last decade an increasing 

number of very elderly (≥ 85 yrs) 

patients has been admitted to 

dialysis treatment. Since few data 

are available in the literature, we 

aimed to evaluate the impact of 

treatment modalities, type of dialy-

sis access and various comorbidi-

ties on long-term survival in these 

patients.

Methods: We collected and 

examined the data of all the ≥85 

years old patients starting dialysis 

from Jan 1998 to Dec 2007 in 13 

Dialysis Units in the North Milan 

area (Italy).

Results: We found data regard-

ing 157 patients ≥ 85 years (86 F 

and 71 M, 3.5 % of all incident 

patients) with a mean age of 88.0 

years (range 85.1–99.4, median 

87.25). The most frequent cause 

of ESRD was renal vascular dis-

ease (n=86, 54.8%), followed by 

glomerulonephritis (n=13, 8.3%) 

and diabetes (n=11, 7.6%). Treat-

ment was hemodialysis (HD) in 

127 (80.9%) and peritoneal dialy-

sis (PD) in 30 patients (19.1%).  

First access was vascular catheter 

in 88 patients (56%), AV fistula 

(AVF) in 38 (24.2%) and peritoneal 

catheter in 31 (19.7 %).�  

Among comorbidities, diabetes 

was present in only 26 patients 

(16.6%), previous coronary artery 

disease in 56 (35.7%), peripheral 

vascular disease in 10 (10.2%), 

cerebral vascular disease in 30 

(19.1%), neoplasia in 24 (15.3%) 

and liver disease in 5 (3.2%).�   

Survival rate was 80.3% at 3 

months, 62.3% at 12, 46.2% 

at 24, and 32.6% at 36 months 

(median 18, interquartile range 

5,7–45.5). Excluding patients sur-

viving < 90 days, survival rate was 

77.6% at 12 months, 57.5% at 

24 and 40.7% at 36 months 

(median 30.0, interquartile range 

13.7–46.6) vs. an average life 

expectancy of 60.4 months (inter-

quartile range 54–73.5). �  

Main causes of death were cardi-

ovascular events (n=47), cachexia 

(n=42) and infections (n=14). 

Notably, only 2 deaths were due 

to treatment withdrawal and no 

fatal events were observed, in the 

first 90 days, in patients with a 

functioning AVF. No difference in 

survival rates was observed be-

tween HD and PD treatment. Cox 

regression analysis (including age, 

sex, comorbidities, treatment 

modalities and dialysis access) 

showed a significantly increased 

mortality risk for central venous 

catheter as first access (HR 1.92, 

CI 1.33–2.80, P=0.001) and for 

the presence of peripheral vascu-

lar disease (HR 2.14, CI 1.24–2.70, 

P= 0.007). In patients surviving > 

90 days, the only significant risk 

factor for mortality was starting 

dialysis with a central venous 

catheter (HR 1.87, CI 1.22–2.86, 

P=0.004).

Conclusions: In very elderly pa-

tients, timely decisions on plan-

ning treatment and preparing a 

permanent dialysis access seem 

to play a more significant role in 

determining a better outcome than 

the presence or absence of one or 

more comorbidities.

Dialysis in Very Elderly (≥ 85 Years Old) Patients with End-Stage Renal Disease



22

Peritoneal Dialysis in the Elderly – Assistance Needed as a Determinant of 
Unfavourable Outcome

Friedrich Prischl1, Manfred Wallner1, 
Ingrid Hofinger1, Eva Seiringer1, 
Sonja Zehetmayer2, Reinhard Kramar1

1 � Dept.Nephrology, 
Klinikum Wels-Grieskirchen, 
Wels, Austria

2 � Institute for Medical Statistics, 
University of Medicine, 
Vienna, Austria

Introduction and Aims: Consist-

ent recommendations regarding 

peritoneal dialysis (PD) are difficult 

to give to elderly patients due to 

conflicting data published. There-

fore, we have analyzed our cohort 

of PD patients to clarify whether 

PD is a risk or chance in elderly 

patients. 

Methods: Overall, 98 consecutive 

patients with PD (58 males, 40 

females; mean age 54.2 ± 14.4; 

age ≥65: n=25) were prospective-

ly followed for a mean duration of 

PD of 22.1 ± 19.85 months. All 

were treated in the same way, i.e. 

similar catheter implantation tech-

nique and similar training. All were 

started with a standard regimen of 

4 x 2 l, 1.5% glucose exchanges 

per day of biocompatible PD-solu-

tions, later adapted to the individ-

ual’s needs. Patients were followed 

monthly or whenever clinically 

indicated.�  

Analyses included descriptive sta-

tistics, univariate and multiple Cox 

regression analyses, cumulative 

incidence functions of major 

events and Kaplan-Meier plots 

regarding mortality in relation to 

major events.

Results: First analyses revealed 

that peritonitis was the major event 

to occur with the highest probabil-

ity compared to transplantation, 

transfer to hemodialysis (HD) and 

death while on PD. Neither age, 

sex, assistance needed with PD or 

number of training units had a sig-

nificant influence on the events. 

Overall, 43 first peritonitis episodes 

were seen. In these patients a 

higher number of training units 

indicated a significantly higher risk 

of a second peritonitis episode 

(p<0.001; n=9). Irrespective of age, 

25 % of peritonitis were caused by 

Gram negative bacteria.�  

Although the frequency of peritoni-

tis episodes was higher in the eld-

erly patients (0.39 episodes/patient 

year) versus patients <65 years of 

age (0.29 episodes/patient year) in 

Cox regression analyses, age had 

no significant influence on occur-

rence of peritonitis.�  

In an intention-to-treat analysis of 

time until death (at any time) time-

ly transfer to HD (p=0.035), trans-

plantation (p<0.0001) and no 

assistance needed with PD 

(p=0.03) were associated with a 

higher survival probability. Clearly, 

increasing age is related to shorter 

survival probability (p<0.0001) and 

was also a risk factor to be trans-

ferred to HD. In multiple Cox 

regression analyses also peritoni-

tis had a significant negative 

impact on time until death 

(p=0.022).

Conclusions: We conclude that 

age by itself is not a risk factor and 

elderly patients may choose PD as 

their renal replacement therapy. 

However, the major determinant of 

a negative outcome is assistance 

needed with PD. Pre-PD testing 

to identify those dependent on 

assistance is warranted. A higher 

number of training units to learn 

handling of PD indicates a higher 

risk of repeated peritonitis epi-

sodes in the patients already hav-

ing had a first episode.
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Introduction and Aims: Recent 

clinical data show that a supple-

mented very low protein diet 

(sVLPD) in CKD5 elderly patients 

allows to postpone the initiation of 

dialysis of on average 1 year with-

out increasing their risk of death or 

hospitalization. We aimed to com-

pare benefits and costs of sVLPD 

vs dialysis (D) in elderly patients.

Methods: A cost-benefit analysis 

was conducted. Direct medical 

and non-medical benefits and 

costs were analysed, from the 

perspective of the Italian National 

Health Service (NHS), which is in 

charge of paying for most of direct 

costs attributable to renal failure. 

We quantified cost of dialysis, 

hospitalizations, drug therapy, 

blood/instrumental tests, medical 

visits, reimbursement for transpor-

tation to/from hospital and for 

home dialysis treatment. Prices 

and tariffs applied in 2007 were 

used. The net benefit was com-

puted as a difference of benefits 

and costs estimated in sVLPD vs 

dialysis group in a time horizon of 

3 years, and reported as mean 

c/pt-year. An annual discount rate 

of 5% was applied to benefits and 

costs occurring after the first year. 

The bootstrap statistic was applied 

to conduct the analyses. 

Results: Data from a subgroup 

of patients with GFR of 5–7 ml/

min/1.73 m2 BSA, participating in 

a randomized controlled trial con-

ducted in 1998–2005 were ana-

lysed. Thirty patients were rand-

omized to dialysis (age=77.2 ± 4.6 

years): 23 received HD, 7 received 

PD. Twenty-seven patients were 

randomized to sVLPD (age=78.6 

± 6.5 years): during the follow-up 

19 switched to HD, 2 to PD. The 

patients were followed for a mean 

of 3.24 years (dialysis group) and 

3.27 years (sVLPD, considering 

the time on dialysis after shift too). 

Patients assigned to sVLPD had a 

mean period on diet of 13 (1–58) 

months, receiving during this peri-

od 7,160 IU/pt-week of erythro-

poietin (EPO) on average. Patients 

assigned to dialysis received 8,104 

IU/pt-week of EPO.�   

No morbidity or mortality increase 

was detected among patients 

assigned to sVLPD compared to 

those assigned to dialysis.�  

Mean costs for NHS in this 3-year 

period were 37,595.38 c/pt-year 

in the dialysis group vs 29,772.54 

c/pt-year in the sVLPD group, 

respectively. In particular, 41,300 c 

(dialysis) vs 19,860 c (sVLPD) per 

patient were spent in the 1st year 

of treatment; 31,600 c (dialysis) vs 

26,100 c (sVLPD) in the 2nd year; 

28,298 c (dialysis) vs 24,850 c in 

the 3rd year (sVLPD).�   

As the dialysis treatment was the 

cost driver (70% of total costs), 

the main benefit to the NHS 

derived from saving this costs dur-

ing the sVLPD period.

Conclusions: To our knowledge 

this is the first study on cost-ben-

efits of initiating sVLPD compared 

with initiating dialysis in CKD5 eld-

erly patients. sVLPD allows to 

save on average 1 year of dialysis 

per patient, without negative 

consequences on morbidity and 

mortality, and allows the NHS to 

save >30,000 c/pt in 3 years from 

treatment initiation, of which 

>20,000 c already the 1st year.
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Introduction and Aims: With the 

implementation of the official 

guideline on dialysis quality in Ger-

many each individual unit is legally 

bound to prove the dialysis quality 

delivered to their patients. The 

dialysis dose is here one key indi-

cator. A spKt/V ≥1.2 has to be 

achieved in 85% of patients. 

Whereas this seems to be an easy 

target for some units, for others it 

appears to be a struggle.�  

The current analysis intends to 

disclose potential centre differ-

ences and to identify the rationale 

behind it. Therefore the centres 

were grouped according to their 

achieved mean spKt/V and the 

impact of patients’ characteristics 

and dialysis prescription was 

investigated by analysis of vari-

ance and Chi², when appropriate.

Methods: 44 centres participating 

in the EuCliD-Benchmarking Sys-

tem were included. They were 

categorised in 4 groups according 

to their mean spKt/V achieved for 

all point prevalent patients (4,536) 

on September 30, 2008. The indi-

vidual centre-groups were charac-

terised by mean spKt/V-values of 

[1] 1.36±0.30 [2] 1.46±0.35 [3] 

1.57±0.32 [4] 1.70±0.41.

Results: Centres with low 

spKt/V treated non-significantly 

less females (41% vs. 46%); their 

patients were younger (66±14 vs. 

68±14 yrs p=0.021), also at start 

of dialysis (62±16 vs 64±15 yrs 

p=0.005) and longer on dialysis 

treatment (p=0.001) compared to 

centres with high Kt/V. Patients in 

the low-Kt/V centres slightly were 

heavier than the ones in high-Kt/V 

centres (77 ±18 vs 75 ±17 kg, 

p<0.05). Further, native AVF were 

found less often in centres with 

low Kt/V (77.9% vs 86.8%, 

p=0.001) as were artificial grafts 

(8.6% vs 10.5%, p=0.001). Low 

Kt/V-centres achieved lower blood 

flows but higher dialysate flows 

(Qb: 278±53 vs 303±62 ml/min, 

p<0.001; Qd: 50±25 vs 478±89 

ml/min, p<0.001) and shorter treat-

ment times (253±28 vs 274±39 

min, p<0.001). Accordingly, less 

total blood volume was processed 

(70±16 vs 84±20L) and less 

patients achieved the target Kt/V 

(74% vs 94%) in low-Kt/V centres 

compared to high-Kt/V centres. 

The significant differences 

remained after adjustment for age, 

gender and time on dialysis.

Conclusions: The analysis con-

firmed that despite gender and 

age differences the main factors 

influencing adequate dialysis are 

the type of vascular access, suffi-

cient blood flow and treatment 

time.�  

Accordingly, it is mandatory to 

monitor and re-adjust the treat-

ment parameters frequently in 

order to continuously improve 

dialysis quality. In this respect, 

particularly patient’s body weight 

should be taken into account when 

prescribing treatment times.
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Introduction and Aims: Longer 

HD sessions have been associat-

ed with decreased mortality. How-

ever, previous results may be 

biased by the fact that patients 

who undergo longer HD sessions 

are likely more compliant with 

other therapeutic aspects of their 

care, e.g. adherence to medi- 

cation prescription and dietary 

restrictions. We postulate that the 

practice of prescribing longer HD 

time for all patients in a unit may 

be associated with improved out-

comes, independently of patient 

characteristics.

Methods: Analyses used DOPPS 

data from 1996–2008 in 12 coun-

tries: Australia/New Zealand (ANZ), 

Belgium, Canada, France, Ger-

many, Italy, Japan, Spain, Swe-

den, the UK, and the US (n=929 

facilities; with 24,475 patients). 

The dialysis facility mean pre-

scribed time on HD (treatment 

time [TT]) was used as predictor, 

continuously and in categories 

(<3.5, 3.5–4.0 [ref ], and >4.0 

hours). Association with laborato-

ry values of hemoglobin, PO4, K, 

and pre-dialysis systolic blood 

pressure (SBP) was assessed by 

linear mixed models. Cox models 

assessed the risk of mortality and 

hospitalization with TT, adjusted 

for age, sex, race, years on dialy-

sis, 14 comorbidities, BMI, residu-

al renal function, Kt/V, and 5 other 

facility practices (catheter use, 

PO4, K, hemoglobin, and albumin); 

stratified by country and phase; 

accounted for facility clustering.

Results: Great variability in facility 

TT was observed both within and 

across countries.

Longer TT was associated with 

significantly higher hemoglobin 

(+0.10 g/dl), lower serum phos-

phorus (–0.12 mg/dl), SBP (–1.19 

mmHg), and K (–0.03 mEq/L) per 

30 minute longer TT.�  

Facilities with longer mean TT had 

the greatest reduction in risk of 

sudden deaths and composite 

outcome of sudden death and 

myocardial infarction (table).

Conclusions: The facility prac-

tice of prescribing longer HD ses-

sions was associated with im-

proved anemia, PO4, SBP, K, and 

decreased mortality. Operational 

factors (e.g. limited staffing, 

number of stations, etc.) and 

patient reluctance to prolong TT 

are likely to influence clinicians’ 

ability to prescribe longer TT. 

Overcoming these barriers may 

result in better outcomes.

Outcome

Continuous TT 
(per 30 minutes)

Categorical TT (vs. 3.5–4 hours)

TT < 3.5 hrs TT > 4 hrs

RR CI RR CI RR CI

Mortality

All-Cause 0.94* 0.88–1.00 1.17 0.99–1.39 0.89 0.64–1.22

Sudden Death 0.82* 0.70–0.98 1.50 0.95–2.37 0.43 0.18–1.02

Sudden Death/MI 0.90 0.79–1.02 1.35 0.95–1.91 0.70 0.36–1.36

Sudden Death/MI Death or Hospitalization 0.89 0.79–1.01 1.25 0.87–1.80 0.62 0.31–1.26

* p<0.05
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Introduction and Aims: Different 

types of natriuretic peptides (NP) 

and their precursors (pro-NP) cir-

culate in the serum. An increase in 

their serum concentrations is 

indicative for heart failure and/or 

endothelial dysfunction. In main-

tenance hemodialysis (MHD) 

patients an increase in serum con-

centration of NP could also indi-

cate a body fluid retention. Fur-

thermore, serum levels of NP in 

MHD patients may be affected by 

the extreme reduction of renal 

function and by the eventual 

removal during hemodialysis ses-

sion. The aim of this study was to 

investigate serum levels of differ-

ent natriuretic peptides in MHD 

patients to asses their removal 

with diffusive and mixed dialytic 

techniques, and their relationship 

with nutritional and inflammatory 

status and with cardiac function. 

Methods: Thirty-two patients 

(F11), aged 32–88 years were 

examined. Sixteen patients were 

treated with diffusive hemodialysis 

(HD) and 16 with mixed diffusive 

and convective technologies 

(HDF). Serum concentrations of 

C-type natriuretic peptide (CNP), 

brain natriuretic peptide (BNP) and 

their precursors NT-proBNP, NT-

proCNP, and of the precursor of 

atrial natriuretic peptide (NT-

proANP) were measured immedi-

ately before and after a dialytic 

session. At the same time, dialytic 

efficiency for small molecules and 

midle molecules (b2-microglobulin 

reduction ratio – b2M RR), inflam-

matory status (C reactive protein; 

interleukin 6 – IL-6), nutritional sta-

tus (serum albumin concentration) 

were assessed. Furthermore, body 

composition and body fluids were 

evaluated by means of bio-electri-

cal impedance analysis. Echo-

cardiographic parameters were 

also measured.

Results: A relevant increase in 

serum concentration of all NP 

and pro-NP was found in MHD 

patients: 10 to 20 times the mean 

values found in normal subjects.�  

Removal during dialysis: NT-

proANP, NT-proBNP, NT-proCNP 

and BNP decreased significantly 

after HDF (reduction ratios from 

48 to 82%), while their removal 

was very poor after HD. Similar 

reduction ratios were found for 

b2M (RR was 52% after HDF and 

17% after HD. The removal of 

CNP was very modest with both 

dialytic techniques.�  

Relationship with heart function: 

serum CNP showed a negative 

correlation with ejection fraction. 

NT-proANP, NT-proBNP and BNP 

were positively correlated with left 

ventricle end-diastolic diameter 

and left atrium diameter. 

Relationship with nutritional and 

inflammatory status: NT-proCNP 

correlated positively with phase 

angle and with the body cell mass, 

which are indicators of nutritional 

status, and negatively with inflam-

matory markers (IL-6). To the con-

trary CNP correlated positively 

with IL-6 and negatively with phase 

angle. Nt-proBNP correlated  

negatively with nutritional marker 

serum albumin, positively with 

IL-6. No correlation was found be-

tween BNP and nutritional and 

inflammatory status.

Conclusions: In MHD patients a 

relevant increase in serum con-

centration of NP is found, which 

is probably due to the reduced 

renal clearance of the peptides, 

and is also dependent from dia-

lytic clearance, cardiac function, 

inflammation and nutritional status 

of patients.
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Introduction and Aims: The long-

term success of modern dialysis 

treatment modalities based on 

convective transport (such as 

online-haemodiafiltration, OL-HDF) 

is largely dependent upon the 

availability of dialysis fluids of high 

microbiological purity. Bacterial 

endotoxins are present in the 

water supply systems of most 

dialysis units and measures have 

to be taken to prevent the entry of 

these pro-inflammatory substanc-

es into the blood of dialysis 

patients.�  

It is therefore crucial that modern 

high-flux membranes afford a high 

degree of safety to the patient by 

retaining endotoxins from poten-

tially-contaminated fluids.�  

Objective: We compared the 

endotoxin retention properties 

of the new polysulfone-based 

FXHDF600 haemodiafilter with the 

FX60 high-flux dialyser (both Fre-

senius Medical Care, Germany). 

The FXHDF600 has been specifi-

cally designed to meet the require-

ments of high-efficiency convec-

tive treatment modalities (OL-

HDF); it allows high exchange 

volumes as well as having high 

sieving properties for middle mol-

ecules.

Methods: The dialysers were test-

ed in 3 independent experiments 

in an in-vitro dialysis set-up using 

isotonic saline spiked with com-

mercially-available purified endo-

toxin (LPS; lipopolysaccharide) 

from Pseudomonas aeruginosa. 

Both blood and dialysate com-

partments of the dialysers were 

rinsed and filled with pyrogen-free 

isotonic saline. After a pyrogen-

free recirculation phase (60 min), 

the dialysate compartment was 

spiked with LPS at a target con-

centration of 500 EU/mL. Samples 

for endotoxin determination were 

drawn from blood and dialysate 

compartments after 15 and 60 

min under diffusive conditions 

(QB=200mL/min and QD=500mL/

min); during a subsequent 60 min 

filtration phase at QF=50mL/min, 

and a 60 min filtration phase at 

QF=100mL/min, samples were 

drawn from both compartments in 

each phase again after 15 and 

60 min. Endotoxin was quantified 

using a kinetic chromogenic limu-

lus amoebocyte lysate (LAL) assay 

with a detection threshold of 0.005 

EU/mL. Adsorption of endotoxin 

to the membrane of the filters was 

calculated from the difference in 

endotoxin concentration in the 

pool before and after the experi-

ment.

Results: Using a kinetic chromo-

genic LAL test, no transfer of 

endotoxins was detectable for 

the FX60 and for the FXHDF600 

dialysers.

Conclusions: Under the condi-

tions used in these experiments, 

both the FX60 high-flux dialyser 

and the new FXHDF600 haemodia-

filter exhibited no detectable endo-

toxin transfer and high endotoxin 

adsorption capacities and are 

therefore safe barriers against 

endotoxins from potentially con-

taminated dialysis fluids – even 

when exposed to extremely high 

levels of endotoxin contamination. 

Thus, unlike polyethersulfone/

polyarylethersulfone-based mem-

branes which have been shown 

in the literature to be permeable 

to endotoxins, Fresenius 

Polysulfone®-based membranes 

offer an unparalleled safety in 

terms of reduction of the inflam-

matory risk.

Table: Transfer of Endotoxins

Dialyser Type LAL Reactivity
Endotoxin Adsorption 

per Dialyser (EU)
Surface Area 

(m2)
Endotoxin Adsorption 

(EU/cm2)

FX60 below detection limit    952,380 ± 249,460 1.4 64.6 ± 19.9

FXHDF600 below detection limit 1,012,500 ± 178,500 1.5 67.5 ± 11.9
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Introduction and Aims: Intradia-

lytic morbid events (IME, e.g. 

hypotension, cramps, headache) 

are the most frequent complica-

tions during haemodialysis (HD). 

A 50% reduction of sessions 

with IME was obtained in a rand-

omized crossover trial by blood 

temperature (BT) control (Mag-

giore et al., Am J Kidney Dis 

2002); and a 20% reduction of 

sessions with IME was observed 

in a randomized crossover trial 

due to blood volume (BV) control 

(Gabrielli et al., J Nephrol, in press).

Methods: Clinical benefit of  

simultaneous control of both 

parameters (BT and BV) was 

investigated in this international 

study with randomized crossover 

design: after a screening phase 

patients with at least 5 sessions 

with IME in 5 weeks underwent a 

study phase with standard HD for 

5 weeks and a study phase with 

BT- and BV-controlled HD for 5 

weeks in randomized sequence. 

During BT control the individual 

blood temperature is kept con-

stant during the HD session, dur-

ing BV control the ultrafiltration 

rate is adjusted to stay above the 

individual blood volume limit (auto-

matically by Blood Temperature 

Monitor BTM and Blood Volume 

Monitor BVM, Fresenius Medical 

Care, Germany). IME and other 

treatment related parameters were 

recorded.

Results: 43 hypotension-prone 

patients were recruited, 20 patients 

could not be included into the 

analysis population (mainly due to 

less IME than required by proto-

col), 23 patients completed the 

study according to study protocol. 

Their mean age was 53 ±14 years, 

they were for 7±4 years on renal 

replacement therapy, and 39% 

male. The mean duration of the 

HD session was 244±17 minutes 

for both standard and controlled  

HD; the mean ultrafiltration during 

the HD session was 3.4±0.9 L for 

standard HD, and 3.3±1.0 L for 

controlled HD (NS). Pre- to post-

dialytic changes in both, blood 

pressure and heart rate, were less 

pronounced in controlled HD than 

in standard HD. 131 IME were 

observed during 344 standard HD 

sessions and 52 IME during 344 

controlled HD sessions; IME 

occurred in 31.9±26.7 % of the 

sessions during standard HD, 

but only in 13.4±13.2 % during 

controlled HD (P=0.013) (see 

figure).

Conclusions: This prospective 

randomized trial demonstrates the 

benefit of an individualized HD 

treatment with combined blood 

temperature control and blood 

volume control. In hypotension-

prone HD patients the combina-

tion of BT and BV control reduces 

the percentage of sessions with 

IME by 58%, more than each 

control mode alone.

Figure: Frequency of HD sessions with Intradialytic Morbid Events

mean values ± standard deviation; p = 0.013
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Introduction and Aims: It is 

widely believed that single-needle 

(SN) hemodialysis is inferior to 

conventional double-needle (DN) 

hemodialysis. The purpose of this 

study was to compare two SN 

dialysis regimens using different 

blood flow rates with conventional 

DN hemodialysis.

Methods: We studied eight 

patients (2 women, 6 men) under-

going chronic intermittent DN 

bicarbonate hemodialysis three 

times per week on a Cimino-

Brescia fistula for at least 3 

months. The study had a prospec-

tive four-period design and lasted 

4 weeks. During weeks 1 and 3 

the participants had standard DN 

hemodialysis sessions with Wal-

lace needles at a blood flow rate 

of 250–300 ml/min. During week 

2 they had single-needle dialysis 

sessions with a short 15-Gauge 

stainless-steel needle and an 

effective blood flow rate of 180 ml/

min (360 ml/min for each of the 

two pumps) and a venous pres-

sure below 200 mmHg. During 

week 4 they had SN dialysis 

sessions with a short 15-gauge 

stainless-steel needle, an effective 

blood flow rate of 250 ml/min 

(500 ml/min for each of the two 

pumps) and a venous pressure 

below 200 mmHg. The primary 

outcome measure was ionic dialy-

sance.

Results: The effective blood flow 

target of 250 ml/min was achieved 

in six of the eight patients. Ionic 

dialysance 45 minutes after the 

beginning of the session differed 

among the four periods 

(p < 0.001, Friedman test). Ionic 

dialysance was better during each 

DN dialysis period than during the 

180 ml/min SN period (p < 0.01, 

Dunn’s multiple comparison test) 

but there was no difference with 

the 250 ml/min SN period. Ionic 

dialysance 30 minutes before the 

end of the dialysis session differed 

among the four periods (p < 0.001, 

Friedman test). Ionic dialysance 

was far better during each DN 

period than during the 180 ml/min 

SN period (p < 0.001, Dunn’s mul-

tiple comparison test) and slightly 

better than during the 250 ml/min 

SN period (p < 0.05, Dunn’s mul-

tiple comparison test). The single-

pool Kt/V ratio differed among 

the four periods (p < 0.0001, 

Friedman test). The Kt/V ratios 

were far better during each DN 

period than during the 180 ml/min 

SN period (p < 0.001, Dunn’s mul-

tiple comparison test) and slightly 

better than during the 250 ml/min 

SN period (p < 0.01, Dunn’s mul-

tiple comparison test). The Kt/V 

provided by the dialysis monitor 

gave identical results to single 

pool Kt/V.

Conclusions: We conclude that 

single-needle dialysis with an 

effective blood flow rate of 180 ml/

min delivers an inadequate dialysis 

dose, which may be harmful. In 

contrast, an effective blood flow 

rate of 250 ml/min appears 

acceptable for brief periods of 

single-needle dialysis lasting one 

or two weeks. Otherwise, an 

increase in the length of the 

dialysis session and or use of 

higher surface membrane and 

even higher blood flow, is required 

to obtain the same quality of dialy-

sis as with conventional double-

needle hemodialysis. A careful 

monitoring of dialysis dose deliv-

ered is mandatory in single needle 

dialysis.
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Introduction and Aims: In a 

recent publication (Am J Clin Nutr 

85, 2007) a 3C body composition 

model was introduced which 

allows calculating the fluid status 

of healthy subjects and patients in 

absolute litres. The model requires 

extra- and intracellular water vol-

umes as an input, which can be 

determined sufficiently well using 

the latest bioimpedance spectros-

copy (BIS) techniques. However, 

these equations cannot be applied 

in a straight forward way to 

amputees since they assume a 

total body measurement, and 

currently there are no other appro-

priate equations available for 

amputees. This work presents a 

method to correct for missing 

limbs. 

Methods: Correction factors for 

the most common amputations 

were determined using dual ener-

gy x-ray absorptiometry (DXA) in 

151 healthy subjects. 18 dialysis 

patients with amputations from 

3 different centers were analysed. 

Body weight was corrected to 

simulate a “full body weight”, 

impedance measurements were 

performed (BCM-Body Composi-

tion Monitor), and then the result-

ing body compartments were cor-

rected for the missing limb.

Results: The average correction 

factor (relative to body weight) for 

a whole leg was 18.5%, for an 

above-knee amputation 8% and 

for a below-knee amputation 

6.5%. Correction factor for a 

whole arm was 6.6%, for an 

above-elbow amputation 3.1% 

and a below-elbow amputation  

1.5% (see Figure). Six patients 

had an upper-knee amputation, 

eleven patients a below-knee 

and one patient a whole arm 

amputation. Pre-dialysis fluid 

status of all patients with the 

original uncorrected equations 

was 2.5 ± 2.3 L (mean ± SD); 

after correction fluid status was 

2.0 ± 1.8 L.

Conclusions: Application of DXA-

correction factors allows correcting 

fluid status and body composition 

determined by whole body BIS 

for amputations. Using traditional 

BIS equations in amputees results 

in an overestimation of body 

compartment masses of up to 

20%, depending on the type of 

amputation. This work presents a 

systematic approach to enable 

accurate BIS-measurements in 

amputees.

Amputation: Percent of Body Weight

Whole arm� 6.6%

Above elbow� 3.1%

Below elbow� 1.5%

Whole leg� 18.5%

Above knee� 8.0%

Below knee� 6.5%
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Introduction and Aims: Achiev-
ing euvolemia is an important goal 
in patients on renal replacement 
therapy (RRT). However, evalua-
tion of volume status is hampered 
by lack of a reliable, clinical tool. 
Most likely, fluid status is often 
misqualified and volume overload 
is still present subclinically. Multi-
frequency bio-impedance (MFBI) 
has been re-introduced to evalu-
ate volume status. It is has been 
demonstrated that overhydration 
as measured with MFBI is related 
to mortality. It is often perceived 
that volume status is worse in 
peritoneal (PD) versus hemodialys 

(HD) patients. There is, however, 
evidence that volume status in PD 
patients is centre dependent. This 
study evaluates volume status in 
PD vs HD patients in a single cen-
tre, using MFBI.
Methods: Volume status was 
assessed in clinically stable RRT 
patients using MFBI (BCM – Body 
Composition Monitor, FMC, Bad 
Homburg). In PD patients, meas-
urements were done with full 
abdomen, in HD patients once 
just before (HDpre) and 20’ after 
(HDpost) dialysis, according to the 
instructions of the manufacturer. 
Overhydration (OH) was defined 
as a ratio overhydration volume 
(OHvol) over extracellular water 
(ECW) >0.15.
Results: 44 HD and 34 PD 
patients were evaluated, the uni-
variate data (one-way anovo) are 
given in the table.

In the multivariate analysis, over-
hydration was only related to gen-
der (RR 2.9, p=0.03) and status 
HDpost. After correction for con-
founders, overhydration was simi-
lar in PD as in HDpre, and was 
only better in HDpost (RR=0.5, 
p=0.007). After multivariate cor-
rection, PD patients did not have 
more fat tissue than HD patients 
(p=0.9).
Conclusions: Overhydration is still 
quite prevalent in a clinically stable 
dialysis population. PD patients 
were more overhydrated than HD 
patients immediately after dialysis, 
but not than HD patients before 
dialysis. Male gender and age 
were risk factors for overhydration. 
More attention to fluid status of 
dialysis patients is needed. BCM 
– Body Composition Monitor anal-
ysis can be a useful tool to rou-
tinely assess fluid status.

HDpre HDpost PD p-value

Age (years) 67.7±13.5 61.2±16.9 0.06

Gender (male) 50 55.9 0.6

Diabetes (%) 36.4 14.7 0.04

Ideal weight (kg) 71.4±18.8 70.0±10.4 0.7

Height (cm) 167±9 164±10 0.2

Systolic RR (mmHg) 144±24 135±30 127±28a 0.02 

Diastolic RR (mmHg) 72±12 72±12 76±16 0.2

Albumin (mg/dl) 3.7±0.4 3.6±0.4 0.3

hs CRP (mg/l) 0.5±0.8 1.3±3.2 0.3

Total Body Water (l) 33.7±6.9 31.8±8.1 33.9±6.7 0.3

Extracellular water (l) 16.4±3.9 15.3±4.0 16.8±3.3 0.3

Intracellular water (l) 17.1±6.2 16.5±4.6 17.2±3.9 0.7

ECW/height 9.7±1.9 9.1±2.0b 10.2±1.9 0.05

Lean Tissue Mass (l) 31.1±10.7 31.9±11.0 34.5±10.2 0.2

Fat Tissue Mass (l) 27.5±13.0 27.2±12.2 24.2±8.3 0.2

Overhydration Volume (l) 1.9±1.7 0.6±1.7c 2.1±2.3 0.001

Relative Overhydration 0.11±0.08 0.03±0.09c 0.11±0.11 0.001

Overhydrated (%of patients) 24.1 10c 22.3 0.001

Table: Univariate Analysis

a: p= 0.008 vs Hdpre; b: p= 0.01 vs PD; c: p= 0.001 vs PD and vs HDpre
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Introduction and Aims: The cor-

rect estimation of the patient’s 

volume status is a central problem 

in dialysis therapies. It is a particu-

lar challenge in peritoneal dialysis 

(PD) because here the patient’s 

response to short-term ultrafiltra-

tion can not be quoted for clinical 

dry weight assessment (as in 

hemodialysis). Very recently a 

newly developed bioimpedance 

spectroscopy (BIS) device (BCM 

– Body Composition Monitor, 

FMC, Germany) has attained 

growing interest in this context. By 

processing the raw data for extra-

cellular water (ECW) and intra-

cellular water (ICW) by means 

of a validated body composition 

model, this device for the first time 

allows a quantification of the indi-

vidual fluid overload (FO) com-

pared to a representative healthy 

population.�  

In this study we asked whether the 

presence of peritoneal dialysate 

has an impact on measurements 

of FO by BIS in PD patients.

Methods: 42 BIS measurements 

by the BCM – Body Composition 

Monitor device were performed 

both in the absence (D–) and pres-

ence (D+) of peritoneal fluid in 17 

stable PD patients. Data for extra-

cellular resistance (RE), intracel

lular resistance (RI), ECW, ICW 

and FO (D+; D–) were analyzed by 

paired t-test and linear regres-

sion.

Results: Mean FO was 0.99±1.17 

L in D– and 0.94±1.27 in D+ 

(p=n.s. paired t-test). Linear re- 

gression demonstrated an excel-

lent degree of conformity between 

FO (D–) and FO (D+) (r2 = 0.93, 

SEE = 0.35). The very small devia-

tions for FO could be best ex-

plained by small deviations in Ri 

and ICW, respectively.

Conclusions: In conclusion, the 

presence of peritoneal fluid in PD 

patients has a negligible influence 

on measurements of FO by BIS. 

BIS measurements can be there-

fore conveniently and reliably per-

formed without emptying the peri-

toneal cavity which may facilitate 

the use of BIS in this particular 

group of patients.
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Introduction and Aims: Ex-vivo 

culture of PD fluid-derived mes-

othelial cells (MC) showed pheno-

type modifications related to an 

epithelial-to-mesenchymal transi-

tion (EMT) during PD. Transdiffer-

entiated MC acquired fibroblast-

like phenotype, with the loss of 

E-cadherin expression and an 

increased production of VEGF, 

fibronectin and procollagen, which 

correlated with altered peritoneal 

function. We have also demon-

strated that lactate containing fluid 

induces EMT of MC in vitro and 

exacerbates the effect of TGF-b in 

transdifferentiation. In contrast, 

Balance fluids reduce EMT mani-

festations.�  

We hypothesized that patients 

treated with Balance, a GDP-

reduced fluid, should show a 

decrease in the expression of EMT 

markers in MC taken from fresh 

peritoneal effluent and grown ex 

vivo, compared to a GDP rich  

fluid.

Methods: Twenty patients in 

control group and 13 Balance 

patients were followed during 24 

months to determine EMT mark-

ers in MC released into effluent 

and grown ex vivo, every six 

months. A definition of EMT of MC 

was based in fibroblastoid pheno-

type, higher production of VEGF 

to supernatant (pg/mg of cell pro-

tein), higher content of fibronectin 

in MC cell extract (ELISA) (ng/mg 

protein) and higher content of pro-

collagen in MC cell extract (ELISA) 

(ng/mg of cell protein). ICAM-1 

expression demonstrated the 

mesothelial nature of the cells and 

showed no difference between 

groups. Lately, we added the 

determination of IL-8 and TGF-b 

to explore inflammatory and pro-

fibrotic molecules.

Results: There were significant 

greater levels of VEGF (4-fold), 

procollagen (2-fold), fibronectin 

(5-fold) and IL-8 (2-fold) in fibrob-

lastoid phenotype, all samples. 

Overall, control group showed 

greater values of VEGF (p=0.001), 

IL-8 (p=0.03), TGF-b (p=0.01), 

procollagen (NS) and fibronectin 

(NS) than the Balance fluid group. 

1. The fibroblastoid phenotype in 

the control fluid group was signifi-

cantly more prevalent (91–100%) 

than in Balance fluid group (27–

11%) at mid-term 18–24 months, 

respectively.�  

2. VEGF production (pg/ml) into 

supernatant showed significant 

lower values in the Balance 

group (5,204 ± 7,190 and 4,938 

± 34,635) than in control group 

(36,443 ± 25,726 and 46,458 

± 26,823), p=0.001 and 0.03 at 

18 and 24 months, respectively.�  

3. Fibronectin levels in MC cell 

extract showed a non-significant 

increase in both groups at 18 

months.�  

4. Procollagen levels in MC cell 

extract did not change over time 

in both groups.�  

5. IL-8 and TGF-b did not show 

significant change over time on 

PD.

Conclusions: Fibroblastoid phe-

notype and VEGF production to 

supernatant, as EMT markers, 

have demonstrated a significant 

favorable outcome in patients 

using Balance fluid relative to 

those using standard fluids.  

The results confirm the hypothesis 

that GDP-reduced fluid protects 

mesothelial cell from the develop-

ment of EMT in humans.
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Introduction and Aims: It is cru-

cial to assess the adequacy of 

peritoneal dialysis (PD) situation 

because of its influence on patient 

outcome. Collecting dialysate and 

urine for 24 hours can be rather 

troublesome, so a simple and 

inexpensive alternative method for 

rapidly evaluating adequacy in PD 

would be very useful. Our study 

aimed to assess the performance 

of 12 different creatinine (Cr)-

based equations commonly used 

to estimate GFR in predicting total 

Cr clearance in PD.

Methods: Four Italian dialysis 

centres enrolled 355 PD patients 

with 2,916 fluid collections. To 

rank the equations, their accuracy 

(ability to match measured values 

r % estimates with error <30%), 

precision (ability to give reproduc-

ible estimates r root mean square 

error, RMSE), and sensitivity/spe-

cificity (ability to diagnose inade-

quacy correctly r area under ROC 

curves, AUC, where x = 1-specifi-

city and y = sensitivity) were calcu-

lated with reference to the meas-

ured total Cr clearance.

Results: The Gates, 4-MDRD, 

and Virga equations showed the 

best global performance as con-

cerns accuracy (error <30% = 

86%, 84%, 78% respectively), 

precision (RMSE = 13.2, 13.4, 

13.3), and sensitivity/specificity 

(AUC = 0.825, 0.820, 0.826), while 

the Cockcroft-Gault formula re -

vealed a rather poor reliability. 

Given the reported 6–9% coeffi-

cient of variability for single total 

Cr clearance measurements in 

PD, the real predictive power of 

these equations might well be 

acceptable for use in clinical prac-

tice.

Conclusions: Fluid collection re-

mains the gold standard for 

assessing PD adequacy, but the 

most reliable of the Cr-based equa- 

tions can be used for a more fre-

quent and straightforward monitor-

ing of adequacy at no extra cost.
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