
AMCKD – all evidence tables (divided by chapter) 

 

Section 4: Diagnostic evaluation and assessment of anaemia  

PROG1: In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit (Hct) levels are associated with adverse 
outcomes and what are the effects of (a) age (b) gender (c) ethnicity? 
 
DIAG1: In patients with chronic kidney disease what is the association between glomerular filtration rate (GFR) and haemoglobin 
levels a) in diabetic and b) in non-diabetic patients? 
 
DTEST2: What are the best tests, or combination of tests, to determine iron status in patients with CKD? 
 
DTEST1: What is the role of erythropoietin testing in the assessment of anaemia in patients with CKD? 
 
 
 



Evidence Table 

PROG1 

 In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit (Hct) levels are associated with 
adverse outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Jones M, Schenkel B, Just J. Epoetin alfa's effect on left ventricular hypertrophy and 

subsequent mortality. International Journal of Cardiology 2005;100:253-65.  
Study type Meta analysis of before and after studies  
Evidence level 3- 
Study objective (i) To examine the association between improving anaemia using Epoetin alpha in patients 

with CKD and congestive heart failure and improvement in left ventricular hypertrophy  
(ii) To examine the association between LVH and mortality in patients with CKD and 
congestive heart failure- not reported here as not answering the clinical question  

Number of patients Effects of Epoetin alpha on anaemia and LV function - Meta analysis of 26 studies consisting 
of 28 Epoetin alpha-treated cohorts 
 
Effects of Epoetin alpha on anaemia and LV function - sample sizes (number of cohorts) for 
each clinical parameter in the 26 studies  
 Hb  Hct  LVM LVMi EF LVEDV  LVESV 
Sample 
size (no. 
of 

407 (22) 344 (19) 194 (10) 224 (13) 368 (19) 121 (6) 84 (4) 



cohorts) 
 
 

Patient characteristics Inclusion criteria for studies used in the meta analysis for Epoetin alpha and LV function 
 Epoetin alpha in N≥10 patients per study group 
 Reported on ≥1 of the following parameters: Hb, Hct, LVM, LVMi, EF, LVEDV and LVESV 

 
 Studies which met inclusion criteria were included in the analysis if they reported findings 

in a manner enabling comparison to other studies  
 
The 4 components of the data analyses were: 

 Simple combined estimates of findings across the studies 
 Analysis of potential publication bias 
 Analysis of between-study variability in all clinical outcomes 
 Analysis of the sources of variability in finding between the studies 

 
 
Baseline demographic and clinical parameters for all patient cohorts in MA of Epoetin alpha-
induced changes in anaemia and LV function  
 Mean (95% 

CI) 
No. of cohorts 

Age (years) 47 (40,53) 27 
% female  48 (42,55) 25 
Creatinine (µmol/l) 792 

(596,989) 
4 

Creatinine clearance 
(ml/min) 

13 (10,16) 1 

Systolic BP (mmHg) 142 
(136,147) 

20 



Diastolic BP (mmHg) 81 (78,84) 19 
Weight (kg) 59 (54,64) 11 
Target Hb (g/dl) 11  13 
Target Hct (%) 31  14 
Duration of disease (years) 13  19 

 
 
Baseline clinical parameters in MA of Epoetin alpha-induced changes in anaemia and LV 
function  
 Mean (CIL) Homogeneity (P 

value)* 
Hb (g/dl) 7.67 (7.23,8.10) <0.001 
Hct (%) 21.68 (20.79,22.57) <0.001 
LVM (g) 289.03 (246.00,332.06) <0.001 
LVMi (g/m2) 179.95 (157.32,202.58) <0.001 
EF (%) 61.60 (54.69,68.50) <0.001 
LVEDV (ml) 143.24 (133.08,153.40) 0.008 
LVESV (ml) 54.32 (42.66,65.99) <0.001 

CIL = confidence interval limit  
*Cochrane test of homogeneity, <0.05 indicates significant between-study variation 
 

Intervention Epoetin alpha to target Hb ~11 g/dl and Hct 30% 
Comparison N/A- observational studies 
Length of follow-up N/A 
Outcome measures  LV function- left ventricular mass (LVM), left ventricular mass index (LVMi), ejection 

fraction (EF), left ventricular end-diastolic volume (LVEDV) and left ventricular end-systolic 
volume (LVESV) 



Effect size 
Epoetin alpha, anaemia and LVH 

 These studies were of the “pre-post” design (i.e. before and after studies) 
 
Estimates of changes in anaemia with Epoetin alpha Tx and LVH 

 Mean increase in Hb and Hct (heterogeneous findings) 
 Decrease in LVM was observes in the 10 studies that reported this outcome 

(heterogeneous findings) 
 LVMi (standardised for body surface area) decreased (heterogeneous findings) 
 LVEDV and LVESV decreased (homogenous findings) 

 Mean change (95% 
CI) 

Homogeneity P 
value* 

Bias P value 

Hb (g/dl) 3.22 (2.9,3.55) <0.001 0.3 
Hct (%) 9.85 (8.89,10.73) <0.001 >0.99 
LVM (g) -42.03 (-65.92,-

18.14) 
0.04 0.4 

LVMi (g/m2) -26.68 (-40.17,-
13.19) 

<0.001 0.7 

EF (%) 1.49 (-0.54,3.52) <0.001 0.7 
LVEDV (ml) -23.26 (-29.36,-

17.15) 
0.9 0.2 

LVESV (ml) -12.52 (-19.51,-5.54) 0.2 0.8 
*Cochrane test of homogeneity, <0.05 indicates significant between-study variation  
 
 

 Meta-regression analyses to examine the relationships between the 7 outcome 
parameters (changes in Hb, Hct, LVM, LVMi, EF, LVEDV, LVESV) and 5 independent 
clinical variables (patient follow-up, systolic BP, duration of disease, Hb target, Hct target) 



were conducted 
 Only 3 statistically significant relationships were found: between change in Hb and Hb 

target (P=0.04); change in Hct and duration of disease (P=0.02) and change in EF and 
duration of follow-up (P=0.02) 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1728 
 
 
 
Evidence Table 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
 
Bibliographic reference  Wolfe RA, Hulbert-Shearon TE, Ashby VB, Mahadevan S, Port FK. Improvements in dialysis 

patient mortality are associated with improvements in urea reduction ratio and hematocrit, 
1999 to 2002. American Journal of Kidney Diseases 2005;45:127-35. 

Study type Retrospective longitudinal study (1999-2002) 
Evidence level 3+ 
Study objective To investigate if changes in achieving K/DOQI guidelines URR ≥65% and Hct ≥33% are 



associated with changes in mortality in patients with ESRD 
Number of patients Multisite study in 2,858 dialysis centres in USA 
Patient characteristics Exclusion criteria: 

 Patient claims with Hct <14% or >60% were excluded 
 <4 claims 
 Non-Medicare certificated  
 Facilities with <5 patients included in Hct, URR, SMR or with <1 expected death for any 

year 1999-2002 
 Facilities with <70% HD patients 

 
Intervention URR ≥65% and Hct ≥33% 
Comparison N/A 
Length of follow-up 4 years (1999-2002) 
Outcome measures  Standardised mortality ratio – compares observed death rate for a group of patients with 

expected national death rate for patients with same characteristics. Adjusted for age, sex, 
race, diabetes as a cause of ESRD, years of dialysis Tx, facility comorbidity index and 
facility average BMI 

Effect size  Facilities were divided into quintiles according to fraction of patients achieving K/DOQI 
guidelines for Hct and for URR in 1999 and in 2002 

 Poisson regression was used to model the no. of expected deaths based on the 10 
resulting categories of Hct/URR grouping (5 quintiles for 1999 and for 2002) 

 Standardised mortality ratio was calculated as total observed deaths divided by total 
expected deaths for each group 

 Associations between changes in practice and mortality were assessed at the facility level; 
the association of average change per year in SMR with average change per year in % 
patients with URR ≥65% and Hct ≥33% was analysed using linear regression models 
weighted by facility size 

 
 



 
Trends in URR and Hct in the 4 year period 1999-2002 in N=2,858 facilities 

 Improvements in URR and Hct were ~2%/year and ~4%/year respectively 
 
Year  % patients with URR ≥65%  % patients with Hct ≥33% 
1999 85.5 74.3 
2000 87.9 79.5 
2001 89.1 83.0 
2002 90.2 86.2 

 
 
 
 
SMR 
 
Quintiles for % patients 
with URR ≥65% 

1999  2000 

0-78.1 1.15 (N=574) 1.19 (N=197) 
78.2-85.7 1.11 (N=587) 1.08 (N=413) 
85.8-90.5 1.04 (N=565) 1.03 (N=539) 
90.6-95.1 1.00 (N=562) 

(REF) 
0.96 (N=772) 

95.2-100 0.93 (N=570) 0.93 (N=937) 
N refers to no. of dialysis facilities 

 Relative mortality risk for facilities in highest quintile of % patients with URR ≥65% 
compared with lowest quintile =0.93/1.19 = 0.78 (P<0.0001) for 2002. I.e. facilities with 
>95% of patients achieving URR ≥65% had 22% lower mortality rate than those with 78% 
achieving target URR 



 
 
Quintiles for % patients 
with Hct ≥33% 

1999  2000 

0-64.5 1.10 (N=572) 1.09 (N=83) 
64.6-74.3 1.03 (N=574) 1.13 (N=183) 
74.4-81.1 1.05 (N=575) 1.03 (N=373) 
81.2-87.1 1.00 (N=566) (REF) 0.99 (N=650) 
87.2-100 0.96 (N=571) 0.94 (N=1569) 

N refers to no. of dialysis facilities 
 Relative mortality risk for facilities in highest quintile of % patients with Hct ≥33% 

compared with lowest quintile =0.94/1.09 = 0.86 (P<0.0001) for 2002. I.e. facilities with 
>87% of patients achieving Hct ≥33% had 14% lower mortality rate than those with <64% 
achieving target Hct 

 
 

 Multiple regression analysis showed compliance with K/DOQI guideline for URR and Hct 
independently had an effect on mortality 

 A 10% point increase in fraction of patients with URR ≥65% was associated with a 2.2% 
decrease in mortality (P=0.0006) 

 A 10% point increase in fraction of patients with Hct ≥33% was associated with a 1.5% 
decrease in mortality (P=0.003) 

 There was no significant interaction between effects of URR and Hct slopes on SMR slope 
(P=0.75) 

 
Source of funding Insurance company who provided the data 
Citation  
NCC CC ID (Ref Man) 1899 
 



 
 
Evidence Table 
 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Weiner DE, Tighiouart H, Vlagopoulos PT, Griffith JL, Salem DN, Levey AS et al. Effects of 

anemia and left ventricular hypertrophy on cardiovascular disease in patients with chronic kidney 
disease. J Am Soc Nephrol 2005;16:1803-10.  

Study type Secondary evaluation of 4 community-based longitudinal studies to evaluate CKD 
Evidence level 3+ 
Study objective To examine  

i) The relationship between anaemia and left ventricular hypertrophy (LVH) and adverse 
events 

ii) The interaction between these 2 risk factors in a pooled cohort of patients with CKD 
Number of patients N=2,333; predialysis 
Patient characteristics  

 
 
 



 
 
 
Baseline characteristics of CKD cohort  
 
Mean (median) GFR (ml/min/1.73 m2) 51.0 (53.1) ± 

8.3 
Mean calibrated serum creatinine (median) 
(mg/dl) 

1.3 (1.3) ± 0.3 

Mean age (years) 69.4 
Male (%) 38.3 
No. with history of CVD 759 (31.3%) 
No. with diabetes (%) 17.1 
No. with history of hypertension (%) 69.1 
Mean Hct for men (%) 43.8 
Mean Hct for women (%) 41.1 
No. with anaemia  275 (11.8%) 
No. with LVH (by ECG criteria) 130 (5.6%) 
No. with anaemia and LVH 25 (1.1%) 

 
 Anaemia was defined by WHO definition: Hb <12 g/dl or Hct <36% in women and Hb <13 g/dl 

in or Hct <39% in men 
 LVH criteria was defined by voltage, S-T segment and T wave characteristics 

 
 
 
 
 



 
 
Baseline characteristics of individuals stratified by anaemia and LVH status 

LVH Anaemia  
Absent 
(N=2,228) 

Present 
(N=131) 

Absent 
(N=2,112) 

Present 
(N=287) 

Age (years) 69.0 ± 11.0 73.1 ± 9.0 69.1 ± 10.8 72.1 ± 11.2 
Male  37.9b 43.5b 37.5 46.0 
White 91.1 77.1 93.2 69.0 
CVD 29.3 59.5 30.8c 36.9c 
Diabetes 16.8b 20.6b 16.2 24.7 
Hypertension  67.4 93.1 67.9 78.0 
Currently smokes 15.2b 16.0b 15.9 9.4 
Currently drinks 50.0b 50.0b 51.0 38.9 
BMI (kg/m2) 27.1 ± 4.6 25.9 ± 3.6 27.1 ± 4.5c 26.4 ± 5.0c 
Systolic BP 134.6 ± 22.3 150.6 ± 26.7 135.1 ± 22.6 139.9 ± 25.6 
Diastolic BP 72.9 ± 11.7b 73.8 ± 13.8b 73.2 ± 11.6 71.0 ± 13.4 
LVH (%) - - 5.1c 8.7c 
Creatinine (mg/dl) 1.3 ± 0.3 1.5 ± 0.5 1.3 ± 0.3 1.6 ± 0.6 
GFR (ml/min/1.73 
m2) 

51.2 ± 8.1 47.5 ± 10.6 51.7 ± 7.5 45.9 ± 11.5 

Total cholesterol 
(mg/dl) 

222.3 ± 45.9b 218.5 ± 44.0b 223.2 ± 45.0 211.5 ± 50.4 

HDL  50.4 ± 15.8b 49.4 ± 16.8b 50.2 ± 15.5b 51.5 ± 17.8b 
Hct (%) 42.2 ± 4.6c 41.3 ± 5.1c 43.2 ± 3.8 34.6 ± 2.9 
Anaemia (%) 11.4 18.5c - - 
Clinical outcomes 
(%) 

 
 

 
 

 
 

 
 



Cardiac 
Stroke 
Mortality 
Composite  

17.2 
10.0 
33.3 
41.9 

34.4 
22.9 
65.6 
74.0 

17.5c 
10.5 
32.6 
41.4 

23.3c 
14.3d 
56.4 
63.1 

Follow-up 
(months) 

91.9 ± 31.5 68.0 ± 37.3 93.1 ± 30.8 69.1 ± 35.9 

Values are mean ± SD. All P values are <0.01 when compared within the LVH or anaemia status 
except for bP>0.05; cP<0.05; dP=0.05 
 

Intervention N/A 
Comparison N/A 
Length of follow-up Median 102 months (8.5 years) 

 ARIC, 107 months 
 CHS, 99 months 
 FHS, 120 months 
 Offspring, 120 months  

Outcome measures  Primary study outcome: a composite of MI, stroke and all-cause mortality  
 Secondary study outcomes: cardiac events (fatal coronary heart disease and MI) stroke and 

all-cause mortality 
Effect size Primary outcome  

 
 
Distribution of events by anaemia and LVH status*  
 
 Composite 

(N=1,022) 
Cardiac  
(N=423) 

Stroke  
(N=252) 

Mortality 
 (N=821) 

+LVH, +anaemia (N=25) 22 (88.0%) 11 (44.0%) 9 (36.0%) 20 (80.0%) 
+LVH, -anaemia (N=130) 74 (56.9%) 33 (25.4%) 21 (16.2%) 65 (50.0%) 



-LVH, +anaemia (N=250) 152 (60.8%) 52 (20.8%) 30 (12.0%) 135 (54.0%)
-LVH, -anaemia 
(N=1,928) 

774 (40.1%) 327 (17.0%) 192 (10.0%) 601 (31.2%)

* No. of individuals with composite outcome is smaller than the total of cardiac, stroke and 
mortality because some individuals had more than 1 outcome, and composite outcome was 
counted only once  
 

 Adjusted analysis found hazard for composite outcome (MI, stroke and all-cause mortality) 
was significantly increased in individuals with anaemia when compared to those without 
anaemia (hazard ratio 1.51; 95% CI 1.27 to 1.81) and in individuals with LVH compared to 
those without (hazard ratio 1.67; 95% CI 1.34 to 2.07) 

 Adjustment for interaction between black people in CHS and ARIC was not statistically 
significant  

 
 
Secondary outcomes  
 

 LVH was an independent risk factor for cardiac events, stroke and death 
 Anaemia was an independent risk factor for all-cause mortality, but cardiac events and stroke 

was NS 
 
Hazard ratios and CI from adjusted multivariate analysis (age, gender, race, history of CVD, 
hypertension and diabetes, smoking, alcohol use, high school graduation status, systolic BP, total 
cholesterol, HDL, GFR and study terms) for primary and secondary outcomes in individuals with 
CKD 
 Compositeb Cardiacb  Strokeb  Mortalityc 
Without interaction     
LVH 1.67 (1.34 to 

2.07) 
1.62 (1.18 to 
2.24) 

1.78 (1.20 to 
2.65) 

1.74 (1.38 to 
2.20) 



Anaemia  1.51 (1.27 to 
1.81) 

1.21 (0.90 to 
1.61) 

1.30 (0.89 to 
1.89) 

1.68 (1.39 to 
2.04) 

With interaction      
+LVH, +anaemia  4.15 (2.62 to 

6.56) 
3.92 (2.05 to 
7.48) 

4.2 (2.00 to 8.99) 3.30 (2.04 to 
5.34) 

+LVH, -anaemia  1.43 (1.18 to 
1.72) 

1.36 (0.94 to 
1.97) 

1.47 (0.92 to 
2.34) 

1.68 (1.29 to 
2.18) 

-LVH, +anaemia 1.48 (1.16 to 
1.89) 

1.08 (0.79 to 
1.48) 

1.14 (0.75 to 
1.71) 

1.65 (1.35 to 
2.02) 

-LVH, -anaemia  Reference Reference Reference Reference 
bP<0.05 for interaction between LVH and anaemia  
cThe interaction term for anaemia and LVH with mortality was NS (P>0.20) 
 
 
Interaction of anaemia and LVH with outcomes 
Primary outcome: 

 Interaction term LVH x anaemia was statistically significant (P=0.02) 
 Individuals with both anaemia and LVH had a nearly 4-fold increase in risk (HR 4.15, 95% CI 

2.62 to 6.56) for the composite outcome compared to individuals with neither anaemia nor LVH 
 Anaemia without LVH and LVH without anaemia increased the risk for composite outcomes by 

~40% compared with the risk in individuals with neither anaemia nor LVH 
 
 
Secondary and other outcomes: 

 Interaction term LVH x anaemia was significant for secondary (cardiac) outcome (P=0.01) and 
stroke (P=0.04) but not all-cause mortality (P>0.20) 

 Individuals with both anaemia and LVH had a nearly 4-fold increase in risk (HR 3.92, 95% CI 
2.05 to 7.48) for the cardiac outcome compared with individuals with neither anaemia nor LVH 

 In individuals who had LVH and did not have anaemia, however, and in individuals who had 



anaemia and did not have LVH, there was no significant risk for cardiac outcomes 
 

Source of funding  
Citation  
NCC CC ID (Ref Man) 1900 
 
 
 
Evidence Table 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Ma JZ, Ebben J, Xia H, Collins AJ. Hematocrit level and associated mortality in hemodialysis patients. J 

Am Soc Nephrol 1999;10:610-9.  
Study type Retrospective cohort study 
Evidence level 2+ 
Study objective To assess the effect of Hct levels up to 36% on mortality, with adjustment for comorbidity and disease 

severity in HD patients receiving EPO 
Number of patients N=75,283 
Patient characteristics Inclusion criteria: 

 Survive at least 90 days prior to follow-up period (1st July to 31st December, 1993) 



 Patients with 4 or more EPO claims (i.e. average 5.1 months EPO coverage) 
 
 
Exclusion criteria: 
Hct >36% 
 
Patient characteristics stratified to Hct levels 
 
N=75,283 <27% 

N=9,130 
27 to 
<30% 
N=22,217 

30 to 
<33% 
N=33,122 

33 to 
<36% 
N=10,129 

≥36% 
N=685 

P 

Age 
Under 45 
45-64 
65-74 
≥74 

 
27.2 
38.5 
23.4 
10.9 

 
19.8 
36.5 
28.4 
15.2 

 
16.5 
34.3 
30.8 
18.5 

 
15.1 
33.2 
32.2 
19.5 

 
18.0 
38.0 
29.2 
15.0 
39.7 

 
0.001 

Female  52.6 53.4 51.5 46.0 53.6 0.001 
Race 
White  
Black  
Native American 
Other  

 
37.1 
54.7 
1.4 
6.8 

 
45.4 
45.2 
1.4 
8.1 

 
52.6 
37.6 
1.4 
8.1 

 
57.7 
32.5 
1.7 
8.1 

 
53.6 
33.7 
4.1 
8.6 

 
0.001 

ESRD exposure  
<1 year 
1-2 years 
2-5 years 
≥5 years 

 
21.6 
19.0 
34.1 
25.3 

 
22.9 
19.6 
34.3 
23.2 

 
23.5 
19.8 
33.7 
23.1 

 
23.0 
19.5 
33.5 
240. 

 
20.0 
17.2 
32.6 
30.2 

 
0.001 

Renal diagnosis       



Diabetes mellitus 
Hypertension 
GN 
Other 

27.2 
32.6 
16.2 
24.0 

31.2 
31.6 
16.2 
21.0 

32.1 
30.8 
16.2 
20.9 

31.3 
29.8 
17.6 
21.4 

31.4 
27.6 
19.1 
21.9 

0.001 

Comorbidities 
ASHD 
CVA/TIA 
PVD 
CHF 
Cardiac other 
COPD 
Cancer 
Liver 
Gallbladder 
GI 

 
35.4 
28.8 
61.8 
59.2 
68.0 
21.9 
24.1 
26.7 
11.2 
34.1 

 
57.6 
30.0 
63.0 
57.6 
67.8 
23.9 
25.4 
23.3 
11.8 
31.2 

 
55.4 
29.1 
61.2 
55.4 
65.2 
23.3 
25.3 
22.2 
10.7 
27.5 

 
53.1 
28.1 
60.0 
53.1 
63.6 
23.3 
26.0 
21.1 
9.7 
25.0 

 
43.1 
24.8 
60.2 
55.6 
64.1 
22.5 
20.4 
24.7 
10.1 
27.2 

 
0.001 
0.002 
0.001 
0.001 
0.001 
0.002 
0.024 
0.001 
0.001 
0.001 

No. access 
procedures 
0 
1-3 
≥4 

 
61.1 
24.1 
14.8 

 
63.9 
22.6 
13.6 

 
70.2 
19.5 
10.3 

 
74.8 
17.0 
8.2 

 
73.3 
18.4 
8.3 
 

 
0.001 
 

No. transfusions 
0 
1-2 pints 
≥3 pints 

 
74.9 
11.3 
13.8 

 
84.1 
8.5 
7.4 

 
91.3 
4.7 
4.0 

 
94.5 
3.0 
2.1 

 
96.1 
2.2 
1.8 

 
0.001 
 

Length of hospital 
stay 
0 
1-3 days 
3-10 days 

 
42.4 
11.4 
19.4 
13.0 

 
48.4 
12.1 
17.8 
11.1 

 
58.2 
11.7 
15.5 
7.8 

 
67.5 
10.3 
12.3 
5.7 

 
67.7 
10.4 
11.5 
5.8 

 
0.001 



11-20 days 
>20 days 

13.9 10.7 6.9 4.3 4.5 

Hct (mean ± SD) 25.04 ± 
2.06 

28.69 ± 
0.84 

31.40 ± 
0.84 
 

33.88 ± 
0.72 

37.57 ± 
1.62 

0.001 

 
  
 

Intervention Epoetin  
Comparison N/A 
Length of follow-up 1 year (1st January to 31st December, 1994) 

 Patients were censored at time of dialytic modality switch or transplantation, when lost to follow-up, or 
on 31st December 1994, whichever occurred first 

Outcome measures End points were all-cause mortality and cause-specific mortality (incl cardiac death and infectious death) 
Effect size Mortality adjusted for risk factors (demographics and comorbidity), without severity of disease (incl. no. 

of access procedures, blood transfusions and prior hospital days) 
 Increase in age group associated with higher all-cause and cause-specific mortality 
 Female patients had better outcomes 
 When compared to white patients, black and other minorities had lower all-cause and cause-specific 

mortality 
 When Hct 30 to <33% was used as reference, patients with Hct <27% and 27 to <30% had a higher 

risk for all-cause death. In contrast, patients with Hct 33 to <36% had a lower risk 
 For cardiac death, Hct <27%, 27 to <30% had a higher risk, whilst Hct 33 to <36% had a lower risk 
 For infectious death, Hct <27%, 27 to <30% had a higher risk, whilst Hct 33 to <36% had no 

significant beneficial impact 
Impact of patient characteristics and Hct levels on mortality without adjusting for severity of disease 

All-cause death Cardiac death Infectious death  
RR 95% CI  RR 95% CI  RR 95% CI  



Age 
Under 45 (REF) 
45-64 
65-74 
≥74 

 
1.00 
1.67 
2.21 
3.11 

 
- 
1.56-1.78 
2.07-2.37 
2.90-3.34 

 
1.00 
1.67 
2.17 
2.90 

 
- 
1.51-1.85 
1.96-2.40 
2.61-3.23 

 
1.00 
1.77 
2.21 
3.29 

 
- 
1.46-2.13 
1.83-2.68 
2.70-3.99 

Female  0.94 0.91-0.97 0.86 0.82-0.91 1.02 0.93-1.12 
Race  
White (REF) 
Black  
Native American 
Other 

 
1.00 
0.73 
0.83 
0.87 

 
- 
0.70-0.76 
0.72-0.97 
0.82-0.92 

 
1.00 
0.66 
0.82 
0.89 

 
- 
0.63-0.70 
0.65-1.02 
0.81-0.97 

 
1.00 
0.81 
0.55 
0.80 

 
- 
0.73-0.89 
0.33-0.92 
0.67-0.95 

Hct  
<27% 
27 to <30% 
30 to <33% 
(REF) 
33 to <36% 

 
1.51 
1.20 
1.00 
0.90 

 
1.44-1.59 
1.16-1.25 
- 
0.85-0.95 

 
1.40 
1.18 
1.00 
0.92 

 
1.30-1.52 
1.12-1.25 
- 
0.85-0.99 

 
1.82 
1.25 
1.00 
0.94 

 
1.59-2.08 
1.12-1.39 
- 
0.81-1.10 

 
 
Mortality adjusted for risk factors (demographics and comorbidity), with severity of disease (incl. no. of 
access procedures, blood transfusions and prior hospital days) 
 

 Impact of patient demographics was similar to data in table above 
 
Impact of Hct levels on mortality risk  

 Adjustments for disease severity decreased the absolute values of RR of Hct level on mortality 
 Patients with Hct <30% still had significantly higher risks of death when compared to patients with Hct 

30 to <33%, but with reduced magnitude of impact to unadjusted values 
 The reduced effect of Hct levels on mortality especially in the 33 to <36% group may be due to 



complex confounding effect of interactions between Hct level, comorbidity and severity of disease 
and adjustments for these effects may require more patients to detect a true effect. A sensitivity 
analysis was therefore conducted 

 Hence a 1992 & 1993 cohort was used (N=61,797) and demonstrated sample size could mask the 
true effect of Hct levels on patient mortality 

 
 

All-cause death Cardiac death Infectious death  
RR 95% CI  RR 95% CI  RR 95% CI  

Hct  
<27% 
27 to <30% 
30 to <33% 
(REF) 
33 to <36% 

 
1.33 
1.13 
1.00 
0.96 

 
1.26-1.40 
1.08-1.17 
- 
0.91-1.01 
(P≤0.0956) 

 
1.25 
1.11 
1.00 
0.97 

 
1.15-1.35 
1.05-1.17 
- 
0.90-1.05 

 
1.53 
1.13 
1.00 
1.02 

 
1.33-2.75 
1.02-1.26 
- 
0.88-1.19 

1992 & 1993 
33 to <36% 

 
0.96 

 
0.92-0.99 
(P=0.0385) 
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Citation  
NCC CC ID (Ref Man) 1915 
 
 



Evidence Table 
 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Collins AJ, Li S, St Peter W, Ebben J, Roberts T, Ma JZ et al. Death, hospitalization, and economic 

associations among incident hemodialysis patients with hematocrit values of 36 to 39%. Journal of the 
American Society of Nephrology 2001;12:2465-73.  

Study type Cohort study  
Evidence level 2+ 
Study objective To assess the risks of death and hospitalisation associated with hematocrit values of >36% in incident 

hemodialysis ESRD patients 
Number of patients Total N=66,761 

 
 Treated in 1996, N=26,443  
 Treated in 1997, N=24,910 
 Treated during half of 1998, N=15,408 

Patient characteristics Inclusion criteria: 
 Survived first 90 days and a full 6 month entry period 
 Follow up for a minimum of 6 months, up to 1 year 

 



Exclusion criteria: 
 Less than 4 EPO and hematocrit claims during the 6-month entry period 
 Secondary-pay insurance 
 Payments of < $675 per month for dialysis due to incomplete data ion comorbidity, hematocrit 

values and EPO dosing 
 

Characteristics N=26,443 
Mean age 65y 
Male        51.2% 
Race 
White 
Black 

 
58.3% 
35.4% 

Primary diagnosis of diabetes 
mellitus 

44.8% 

Mean no. of hospital days 5.94 
Vascular access procedures 49.3% 
Received blood transfusions 5.8% 
Hematocrit values 
<30% 
30 to <33% 
33 to <36% 
36 to <39% 
≥39% 

 
13.1% 
(N=8,760) 
36.6% 
(N=24,465) 
43% (N=28,674)
6.5% (N=4,307) 
0.8% (N=555) 

 
 

 Due to significant differences in patient characteristics when grouped into hematocrit levels (see 
table below), an adjustment was made for these differences in survival and hospitalisation models 



 
 
Characteristics Hct <30% 

 
Hct 30 to 
<33% 

Hct 33 to 
<36% 

Hct 36 to 
<39% 

Hct ≥39% P value 

No. of patients 8,760 24,465 28,674 4,307 555  
Age (y) 61.4 64.7 66.0 65.6 66.5 <0.0001 
Male (%) 48.1 49.5 52.8 55.3 53.5 <0.001 
Race 
White (%) 
Black (%) 

 
48.7 
45.4 

 
57.5 
36.4 

 
61.6 
32.1 

 
60.9 
31.9 

 
61.4 
31.9 

 
<0.001 
<0.001 

Diabetes 
mellitus (%) 

42.3 46.0 44.7 43.6 38.7 <0.001 

Hospital days 10.7 6.8 4.2 3.8 4.0 <0.0001 
Mean EPO 
(U/month) 

66,980 53,746 42,820 38,538 40,702 <0.0001 

Mean iron 
(vials/month) 

2.08 2.203 2.359 2.488 2.645 <0.0001 

 
 
 

Intervention EPO to different Hct levels 
Comparison N/A 
Length of follow-up Minimum of 6 months for 1998 patients and up to 1 year follow-up for 1996/1997 patients 
Outcome measures  Mortality  

 Hospitalisation 
Effect size 

Adjusted mortality and hospitalisation rates 
 



 Using the reference population of Hct 33 to <36%, statistically significant differences were 
observed when confidence intervals of relative risk (RR) did not include 1 

 

Relative risk of death and hospitalisation from all causes in the 1 year follow-up period 
 There was a higher risk of death in patients in Hct <30% and Hct 30 to <33%, but no significant 

difference in mortality for patients in Hct 36 to <39% and Hct ≥39% when compared to the 
reference population of Hct 33 to <36% 

 A similar pattern was observed in this category for hospitalisation risks. However, patients in Hct 
36 to <39% and Hct ≥39% showed significantly lower risk of hospitalisation when compared to the 
reference population of Hct 33 to <36% 

 
 Hct <30% 

 
Hct 30 to 
<33% 

Hct 33 to 
<36% 

Hct 36 to 
<39% 

Hct ≥39% 

RR of death 1.74* 1.25* 1 0.99 (NS) 1.05 (NS) 
RR of 
hospitalisation 

1.42* 1.21* 1 0.78* 0.84* 

* significant 
 
 

Relative risk of death and hospitalisation from cardiac causes in the 1 year follow-up period 
 Again, there was a higher risk of death in patients in Hct <30% and Hct 30 to <33%, but no 

significant difference in mortality for patients in Hct 36 to <39% and Hct ≥39% when compared to 
the reference population of Hct 33 to <36% 

 A similar pattern was observed in this category for hospitalisation risks. However, only patients in 
Hct 36 to <39% showed significantly lower hospitalisation risk when compared to the reference 
population of Hct 33 to <36% 



 
 Hct <30% 

 
Hct 30 to 
<33% 

Hct 33 to 
<36% 

Hct 36 to 
<39% 

Hct ≥39% 

RR of death 1.57* 1.25* 1 0.96 (NS) 0.93 (NS) 
RR of 
hospitalisation 

1.3* 1.17* 1 0.75* 0.88 (NS) 

* significant 
 
 

Relative risk of death and hospitalisation from infectious causes in the 1 year follow-up period 
 Again, there was a higher risk of death in patients in Hct <30% and Hct 30 to <33%, but no 

significant difference in mortality for patients in Hct 36 to <39% and Hct ≥39% when compared to 
the reference population of Hct 33 to <36% 

 Again, there was a higher risk of hospitalisation in patients in Hct <30% and Hct 30 to <33%. In 
contrast, patientswith Hct >36% (in Hct 36 to <39% and Hct ≥39%) showed significantly lower 
hospitalisation risk when compared to the reference population of Hct 33 to <36% 

 Hct <30% 
 

Hct 30 to 
<33% 

Hct 33 to 
<36% 

Hct 36 to 
<39% 

Hct ≥39% 

RR of death 1.92* 1.26* 1 1.08 (NS) 0.96 (NS) 
RR of 
hospitalisation 

1.76* 1.3* 1 0.82* 0.62* 

* significant 
 

Source of funding In part by a research foundation and a pharmaceutical company 
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Evidence Table 

 
PROG1 
In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse outcomes and 
what are the effects of  

a) Age  
b) Gender 
c)  Ethnicity 

 
Bibliographic 
reference  

Moreno F, Sanz-Guajardo D, Lopez-Gomez JM, Jofre R, Valderrabano F. Increasing the hematocrit has a 
beneficial effect on quality of life and is safe in selected hemodialysis patients. Spanish Cooperative Renal 
Patients Quality of Life Study Group of the Spanish Society of Nephrology. Journal of the American Society of 
Nephrology 2000;11:335-42. 

Study type Longitudinal study  
Evidence level 3- 
Study objective To determine whether use of EPO to increase the hematocrit to “near normal” levels improves functional status 

and quality of life in stable hemodialysis patients  
Number of 
patients 

N=156 
 
Multicenter study in 34 hemodialysis centers in Spain 

Patient 
characteristics 

Inclusion criteria: 
 Received EPO for at least 3 months prior to study entry 
 Stable Hb ≥9 g/dl and hematocrit ≥28% 
 Non-diabetic 
 Age 18 to 65 years 

 



Exclusion criteria: 
 Diabetes 
 Uncontrolled hypertension 
 Malfunction of vascular access (hemodialysis blood flow <300 ml/min, high return venous pressure and/or 

recirculation >15%) 
 History of stroke 
 Seizures 
 Symptomatic ischemic heart disease or congestive heart failure 
 Presence of severe associated disease (Friedman Comorbidity Index >7) 
 Anemia unrelated to chronic renal failure 
 Received a kidney transplant or experienced complications possibly related to EPO treatment or to 

increased hematocrit 
 
Characteristic Mean  
Age (years) (SD) 44 ± 15 
Male  60 % 
Months on dialysis (SD) 37 ± 40 
Friedman Comorbidity Index* (SD) 3 ± 2 
Kt/V (SD) 1.17 ± 0.3 
PCR (SD) 1.2 ± 0.3 
Hb (g/dl) (SD) 10.2 ± 0.7 
Hct (%) (SD) 31 ± 2 
Previous failed transplant 19 % 
Hemodialysis technique HD 92%/HDF 8% 
Hemodialysis buffer Bicarbonate 82%/Acetate 18% 
Dialyzer membrane Cellulosic 60%/Synthetic 40% 
Vascular access PTFE graft 30%/Native fistula 70% 

 



* Friedman Comorbidity Index was used to evaluate comorbidity. 13 pathology groups are evaluated by a 
physician, on a 4-point scale (0 absent; 1 slight; 2 moderate; 3 severe) and scores added up. Other collated 
information includes social, professional and economic status and education level. 

Intervention Epoetin to Hb 12.5 ± 0.9 g/dl and Hct 38.5 ± 2.5 % at 6 months 
Comparison N/A 
Length of 
follow-up 

Study duration 6 months 

Outcome 
measures 

 Quality of life using the Karnofsky scale (KS) and Sickness Impact Profile (SIP) questionnaires. KS is an 
indicator of self-sufficiency and functional capacity. It is a 10-level scale, with scores ranging from 100 (no 
limitations) to 10 (moribund). SIP is a behaviour-based questionnaire consisting of 136 statements grouped 
into 12 categories. These are further grouped into physical dimension (body care & movement, mobility and 
ambulation) and psychosocial dimension (emotional behaviour, social interaction, alertness and 
communication), leaving 5 independent categories. All partial categories give the global dimension. Scores 
vary from 0 (absence of dysfunction) to 100 (maximum dysfunction) 

 Adverse effects 
 Hospitalization – no. of admissions and length of hospital stay 

Effect size 
Quality of life 
Indicator Mean (SD) Median  P value 
SIP physical dimension 
Baseline  5.4 ± 1.2 3.3 
Final 4.1 ± 1.12 1.2 

<0.005 

SIP pscychosocial dimension 
Baseline  9.2 ± 1.8 6.8 
Final 7 ± 1.7 4.6 

<0.001 

SIP global score 
Baseline  8.9 ± 1.39 7.9 
Final 7.25 ± 1.3 5.5 

<0.001 



Karnofsky scale 
Baseline  75.6 ± 2.7 80 
Final 78.4 ± 2.8 80 

<0.01 

 
 
 

Adverse Effects 
 No patient died during the 6 months 
 9 patients were censored from the study due to vascular access thrombosis 
 3 patients were censored for hypertension that was difficult to control, 1 of which had a hypertensive 

emergency with cardiac failure 
 No significant changes were observed in the prevalence of arterial hypertension or mean BP in the 115 

patients who completed the study 
 
Category Baseline 3 months 6 months Х2 
Hypertensive 68 62 66 
Normotensive 47 53 49 

P = NS 

 

Hospitalisation 
 

6 previous months 6 months of study Variable 
Total  Mean per 

patient 
Total Mean per 

patient 

P value 

No. of 
hospitalisations

19 0.17 8 0.07 <0.05 

Length of 152 1.3 47 0.4 <0.05 



hospital stay 
(days) 

  
 

Source of 
funding 

Pharmaceutical company 
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Evidence Table 
 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Djamali A, Becker YT, Simmons WD, Johnson CA, Premasathian N, Becker BN. Increasing 

hematocrit reduces early posttransplant cardiovascular risk in diabetic transplant recipients. 
Transplantation 2003;76:816-20.  



Study type Retrospective longitudinal study  
Evidence level 3- 
Study objective To evaluate the impact of ESRD-related anemia on post transplant cardiovascular events and 

peripheral vascular disease in early post transplant type I diabetic recipients 
Number of patients N=404 
Patient characteristics  All type I diabetic ESRD patients who received transplant between January, 1997 and August, 

2000 
 
Characteristics Value 
Number 404 
Average age (years ± SD) 39.8 ± 7.7 
Gender F/M  158 (39%) / 246 (61%) 
Race 
African American 
White 
Other 

 
40 (10%) 
351 (87%) 
13 (3%) 

Kidney transplant alone (KA) or 
simultaneous pancreas-kidney (SPK) 

81 / 323 

Pretransplant dialysis 299 (74%) (72 KTA and 227 
SPK) 

Pretransplant tobacco use 87 (21.5% out of 176)) 
ACE-inhibitor or angiotensin receptor 
blocker use 

68 (16.8%) 

 
 

Intervention Kidney transplant alone (KA) or simultaneous pancreas-kidney (SPK) 
Comparison N/A 
Length of follow-up 1 year 



Outcome measures  Post transplant cardiovascular (CV) event rate – defined as post transplant CV death, myocardial 
infarction, hospitalisation secondary to congestive heart failure or angina 

 Post transplant peripheral vascular (PV) event rate – defined as post transplant stroke 
(cerebrovascular accident), lower extremity amputation or lower extremity vascularisation 
procedure 

Effect size Pretransplant cardiac screening 
 Pretransplant ischemic heart disease  was present in 73 patients (18%) 
 Cardiac event rates were more frequent post transplant (P=0.001) 
 A positive post transplant stress test or angiogram was predictive of post-SPK or KTA 

cardiovascular events (P<0.015) 
 A pretransplant CV event increased the risk for a post-SPK transplant CV events (relative risk, 

RR 5.52, P=0.02) 
 Pretransplant PV disease was associated with an increased risk for post-SPK transplant CV 

enets (RR 2.12, P=0.01) 
  Pretransplant CV events in the KTA patients did not increase risk for post transplant CV events 

 
Post transplant hematocrit  

 Rolling Hct values improved during the first post transplant year 
Month 1   Hct 26.3 ± 3.7 % 
Month 6   Hct 33.4 ± 2.6% 
(P=0.001) 

 Initial decrease in post transplant Hct was 5.9 ± 5.6%. There was no association between the 
change in Hct and rolling Hct (P=0.6, NS) 

 
 Leukopenia (white cell count <3,800/µl) affected 69 (17.1%) of study subjects during the first 

month post transplant 
 There was no association between the leukopenia and rolling Hct <30% in subsequent months 

(P=0.3, NS) 
 



Post transplant cardiovascular (CV) event rate 
 Study participants with an average rolling Hct ≤30% experienced significantly more CV events 

during the first 6 months post transplant 
 
At least 1 post transplant CV event during the first 6 month  
Hct ≤30% (N=42) vs. Hct >30% (P<0.002) 
 

 Using a univariate analysis: Increasing Hct levels significantly decreased the risk for a CV event 
when compared to the reference Hct level of 30% (RR 0.237, 95% CI 0.062 to 0.904, P=0.015) 

 
Number of patients within each category not provided by the authors 
Hct (%) RR P value 
31 to 33 0.237 0.015 
34 to 36 0.108 0.0029 

 
 Using a multivariate analysis: Increasing Hct levels significantly decreased the risk for a CV event 

when compared to the reference Hct level of 30% (RR 0.65, 95% CI 0.33 to 0.91, P=0.022) 
 
Number of patients within each category not provided by the authors 
Hct (%) RR 95% CI P value 
31 to 33 0.78 0.062 to 0.904 0.04 
34 to 36 0.59 0.51 to 1.14 0.026 

 
 Using a multivariate analysis in the SPK transplant population alone: Hct levels above 30% were 

associated with a significant reduction in CV events post transplant (RR 0.6, 95% CI 0.46 to 0.69, 
P=0.001 

 
Post transplant peripheral vascular (PV) event rate 

 64 study participants experienced a PV event 



 A history of pretransplant ischemic heart diease was associated with an increased risk of a post 
transplant PV event (RR 3.2, P=0.002) 

 No significant effect of increasing Hct levels was found on risk reduction for a post transplant PV 
event 

 
Source of funding Government and transpantation society grants 
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Evidence Table 
 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Ifudu O, Uribarri J, Rajwani I, Vlacich V, Reydel K, Delosreyes G et al. Low hematocrit may connote 

a malnutrition/inflammation syndrome in hemodialysis patients. Dialysis & Transplantation 2002;31. 
Study type Prospective data analysis (non-analytical study) 
Evidence level 3+ 
Study objective To determine (i) the univariate relation between Hct and mortality and (ii) the effect of Hct on mortality 



after adjusting for nutrition and other variables in hemodialysis ESRD patients 
Number of patients N=309 

 
2 haemodialysis centres in Brooklyn & New York 

Patient characteristics Inclusion criteria: 
 Maintenance hemodialysis 3 times weekly for at least 3 months 
 Age 18 years+ 
 Absence of severe comorbidity known to cause anemia (i.e. sickle cell disease, active 

gastrointestinal bleeding, malignancy) 
 
Exclusion criteria: 

 Known blood dyscrasia or hemoglobinopathy 
 HIV positive status 
 On treatment for or being evaluated for any infection 
 Treatment with drugs known to affect erythropoiesis, including androgens 

 
Variable N=309 
Mean age (years) (±SD) 55.4 ± 15.6 (range 19-91 years) 
Gender M/F 144/165 
Race 
Blacks 
Hispanics 
Whites  
Asians 

 
207 (67%) 
74 (24%) 
23 (7%) 
5 (2%) 

Diabetes mellitus 108 (35%) 
Mean duration of ESRD at study onset 
(months) 

50 ± 51.4 (range 4-357 months) 

Mean Hct (%) 36.3 ± 3.6 



Mean urea reduction ratio (%) 72.7 ± 6.4 
Mean serum albumin concentration (g/dl) 3.9 ± 0.4 
Mean i.v. iron over 3-month period (mg) 376 ± 401 
Mean EPO dose given i.v. 3 times weekly 
(U/kg) 

79 ± 63 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up 18 months 
Outcome measures Survival 
Effect size Survival 

 
 64 patients died during the 18-month observational period 

 
 By univariate analysis: a low Hct was associated with shortened survival (relative hazard = 0.94, 

95% CI 0.89 to 0.99, P=0.04) 
 

 Kaplan-Meier estimates of 18-month survival by Hct quartile: 
 
Hct <33.4%   
 

72% 

Hct ≥ 33.4 to 35.73% 
 

76% 

Hct ≥ 35.74% to 38.55% 
 

80% 

Hct >38.55% 
 

89% 

Log-rank test P=0.0270 



 
 However, after adjustment for serum albumin concentration, diabetes mellitus, dry weight and 

gender, Hct as a survival predictor was not significant (P=0.55) 
Cox regression analysis: 
Variable = Hct (relative hazard 0.98, 95% CI 0.92 to 1.04, P=0.5513) 
 

Source of funding Academic research grant and non-profit organisation  
Additional comments  Intention-to-treat analysis 

 No subjects were lost to follow-up 
 Monthly values for Hct, urea reduction ratio, serum albumin, transferring saturation and ferritin 

were extracted from patients records and a mean obtained for each patient over 3 months during 
study entry period 
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PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Lee S-Y, Lee H-J, Kim Y-K, Kim S-H, Kim L, Lee MS et al. Neurocognitive function and quality of life 

in relation to hematocrit levels in chronic hemodialysis patients. Journal of Psychosomatic Research 
2004;57:5-10. 

Study type Cohort study 
Evidence level 2- 
Study objective To examine the association between hematocrit levels and improvement of cognitive function and 

quality of life in hemodialysis end stage renal disease patients 
Number of patients N=56 

 
2 site study in Korea 

Patient characteristics Inclusion criteria: 
 Age 20-70 years 
 On hemodialysis for 3months+ 
 Clinically stable, based on patient history 
 Ambulant 
 Literate 



 
Exclusion criteria: 

 Evident cerebrovascular disease 
 Major psychiatric illness 
 Major visual or hearing impairment 
 Unstable coronary heart disease 
 Uncontrolled hypertension during 3 months prior to study entry 
 Collagen vascular disease or vasculitis 
 Use of glucocorticoids or other neurocognitive funvtion affecting medication during previous 3 

months 
 
 
 
 
 
 
 

Hct <27.2% 
N=28 

Hct >27.2% 
N=28 

Characteristic 

No. (%) Mean ± SD No. (%) Mean ± SD 

P value 

Age (y)  53.46 ± 
10.83 

 51.35 ± 
11.37 

0.68 

Male 
Female 

15 (53.6) 
13 (46.4%) 

 16 (57.1%) 
12 (42.9%) 

 0.78 

Months on 
dialysis  

 35.75 ± 
39.80 

 48.14 ± 
35.73 

0.23 

Diabetic 
patients 

7 (25.0)  6 (21.4)  0.75 



Hypertensive 
patients 

14 (50.0)  12 (42.9)  0.59 

Hematocrit 
(g%) 

 23.26 ± 2.66  32.42 ± 4.29 <0.001 

Albumin (g/dl)  3.40 ± 0.45  4.00 ± 0.39 0.95 
Creatinine 
(mg/dl) 

 9.77 ± 2.32  9.83 ± 2.03 0.93 

Kt/V  1.35 ± 0.35  1.33 ± 0.20 0.42 
Education (y)  12.79 ± 2.41  13.89 ± 2.94 0.13 
Socioeconomic 
status (level) 

 3.50 ± 1.10  2.40 ± 1.08 0.018 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A; measurements were taken as a one-off once patients had been grouped into either Hct group 
Outcome measures  Neurocognitive function using 4 tests 

i. Trail-making test, where 25 randomly distributed numbers are connected in a correct (part A) 
or alternating (part B) order. The score is recorded in time taken (seconds) to complete the 
task 

ii. Stroop test, where subjects are required to read randomised printed word names of coloured 
ink and note the ink colour while disregarding the contradictory verbal content (e.g. the word 
red printed in blue ink). The score is the no. of words or colours read correctly in 60s 

iii. Digit-span test, an auditory verbal short-term memory test, requires the subject to repeat a 
spoken string of digits, with two trials each of 3-9 digits in forward order and 2-8 digits in 
reverse order. The score is the no. of correct trials 

iv. Digit-symbol test, assess sustained attention, visual searching, visual sequencing and new-
learning abilities. Subjects are given 9 different symbols that were matched to numbers and 



are required to change the number with its matched symbol. The score is the no. of symbols 
correctly changed within 90s 

 
 Quality of life using 3 tests 

i. Karnofsky scale, a global indicator of self-sufficiency and functional capacity. It is a 10-point 
scale, with scores ranging from 100 (no limitations) to 10 (moribund) 

ii. Index of well-being, a self-rating scale which allows patients to assess their sense of well 
being and consists of 2 parts; the sum of the average score for the index of general affect 
and life satisfaction, with the final score ranging from 0 (lowest) to 14.7 (highest) 

iii. The 36-item short-form health survey (SF-36), a self-rating test, is used to assess functional 
status and sense of well being of patients with chronic disease. It consists of the following 8 
scales: general health (GH), physical functioning (PF), role physical (RP), role emotional 
(RE), mental health (MH), social functioning (SF), bodily pain (BP) and vitality (VT). Each 
scale is worth 100 points, with a higher score representing a better quality of life 

 
 Inapparent depression assessed by means of the Beck depression inventory (BDI) scale; a self-

rating scale consisting of 21 items 
 

Effect size 
Neurocognitive function  

 Hct >27.2% performed better in the forward digit-span (t= -2.17, P=0.34) and the digit-symbol test 
(t= -2.34, P=0.023) 

 In part A of the trail-making test, although the lower Hct group (<27.2%) took longer, the 
difference was not statistically significant (P=0.098) 

 There were no differences in the results of part B of the trail-making test, the stroop test and the 
backward digit-span test 

 

Quality of life and depression 



 No significant differences were observed between the 2 groups in BDI score 
 No significant differences were observed between the 2 groups in any of the 3 scales assessing 

quality of life 
 
Test Hct <27.2% 

N=28 
Mean ± SD 

Hct >27.2% 
N=28 
Mean ± SD 

P value 

Karnofsky score 66.42 ± 11.93 70.00 ± 13.05 0.29 
Index of well-being 
Index of general 
affect 
Life satisfaction 

9.20 ± 1.92 
4.37 ± 1.20 
4.39 ± 1.20 

8.72 ± 1.59 
4.31 ± 1.03 
4.04 ± 1.23 

0.31 
0.85 
0.28 

SF-36 (total) 409.41 ± 136.82 433.85 ± 138.51 0.51 
GH 40.17 ± 22.30 43.21 ± 23.14 0.62 
PF 52.14 ± 24.70 58.21 ± 22.20 0.34 
RF 33.93 ± 30.59 53.57 ± 41.23 0.10 
RE 39.28 ± 36.35 51.19 ± 37.93 0.24 
SF 55.80 ± 28.76 50.89 ± 28.85 0.53 
MH 62.71 ± 19.68 57.57 ± 14.75 0.27 
BP 65.71 ± 30.56 66.34 ± 28.99 0.94 
VT 59.64 ± 22.85 52.32 ± 19.36 0.20 
BDI score 11.10 ± 4.12 9.82 ± 5.14 0.30 

 
 
 

Source of funding Not reported 
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Bibliographic reference  Hayashi T, Suzuki A, Shoji T, Togawa M, Okada N, Tsubakihara Y et al. Cardiovascular effect of 

normalizing the hematocrit level during erythropoietin therapy in predialysis patients with chronic 
renal failure. American Journal of Kidney Diseases  2000;35:250-6.  

Study type Before and after (non-analytical) study 
Evidence level 3+ 
Study objective To evaluate the rate of progression of left ventricular (LVH) on echocardiography in 9 predialysis 

patients with CRF after partial correction (Hct 30%) and normalisation (Hct 40%) with EPO 
Number of patients N=9 
Patient characteristics Inclusion criteria: 

 Hct <25% 
 
Exclusion criteria: 

 Presence of valvular disease 



 Arrythmia 
 Active ischaemic heart disease 
 History of seizures 
 Cerebrovascular disease 
 Severe or uncontrolled hypertension 
 Malignancy 

 
 
 
Characteristic N=9 
Male/female 5/4 
Mean age (years) 62.4 ± 3.3 
Baseline Hct (%) 23.6 ± 0.5 
Cause of renal failure 
Glomerulonephritis 
Diabetic nephropathy 

 
8 
1 

 
 

Intervention Epoetin i.v.  
Comparison N/A 
Length of follow-up Study duration 12 months; Partial correction (Hct 30%) maintained for 2 months and subsequently 

normalisation (Hct 40%) was maintained for 10 months 
Outcome measures  Echocardiography 

 24 hour ambulatory blood pressure monitoring 
 Haematological parameters 

Effect size 
Haematological parameters 

 Only hematocrit significantly changed from baseline (see table below). There were no significant 



changes observed in platelet count, serum creatinine, potassium, phosphate, plasma rennin 
activity, atrial natriuretic peptide, systolic and diastolic blood pressure, body weight and heart rate 

 After the 10-month normalisation period, hematocrit was 40.4 ± 0.6% in men and 37.6 ± 0.8% in 
women 

 The EPO dose averaged 6,000 U/week during the partial correction period and 7,700 U/week 
during the normalisation period 

 A comparison of the slopes of linear progression plots of the reciprocoal value of the serum 
creatinine level vs. time did not show any difference before or after EPO therapy, indicating there 
was no change in the progession of renal failure 

 
 Baseline Partial 

correction 
(time = 2 
months) 

Normalisation 
(time = 12 
months) 

P value 

Hematocrit (%) 
Mean ± SEM 

23.6 ± 0.5 32.1 ± 0.6 39.1 ± 0.8 <0.0001 

Creatinine (mg/dl) 
Mean ± SEM 

6.2 ± 0.7 5.7 ± 0.7 5.5 ± 0.7 NS 

Clinic systolic blood 
pressure (mmHg) 
Mean ± SEM 

147.8 ± 7.7 151.3 ± 7.6 148.2 ± 7.4 NS 

Clinic diastolic blood 
pressure (mmHg) 
Mean ± SEM 

74.2 ± 4.9 76.5 ± 2.6 72.7 ± 3.2 NS 

 
 

 



Echocardiography 
 A significant decrease in left ventricular mass index (LVMI) was seen  at normalisation 
 No changes were observed in the remaining measurements of the left ventricle 

 
 Baseline Partial 

correction 
(time = 4 
months) 

Normalisation 
(time = 12 
months) 

P value 

Left ventricular end-
diastolic diameter (mm) 

50.1 ± 1.9 48.0 ± 1.2 47.2 ± 1.3 NS 

Left ventricular end-
systolic diameter (mm) 

33.0 ± 1.7 31.6 ± 1.4 30.8 ± 1.1 NS 

Stroke volume (ml) 97.3 ± 9.0 87.5 ± 4.1 84.8 ± 6.6 NS 
Cardiac index (l/min/m2) 4.9 ± 0.5 4.4 ± 0.2 3.9 ± 0.3 NS 
Ejection fraction (%) 68.0 ± 2.4 68.0 ± 1.6 68.0 ± 1.6 NS 
Interventricular septum 
thickness (mm) 

9.0 ± 0.3 8.7 ± 0.4 8.3 ± 0.4 NS 

Left ventricular posterior 
wall thickness (mm) 

9.5 ± 0.5 9.3 ± 0.4 8.4 ± 0.3 NS 

Left ventricular mass 
index (g/m2) 

140.6 ± 12.1 126.9 ± 10.0 111.2 ± 8.3 <0.01 

All data is expressed as Mean ± SEM 
 
 
24 hour ambulatory blood pressure monitoring 

 All patients received blood pressure medication before EPO administration and additional 
medication was required in 4 patients during the course of the study 



 No differences were seen in the 24-hour day time, night time and sleeping time blood pressure 
between baseline and partial correction or normalisation 

 Circadian blood pressure was maintained through the entire 24-hour period 
 
 

Source of funding Not reported 
Citation  
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Evidence Table 
 

PROG1 

In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse 
outcomes and what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
 
Bibliographic reference  Silberberg J, Racine N, Barre P, Sniderman AD. Regression of left ventricular hypertrophy in dialysis 

patients following correction of anemia with recombinant human erythropoietin. Canadian Journal of 
Cardiology 1990;6:1-4.  

Study type Before and after study 
Evidence level 3+ 



Study objective To evaluate hemodialysis patients before and after correction of anemia with EPO, by 
echocardiography 

Number of patients N=22 
 
Patients derived from multisite (13 hospitals) RCT of N=118 in Canada. This was a sub-study of the 
Canadian Erythropoetin Study 

Patient characteristics Inclusion criteria: 
 Aged 18-75 years 
 Receiving hemodialysis 3 times weekly 
 Clinically stable with an average Hb <90 g/l for at least 3 months 
 Maintained Hb at 30 g/l above baseline for at least 6 months 
 Technically adequate echocardiograms were obtained at baseline and at 12 months following 

initial randomisation 
 
Exclusion criteria: 

 Insulin-dependent diabetes mellitus 
 Inability to perform a 6 min exercise test 

 
Variable Baseline 
Age (years) 45 ± 16 
Sex (male/female) 14/8 
Time on dialysis 
(years) 

5 ± 5 

 
 

Intervention EPO to Hb 30 g/l above baseline 
Comparison Placebo (for 6 months only) 
Length of follow-up Follow-up was 9.9 ± 0.9 months after achieving target Hb  



Outcome measures Echocardiography – left ventricular mass, left ventricular end diastole, left ventricular posterior wall, 
interventricular septum, mean wall thickness, left ventricular end diastolic volume 

Effect size  
Echocardiography 
 
 
Variable Baseline Follow-up P value 
Hemoglobin (g/l) 63 ± 8 114 ± 15 0.0001 
Systolic blood pressure (mm Hg) 141 ± 19 144 ± 16 0.15 
Diastolic blood pressure (mm Hg) 76 ± 12 81 ± 9 0.01 
Weight (kg) 65.8 ± 13 66.3 ± 13 0.33 
Echocardiography  
Left ventricular mass (g) 
Left ventricular end diastole (cm) 
Left ventricular posterior wall (cm) 
Interventricular septum (cm) 
Mean wall thickness (cm)  
Left ventricular end diastolic volume 
(ml) 

 
253 ± 77 
5.5 ± 0.6 
0.97 ± 0.1 
1.0 ± 0.2 
0.99 ± 0.1 
173 ± 60  

 
215 ± 71 
5.14 ± 0.6 
0.96 ± 0.1 
0.95 ± 0.2 
0.96 ± 0.1 
138 ± 48 

 
0.0004 
0.003 
0.82 
0.16 
0.32 
0.005 

 
 

 In study participants with a left ventricular mass above 210g at baseline, LV mass decreased 
 Similarly, LV end diastolic volume decreased for study participants in this category 

 
 Baseline Follow-up P value 
Baseline LV mass >210 g 
Left ventricular mass (g) 
Left ventricular end diastolic volume 

 
292 ± 57 
193 ± 61 

 
234 ± 72 
142 ± 46 

 
<0.001 
<0.001 



(ml)  
Baseline LV mass <210 g 
Left ventricular mass (g) 
Left ventricular end diastolic volume 
(ml) 

 
170 ± 39 
129 ± 30 

 
171 ± 37 
129 ± 53 

 
NS 
NS 
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index increase in early renal disease: impact of decline in hemoglobin. Am J Kidney Dis 1999;34:125-



34.  
Study type Retrospective cohort study 
Evidence level 2+ 
Study objective To describe the prevalence and incidence of left ventricular hypertrophy (LVH) and left ventricular 

growth (LVG) in patients with renal insufficiency and to identify clinical or laboratory variables that 
predict LVG 

Number of patients N=246 
 
Multicenter study in 8 academic centers in Canada 

Patient characteristics Inclusion criteria: 
 Impaired renal function defined as ceratinine clearance 25-75 ml/min 
 Clinically established chronicity by biopsy or clinical course and/or ultrasound showing small 

kidneys 
 
Exclusion criteria: 

 Unable to commit for follow-up 
 Not expected to live for duration of study (1 year) 
 Receiving immunosuppressive therapy for renal disease 
 Likely to require dialysis therapy during study period (1 year) 

 
 
 
 
 
 
 
 
 
 



 
Variables Patients with baseline and 12-month 

follow-up data and second 
echocardiogram (N=246) 

Sex (male) 166 (67.5%) 
Race 
White 
Asian 
Black 

 
215 (89%) 
14 (5.8) 
6 (2.5%) 

Age (y) 56.7 ± 13.8 
Creatinine clearance (ml/min) 36.8 ± 15 
Haemoglobin (g/dl) 12.8 ± 1.9 
Duration of renal disease (y) 4 (2-10) 
Diabetes all 
Diabetes insulin dependent 

63 (25.8%) 
28 (52.8%) 

Angina 41 (16.8%) 
Past history of myocardial 
infarction 

31 (12.8%) 

 
 
 
 
 
 
 
 
 
 



 
Patient characteristics continued… 
 
Variables Patients with baseline and 12-

month follow-up data and second 
echocardiogram (N=246) 

Past history of congestive heart failure 18 (7.5%) 
Any cardiovascular disease 96 (39%) 
Use of ACE inhibitors 127 (52%) 
Use of Calcium channel blockers 105 (43.2%) 
Systolic BP (mm Hg) 143.6 ± 23.8 
Diastolic BP (mm Hg) 84.6 ± 11.4 
Weight (kg) 75.5 ± 16.7 
Posterior wall thickness (mm) 10.5 ± 2.1 
Intraventricular septal thickness (mm) 10.8 ± 2.5 
Left ventricular end diastolic diameter (mm) 51.2 ± 6.9 
Left ventricular mass index (g/m2) 113.2 ± 37.2 
Left ventricular hypertrophy 84 (34.2%)  

Intervention N/A 
Comparison N/A 
Length of follow-up Study duration 12 months 
Outcome measures 1° outcome measure = change in left ventricular mass index (LVMI) over 12 months 

2° outcome measures = number of hospitalisations and change in cardiac status class (New York 
Heart Association or Canadian Cardiovascular Society classification) 

Effect size 
Prevalence of LVH and growth of LVM 

 34% of the patient population had LVH at the start of the study, with a greater prevalence with 
decreasing renal function 



 
 Patients with 

LVH 
Patients without 
LVH 

P value 

Mean creatinine clearance 
(ml/min) 

32.1 37.7 0.001 

Mean Hb level 
 (g/dl) 

12.08 13.0 <0.0001

Mean systolic blood 
pressure (mmHg) 

141.3 150.3 <0.0003

 
 

 38% of the patient population had LVH at 12-month follow-up and were analysed according to 
renal function categories 

 
CCr >50 ml/min CCr 25-50 ml/min CCr <25 ml/min  
LVH- LVH+ LVH- LVH+ LVH- LVH+ 

Number 40 10 88 44 26 36 
Mean Hb level 
(g/dl) 
 
P value 

14.5 ± 1.5 
 
 
0.003 

13.3 ± 0.97 13 ± 1.8 
 
 
0.189 

12.5 ± 
1.92 

12 ± 1.6 
 
 
0.213 

11.5 ± 
1.5 

Mean change Hb
 
 
P value 

-0.16 ± 0.8 
 
 
0.426 

0.03 ± 0.6 -0.21 ± 1.2 
 
 
0.679 

-0.31 ± 
1.5 

-0.23 ± 
0.92 
 
0.163 

-0.63 ± 
1.3 

CCr = creatinine clearance 
 
 



 
 Decrease in Hb level was significant in groups with and without LVG over the 12-month period. 

Multivariate logisitic analysis showed decrease in Hb level [OR 1.32 (95% CI 1.1 to 1.59)] was one 
of three factors, including systolic blood pressure and baseline LVMI that predicted LVG.  

 The robustness of this analysis was tested and confirmed by repeating the analysis with the 158 
patients who did not have a high LVH at baseline (OR 1.35 for 0.5- g/l decrease; 95% CI 1.08 to 
1.70; P=0.01). 

 
 Without 

LVG 
N=191 

With LVG 
N=55 

P value 

Baseline Hb (g/dl) 12.9 ± 0.17 12.8 ± 0.21 0.719 
Hb at 12-month follow up (g/dl) -0.11 ± 0.12 -0.85 ± 0.11 0.001 
Baseline LVMI (g/m2) 116 ± 39.2 103.5 ± 29.9 0.012 
LVMI at 12-month follow up 
(g/m2) 

-9.27 ± 21.8 35.2 ± 20.8 <0.001 

 
 

Progression of cardiac symptoms 
 31 of 206 patients who had evaluations at baseline and at 12-month follow up had progression of 

cardiac symptoms.  
 However, no significant changes in Hb levels were found. Without cardiac symptoms (N=175)  –

0.28 ± 1.25 vs. with cardiac symptoms (n=31)  –0.33 ± 1.13 (P=0.828) 
 
Hospitalisations 

 There were 55 hospitalisations in 238 patients of the 246 patients who assessable 
echocardiograms and 12-month follow up (some were multiple admissions).  



 Mean Hb level at baseline (12.4 ± 2.0 vs 13.0 ± 1.8 g/dl; P=0.029) predicted subsequent 
hospitalisations, along with mean creatinine clearance (P=0.01) and median serum parathyroid 
hormone levels (P=0.008) 

 
Source of funding A national kidney foundation 
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recombinant human erythropoietin in predialysis patients. Am J Kidney Dis 1997; 29:541-8. 

Study type Descriptive (non-analytical) study 
Evidence level 3+ 
Study objective To evaluate changes in blood pressure and left ventricular hypertrophy in predialysis ESRD 

patients after correction of anaemia with EPO 
Number of patients N=11 



Patient characteristics Exclusion criteria: 
 requirement of dialysis within 8 months 
 difficult to control hypertension or arrhythmia, valvular disease or any other condition that might 

complicate the echocardiogram follow-up 
 
 
Variable Baseline (N=11) 
Age (years) (Mean ± SD) 53.8 ± 12.9; range 21 to 68 

years 
No. of men 6 
Renal disease 
Nephroangiosclerosis  
Glomerulonephritis 
Interstitial nephropathy 
Polycyctic disease 
Diabetes mellitus 
Undefined 

 
2 
2 
2 
1 
1 
3 

No. on antihypertensive medication 8 
Haemoglobin (g/dl) 9.0 ± 0.3 
Hematocrit (%) 26.3 ± 0.6 
Systolic blood pressure (mm Hg) 144.0 ± 9.8 
Diastolic blood pressure (mm Hg) 76.0 ± 6.9 
Creatinine (mg/dl) 6.3 ± 1.3 
Creatinine clearance (ml/min) 13.3 ± 1.5 

 
 

Intervention Epoetin to a target Hct of 35% 
Comparison N/A 



Length of follow-up Study duration 6 months 
Outcome measures  Continuous 24-hour ambulatory blood pressure (CABP) monitoring 

 Echocardiography 
Effect size 

Haematocrit 
 Increased to 34.4 ± 1.1% at 3 months and remained stable, 34.7 ± 1.3% at 6 months 

 
Rate of progression of renal failure 

 No differences were observed when comparing the slope of 1/serum creatinine vs. time before 
and after EPO treatment, indicating there was no change in rate of progression of renal failure 

 

Continuous 24-hour ambulatory blood pressure monitoring 
 No significant changes were observed in the mean BP recordings 

 
CABP Monitoring Baseline 3 months 6 months P value 
Daytime 
SBP 
DBP 
% SBP > 140 
mmHg 
% DBP > 90 mmHg 

 
142.1 ± 8.1 
80.7 ± 5.5 
48.9 ± 12.9 
31.1 ± 11.6 

 
140.0 ± 7.0 
82.1 ± 4.0 
50.9 ± 12.3 
29.3 ± 7.8 

 
144.2 ± 9.5 
81.7 ± 4.8 
59.2 ± 13.7 
29.7 ± 9.8 

 
NS 
NS 
NS 
NS 
 

Night time 
SBP 
DBP 
% SBP > 140 
mmHg 
% DBP > 90 mmHg 

 
132.7 ± 7.8 
71.4 ± 4.9 
36.7 ± 13.7 
17.9 ± 10.5 

 
127.5 ± 7.1 
72.3 ± 3.5 
34.6 ± 12.2 
12.0 ± 5.5 

 
137.0 ± 9.5 
73.5 ± 4.0 
50.6 ± 16.4 
8.12 ± 5.5 

 
NS 
NS 
NS 
NS 



 

Echocardiography 
 A trend was found in decreasing LVEDD and thickening of posterior wall and inter-ventricular 

septum in the LVPWT and IVST 
 No changes were observed in the remaining left ventricle measurements  
 The cardiac output decreased by month 3 of EPO treatment (i.e. improvement in anemia) 
 An increase in total peripheral resistance was observed after month 3 and month 6 of EPO 

treatment (i.e. improvement in anemia) 
 No significant changes were observed in the myocardial contractility parameters (expressed as 

ejection time, ejection fraction, fractional shortening and velocity of circumferential fibre 
shortening) 

 
Parameter Baseline 3 months 6 months P value 
LVEDD (mm) 48.7 ± 1.4 47.3 ± 1.8 47.1 ± 2.7 NS 
LVESD (mm) 32.9 ± 2.1 30.9 ± 2.3 31.2 ± 2.5 NS 
IVST (mm) 14.8 ± 1.4  14.4 ± 1.5 13.6 ± 1.4 NS 
LVPWT (mm) 12.2 ± 1.1 11.8 ± 0.9 11.3 ± 1.3 NS 
LVMi (g/m2) 178.2 ± 20.6 161.7 ± 20.8 147.3 ± 20.6 <0.05* 
CO (l/min) 4.75 ± 0.39 4.0 ± 0.5 4.1 ± 0.5 <0.05† 
Coi (l/min/m2) 3.02 ± 0.3 2.66 ± 0.20 2.7 ± 0.5 <0.05† 
TPR 
(dyne/cm6/sec) 

1,896 ± 165 2,119 ± 144 2,117 ± 0.3 <0.05† 

EF (%) 62.9 ± 10 60.1 ± 13.4 61.2 ± 208 NS 
ET (sec) 0.33 ± 0.06 0.32 ± 0.05 0.31 ± 10.9 NS 
FS (%) 34.0 ± 7.6 34.5 ± 8.7 35 ± 0.03 NS 
VCF (s) 1.04 ± 0.2 1.04 ± 0.10 1.10 ± 0.29 NS 

 * baseline vs. 6 months 



† baseline vs. 3 and 6 months 
Abbreviations 
LVEDD Left ventricular end-diastolic diameter 
LVESD Left ventricular end-systolic diameter 
IVST (mm) Inter-ventricular septum thickness 
LVPWT (mm) Left ventricular posterior wall thickness 
LVMi (g/m2) Left ventricular mass index 
CO (l/min) Cardiac output 

 
COi (l/min/m2) Cardiac output index 
TPR 
(dyne/cm6/sec) 

Total peripheral resistance 

EF (%) Ejection fraction 
ET (sec) Ejection time 
FS (%) Fractional shortening 
VCF (s) Velocity of circumferential fibre 

shortening  
Source of funding Not reported 
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Evidence Table 
 

PROG1 
In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse outcomes and 
what are the effects of  

a) Age  
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Bibliographic reference  Moreno F, Aracil FJ, Perez R, Valderrabano F. Controlled study on the improvement of quality of 

life in elderly hemodialysis patients after correcting end-stage renal disease-related anemia with 
erythropoietin. American Journal of Kidney Diseases 1996;27:548-56.  

Study type Presented as a matched-cohort study but data analysis is presented as a before and after (non-
analytical) study 

Evidence level 3+ 
Study objective Primary objective: To evaluate if EPO treatment for anemia of ESRD improves the quality of life of 

elderly patients receiving hemodialysis when compared to younger hemodialysis patients 
Secondary objective: To identify factors associated with quality of life improvement after treatment 
of ESRD-related anemia 

Number of patients Treatment group N=57  
Control group N=29 
 

 Multisite study; 7 dialysis centres in Madrid, Spain 
 Age-matched control group consisted of hemodialysis patients not requiring EPO treatment  

Patient characteristics Inclusion criteria: 



 Clinically stable for more than 3 months and on chronic hemodialysis 
 Required EPO treatment 

 
Exclusion criteria: 

 Diabetes 
 Uncontrolled hypertension 
 Non-ESRD-related anemia 
 Contraindications to EPO treatment 
 Associated severe disease 
 Changed dialysis modality to peritoneal dialysis or discontinued hemodialysis for renal 

transplant 
 
Variable EPO group 

N=57 
Control 
N=29 

P value 

Mean age (years) 50 ± 2 53 ± 2 NS 
Sex (M % /F %) 56 / 44 79 / 21 <0.05 
Baseline Hct (%) 21 ± 0.3 30 ± 0.8 <0.0001 
Years on dialysis 2.9 ± 0.4 5.6 ± 0.8 <0.005 
Previous renal transplant (%) 14 28 NS 
Friedman’s comorbidity index 1.5 ± 0.2 1.6 ± 0.2 NS 
Arterial hypertension (%) 50 66 Not given 
Chronic liver disease (%) 0 27 Not given 

 
 

Intervention EPO 
Comparison Primary objective: N/A  

Secondary objective: no EPO 
Length of follow-up Study duration 6 months 



Outcome measures Primary objective:  
Quality of life – assessed by the following questionnaires: 

i. Karnofsky performance scale (KS), which is an indicator of self-sufficiency and functional 
capacity. It is a 10-level scale, with scores ranging from 100 (no limitations) to 10 
(moribund). 

ii. The Sickness Impact Profile (SIP), which is a non-disease specific behaviour-based 
questionnaire consisting of 136 statements grouped into 12 categories. These are further 
grouped into physical dimension (body care & movement, mobility and ambulation) and 
psychosocial dimension (emotional behaviour, social interaction, alertness and 
communication), leaving 5 independent categories. All partial categories give the global 
dimension. Scores vary from 0 (absence of dysfunction) to 100 (maximum dysfunction) 

 
Effect size 

EPO treatment 
 The mean initial dose was 96 ± 8 U/kg/wk which reduced to 75 ± 10 U/kg/wk at the end of the 

study 
 Onset of hypertension was observed in 4 patients (7%), worsening of previous hypertension in 7 

patients (12%) and one patient suffered vascular access thrombosis 

Quality of Life 
 Mean KS and SIP scores significantly increased in the EPO-treatment group when scores at 3 

months and 6 months were compared to those at baseline 
 However, no differences in QoL were seen between month 3 and month 6 in the EPO-group 
 No changes in QoL were seen in the control group 

 
 
 
 
 



 
 
 
 Baseline 

Mean ± 
SEM 

Month 3 
Mean ± SEM 

Month 6 
Mean ± SEM 

P value 

EPO group (N=57) 
Hematocrit (%) 21 ± 0.3 28 ± 0.4 29 ± 0.4 0.0001 
KS 68.4 ± 1.8 78.6 ± 1.6 81 ± 1.4 0.0001 
SIP- physical 
dimension  

15.4 ± 1.8 11.3 ± 1.6 9.6 ± 1.4 0.0001 

SIP - psychosocial 
dimension 

19 ± 1.9 12.2 ± 1.3 10.8 ± 1.3 0.0001 

SIP- global score  19.8 ± 1.6 14.8 ± 1.4 13.5 ± 1.2 0.0001 
Control group (N=29) 
Hematocrit (%) 30 ± 0.8 31 ± 0.8 31 ± 0.8 NS 
KS 79.7 ± 2.6 77.2 ± 2.7 76.9 ± 2.6 NS 
SIP- physical 
dimension  

11.6 ± 2.4 10.5 ± 2.5 10.6 ± 2.5 NS 

SIP - psychosocial 
dimension 

16 ± 3 14 ± 2.7 14.3 ± 2.9 NS 

SIP- global score  16.6 ± 2.4 14.9 ± 2.2 15.1 ± 2.2 NS 
 

Factors associated with improvement of quality of life indicators 

 Final Hct was positively related to improvement in the SIP global score by linear regression (β 
coefficient 0.57; P<0.05; R2 0.57) 



 
 

 Effect of age on the evolution of QoL indicators after EPO treatment 
 Patients were distributed into 2 age groups and patients with diabetes or other severe 

associated disease excluded from the analysis 

 
 ≥60 years <60 years P value 
No. of patients 23 34 NS 
Mean age 67 ± 1 38 ± 2 NS 
Sex (M/F) 52%/48% 59%/41% NS 
Years on dialysis 2 ± 0.4 3.5 ± 0.6 NS 
Hypertension 52% 53% NS 
Previous transplant 4% 20% NS 
Friedman’s comorbidity 
index 

2.26 ± 0.31 1.03 ± 0.16 <0.001 

 
 Improvement in Hct levels was parallel in aged (≥60 years) and younger patients (<60 years), 

with no significant differences at baseline or month 3. However, at month 6, Hct levels were 
lower in the older age group (P<0.005) 

 The older age group had poorer baseline quality of life as assessed by KS (P<0.0001) and SIP 
(P<0.0001), which was maintained throughout the 6-month study period 

 No differences were observed in the improvement of QoL scores in the older group vs. the 
younger age group 

 To assess consisitency of results, comparisons of QoL scores for patients receiving EPO aged 
<60 years (N=34) vs. ≥65 years (N=15) were made. Although QoL scores significantly improved 



using both KS and SIP, no interaction was found between age and QoL scores  
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Bibliographic 
reference  

Li S., Collins AJ. Association of hematocrit value with cardiovascular morbidity and mortality in incident 
hemodialysis patients.[see comment]. Kidney International 2004;65:626-33.  

Study type Cohort study  
Evidence 
level 

2+ 

Study 
objective 

To assess the relationship between hematocrit levels above 36% and morbidity and mortality due to 
cardiovascular disease (congestive heart failure, ischemic heart disease, cerebrovascular disease, etc.) in 



incident hemodialysis patients with ESRD 
Number of 
patients 

N=50,579 
 
Selected from 1998 data = 26,207 
Selected from 1999 data = 24,372 

Patient 
characteristics

Inclusion criteria: 
 Consistently received hemodialysis for 9 months after the onset of ESRD 

 
Exclusion criteria: 

 Patients who dies during the 9 months after inititation of hemodialysis 
 Patients who changed modality to peritoneal dialysis or had a transplant during the 9 months after inititation of 

hemodialysis 
 Incomplete demographic and baseline characteristics data (e.g. date of birth, gender, race, creatinine level at 

onset of ESRD) 
 Fewer than 4 EPO claims during the 6-month entry period 

 
Variable  
Mean age (years) 65.4 ± 14.3 
Male gender (%) 50.6 
Race (%) 
White  
Black 

 
61.0 
33.0 

Diabetes as a primary cause of ESRD (%) 48.1 
Mean GFR at ESRD onset (ml/min) 8.6 ± 3.9 
Mean hospital stay (days) 6.1 ± 11.8 
Patients with urea reduction ratio (URR) ≥ 
70% 

54.3 

Mean hematocrit value (%) 34.1 ± 3.0 



 
 

 Due to significant differences in patient characteristics and comorbid conditions when grouped into hematocrit 
levels between the >33% to ≤36% and other groups (see table below), an adjustment was made for these 
differences in data analysis 

 
 
Variable Hct ≤30% Hct >30 to 

≤ 33% 
Hct >33 to 
≤ 36% 

Hct >36 to 
≤39% 

Hct >39% P value 

No. of 
patients 

4308 11,558 22,192 10,265 2,256 <0.0001 

Mean age 
(years) 

61.3 ± 15.5 64.6 ± 14.4 66.1 ± 13.9 66.2 ± 14.1 66.1 ± 14.2 <0.0001 

Male (%) 48.3 48.0 50.8 53.1 54.8 <0.0001 
Race (%) 
White  
Black 

 
51.6 
44.2 

 
59.9 
34.8 

 
63.1 
30.7 

 
62.1 
31.1 

 
59.2 
34.1 

<0.0001 

Diabetes 
as primary 
cause of 
ESRD (%) 

45.4 50.6 48.4 46.4 46.3 <0.0001 

Mean GFR 
at ESRD 
onset 
(ml/min)  

8.4 ± 4.0 8.6 ± 3.9 8.6 ± 3.9 8.7 ± 4.0 8.6 ± 4.1 <0.0001 

Mean 
hospital 
stay (days) 

13.0 ± 17.6 8.6 ± 13.8 4.9 ± 9.9 3.7 ± 8.7 4.0 ± 9.7 <0.0001 



Mean no. 
of vascular 
access 
procedures 

3.9 ± 5.8 3.4 ± 5.6 2.6 ± 8.3 2.3 ± 4.5 2.4 ± 5.3 <0.0001 

Mean 
hematocrit 
(%) 

28.0 ± 2.0 31.8 ± 0.8 34.5 ± 0.8 37.2 ± 0.8 40.6 ± 1.5 <0.0001 

 
 
 

Intervention EPO 
Comparison N/A 
Length of 
follow-up 

 Hospitalisation 2.5 years 
 Mortality 3 years 

Outcome 
measures 

The Hct >33 to 36% was used as a reference from which all outcomes were adjusted. I.e. all relative risks and 
95% CI for specific Hct groups were compared to those of >33 to ≤36% Hct group 
 

 First hospitalisation due to cardiac disease 
 First hospitalisation for patients with cardiac comorbid conditions 
 Death due to cardiac diseases and all-cause death 
 First hospitalisation and death for patients without pre-existing cardiac disease 

Effect size 
Adjusted relative risk of first hospitalisation due to any cardiac disease (2.5 year follow up) 
 
Hematocrit value 
(%) 

Relative risk 95% CI P value 

10 to 30 1.18   
>30 to 33 1.07   



>33 to 36 1.00 N/A N/A 
>36 to 39 0.92 0.88 to 0.97 * 
>39 0.79 0.72 to 0.87 * 

* significant (i.e. 95% CI did not include 1.00) 
 

Adjusted relative risk of first hospitalisation due to specific cardiac diseases (2.5 year follow up) 
  
Hematocrit 
(%) 

Relative risk due to 
congestive heart 
failure, fluid overload 
or cardiomyopathy 

P 
value

Relative risk 
due to ischemic 
heart disease, 
cerebrovascular 
disease or 
circulatory system 
disease 

P 
value

Relative risk due to other 
cardiac diseases 

P 
value 

>33 to 36 1.00 N/A 1.00 N/A 1.00 N/A 
>36 to 39 0.85  

(95% CI 0.77 to 
0.95) 

 
* 

0.94  
(95% CI 0.88 to 
1.01) 

 
NS 

0.95 
(95% CI 0.87 to 1.05) 

 
NS 

>39 0.80  
(95% CI 0.65 to 
0.97) 

* 0.81 
(95% CI 0.70 to 
0.93) 

* 0.76 
(95% CI 0.62 to 0.92) 

* 

* 95% CI did not include 1.00 
 
 

Adjusted relative risk of first hospitalisation for patients with cardiac comorbid conditions (2.5 year 
follow up) 



 A sub-group was identified, N=45,166 with one or more of the following: artheroscelrotic heart disease, 
congestive heart failure, peripheral vascular disease, cerebrovascular accident or transient ischemic attack 
and other cardiac diseases 

 A similar pattern to that seen with hospitalisation and Hct in all selected hemodialysis patients was seen in 
patients with cardiac comorbid conditions 

 
Hematocrit value 
(%) 

Relative risk 95% CI P value 

>33 to 36 1.00 N/A N/A 
>36 to 39 0.93 0.89 to 0.98 * 
>39 0.79 0.71 to 0.87 * 

* 95% CI did not include 1.00 

Adjusted relative risk of death due to cardiac diseases (3 year follow up) 
 
Hematocrit value 
(%) 

Relative risk 95% CI P value 

>33 to 36 1.00 N/A N/A 
>36 to 39 0.92 0.87 to 0.98 * 
>39 0.83 0.74 to 0.93 * 

* 95% CI did not include 1.00 
 
Adjusted relative risk of all-cause death (3 year follow up) 

 All-cause death encompassed cardiac disease, infection and other causes 
 The same pattern to that observed in risk of death due to cardiac causes was seen 

 
Hematocrit value 
(%) 

Relative risk 95% CI P value 



>33 to 36 1.00 N/A N/A 
>36 to 39 0.92 0.88 to 0.96 * 
>39 0.86 0.80 to 0.93 * 

* 95% CI did not include 1.00 
 
 

Adjusted relative risk of hospitalisation and death for patients without pre-existing cardiac disease (3 
year follow up) 

 Evaluated in patients without pre-exisiting cardiac disease (number of patients not given by the authors) with 
Hct >36% to ≤ 39% and compared to the reference population (Hct > 33% to ≤ 36%) 

 These patients had a lower adjusted risk of death and hospitalisation during the follow-up period 
 The authors state analysis performed  using 3-month entry period after 90 days of ESRD, with follow-up 

period of 1, 2 and 3 months as well as on the basis of broader enrolment criteria, increasing  the sample size 
from 50,579 patients with 3 or more EPO claims to 52,473 patients with 2 or more EPO claims both obtained 
similar results  

 
 Relative risk P value 
All-cause death 0.69 0.0002 
Any cardiac death 0.69 0.0137 
All-cause hospitalisation 0.78 <0.0001 
Any cardiac hospitalisation 0.74 0.0005 
Hospitalisation due to cardiac disease 0.71 0.026 
Hospitalisation due to CHF, fluid overload and 
cardiomyopathy 

0.68 0.045 

Hospitalisation due to other cardiac disease 0.79 0.07 
 
 



Source of 
funding 

In part by a research foundation and pharmaceutical company 

Citation  
NCC CC ID 
(Ref Man) 

1603 

 
 

Evidence Table 
 

PROG1 
In patients with chronic kidney disease, what haemoglobin (Hb) / haematocrit levels are associated with adverse outcomes and 
what are the effects of  

a) Age  
b) Gender 
c) Ethnicity 

 
Bibliographic reference  Metry G, Wikstrom B, Valind S, Sandhagen B, Linde T, Beshara S et al. Effect of normalization of 

hematocrit on brain circulation and metabolism in hemodialysis patients. Journal of the American 
Society of Nephrology 1999;10:854-63.  

Study type Presented as a cohort study, but using healthy control subjects. As results are presented as a before 
and after study, it was appropriate to downgrade the study to a non-analytical study 

Evidence level 3+ 
Study objective To investigate the effects of Hct normalisation and related change in blood rheology in hemodialysis 

ESRD patients on brain circulation and oxygen metabolism by means of positron emission 
topography (PET) 



Number of patients N=7 
Patient characteristics Inclusion criteria: 

 Anemia of renal origin 
 Baseline Hb <12 g/dl in men and <11 g/l in women 
 Adequate iron stores, s-ferittin ≥50 μg/l 
  

Exclusion criteria: 
 Uncontrolled hypertension (diastolic BP >110 mmHg 
 Co-existing major disease e.g. liver or cardiac insufficiency, malignancy, etc. 

 
Patient Gender Age (y) Original renal disease 
1 F 58 Chronic glomerulonephritis 
2 M 65 Nephrosclerosis 
3 M 51 Cardiolipin antibody 

syndrome 
4 F 64 Diabetic nephropathy 
5 M 60 IgA nephritis 
6 M 50 Diabetic nephropathy 
7 M 49 Chronic glomerulonephritis 

 
 
 

Intervention EPO to a target Hb 14-15 g/dl for men and 13-14 g/dl for women 
Comparison N/A 
Length of follow-up Not indicated, however, measurements were performed once at the basal level and repeated when 

target Hb level had been stable for 2 months 
Outcome measures  Hemodynamic measurements – cardiac output (CO), stroke volume (SV), total peripheral 

resistance (TPR), mean arterial pressure (MAP) 



 Positron emission topography (PET) measuerments – regional cerebral blood flow (rCBF), 
fraction of oxygen in arterial blood extracted by the brain (rOER), cerebral metabolic rate of 
oxygen (rCMRO2) 

 Blood gas analyses – blood pH, arterial CO2 saturation (PCO2), arterial O2 tension (PO2), arterial 
O2 saturation (SaO2), arterial O2 content (caO2), carboxyhemoglobin (COHb) and methemoglobin 
(MetHb) 

 Blood rheology – whole blood viscosity, plasma viscosity, erythrocyte fluidity and erythrocyte 
aggregability 

 Blood chemistry 
Effect size 

Hb and Hct 
 Hb and Hct rose from 9.8 ± 1.3 to 14.2 ± 0.6 g/dl and 29.3 ± 3.3 to 42.4 ± 2.2% respectively over 

a period of 5-6 months 
 

Hemodynamic measurements 
 Cardiac output and stroke volume both significantly decreased 
 Total peripheral resistance increased significantly 
 MAP did not change 

 
 
 Cardiac output 

(CO) (l/min) 
Stroke volume 
(SV) (ml) 

Total peripheral 
resistance 
(TPR) 
(dyn.s.cm-5.m-2) 

Mean arterial 
pressure (MAP) 
(mmHg) 

Baseline 5.99 ± 1.21 79 ± 11 2,635 ± 907 102 ± 19 
After Hb target 4.32 ± 1.16 64 ± 10 3,632 ± 1,058 105 ± 16 
P value <0.01 <0.01 <0.05 NS 



 

Blood gas analyses 
 Arterial blood pH, PCO2, PO2 and SaO2   were not altered by EPO treatment and increase in Hb 
 caO2  significantly increased after anemia correction 

 
 pH PCO2 

(kPa) 
PO2 
(kPa) 

SaO2 
(%) 

caO2 
(mmol/l)

Hb  
(g/dl) 

COHb 
(%) 

MetHb 
(%) 

Baseline 7.41±0.03 4.85±0.44 9.10±1.96 94.0±2.9 5.7±0.7 9.8±1.3 2.8±1.0 0.8±0.2 
After Hb 
target 

7.41±0.03 4.88±0.56 9.81±0.61 94.6±1.1 8.0±0.4 14.2±0.6 3.0±0.8 0.9±0.2 

P value NS NS NS NS <0.001 <0.001 NS NS 
 
 

Blood rheology 
 Only whole blood viscosity increased significantly after anemia correction 

 
 
 Blood 

viscosity 
(mPa.s-1) 

Plasma 
viscosity 
(mPa.s-1) 

Erythrocyte 
fluididty  
(Pa-1.s-1) 

Erythrocyte 
aggregability 

Hct (%) 

Baseline 3.72 ± 0.38 1.51 ± 0.19 85.8 ± 4.8 1.2 ± 0.1 29.3 ± 3.3 
After Hb 
target 

4.57 ± 0.16 1.46 ± 0.13 79.9 ± 7.4 1.22 ± 0.02 42.4 ± 2.2 

P value <0.005 NS NS NS <0.001 
 
 



Blood chemistry 

 Serum aluminium remained within the normal range before and after EPO administration 
 Plasma parathyroid increased after EPO treatment. However, both values were higher than 

normal 
 Both plasma fibrinogen and serum total cholesterol did not significantly increase with EPO 

treatement 
 
 
 Baseline  After anaemia 

correction 
P value 

Serum aluminium (μg/l) 6.3 ± 2.2  7.5 ± 2.4 NS 
Plasma parathyroid hormone 
(pmol/l) 

54 ± 13  84 ± 11 <0.05 

Plasma fibrinogen (g/l) 6.55 ± 1.38 6.10 ± 1.03 NS 
Serum cholesterol (mol/l) 7.37 ± 1.04 6.39 ± 1.13 NS 

 

PET measurements 
 

Deep Nuclei Cerebral cortices Cerebellum 
Putamen Thalamus Parietal Frontal Occipital Temporal

White 
matter

Total 
cortices 

Regional cerebral blood flow (rCBF) (ml.min-1.100ml-1) 
Baseline 76 ± 

12 
87 ± 16 94 ± 15 65 ± 11 56 ± 

13 
78 ± 13 51 ± 11 29 ± 7 65 ± 11 

After 56 ± 61 ± 14d 66 ± 18 d 51 ± 46 ± 61 ± 15 36 ± 9 e 26 ± 6 48 ± 12 



11c 13e 11 e e e 
Normal 60 ± 

11 
65 ± 12 71 ± 14 51 ± 9 53 ± 9 64 ± 9 39 ± 8 23 ± 3 51 ± 9 

Regional cerebral blood volume (rCBV) (ml/100ml cc brain tissue) 
Baseline 3.7 ± 

0.9 
3.1 ± 0.6 2.9 ± 0.7 3.5 ± 

0.1 
2.6 ± 
0.2 

4.6 ± 
0.8 

3.3 ± 0.5 1.3 ± 
0.1 

3.5 ± 
0.5 

After 4.8 ± 
0.9 e 

3.7 ± 0.8 
e 

4.8 ± 0.9 
d 

4.4 ± 
0.5 e 

3.5 ± 
0.4 e 

5.8 ± 
0.8c 

4.1 ± 0.4 

c 
1.7 ± 
0.2 e 

4.6 ± 
0.6 c 

Normal 4.1 ± 
1.1 

2.6 ± 0.5 3.7 ± 0.8 3.6 ± 
0.7 

3.1 ± 
0.8 

4.6 ± 
0.9 

3.1 ± 0.7 1.2 ± 
0.3 

3.6 ± 
0.8 

Regional oxygen extraction ratio ( rOER) (%) 
Baseline 44 ± 

3.0 
44 ± 7.0 37 ± 9 45 ± 3 43 ± 2 42 ± 3 45 ± 5 40 ± 4 44 ± 3 

After 50 ± 
2.0 e 

55 ± 3.0 
c  

40 ± 5 52 ± 6 e 50 ± 6 
e 

48 ± 6 52 ± 5 e 47 ± 2 
e 

51 ± 6 e 

Normal 43 ± 
3.0 

43 ± 8.0 39 ± 3 44 ± 2 43 ± 3 44 ± 6 42 ± 6 40 ± 1 43 ± 4 

Regional cerebral metabolic rate of oxygen (rCMRO2) (ml.min-1.100ml-1) 
Baseline 4.83± 

0.81 
5.22± 
0.70 

4.36± 
0.79 

3.94± 
0.70 

3.49± 
0.50 

4.52± 
0.90 

3.49± 
0.43 

1.41± 
0.29 

3.86± 
0.60 

After 4.68± 
0.72 

5.35± 
0.69 

4.86± 
0.81 

4.23± 
0.76 

3.48± 
0.60 

4.77± 
0.80 

3.54± 
0.79 

1.68± 
1.02 

4.01± 
0.77 

Normal 5.52± 
0.82 

5.75± 
0.82 

5.10± 
0.68 

4.90± 
0.72 

4.77± 
0.67 

5.99± 
0.57 

4.46± 
0.71 

1.54± 
0.27 

5.03± 
0.68 

Normal = healthy control subjects 
 
P values when compared to pre-treatment c P<0.01; d P<0.001; e P<0.05 
The following are comparisons made between measurements at baseline and after Hb/Hct targets 



were reached in the haemodialysis patients: 
 Regional cerebral blood flow (rCBF) decreased (P<0.05) as regional cerebral blood volume 

(rCBV) increased (P<0.01) 
 The cerebral hemodynamic perfusion reserve (rCBF/rCBV) decreased significantly from 18.2 ± 

3.0 to 11.3 ± 2.3 (P<0.01) 
 A significant correlation was found between Hct and rCBF (r= -0.87, P<0.001) 
 Regional oxygen extraction ratio ( rOER) increased significantly (P<0.05) after Hb correction 
 There was no significant change in regional cerebral metabolic rate of oxygen (rCMRO2) after Hb 

correction 
Source of funding Not indicated 
Citation  
NCC CC ID (Ref Man) 1608 

 
 
Evidence Table 
 

DIAG 1 
 

In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  Kazmi WH, Kausz AT, Khan S, Abichandani R, Ruthazer R, Obrador GT et al. Anemia: An 

early complication of chronic renal insufficiency. American Journal of Kidney Diseases  
2001;38:803-12.  

Study type Retrospective cohort study  
Evidence level 2+ 
Study objective (i) To evaluate current practices of anaemia management among patients with CRI in Greater 

Boston (MA) (not reported here) 



(ii) To identify factors associated with the development of anaemia  
(iii) To identify factors associated with epoetin use (not reported here) 

Number of patients N=545 
 

 2 tertiary care centres and 3 private practices in USA  
Patient characteristics Inclusion criteria: 

 >18 years old 
 Serum creatinine persistently >1.5 mg/dl in women and 2.0 mg/dl in men for at least 6 

months 
 Outpatient nephrology visits between 1st October 1994 and 30th September 1998 

 
 

 Data were obtained from hospital and nephrology clinic charts at each participating facility 
and laboratory databases, when available 

 Renal function was assessed using serum creatinine level and predicted GFR, estimated 
from the Modification of Diet in Renal Disease Study Group 

 Severe anaemia was defined as Hct ≤30% 
 
Baseline characteristics of patients with CRI 
 
Characteristic  Patients with an Hct during 

the study (N=545) 
Age (years) 63 ± 16 
Male sex (%) 53 
Race (%) 
White  
Black 
Asian  
Other  

 
81 
7 
9 
3 



Comorbidity index (%) 
0 
1 
2 
3 

 
1 
3 
85 
11 

Cause of CRI (%) 
Diabetes mellitus 

 
28 

Laboratory values  
Serum creatinine (mg/dl) 3.0 ± 1.5 
GFR (ml/min/1.73 m2) 23.1 ± 9.3 
BUN (mg/dl) 48 ± 21 
Serum albumin (g/dl) 3.7 ± 0.5 
Hct (%) 34.9 ± 5.6 
Median duration of follow-up 
(months) 

5.7  

Values are mean ± SD 
*Patients with 1st nephrology visit during the time frame of the study who had Hct measured at 
that visit and in follow-up 
 

 Total N=604; N=545 had at least 1 Hct value recorded. The N=59 without a recorded Hct 
level were similar to patients with recorded Hct in all characteristics, except mean baseline 
serum creatinine level was lower among excluded patients. 2.6 vs. 3.0 mg/dl, P=0.002. 

Intervention N/A 
Comparison N/A 
Length of follow-up Patients were followed up from the 1st outpatient nephrology on or after 1st October 1994 to 

initiation of dialysis therapy, transplantation, death, transfer to another facility, loos to follow-
up or end of the study (30th September 1998), whichever occurred first  

 5.7 months for N=545 



 12.8 months for N=248 
Outcome measures Relationship between Hct and renal function 
Effect size 

Relationship between Hct and renal function 
 

 A direct correlation was observed between predicted GFR and Hct (r=0.49, P<0.0001) and 
an inverse correlation between serum creatinine level and Hct (r=-0.37, P<0.0001) 

 Linear regression results showed that for every 10 ml/min/1.73 m2 decrease in predicted 
GFR, Hct decreased by 3.1% and for every 1 mg/dl decrease in serum creatinine level, 
Hct decreased by 1.2% 

 
 An Hct of 36% or greater was maintained only among patients with a mean predicted GFR 

of 27.4 ml/min/1.73 m2 or greater and mean serum creatinine level of 2.7 mg/dl or greater 
 
Hct (%)* GFR (ml/min/1.73 

m2)§ 
Creatinine 
(mg/dl)‡ 

<28 16.5 ± 6.8 4.5 ± 1.9 
28.0-29.9 17.9 ± 8.8 4.6 ± 2.4 
30.0-32.9 20.1 ± 7.6 3.6 ± 1.6 
33.0-35.9 22.0 ± 8.9  3.4 ± 1.7 
≥36 27.4 ± 7.9 2.7 ± 1.2 

Values are mean ± SD 
*Lowest Hct within 60 days before EPO administration, if applicable, or within 60 days of peak 
creatinine level if patient was not administrated EPO 
§GFR at peak creatinine level within 60 days of Hct measured before EPO administration, if 
applicable 
‡Mean peak serum creatinine level within 60 days of Hct measured before EPO 
administration, if applicable 



 
Source of funding Pharmaceutical company and NIH (government) grants 
Additional comments  Data were collected using a standardised form and included baseline information at the 1st 

outpatient visit and longitudinal information at each subsequent visit, until study end point 
was reached 

 Patient population were untreated patients with CRI 
 28% were diabetics 

Citation  
NCC CC ID (Ref Man) 318 
 
 
 
Evidence Table 
 

DIAG 1 
 

In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  Fivush BA, Jabs K, Neu AM, Sullivan EK, Feld L, Kohaut E et al. Chronic renal insufficiency in 

children and adolescents: the 1996 annual report of NAPRTCS. North American Pediatric 
Renal Transplant Cooperative Study. Pediatric Nephrology 1998;12:328-37.  

Study type Retrospective cohort study 
Evidence level 2+ 
Study objective To highlight important features of the patients enrolled in the CRI arm of the NAPRTCS 

database (only anaemia and renal function are reported here) 
Number of patients N=1,725 

 
 Multisite study with 130 centres in USA, Canada, Mexico and Costa Rica 



Patient characteristics Inclusion criteria: 
 Younger than 21 years at 1st reported clinic visit 
 Estimated GFR ≤75 ml/min/1.73 m2 as calculated by the Schwarz formula 

 
 

 Data were collected at the time of registration and every 6 months thereafter 
 Data were reported retrospectively from 16 January 1996 to when collection of data on 

CRI patients commenced in September 1994  
 
Patient characteristics 
 
Male sex (%) 67 
White race (%) 60 
Age <2 years (%) 17 
Age 6-12 years 
(%) 

35 

Age >18 years (%) 3.5 
Hct (%) 33.3 ± 6.3 

 
 
 

Intervention N/A 
Comparison N/A 
Length of follow-up  6 months in N=1,008 

 12 months for N=508 
Outcome measures Frequency of anaemia and treatments stratified by renal function 
Effect size 

 



Frequency of anaemia and treatments stratified by renal function 
 

Hct Treatments % of 
patients ≤30 % 31-32.9 % >33 % Oral iron  Epoetin 
All patients 30.9 % 13.0 % 56.1 % 26 % 12.8 % 
GFR (ml/min/1.73 m2)* 
<10 62.9 % 11.3 % 25.8 % 44 % 44.1 % 
10-25 48.1 % 16.8 % 35.1 % 44 % 26.7 % 
25-50 25.7 % 13.3 % 61.0 % 36 % 8.2 % 
50-75 13.1 % 8.1 % 78.7 % 8 % 1.1 % 

* Calculated using Schwarz formula 
 

 RBC transfusions were given to 2.4% of the patients during the 6 months following 
registration 

 The frequency of Epoetin use was unchanged during follow-up, with 14.7%, 15.0% and 
15.0% of those with data available at 6, 12 and 18 months respectively 

 
Source of funding 3 pharmaceutial companies 
Citation  
NCC CC ID (Ref Man) 1746 
 
 
 



Evidence Table 
 

DIAG 1 
 

In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  McClellan W, Aronoff SL, Bolton WK, Hood S, Lorber DL, Tang KL et al. The prevalence of 

anemia in patients with chronic kidney disease. Current Medical Research & Opinion  
2004;20:1501-10.  

Study type  Retrospective cross-sectional study 
Evidence level 3+ 
Study objective To investigate in patients with CKD 

(i) the prevalence of anaemia (not reported here) 
(ii) subpopulations at risk (not reported here) 
(iii) the relationship between anaemia and kidney function 

Number of patients N=5,222 
 

 Multisite study in 237 family practice, internal medicine, nephrology and endocrinology 
practices 

Patient characteristics Patients were enrolled between July 2000 and December 2001 
 
Inclusion criteria: 

 At least 18 years old 
 Serum creatinine 1.5-6.0 mg/dl for females and 2.0-60. mg/dl for males, within the past 12 

months 
 Clinically stable for 3 months preceding study entry 
 No clinically significant cardiovascular, neuroligic, pulmonary, endocrine, genounitary or 

renal system disease that was not well controlled 



 
 
Exclusion criteria: 

 Received dialysis within the last 2 months 
 Received treatment with Epoetin or any investigational forms of ESA therapy 
 Received iron supplementation 
 Received cytotoxic drug therapy within the last 3 months 
 Known diagnosis of HIV 
 Vitamin B12 or folate deficiency 
 Haemolytic anaemia 
 Active GI bleeding 
 Current Tx with drugs known to be nephrotoxic (e.g. aminoglycosides) 

 
 Anaemia was defined as Hb ≤12 g/dl 
 GFR was calculated using a simplified Modification of Diet in Renal Disease (MDRD) 

equation that incorporated race, age, gender and serum creatinine levels 
 Multivariate logistic regression methods were used to assess the association between 

patient characteristics and anaemia 
 
Patient and disease characteristics 
Characteristic  Value (mean ± 

SD) 
Hb (g/dl) 12.2 ± 1.6 
Number with Hb ≤12 
g/dl  

47.7% 

Number with Hb ≤10 
g/dl 

8.9% 

Hct (%) 36.4 ± 4.9 
Serum creatinine 2.2 ± 0.9 



(mg/dl) 
GFR (ml/min/1.73m2) 32.3 ± 11.9 
BUN (mg/dl) 39.6 ± 17.0 
Body mass index 
(kg/m2) 

30.1 ± 7.6 

Blood glucose (mg/dl) 141.9 ± 76.0 
Vitamin B12 (pg/dl) 603.0 ± 345.1 
Folate (ng/ml) 18.0 ± 15.7 
Serum iron (µg/dl) 67.9 ± 27.6 
Ferritin (ng/dl) 148.0 ± 167.6 
TSAT (%) 23.3 ± 14.7 
TIBC (µg/dl) 304.2 ± 65.1  
Number with diabetes  3,361 (64.4%)  

Intervention N/A  
Comparison N/A  
Length of follow-up N/A Cross-sectional study 

 The authors report only a single site visit was required; clinical and laboratory information 
was obtained from medical records. If laboratory data was from tests not performed within 
the previous 30 days, a blood sample was collected to obtain these values 

Outcome measures Association between anaemia and severity of CKD 
Effect size 

Association between anaemia and severity of CKD 
 

 The % of patients with anaemia increased as kidney function decreased 
 
Prevalence of anaemia by serum creatinine 
 
Serum creatinine N Hb ≤10 g/dl Hb >10 to ≤12 Hb ≤12 g/dl



(mg/dl) g/dl 
<1.6 989 5.1% 36.4% 41.5% 
≥1.6 to <2.0 1,348 5.6% 39.3% 45.0% 
≥2.0 to <2.5 1,431 8.1% 36.8% 44.9% 
≥2.5 1,446 15.3% 42.0% 57.3% 

 
 
Prevalence of anaemia by GFR 
 
GFR (ml/min/1.73m2) N Hb ≤10 g/dl Hb >10 to ≤12 

g/dl 
Hb ≤12 g/dl

≥60 116 5.2% 21.6% 26.7% 
≥30 to <60 2,832 5.6% 35.9% 41.6% 
≥15 to <30 1,968 11% 42.6% 53.6 
<15 298 27.2% 48.3% 75.5% 

 
 

 As CKD progressed from stage 1-2 to stage 5, with GFR decreasing, the odds of having 
anaemia increased 

 Likewise the odds of having anaemia increased when serum creatinine increased from 
<2.5 to ≥2.5 mg/dl 

 
Variable Hb ≤ 12 g/dl  

Prevalence odds 
ratio  
(POR) (95% CI) 

P value Hb ≤ 10 g/dl  
Prevalence odds 
ratio  
(POR) (95% CI) 

P value 

Diabetes 
Yes 1.70 (1.50-12.92) <0.0001 1.72 (1.37-2.16) <0.0001 



No Reference   Reference  
Serum creatinine (mg/dl) 
<2.5 Reference  Reference  
≥2.5 2.14 (1.87-2.45) <0.0001 3.05 (2.47-3.76) <0.0001 
GFR (ml/min/1.73m2) 
<15, stage 5 10.50 (6.23-17.70) <0.0001 7.62 (3.16-18.37) <0.0001 
≥15 to <30, stage 
4 

3.83 (2.44-6.01) <0.0001 2.55 (1.09-5.97) 0.0312 

≥30 to <60, stage 
3 

2.11 (1.35-3.30) 0.001 1.10 (0.47-2.58) 0.8282 

≥60, stage 1-2 Reference  Reference  
 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1749 
 
 
 
Evidence Table 
 

DIAG 1 
 

In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine clearance 
and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  de Lusignan S, Chan T, Stevens PE, O'Donoghue D, Hague N, Dzregah B et al. Identifying 

Patients with Chronic Kidney Disease from General Practice Computer Records. Family Practice 
2005.  



Study type Retrospective cross-sectional study 
Evidence level 3+ 
Study objective To assess whether people with undiagnosed CKD who might benefit from early intervention may 

be identified from GP computer records, to find the prevalence of CKD and to identify risk factors 
associated with CKD 

Number of patients N=28,862 had a valid serum creatinine (SCr) reading 
 

 Multisite study in 12 GP practices in UK 
Patient characteristics  The simplified MDRD equation was used to calculate GFR as an estimate of kidney function: 

GFR= 186.3 x (creatinine in mg/dl)-1.154 x (age in years)-0.203 x (0.742 if female) x (1.21 if black) 
 Patients were grouped into the 5 stages of CKD: stage 1 (GFR >90 ml/min/1.73 m2) and 2 

(GFR 60-89 ml/min/1.73 m2) require additional data about kidney damage to make a diagnosis; 
stages 3-5 are based on GFR alone: 30-59, 15-29 and <15 ml/min/1.73 m2 respectively 

 The study focused on comparing patients with GFR above and below the threshold of 60 
ml/min/1.73 m2  

 For simplicity, normal or mildly impaired GFR was defined as GFR ≥60 ml/min/1.73 m2 and 
stage 3-5 CKD <60 ml/min/1.73 m2 

 
 Age and gender were recorded in all study participants and the combined profile found to be 

similar to the national average, weight was recorded in 80.1% (N=24,638) and height in 75% 
(N=23,076) of the study participants 

 Ethnicity was assumed to be non-Afro-Caribbean 
 
 
N=28,862 with valid SCr  
Mean age (years) (±SD) 57.0 ± 18.9 
Sex (male:female ratio) 0.77 
  
Patients with stage 3-5 CKD  



Mean age (years) (±SD) 74.4  ± 11.62 
Sex (male:female ratio) 0.45 
  
Patients with complete SCr, age, gender 
and weight data (N=22,819) 

 

*CCr <60 ml/min N=5,763 
(25.2%) 

* calculated from Cockcroft-Gault equation 
 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A 
Outcome measures  Prevalence of anaemia 

 Proportion of patients with diabetes with normal or mildly reduced GFR compared to those with 
stage 3-5 CKD 

Effect size 
Prevalence of anaemia 
 

 Hb was recorded in 81.5% patients with stage 3-5 CKD and 82.9% of those with GFR ≥60 
(stage 1&2 CKD) 

 Anaemia was more common in stage 3-5 CKD (P<0.01, Pearson Χ2); 15.3% were anaemic 
when defined as Hb <12 g/dl for females and <13 g/dl for males) and 3.8% were anaemic 
when defined as Hb <11 g/dl 

 
 
 
 



 
Proportion of patients with diabetes with normal or mildly reduced GFR compared to those 
with stage 3-5 CKD 

 Diabetes was recorded in N=838 (15.4%) of patients with stage 3-5 CKD, 14.5% of whom 
(N=122) were being treated with insulin 

 
Kidney function based 
on GFR 

CKD definition 
based on GFR 

GFR  
(ml/min/1.73 
m2) 

No. of patients 
with Hb 
measurements 

Proportion of 
diabetic 
patients  

Normal GFR >90  4,866 (84.0%) 7.7% 
Mildly reduced GFR 

GFR ≥60 
(stage 1&2 
CKD) 

60-89 14,529 
(82.5%) 

9.6% 

Moderately reduced 
GFR 

30-59 4,235 (81.6%) 14.9% 

Severely reduced GFR 15-29 169 (80.1%) 25.6% 
Kidney failure GFR 

GFR <60 
(stage 3-5 CKD) 

<15 39 (83.0%) 19.1% 
  All  23,283 

(75.7%) out of 
N=30,757 

10.3% out of 
N=28,859 

   P=0.001 
(Linear by 
linear 
association) 

P<0.001 (Χ2) 
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Evidence Table 
 
DIAG 1 
In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
 
Bibliographic reference  Thomas MC, MacIsaac RJ, Tsalamandris C, Power D, Jerums G. Unrecognized anemia in 

patients with diabetes: a cross-sectional survey. Diabetes Care 2003;26:1164-9.  
Study type Retrospective cross-sectional study  
Evidence level 3+ 
Study objective To establish the prevalence and early predictors of anaemia in a cross-sectional study of 820 

patients with diabetes in long-term follow-up in a single clinic 
Number of patients N=820 
Patient characteristics Inclusion criteria: 

 Diabetics 
 Current long-term follow-up, defined as at least 3 estimations of urinary albumin excretion 

rate (AER), with at least 1 AER having been performed within the last 2 years 
 At least biannual follow-up 

 
No exclusion criteria given 
 

 Blood results obtained outside the outpatient setting were excluded 
 Where more than 1 blood test had been carried out during the 2 year period, the most 

recent one was used 
 The most recent results for patients who later died or were referred to a Nephrologist 



during the 2 year study period were included in the analysis 
 Creatinine clearance (CCr) was estimated using the MDRD-6 formula 
 AER was derived from 24 hour urinary albumin measurement 
 2 binary definitions of anaemia were used: (1) Hb ≤11 g/dl (irrespective of sex) and (2) Hb 

<13 g/dl in men and Hb <12 g/dl in women 
 50% of the patients (N=410) were randomly selected (randomisation method not reported 

by the authors) to have an isotopic GFR measured using 99Tc-labelled DTPA. GFR was 
corrected for body surface area and the Brochner-Mortensen correction applied 

 40% of the patients (N=330) were randomly selected and a clinical history detailing 
presence or absence of specific diabetic complications and treatment modalities obtained 

 
Outpatient population characteristics (N=820) 
Sex  458 males (56%) / 362 females 
Median follow-up (years) 4.8 (range 1-28) 
Mean age (years) 62.2 ± 0.5 (range 17-88) 
Ethnicity  
Caucasian 
African-American 

 
>95% 
0 

Mean duration of diabetes  16 years 
Median time of attendance to ARMC clinic 
Median frequency of attendance to ARMC 
clinic 

6 years 
4 months 

No. with Type 2 diabetes 
No. receiving insulin 

80% 
46% 

Mean estimated MDRD-6 GFR (eGFR) in 
males (ml/min/1.73 m2) 

75.7 ± 1.3 

Mean estimated MDRD-6 GFR (eGFR) in 
females (ml/min/1.73 m2) 

72.1 ± 1.4 
(males vs. females P<0.08) 



No. of males and females with eGFR <60 
ml/min/1.73 m2 

30% 
(including 12% of all patients who had 
normoalbuminuria) 

No. of males and females with eGFR >60 
ml/min/1.73 m2 and normoalbuminuria 

49% 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A as it is a cross-sectional study, but data for 1 point in time was collected over a 2 year 

period 
Outcome measures  Hb levels  

 Predictors of Hb level: Hb level and GFR 
 Predictors and prevalence of anaemia 

Effect size 
Hb levels 
 
Mean Hb for men (g/dl) 139.3 ± 0.3
Mean Hb for women 
(g/dl) 

129.0 ± 0.7
P<0.0001 

All values are mean ± SEM 
  

 Multiple regression revealed 5 independent predictors of Hb: GFR, sex, AER, HbA1c and 
iron stores (all P<0.0001) (only GFR is presented here as relevant to the question) 

 The authors report that similar results could be obtained in multivariate analysis using 
either MDRD-estimated GFR or DTPA-GFR (data not provided by the authors) 

 
 



Predictors of Hb level: Hb level and GFR 
 Associations between Hb and GFR were continuous at lower levels of GFR (unclear if 

MDRD-eGFR or DTPA-GFR used) 
 GFR (ml/min/1.73 m2) 80-100 vs GFR <70 : Hb was significantly lower in all patients with 

GFR <70 in both men (P<0.0001) and women (P<0.0001) 
 Stratification by sex found parallel trends in both men and women 

 
Reference GFR 80-100 ml/min/1.73 m2 GFR (ml/min/1.73 

m2) Men  Women  
<30 P<0.05 P<0.05 
30-40 P<0.05 P<0.05 
40-50 P<0.05 P<0.05 
50-60 P<0.05 P<0.05 
60-70 P<0.05 P<0.05 
70-80 P=NS P=NS 
80-100 N/A = reference GFR N/A = reference GFR
>100 P=NS P=NS 

 
 

 The 5 variables associated with Hb levels remained independent predictors when the 
analysis was restricted to patients with GFR >60 ml/min/1.73 m2 (N=568) 

 GFR was no longer significantly associated with anaemia at levels of renal function >80 
ml/min/1.73 m2 

 

Predictors and prevalence of anaemia 
 When defined as Hb ≤11 g/dl, N=56 (N=33 women and N=23 men) (7%) were anaemic  



 Logistic regression analysis found GFR and TSAT to be the only predictors for anaemia of 
this magnitude (both P<0.0001) 

 
 When defined as Hb <13 g/dl in men and Hb <12 g/dl in women, N=190 of the diabetic 

patients (23%) were anaemic (N=85 women and N=105 men) 
 Logistic regression analysis found GFR (P<0.0001), TSAT (P<0.0001) and AER (P<0.01) 

to be the predictors of anaemia 
 

Source of funding National Health and Medical Research Council, Hospital Medical Research Foundation and a 
Pharmaceutical company 
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Evidence Table 
 
DIAG 1 
 
In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  Thomas MC, MacIsaac RJ, Tsalamandris C, Molyneaux L, Goubina I, Fulcher G et al. The 

burden of anaemia in type 2 diabetes and the role of nephropathy: a cross-sectional audit. 
Nephrol Dial Transplant 2004;19:1792-7.  

Study type Retrospective cross-sectional study  
Evidence level 3+ 
Study objective To examine the prevalence and predictors of anaemia in long-term outpatients with type 2 

diabetes in 3 tertiary care specialist diabetes clinics 



Number of patients N=1125 
Patient characteristics No inclusion or exclusion criteria reported 

 
 Standard indices were collected from the most recent routine clinical visit 
 Clinical data was obtained from patient records 
 Hb was obtained for all patients 
 Results obtained outside the outpatient setting were excluded 
 Presence of anaemia was defined as Hb <130 g/l in men and Hb <120 g/l in women 
 Creatinine clearance (CCr) was determined using the Cockcroft-Gault  formula expressed 

per 1.73m2 of body surface area 
 For categorical analysis, moderate renal impairment was defined as CCr <60 ml/min/1.73 

m2 , mild renal impairment CCr 60-90 ml/min/1.73 m2 and normal renal function CCr >90 
ml/min/1.73 m2 

 
Patient characteristics from the 3 centres 
 AMC (N=670) RPA (N=915) RNS (N=540) 
Age (years) 65 ± 1 63 ± 1 65 ± 1 
Age >65 years (%) 55 47 53 
Gender (% male) 56 55 56 
Women <55 years – 
pre-menopausal (%)*

18 20 18 

Mean duration of 
diabetes (years) 

10.5 9.45 9.2 

HbA1c 7.8 ± 0.1 7.4 ± 0.1 6.8 ± 0.1 
CCr (ml/min/1.73 m2) 74.3 ± 1.5 74.0 ± 1.0 68.8 ± 1.0 
Moderate renal 
impairment (%) 

33 33 39 

Elevated albuminuria 58 54 55 



and/or renal 
impairment  
Elevated albuminuria 
and/or renal 
impairment in 
patients aged >65 
(%)* 

69 71 70 

All values are mean ± SEM 
*Prevalence data are expressed as percentage of the centre population 
 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A, cross-sectional study 
Outcome measures Prevalence of anaemia 
Effect size 

Prevalence of anaemia 
 Presence of anaemia was defined as Hb <130 g/l in men and Hb <120 g/l in women 
 Renal function as measured by CCr was the strongest predictor of anaemia at the 3 

centres 
 Diabetic patients with mild renal impairment (CCr 60-90 ml/min/1.73 m2 ) were 

approximately twice as likely to have anaemia as diabetic patients with normal renal 
function (CCr >90 ml/min/1.73 m2) (P value not reported by the authors)—this effect was 
similar across the 3 centres 

 A significant association was found between CCr and prevalence of anaemia (P<0.01) in 
patients with serum creatinine within the “normal range” (defined as <88 µmol/l in women 
and <100 µmol/l in men) 

 
 



Effect of elevated albuminuria, age, gender and macrovascular disease on anaemia were 
investigated – not reported here as not relevant to the question 
 
 

Source of funding National Health and Medical Research Council  
Citation  
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Evidence Table 
 
DIAG 1 
In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients? 
 
Bibliographic reference  El Achkar TM, Ohmit SE, McCullough PA, Crook ED, Brown WW, Grimm R et al. Higher 

prevalence of anemia with diabetes mellitus in moderate kidney insufficiency: The Kidney Early 
Evaluation Program. Kidney Int 2005;67:1483-8.  

Study type Cross-sectional study  
Evidence level 3+ 
Study objective The Kidney Early Evaluation Program  (KEEP)=An on-going community-based health 

screening programme to identify individuals at increased risk for kidney disease. This study 
sought to  

(i) examine the relationship between anaemia of diabetes with kidney function  
(ii) to determine if this relationship differed between men and women 

Number of patients N=5,380 



 
 Multisite study in USA – 135 programmes in 33 states 

Patient characteristics Inclusion criteria: 
 At least 18 years old 
 With diabetes or hypertension or family history of diabetes, hypertension or kidney disease 

 
 
No exclusion criteria given 
 

 Data was collected by questionnaire on demographic characteristics and medical history 
via participant self-report 

 Medication status was not obtained during KEEP health assessments, but blood pressure 
and blood specimens were collected or Hb measurements, etc. 

 Diabetes was diagnosed by participant self-report; fasting blood glucose >125 mg/dl or 
non-fasting blood glucose >200 mg/dl 

 Serum creatinine was considered abnormal if >1.5 mg/dl for men and >1.3 mg/dl for women
 eGFR was calculated using the simplified Modification of Diet in Renal Disease (MDRD) 

formula: (186.3 x [serum creatinine, mg/dl –1.154] x [age, years –0.203] x [0.742 if female] x 
[1.21 if African-American] 

 eGFR was categorised as follows according to the 5 stages of CKD: ≥90 (CKD 1), 60-89 
(CKD 2), 30-59 (CKD 3) and <30 (CKD 4&5) ml/min/1.73m2 

 eGFR <15 ml/min/1.73m2 (CKD 5) patients were grouped with those with less severe 
kidney dysfunction due to their small numbers (N=9) 

 Abnormal renal function was defined as eGFR <60 ml/min/1.73m2 (CKD 3-5) 
 Anaemia was defined as Hb <12.0 g/dl for men & post-menopausal women (>50 years old) 

and Hb <11.0 for pre-menopausal women (≤50 years old) 
 
 
 



 
Diabetic status  
Present 
(N=1,145) 
(26.9%) 

Absent 
(N=3,935) 
(73.1%) 

Total (N=5,380) P  

Mean age (years) 
(range) 

58.4 (18-101) 50.3 (18-100) 52.5 ± 15.6 SD (18-
101) 
 

<0.001 

Mean eGFR 
(ml/min/1.73m2) 
(range) 

78.7 (10-208) 82.3 (7-239) 81.3 (7-239) <0.001 

Mean Hb (g/dl) 
(range) 

13.5 (7.1-18.1) 13.6 (5.7-18.6) 13.6 (5.7-18.6) 0.031 

 N (%) N (%) N (%)  
Ethnicity  
African American 
White  
Hispanic 
Other/unknown  

 
543 (37.6) 
514 (35.6) 
174 (12.0) 
214 (14.8) 

 
1,752 (44.5) 
1,419 (36.1) 
400 (10.2) 
364 (9.3) 

 
2,295 (42.7) 
1,933 (35.9) 
574 (10.7) 
578 (10.7) 
 

<0.001 

Gender 
Men  
Women  

 
525 (36.3) 
920 (63.7) 

 
1,244 (31.6) 
2,691 (68.4) 

 
1,769 (32.9) 
3,611 (67.1) 

0.001 

Abnormal 
creatinine  

120 (8.3) 165 (4.2) 285 (5.3) <0.001 

Anaemia  168 (11.6) 246 (6.3) 414 (7.7) <0.001 
eGFR 
(ml/min/1.73m2) 

 
 

 
 

 
 

<0.001 



<30 (CKD 4&5) 
30-59 (CKD 3) 
60-89 (CKD 2) 
≥90 (CKD1) 

21 (1.5) 
307 (21.2) 
671 (46.4) 
446 (30.9) 

22 (0.6) 
507 (12.9) 
2,072 (52.7) 
1,334 (33.9) 

43 (0.8) 
814 (15.1) 
2,743 (51.0) 
1,780 (33.1)  

Intervention N/A 
Comparison N/A 
Length of follow-up N/A --Cross-sectional study. However data was collected over 16 months (August 2000 to 

December 2001) 
Outcome measures  Prevalence of anaemia 

 Factors associated with odds of anaemia 
 Association of anaemia (mean Hb) with categories of kidney function stratified by diabetes 

status and sex 
Effect size 

Prevalence of anaemia 
 Anaemia was more prevalent in people with diabetes vs. people without diabetes in the 

kidney function categories 30-59 ml/min/1.73m2, 22.2% vs. 7.9% respectively (P<0.001) 
and 60-89 ml/min/1.73m2, 7.5% vs 5.0% respectively (P=0.015) 

 Mean Hb values were lower in people with diabetes vs. people without diabetes (13.0 g/dl 
vs. 14.6 g/dl (P<0.001) only in people with eGFR 30-59 ml/min/1.73m2, but not eGFR 60-89 
ml/min/1.73m2 (both 13.7 g/dl) 

 No significant differences in anaemia prevalence (P=0.88) or mean Hb levels (11.5 g/dl vs. 
11.9 g/dl, P=0.58) were detected at eGFR <30 ml/min/1.73m2 (the authors state, however, 
this was a small number of subjects, N=43) 

 
 
 
 
 
 



 

Factors associated with odds of anaemia 
 Multivariate logistic regression model that considered factors associated with odds of 

anaemia, diabetes status and both eGFR categories <30 and 30-59 to be significantly 
associated with increased likelihood of anaemia 

 
 
 Odds Ratio 95% CI P 
Age (years) 1.03 1.02-1.04 <0.001 
Male gender 0.26 0.19-0.35 <0.001 
Ethnicity  
African American 
Hispanic 
Other 
White 

 
3.04 
2.12 
2.07 
Reference  

 
2.23-3.99 
1.42-3.17 
1.41-3.03 
- 

 
<0.001 
<0.001 
<0.001 
- 

Diabetes  1.63 1.30-2.03 <0.001 
eGFR 
(ml/min/1.73m2) 
<30  
30-59 
60-89 
≥90 

 
12.32 
1.38 
0.68 
Reference 

 
6.16-24.64 
1.01-1.89 
0.53-0.88 
- 

 
<0.001 
0.045 
0.003 
- 

 
 
 
 
 
 



 
 
Association of anaemia (mean Hb) with categories of kidney function stratified by diabetes 
status and sex 

 Mean Hb levels were compared in 10 ml/min/1.73m2 increments of eGFR, stratified by 
diabetes status and sex 

 When eGFR was divided into 10 ml/min/1.73m2 strata, the prevalence of anaemia by 
diabetes status was statistically significant at each of the categories between 31-60 
ml/min/1.73m2, but did not differ for any other categories 

 In men with diabetes significantly lower Hb levels were observed at all eGFR categories 
<60 ml/min/1.73m2 

 In contrast, among women with diabetes and study participant without diabetes (both men 
& women), significantly lower Hb levels were not apparent until more advanced levels of 
kidney function (eGFR <31 ml/min/1.73m2)   

 
 
 

Mean Hb (g/dl) (P value) EGFR 
(ml/min/1.73m2) Men with 

diabetes  
Men without 
diabetes  

Women with 
diabetes 

Women without 
diabetes 

 >80 14.6 14.7 13.0 12.9 
71-80 14.5 14.9 13.4 13.2 
61-70 14.1 14.8 13.4 13.3 
51-60 13.9 (P=0.006) 14.7 13.1 13.5 
41-50 13.3 (P<0.001) 14.3 12.9 13.2 
31-40 12.2 (P<0.001) 14.2 12.4 13.0 
<31 12.2 (P<0.001) 12.8 (P<0.001) 10.8 (P<0.001) 11.2 (P<0.001) 

 
 



 
 
 

Source of funding National Kidney Foundation (USA) 
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Evidence Table 
 

DIAG 1 
In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine clearance 
and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  Hsu CY, Bates DW, Kuperman GJ, Curhan GC. Relationship between hematocrit and renal 

function in men and women. Kidney International 2001;59:725-31.  
Study type Retrospective cross-sectional study with groups defined by outcome = cohort study 
Evidence level 2+ 
Study objective (i) To define the relationship between renal function and Hct 

(ii) To determine if this relationship differs between men and women  
Number of patients N=12,055 
Patient characteristics  Ambulatory patients were identified from a hospital outpatient records and were followed up at 

the hospital-based clinics, at community health clinics and a variety of community-based 
practices 

 An integrated computer system with medical records entered by physicians and nurses as 
routine medical care identified patients with 2 or more serum creatinine measurements 2 or 



more years apart from 1st January 1990 to 31st December 1998 
 A subset of subjects with at least 1 Hct measurement and had weight recorded online (to allow 

for CCr estimation) 
 Among the 40,510 ambulatory patients aged ≥18 years with 2 or more creatinine 

measurements 2 or more years apart during the study period, 12,200 had their weights 
recorded online and 12,055 also had their serum Hct measured 

 The demographic characteristics and serum creatinine distributions of the 40,510 patients were 
similar to that of the 12,055 study subjects (data not provided by the authors) 

 Serum creatinine values included those performed in in- and out-patient settings 
 The authors report they tried to exclude serum creatinine and Hb measurements performed in 

in-patients or acutely ill outpatients by discarding laboratory values measured within 1 week of 
each other 

 The authors report systematic differences in serum creatinine were found among those 
measured before 1997 and those measured in 1998. This resulted in changes in 
instrumentation and calibration of serum creatinine assays in the hospital laboratory. To correct 
for this, 0.1 mg/dl was added to serum creatinine values taken in 1997 and 0.3 mg/dl to those 
taken in 1998 

 In this study renal function was assessed in 2 ways, (1) creatinine clearance (CCr) estimated 
from serum creatinine using the Cockcroft-Gault equation and (2) body surface area (BSA)-
normalised GFR using the Modification of Diet in Renal Disease study (MDRD) formula 

 Patients were divided into 8 categories of renal function by their CCr (ml/min): >80 (reference); 
>70 to ≤80; >60 to ≤70; >50 to ≤60; >40 to ≤ 50; >30 to ≤40; >20 to ≤30 and ≤20  

 Serum Hct was examined as a dependent variable in a general linear model with age, race and 
categories of CCr as independent variables 

 Patients were also divided into 8 categories of renal function by their BSA-normalised GFR 
(ml/min/1.73 m2): >70 to ≤80; >60 to ≤70; >50 to ≤60; >40 to ≤ 50; >30 to ≤40; >20 to ≤30 and 
≤20  

 A general linear model was used to determine associations between MDRD formula GFR and 
Hct after adjusting for age and race 



 The analysis was repeated, limited to subjects whose red cell parameters fell within the normal 
reference ranges of the hospital laboratory {mean corpuscular volume (MCV) 80-95 fl, mean 
corpuscular haemoglobin (MCH) 27-32 pg and mean corpuscular haemoglobin concentration 
(MCHC) 32-36 g/dl} 

 The proportion of subjects with Hct <33% was calculated 
 The median time lapse between Hct and creatinine measurements was 0 days (interquartile 

range 0 to 17 days) 
 
 
Characteristics of the study population, stratified by gender 
 Women (N=8,495) Men (N=3,560) 
Age (years) 49 ± 16 51  ± 15 
Race (white/black/other or unknown) (%) 45/27/28 44/22/34 
Weight (kg) 74 ± 19 86 ± 18 
Hct (%) 38.7 ± 3.6 42.8 ± 4.0 
Hb (g/dl) 12.9 ± 1.3 14.3 ± 1.4 
MCV (fl) 89 ± 6 90 ± 6 
MCH (pg) 30 ± 2  30 ± 2 
MCHC (g/dl) 33 ± 1 34 ± 1 
Serum creatinine (mg/dl) 1.0 ± 0.4 1.3 ± 0.7 
CCr (ml/min) 85 ± 39 89 ± 32 
Number of subjects with CCr (ml/min)   
>80  3,896 (46%) 2,077 (58%) 
>70 to ≤80 1,263 (15%) 512 (14%) 
>60 to ≤70 1,219 (14%) 400 (11%) 
>50 to ≤60 984 (12%) 287 (8%) 
>40 to ≤ 50 613 (7%) 149 (4%) 
>30 to ≤40 341 (4%) 77 (2%) 



>20 to ≤30 133 (2%) 34 (1%) 
≤20 46 (1%) 24 (1%) 
Urea Nitrogen (mg/dl) 15 ± 7 (N=8,420) 17 ± 8 (N=3,539) 
Albumin (g/dl) 4.3 ± 0.4 

(N=8,255) 
4.5 ± 0.4 
(N=3,462) 

GFR (ml/min/1.73 m2) 76 ± 27 76 ± 22 
Number of subjects with GFR (ml/min/1.73 
m2) 

  

>80  2,785 (33%) 1,230 (35%) 
>70 to ≤80 1,735 (20%) 897 (25%) 
>60 to ≤70 1,884 (22%) 789 (22%) 
>50 to ≤60 1,350 (16%) 415 (12%) 
>40 to ≤ 50 486 (6%) 122 (3%) 
>30 to ≤40 162 (2%) 46 (1%) 
>20 to ≤30 49 (1%) 34 (1%) 
≤20 44 (1%) 27 (1%) 

Values are mean ± SD 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A--Cross-sectional study 
Outcome measures  Hct/Hb and CCr 

 Hct/Hb and MDRD formula GFR 
Effect size 

Hct/Hb and CCr 
 Coefficients are from age- and race-adjusted sex-stratified models 
 The findings were identical if Hb/Hct values were used 
 In men, the Hct significantly decreased starting at a level of CCr ≤60 ml/min, whilst in women 



this was at CCr ≤40 ml/min 
 In a separate model, between-sex differences were significant, P<0.002 (data not provided by 

the authors) 
 
 

Women (N=8,495) Men (N=3,560) CCr 
(ml/min)
>80=ref 

Difference
In Hct (%)

P value Difference 
In Hb 
(g/dl) 

P value Difference
In Hct (%)

P 
value 

Difference 
In Hb 
(g/dl) 

P value 

>70 to 
≤80 

-0.0 
 
95% CI 
-0.2, 0.2 

0.96 
 
 

-0.0 
 
95% CI 
-0.1, 0.1 

0.72  
 
95% CI 

 -0.1 
 
95% CI 
-0.3, -0.0 

0.03 

>60 to 
≤70 

-0.1 
 
95% CI 
-0.3,0.1 

0.41 -0.0 
 
95% CI 
-0.1, 0.0 

0.39  
 
95% CI 

 -0.1 
 
95% CI 
-0.2, 0.1 

0.31 

>50 to 
≤60 

-0.2 
 
95% CI 
-0.4, 0.1 

0.26 -0.1 
 
95% CI 
-0.2, 0.0 

0.17  
 
95% CI 

 -0.4 
 
95% CI 
-0.6, -0.2 

<0.0001 

>40 to 
≤ 50 

-0.3 
 
95% CI 
-0.6, 0.1 

0.10 -0.1 
 
95% CI 
-0.2, 0.0 

0.03  
 
95% CI 

 -0.9 
 
95% CI 
-1.2, -0.7 

<0.0001 

>30 to 
≤40 

-1.7 
 
95% CI 
-2.1, -1.3 

<0.0001 -0.6 
 
95% CI 
-0.8, -0.5 

<0.0001  
 
95% CI 

 -1.4 
 
95% CI 
-1.7, -1.1 

<0.0001 



>20 to 
≤30 

-2.9 
 
95% CI 
-3.5, -2.3 

<0.0001 -1.0 
 
95% CI 
-1.2, -0.8 

<0.0001  
 
95% CI 

 -1.3 
 
95% CI 
-1.7, -0.8 

<0.0001 

≤20 -6.3 
 
95% CI 
-7.4, -5.3 

<0.0001 -2.2 
 
95% CI 
-2.6, -1.9 

<0.0001  
 
95% CI 

 -3.6 
 
95% CI 
-4.1, -3.0 

<0.0001 

 
 
 
Hct/Hb and MDRD formula GFR 

 Coefficients are from age- and race-adjusted sex-stratified models 
 In men, the Hct significantly decreased starting at a level of GFR ≤ 50 ml/min/1.73 m2, whilst in 

women this was at GFR ≤80 ml/min/1.73 m2 
 When renal function was normalised to BSA, the inter-sex difference in level of renal function 

associated with lowered Hct was diminished but not abolished 
 Although both men and women developed a statistically significant decrease in serum Hct at 

the same BSA-normalised GFR, 50 ml/min/1.73 m2, the change in Hct was greater in men than 
in women; men showed an absolute change of 2.0% lower (P<0.0001), whilst women 0.6% 
lower (P=0.002) 

 
 
 

Women (N=8,495) Men (N=3,560) GFR 
(ml/min/1.73 
m2) 
>80=ref 

Difference
In Hct (%)

P 
value

Difference  
In Hb 
(g/dl) 

P value Difference
In Hct (%)

P 
value

Difference 
In Hb 
(g/dl) 

P value 

>70 to ≤80   0.1 <0.0001   0.0 0.44 



 
95% CI 
0.1,0.2 

 
95% CI 
-0.1, 0.2 

>60 to ≤70   0.1 
 
95% CI 
0.1,0.2 

0.0009   0.1 
 
95% CI 
-0.1, 0.2 

0.40 

>50 to ≤60   0.1 
 
95% CI 
0.0,0.2 

0.006   -0.2 
 
95% CI 
-0.3, 0.0 

0.07 

>40 to ≤ 50   -0.2 
 
95% CI 
-0.4,-0.1 

0.0004   -0.8 
 
95% CI 
-1.1, -0.5 

<0.0001 

>30 to ≤40   -0.6 
 
95% CI 
-0.8,-0.3 

<0.0001   -1.4 
 
95% CI 
-1.8, -1.0 

<0.0001 

>20 to ≤30   -1.4 
 
95% CI 
-1.8, -1.1 

<0.0001   -1.9 
 
95% CI 
-2.3, -1.4 

<0.0001 

≤20   -1.9 
 
95% CI 
-2.3, -1.6 

<0.0001   -3.4 
 
95% CI 
-3.9, -2.9 

<0.0001 

 
 



Source of funding American Kidney Fund and National Institutes of Health  
Citation  
NCC CC ID (Ref Man) 1748 
 
 
 
Evidence Table 
 
DIAG 1 
 
In patients with chronic kidney disease, what is the association between glomerular filtration rate (GFR) / creatinine 
clearance and haemoglobin levels a) in diabetic and b) non-diabetic patients 
Bibliographic reference  Astor BC, Muntner P, Levin A, Eustace JA, Coresh J. Association of kidney function with 

anemia: the Third National Health and Nutrition Examination Survey (1988-1994). Archives of 
Internal Medicine 2002;162:1401-8. 

Study type Retrospective cross-sectional study 
Evidence level 3+ 
Study objective To quantify the extent of anaemia and its relation to kidney function in the general population 
Number of patients N=15,625 
Patient characteristics  No inclusion/exclusion criteria given 

 Data is from participants of The Third national Health and Nutritional Examination Survey 
(NHANES III) conducted over 1988-1994 

 Study participants were 20 years or older and of the civilian non-institutionalised US 
population 

 Standard questionnaires were administered at home and a detailed physical examination 
given and serum collection at a mobile examination center 

 Participants were considered to have diabetes mellitus if they reported having being told by 
a physician that they had diabetes or “sugar diabetes” at a time other than pregnancy or if 



they were taking insulin or “diabetes pill” at the time of the questionnaire 
 Hb <12 g/dl for men and Hb <11 g/dl for women was defined as anaemic 
 Low serum ferritin was defined as 10 ng/ml, and a low TSAT as <15% 
 The coefficient of variation for creatinine determination was 2.7% at 1.7 mg/dl, 2.1% at 3.5 

mg/dl and 2.0% at 4.4 mg/dl, with suitable quality control 
 Data on physiological variation in creatinine level were obtained from a sample of N=1,921 

participants who underwent a 2nd creatinine measurement. The mean % difference between 
the 2 measurements, collected a mean of 17 days apart, was 0.2% ± 9.7% (SD)  

 Estimated GFR was calculated using the formula: 186.3 x (serum creatinine level-1.154) x 
(age-0.203) x (0.742 if female) 

 Individuals with a physiologically implausible high GFR were assigned a maximum of 200 
ml/min per 1.73 m2 (0.3% of the men and 1.2% of the women) 

 Estimated GFR (eGFR) was analysed as a continuous measure and divided into 4 
categories (15-29, 30-59, 60-89 and ≥90 ml/min per 1.73 m2 

 Patients with eGFR <15 ml/min per 1.73 m2 (N=25) were excluded from all analyses 
 Quantile regression models, including fifth-order polynomials of eGFR were used to 

determine association of eGFR and the 5th, 50th and 95th percentiles of Hb level 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
Demographic and Clinical Characteristics (NHANES III, 1988-1994) 
 
Variable N % of the 

population 
sample 

Hb level 
(g/dl) 

Prevalence 
of anaemia 
(%)* 

P value for 
Hb levels 
between 
categories 

Overall 15,419 100 14.1 ± 0.03 1.9 ± 0.1  
eGFR (ml/min per 1.73 
m2) 

     

≥90 10,072 64 14.2 ± 0.03 1.8 ± 0.2 
60-89 4,342 31 14.2 ± 0.04 1.3 ± 0.2 
30-59 953 4 13.6 ± 0.06 5.2 ± 0.8 
15-29 52 <1 11.8 ± 0.33 44.1 ± 8.6 

<0.001 

Sex       
Male  7,179 48 15.1 ± 0.03 1.1 ± 0.1 
Female  8,240 52 13.3 ± 0.03 2.5 ± 0.2 

<0.001 

Age (years)      
20-39 6,201 46 14.2 ± 0.04 1.5 ± 0.2 
40-59 4,135 31 14.2 ± 0.03 1.7 ± 0.2 
60-69 2,152 11 14.1 ± 0.04 1.3 ± 0.3 
≥70 2,931 11 13.8 ± 0.04 4.2 ± 0.5 

<0.001 

Race      



Non-Hispanic white 6,532 76 14.3 ± 0.03 1.2 ± 0.1 - 
Non-Hispanic black  4,131 11 13.4 ± 0.03 6.1 ± 0.4 <0.01§ 
Mexican American 4,141 5 14.3 ± 0.04 2.6 ± 0.2 0.40§ 
Other 615 8 14.1 ± 0.08 2.4 ± 0.8 0.03§ 
Diabetes Mellitus      
No  14,208 95 14.1 ± 0.03 1.8 ± 0.1 
Yes 1,195 5 14.1 ± 0.07 3.8 ± 0.7 

0.71 

TSAT (%)      
<15 2,540 14 13.1 ± 0.06 8.2 ± 0.8 
≥15 12,792 86 14.3 ± 0.03 0.8 ± 0.1 

<0.001 

Serum ferritin (ng/ml)      
<10 590 4 12.0 ± 0.10 22.5 ± 2.4 
≥10 14,742 96 14.2 ± 0.03 1.1 ± 0.1 

<0.001 

C-reactive protein 
(mg/dl) 

     

<1.0 13,865 92 14.2 ± 0.03 1.7 ± 0.1 
≥1.0 1,543 8 13.6 ± 0.07 4.0 ± 0.5 

<0.001 

 
Values are mean ± SEM 
*Hb <12 g/dl for men and Hb <11 g/dl for women was defined as anaemic 
§Compared with Non-Hispanic white 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A-Cross-sectional study 
Outcome measures Association of Kidney function with Hb levels 
Effect size 

Association of Kidney function with Hb levels 



 
The median and the 5th and 95th percentiles of Hb level across a range of eGFRs for men and 
women, adjusted to the age of 60 years 

 eGFR <60, a lower estimated GFR was associated with a lower Hb level for both mean and 
women 

 At eGFR >90, the median Hb level was mildly, but significantly (P<0.001) lower at higher 
estimated GFRs 

 
Women median 
Hb level (g/dl) 

Men median 
Hb level 
(g/dl) 

eGFR (ml/min per 1.73 m2) 

13.5 14.9 60 
12.2 13.8 30 
10.3 12.0 15 

 
 Similar results were obtained in analyses excluding individuals with functional iron 

deficiency, absolute iron deficiency or an elevated CRP level 
 

Source of funding National Kidney Foundation, National Heart, Lung and Blood Institute, University Career 
Development Award, National Center for Research resources and American Heart Association 
Investigator Award 

Additional comments  Study not limited to CKD patients  
 Study population 5% diabetics 
 Models were adjusted to age of 60 years 

Citation  
NCC CC ID (Ref Man) 60 
 
 



Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Bhandari S, Turney JH, Brownjohn AM, Norfolk D. Reticulocyte indices in patients with end 

stage renal disease on hemodialysis. Journal of Nephrology 1998;11:78-82.  
Study type Diagnostic study  
Evidence level DSII 
Study objective To investigate the reliability of reticulocyte indices (CHr and CHCMr) in comparison to the 

conventional haematological measures SF and TSAT  
Number of patients N=72 
Patient characteristics Inclusion criteria: 

 On EPO therapy for at least 6 weeks 
 On regular dialysis for previous 3 months  

 
Exclusion criteria: 

 Folate or vitamin B12 deficiency 
 
 
Female/male  20/52 
Mean age (years) 62 (range 20-

63) 
Mean Hb (g/dl) 9.6 ± 0.16 
Kt/V 0.9 ± 0.2 
Urea reduction ration (URR) 
(%) 

59 ± 4.1 



PTH (pg/ml 110 ± 18.5 
 
 

Intervention Epoetin ~2000 units SC to target Hb >10 g/dl and oral iron 400-600 mg daily  
Comparison N/A 
Length of follow-up N/A – cross-sectional study  
Outcome measures See below  
Effect size Results are mean ± SEM 

 
 Mean Hb content of reticulocytes (CHr) 27.4 ± 0.3 pg correlated with mean cell volume 

(MCV) (r=0.53, P<0.001), mean red cell content (MCH) (r=0.55, P<0.01) and red cell 
ferritin (r=0.35, P=0.004) 

 Mean Hb concentration of reticulocytes (CHCMr) correlated with MCH (r=0.32, P=0.009) 
 There was no significant correlation of CHCMr or CHr with either serum ferritin or TSAT 

 
 
 

 Patients were distributed into 2 groups according to serum ferritin (SF) concentrations; low 
SF <100 µg/l (N=46) and normal SF >100 µg/l (N=26) 

 
 Sensitivity of CHr, CHCMr and %HRC (% hypochromic red cells) as diagnostic tests was 

examined using receiver-operator characteristic (ROC) curve analysis, using TSAT ≤20% 
and SF ≤100 µg/l as independent outcome measures  

 
 

Outcome measure TSAT ≤20% Outcome measure SF ≤100 µg/l  
Sensitivity  Specificity  Sensitivity  Specificity  



CHr 0.33 0.89 0.74 0.27 
% HRC 0.76 0.21 0.18 0.70 
RCFer 0.18 0.88 0.18 0.91 
SF 0.67 0.41 - - 
TSAT  - - 0.48 0.46 

 
 
 
Test  Positive predictive value to diagnose 

iron deficiency (SF ≤100 µg/l) 
Positive predictive value to diagnose 
iron deficiency (TSAT ≤20%) 

CHr 0.57 0.61 
CHCMr 0.49 0.54 

 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1612 
 
 
 
Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Fishbane S,.Lynn RI. The utility of zinc protoporphyrin for predicting the need for intravenous 

iron therapy in hemodialysis patients. American Journal of Kidney Diseases 1995;25:426-32.  



Study type Diagnostic study 
Evidence level DSII 
Study objective To compare ZPP to other clinically available tests for diagnosis of functional iron deficency in 

hemodialysis patients receiving Epoetin  
Number of patients N=62 
Patient characteristics Mean age 51.6 ± 2.1 years 

 
Inclusion criteria: 

 1 hemodialysis session for more than 3 months 
 Receiving EPO for more than 3 months 
 Stable EPO dose for more than 2 months 

 
Exclusion criteria: 

 Significant bleeding episodes 
 Transfusions within 3 months of data collection 
 Active haematological disease (e.g. sickle cell anemia) 

 
Intervention I.v. iron dextran 
Comparison N/A 
Length of follow-up 3 months 
Outcome measures  Positive predictive value 

 Sensitivity / specififcity 
 

Effect size 
Response to i.v. iron dextran 
 

 Patients with ZPP >90 μmol/mol heme and serum ferritin <100 ng/ml were considered to 
be iron deficient and treated with i.v. iron dextran 



 N=40 were treated with i.v. iron dextran and ZPP and ferritin compared with regard to 
predict a positive response to iron therapy 

 A positive response was defined as an increase in Hct ≥5% or a decrease in EPO dose if 
the Hct increased to more than 38% 

 Positive predictive values were 73% and 83% for ferritin and ZPP respectively (P=NS) 
 
Parameter Positive response P value 
Abnormal ferritin 16 out of 22 (73%) 
Abnormal ZPP 20 out of 24 (83%) 

0.48 

Abnormal ZPP and ferritin 13 out of 14 (93%)  
Abnormal ZPP only 7 out of 10 (70%)  
Abnormal ferritin only 3 out of 8 (37%)  

Abnormal ZPP = ZPP >90 μmol/mol heme 
Abnormal ferritin = serum ferritin <100 ng/ml 
 
 

Specificity and sensitivity analysis 
 

 Patients were divided into 2 groups: patients requiring iron therapy (N=23) and patients 
not requiring iron therapy (N=24) 

 Only the TSAT test failed to show significance between the 2 groups 
 
 
 
Test Iron-deficient Iron-replete P value 
Mean corpuscular volume (MCV) 80.7 ± 2.3 88.4 ± 2.3 0.0009 
TSAT 23.3 ± 5.5 29.5 ± 3.8 0.29 



Ferritin 80.3 ± 27.2 341.6 ± 
113.3 

0.026 

ZPP 121.5 ± 8.5 73.7 ± 4.4 <0.0001
 

 Sensitivity and specificity at various data values 
 
Specificity in parantheses 
Sensitivity 
(%) 

MCV (fl) TSAT (%) Ferritin (ng/ml) ZPP (μmol/mol 
heme) 

100 <92 (36) <83 (0) <345 (30) >52 (17) 
90 <91 (45) <42 (17) <342 (30) >66 (35) 
80 <90 (50) <31 (39) <95 (52) >103 (91) 
70 <88 (59) <26 (43) <64 (74) >107 (91) 
60 <86 (59) <24 (52) <52 (83) >109 (91) 
50 <84 (63) <18 (83) <25 (91) >112 (96) 
40 <78 (82) <17 (87) <22 (96) >122 (96) 
30 <77 (82) <12 (100) <17 (100) >138 (100) 
20 <76 (86) <11 (100) <16 (100) >140 (100) 
10 <68 (100) <8 (100) <13 (100) >177 (100) 
0 <65 (100) <7 (100) <10 (100) >190 (100) 

 
 

 Sensitivity and specificity at “normal” cut-off points 
Parameter Sensitivity 

(%) 
Specificity  
(%) 

MCV <80 fl 48 73 
TSAT <20% 57 70 
Ferritin <100 ng/ml 83 52 



ZPP >90 μmol/mol heme 87 83 
 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 128 
 

 
 

 
 
Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Fishbane S, Galgano C, Langley RC, Jr., Canfield W, Maesaka JK. Reticulocyte hemoglobin 

content in the evaluation of iron status of hemodialysis patients. Kidney International 
1997;52:217-22.  

Study type Diagnostic study 
Evidence level DSII 
Study objective To evaluate ability of reticulocyte haemoglobin content (CHr) to predict iron deficiency in 

hemodialysis patients and compare it to serum ferritin, transferrin saturation and % 
hypochromic red cells 

Number of patients N=32 
Patient characteristics Exclusion criteria: 



 Serum ferritin >600 ng/ml 
 Change in EPO dose 
 Bleeding episode 
 Blood transfusion or intravenous iron in the previous 4 weeks 

Intervention I.v. iron dextran 1,000mg  
Comparison N/A 
Length of follow-up N/A 
Outcome measures Sensitivity / specificity 
Effect size 

 All patients were treated with 1,000mg i.v. iron dextran as a single dose infusion 
 Patients were classified as iron deficient or iron replete based on their erythropoietic 

response to the iron treatment. A sustained increase in corrected reticulocyte index of 1 
basis point (i.e. from 1.7% to 2.7%) within 2 weeks was classed as iron deficient, and all 
others as iron replete 

Sensitivity / specificity 
Parameter Sensitivity 

(%) 
Specificity (%)

CHr <26 pg 100 80 
Ferritin <100 ng/ml 71.4 60 
TSAT <20% 57.1 80 
%hypochromic red cells 
>10% 

42.8 80 

 
 

Source of funding Academic hospital 
Citation  
NCC CC ID (Ref Man) 130 



 
 

 
Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Kalantar-Zadeh K, Hoffken B, Wunsch H, Fink H, Kleiner M, Luft FC. Diagnosis of iron 

deficiency anemia in renal failure patients during the post-erythropoietin era.[see comment]. 
American Journal of Kidney Diseases 1995;26:292-9.  

Study type Diagnostic study 
Evidence level DSIb 
Study objective To compare the sensitivity and selectivity of serum ferritin and transferrin saturation to 

bonemarrow examination in diagnosing iron deficiency in patients with chronic renal failure 
Number of patients N=25 

 
 Hemodialysis, N=16 
 Continous ambulatory peritoneal dialysis, N=4 
 Transplant recipients, N=2 
 Creatinine 3 to 9 mg/dl, N=5 

Patient characteristics Inclusion criteria: 
 Creatinine >3.0 mg/dl for at least 3 months 
 Normochromic normocytic anemia 
 Hb <11.0 g/dl 

 Mean corpuscular volume 73 to 98 μm3 

 No blood transfusions for at least 2 months prior to study 



 No iron therapy from 13 to 30 days before the study 
 
13 men, 12 women 
Age range 44 to 84 years 
 
 
 
 
 
 
 
 
 
 
 
Patient Status Serum 

albumin (g/dl) 
ESRD time 
(months) 

Renal diease 

1 Transplanted 3.8 N/A Diabetes mellitus 
2 Hemodialysis  2.5 36 Interstitial nephritis 
3 Transplanted 2.9 N/A Diabetes mellitus 
4 Hemodialysis  4.1 20 Polycystic disease 
5 Hemodialysis  2.4 11 Interstitial nephritis 
6 Hemodialysis  2.0 48 Hypertensive 

nephrosclerosis 
7 Hemodialysis  1.9 84 Diabetes mellitus 
8 C.A. peritoneal 

dialysis 
3.0 18 Diabetes mellitus 

9 Hemodialysis 3.3 3 Hypertensive 



nephrosclerosis 
10 C.A. peritoneal 

dialysis 
3.2 26 Interstitial nephritis 

11 Hemodialysis 3.4 48 Interstitial nephritis 
12 C.A. peritoneal 

dialysis 
3.3 4 Chronic glomerulonephritis 

13 Hemodialysis 3.7 10 Chronic glomerulonephritis 
14 C.A. peritoneal 

dialysis 
3.5 11 Diabetes mellitus 

15 Hemodialysis 2.2 12 Diabetes mellitus 
16 Chronic renal failure* 2.9 N/A Interstitial nephritis 
17 Hemodialysis 2.3 60 Chronic glomerulonephritis 
18 Chronic renal failure* 3.3 N/A Diabetes mellitus 
19 Chronic renal failure* 3.4 N/A Diabetes mellitus 
20 Hemodialysis  1.7 3 Interstitial nephritis 
21 Hemodialysis  2.6 5 Multiple myeloma 
22 Hemodialysis  2.2 19 Chronic glomerulonephritis 
23 Hemodialysis  2.3 4 Chronic glomerulonephritis 
24 Hemodialysis  3.1 9 Diabetes mellitus 
25 Hemodialysis  2.3 10 Hypertensive 

nephrosclerosis 
*Chronic renal failure = serum creatinine 3 to 8 mg/dl 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A 
Outcome measures  Hemoglobin, serum ferritin concentration, transferrin saturation and bone marrow scores 

 Iron deficiency 
 Sensitivity, specificity, positive predictor values 



Effect size Bone marrow scores were graded as follows: 
 

 0 No iron 
+1 Slight amount of iron 
+2 Patchy iron stores present 
+3 Patchy to diffuse staining 
+4 Diffuse iron staining 
+5 Extensive iron staining (iron 

overload) 

Haemoglobin, serum ferritin concentration, transferrin saturation and bone marrow 
scores 

 Patients were grouped according to bone marrow scores 
 Hb values across the groups was not significantly different 
 No patients had an iron overload score, +5 
 Scores 0 and +1 were considered to be absolute iron deficiency, N=10, i.e. 40% of the 

patients 
 Score +2 relative iron deficiency, N=28% 
 Serum ferritin concentrations were significantly lower in patients with bone marrow scores 

of 0 or +1 compared with patients with scores +2, +3 or +4 
 Transferrin saturation  values were significantly lower in patients with bone marrow scores 

of 0 to +2 compared with patients with scores +3 or +4 
 
 
Bone 
marrow 
iron score 

No. of 
patients 

Hb (g/dl) 
 
Mean ± SD

Ferritin 
concentration 
(ng/ml) 
Mean ± SD 

Transferrin saturation 
(%) 
Mean ± SD 

 0 3 7.6 ± 0.9 83 ± 9‡ 12.3 ± 4.1† 



+1 7 8.5 ± 1.3 399 ± 391‡ 15.3 ± 8.5† 
+2 7 7.9 ± 1.3 897 ± 651 16.6 ± 5.8† 
+3 5 9.2 ± 1.2 791 ± 395 30.0 ± 11.6 
+4 3 8.5 ± 1.1 1,047 ± 445 21.3 ± 2.6 

‡Lower than values with bone marrow iron scores +2 or greater (P<0.05) 
†Lower than values with bone marrow iron scores +3 or greater (P<0.05) 
 

Iron deficiency 
 Iron deficiency was defined as “absolute” (0 or +1) or “relative” (including +2) 
 Combination A, iron score ≤ +1 
 Combinations B and B*, iron score ≤ +2 
 B* represents the criteria of combination B with the omission of 5 patients with a serum 

transferrin concentration <150 ng/dl. The authors state this was to account for the 
confounding variable of hypoproteinemia which could interfere with the interpretation of 
transferrin saturation 

 
Bone marrow score 
 (0 to +4) 

Serum ferritin (ng/ml) 
Mean ± SD 

Transferrin saturation 
(%) 
Mean ± SD 

Combination

Iron 
deficient 

Iron 
replete 

Iron 
deficient 

Iron 
replete 

Iron 
deficient 

Iron 
replete 

A (N=25) 0, +1 +2, +3, +4 304 ± 358 892 ± 546‡ 14.4 ± 7.6 22.0 ± 9.9†

B (N=25) 0, +1, +2 +3, +4 548 ± 579 887 ± 432† 15.3 ± 6.9 26.8 ± 9.3‡

B* (N=20) 0, +1, +2 +3, +4 Not given Not given 13.3 ± 4.7 28.0 ± 9.2‡

 
‡P<0.05 iron deficient vs. iron replete 
†P= NS iron deficient vs. iron replete 



 

Sensitivity, specificity, positive predictor values 
Serum ferritin <200 ng/ml 
Transferrin saturation <20% 
vs. 
Bone marrow reference standards 
 
 
 
 
 
 
 
 
 
 
 
 

Bone marrow 
score 

Serum ferritin <200 ng/ml Transferrin saturation <20%Combination

Low Normal Sens 
(%) 

Spec 
(%) 

Pred 
value 
(%) 

P Sens 
(%) 

Spec
(%) 

Pred 
value
(%)s 

P 

A (N=25) 0, +1 +2, +3, 
+4 

50 87 71 <0.05 90 40 50 NS 

B (N=25) 0, +1, 
+2 

+3, +4 41 100 100 <0.05 88 63 83 <0.05

B* (N=20) 0, +1, +3, +4 Not Not Not N/A 100 80 94 <0.05



+2 given given given
 
 
 

Source of funding Not reported 
Citation  
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Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Low CL, Bailie GR, Eisele G. Sensitivity and specificity of transferrin saturation and serum 

ferritin as markers of iron status after intravenous iron dextran in hemodialysis patients. Renal 
Failure 1997;19:781-8.  

Study type Diagnostic study 
Evidence level DSII 
Study objective To investigate the use of transferrin saturation and serum ferritin as markers for iron 

deficiency after administering i.v. iron to hemodialysis patients 
Number of patients N=33 
Patient characteristics Mean age: 53.3 ± 16.7 (SD) years 

Gender: 17 female/16 male 
Time on dialysis: 2.5 ± 2.3 years (range 0.3 to 11.6 years) 



 
Inclusion criteria: 

 18years+ of age 
 Serum ferritin <100 ng/ml or transferrin saturation <20% (iron-deficient) 
 Unchanged Epoetin dose for 6 weeks before and 4 weeks after iron administration 

 
Exclusion criteria: 

 Received packed red blood cells in the 3 months preceding study 
 Documented active bleeding episodes during the study period 
 Previous allergies to iron dextran 

 
Intervention Epoetin to target Hct 30-36% 

I.v. iron dextran to patients with serum ferritin <100 ng/ml or transferrin saturation (TSAT) 
<20% (average dose 770 ± 278 mg) 

Comparison N/A 
Length of follow-up Study duration 1.5 years 
Outcome measures  Hct, ferritin and TSAT before and after iron dextran 

 Correlation between iron dextran dose and changes in Hct, ferritin and TSAT 
 Sensitivity, specificity and predictive values of ferritin and TSAT 

Effect size 
Hct, ferritin and TSAT before and after iron dextran administration 

 Baseline measurements of Hct, serum ferritin and transferrin saturation were taken 2 
weeks before iron administration and 4 weeks after 

 A positive response was defined as an increase of Hct of >5%. A negative response was 
defined as any other Hct outcome 

 
  
Parameter Baseline 4 weeks after iron dextran P value 



Hematocrit (%) 
Mean ± SD 

33.4 ± 3.0 34.9 ± 4.1 0.028 

Serum ferritin 
(ng/ml) 
Mean ± SD 

126.8 ± 132.1 325.3 ± 2220. <0.0001 

Transferrin 
saturation 
Mean ± SD 

19.4 ± 9.4 29.3 ± 11.3 <0.0001 

 
 
 

Correlation between iron dextran dose and changes in Hct, ferritin and TSAT 
 
Parameter 1 Vs. parameter 2 Correlation (r2) 
Iron dextran dose % change in serum ferritin 0.016 
Iron dextran dose % change in transferrin saturation 0.016 
% change in Hct % change in serum ferritin 0.019 
% change in Hct % change in transferrin saturation 0.002 
Iron dextran dose % change in Hct 0.006 

 

Sensitivity, specificity and predictive values of ferritin and TSAT 
 
N Indices Positive 

response* (%) 
Sensitivity
(%) 

Specificity 
(%) 

Positive predictive 
value/Negative 
predictive value 



35 TSAT <20% 17 (48%) 74 36 48/60 
33 SF <100 ng/ml 15 (45%) 60 30 45/44 
17 TSAT <20% 

and 
 SF <100 ng/ml 

8 (47%) 33 67 47/51 

51 TSAT <20% or  
SF <100 ng/ml 

33 (65%) Not given Not given 65/not given 

*A positive response was defined as an increase of Hct of >5% 
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Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Tessitore N, Solero GP, Lippi G, Bassi A, Faccini GB, Bedogna V et al. The role of iron status 

markers in predicting response to intravenous iron in haemodialysis patients on maintenance 
erythropoietin. Nephrology Dialysis Transplantation 2001;16:1416-23. 

Study type Diagnostic study 
Evidence level DS 
Study objective To compare the diagnostic power and best threshold values of % hypochromic cells, 



reticulocyte haemoglobin content, erythrocyte zinc protoporphyrin, soluble transferrin 
receptor, ferritin concentration and transferrin saturation to identify iron-deficient 
erythropoieisis in hemodialysis patients on maintenance Epoetin 

Number of patients N=125 
Patient characteristics Exclusion criteria: 

 Recent bleeding episodes 
 Need of transfusions 
 Inflammatory and infectious disease 
 Malignancy 
 Haemoglobinopathy 
 Overt hyperparathyroidism (serum PTH >500 ng/ml) 
 Aluminium overload (serum aluminium >70 μg/ml 
 Folate and vitamin B12 deficiencies (serum folate <7.0 nmol/l and B12 <156 pmol/l 

respectively) 
 Intercurrent events such as bleeding or infection during the iron challenge period 

 
Gender 71 male, 54 female 
Age 31 to 84 years 
Treated for at least 5 months with EPO (70 i.v., 55 s.c.) 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A 
Outcome measures  I.v. iron challenge 

 Receiver operating characteristics (ROC) curve analysis 
 Diagnostic characteristics of the different tests and their associations in predicting iron 

deficiency 
Effect size 

I.v. iron challenge 



 Haemoglobin response to ~1g i.v. iron (sodium ferric gluconate) at constant EPO doses 
over an 8-week period was used as reference standard. Subjects showing a Hb increase 
of 15% or above of baseline were considered to be iron deficient, whilst those with less 
change in Hb or none at all were considered iron replete 

 Hemoglobin and iron status indices except erythrocyte zinc protoporphyrin (Er-ZPP) and 
soluble transferrin receptor (sTfR) were evaluated every 2 weeks during the iron challenge 
period 

 Treatment with i.v. iron continued until the end-point for iron deficiency diagnosis was 
reached during at least 2 consecutive haemoglobin measurements, or if serum ferritin was 
above 600ng/ml (i.e. iron overload) or if stable Hb levels (i.e. less than 0.5 g/dl difference 
in 2 consecutive measurements) were achieved  

 After iron withdrawal, Er-ZPP, sTfR and Hb levels were evaluated every 2 weeks for an 
additional 6 weeks in order to identify late responders 

Baseline values 
 Responders Non-

responders 
P value 

No. of patients  51 (40.8%) 74 (59.2%)  
Haemoglobin (g/dl) 9.28 ± 0.73 10.36 ± 0.87 <0.001 
EPO (Units/week) 8431 ± 3219 6378 ± 2662 <0.005 
Ferritin (ng/ml) 165 ± 115 225 ± 127 <0.05 
Transferrin saturation (%) 17.7 ± 6.6 25.4 ± 8.4 <0.001 
Reticulocyte haemoglobin content 
(pg) 

29.0 ± 2.6 31.6 ± 2.0 <0.001 

Hypochromic RBC (%) 12.1 ± 8.4 2.7 ± 1.8 <0.001 
Erythrocyte ZPP (μmol/mol haem) 68.7 ± 25.2 47.6 ± 18.6 <0.001 
Soluble transferrin receptor (mg/l) 1.86 ± 0.65 1.38 ± 0.38 <0.005 



 

Values after i.v.  iron challenge 
 

 Haemoglobin levels increased in responders from the 4th week of treatment (P<0.01) but 
did not change for non-responders 

 
 Responders P value Non-

responders 
P value 

Ferritin (ng/ml) 313 ± 144 <0.001 445  ± 146 <0.001 
Transferrin saturation (%) 27.7  ± 9.4 <0.001 30.8  ± 7.2 <0.001 
Reticulocyte haemoglobin content 
(pg) 

31.5  ± 2.3 <0.001 32.7  ± 1.9 <0.05 

Hypochromic RBC (%) 4.8  ± 3.4 <0.001 2.9  ± 2.0 NS 
Erythrocyte ZPP (μmol/mol haem) 67.8  ± 22.2 NS 46.9  ± 15.1 NS 
Soluble transferrin receptor (mg/l) 1.60  ± 0.66 <0.05 1.32  ± 0.33 NS 

 

Receiver operating characteristics (ROC) curve analysis 
 All tests showed discriminative ability with an area under the curve (W), significantly 

different than 0.5 
 
 
 Area under the curve 

(W) 
SE P value 

Hypochromic RBC (%) 0.9296 0.0233 <0.0001 
Reticulocyte Hb content (pg) 0.7976 0.0425 <0.0001 



Soluble transferrin receptor (mg/l) 0.7834 0.0591 <0.0001 
Erythrocyte ZPP (μmol/mol haem) 0.7734 0.0748 <0.0001 
Transferrin saturation (%) 0.7576 0.0429 <0.0001 
Ferritin (ng/ml) 0.6329 0.0605 <0.05 

 
 

 Area under the curve differences: 
 Hypochromic RBC vs. ferritin, P<0.001 
 Hypochromic RBC vs. transferrin saturation, P<0.05 
 Reticulocyte Hb content vs. ferritin, P<0.05 

 
 

 The best threshold values for detecting iron deficiency were 
 

Hypochromic RBC >6% 
Reticulocyte Hb content (CHr) ≤29 pg 
Soluble transferrin receptor 
(STfR) 

>1.5 mg/dl 

Erythrocyte ZPP (Er-ZPP) >52 μmol/mol 
haem 

Transferrin saturation (TSAT) <19% 
Ferritin <50 ng/ml 

 
 
Diagnostic characteristics of the different tests and their associations in predicting iron 
deficiency 

 Tests and combinations in hierachical order, according to calibrated value for efficiency, 
Κ(0.5,0) 



 
Test or combination of 
tests 

Efficiency 
(%) 

Κ(0.5,0) 
(%) 

Sensitivity 
(%) 

Κ(1,0) 
(%) 

Specificity 
(%) 

Κ(0,0) 
(%) 

Hypo >6 or CHr ≤29 90.4 80.0 86.3 77.5 93.2 82.6 
Hypo >6  89.6 78.1 82.4 72.1 94.6 85.3 
Hypo >6 or ferritin <50 86.4 71.7 82.4 70.7 89.2 73.0 
Hypo >8  84.8 66.8 64.7 51.5 98.6 95.2 
Hypo >6 or TSAT <19 83.2 66.8 96.1 91.7 74.3 51.3 
Hypo >4  81.6 63.0 86.3 73.7 78.4 55.0 
Hypo >6 or Er-ZPP >52 80.0 60.5 94.9 88.3 71.9 46.0 
Hypo >6 or STfR >1.5 77.4 53.9 85.7 73.2 73.2 42.6 
CHr ≤29 78.4 52.9 56.9 40.8 93.2 75.0 
Hypo >10 77.6 49.3 45.1 32.7 100 100 
STfR >1.5 or TSAT <19 74.1 49.3 90.5 79.7 65.8 35.7 
STfR >1.5 74.2 47.3 80.9 64.3 70.7 37.4 
CHr ≤30 74.4 47.1 68.6 46.9 78.4 47.0 
Er-ZPP >52 73.0 45.8 80.6 62.0 68.7 36.3 
CHr ≤28 72.8 38.2 37.2 24.6 97.3 83.9 
TSAT <19 70.4 37.8 58.8 34.8 78.4 41.3 
Ferritin <100 or TSAT 
<20 

64.0 28.3 68.6 35.6 60.8 23.4 

Ferritin <50 64.0 16.3 19.6 9.5 94.6 51.8 
Er-ZPP >90 67.0 15.1 13.9 7.4 96.9 55.7 
CHr ≤26 63.2 15.1 9.8 6.0 100 100 
Ferritin <100 60.8 15.1 35.3 11.9 78.4 20.6 

 
Κ= kappa coefficient 
 



 
Abbreviations 
 
Hypo Hypochromic red blood cells (%) 
CHr Reticuloctye haemoglobin content (pg) 
TSAT Transferrin saturation (%) 
Er-ZPP Erythrocyte zinc protoporphyrin (μmol/mol 

haem) 
STfR Soluble transferrin receptor (mg/l) 
Ferritin  Ferritin (ng/ml) 
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Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Kaneko Y, Miyazaki S, Hirasawa Y, Gejyo F, Suzuki M. Transferrin saturation versus 

reticulocyte hemoglobin content for iron deficiency in Japanese hemodialysis patients. Kidney 
International  2003;63:1086-93.  

Study type Diagnostic study 



Evidence level DS II 
Study objective To set the cut-off value for reticulocyte haemoglobin content and to compare it to transferrin 

saturation in detecting iron deficiency  
Number of patients N=197 

 
Reticulocyte haemoglobin content (CHr), N=100 
Transferrin saturation (TSAT), N=97 

Patient characteristics Inclusion criteria: 
 18+ years old 
 Time on dialysis at least 2 months 
 EPO dose 750 to 3000 Units administered i.v. once to three times per week, for at least 4 

weeks within the last 3 months before study enrolment 
 No prior adverse effects to parenteral iron 

 
Exclusion criteria: 

 Haematological malignancies 
 Haemolytic anemia 
 Active gastrointestinal bleeding 
 Acute severe infection (C-reactive protein <10 mg/dl) 
 Chronic inflammatory disease 
 Aluminium toxicity 
 Uncontrolled hypertension 
 Hyperparathyroidism (PTH <1000 pg/ml) 

 
Variable CHr group (N=100) TSAT group (N=97) 
Male/female 61/39 60/37 
Age (years) 57.6 ± 13.3 61.2 ± 14.5 
Age range (years) 26-88 27-88 
Cause of ESRD   



Chronic glomerulonephritis 
Diabetic nephropathy 
Nephrosclerosis 
Polycystic kidney 
Chronic pyelonephritis 
Congenital renal hypoplasty 
Purpura nephritis 
Membranous nephropathy 
Other 

62 
12 
7 
2 
2 
2 
2 
2 
9 

63 
15 
8 
3 
3 
2 
0 
0 
3 

Hematocrit (%) 31.2 ± 3.3 31.4 ± 2.9 
CHr (pg) 33.2 ± 2.1 33.2 ± 2.5 
Hypochromic RBC (%) 3.9 ± 4.9 4.5 ± 5.6 
Transferrin saturation (%) 25.2 ± 12.0 26.3 ± 16.0 
Serum ferritin (ng/ml) 243.2 ± 323.4 251.6 ± 371.2 
Total iron binding capacity (μg/dl) 241.9 ± 47.4 241.1 ± 47.0 
Epoetin alfa number 33 29 
Epoetin alfa dose (Units/week) 4591 ± 286 4603 ± 3224 
Epoetin beta number 67 68 
Epoetin beta dose (Units/week) 4180 ± 3060 3728 ± 2693 
TSAT <20% number  
CHr <32.5 pg number  
CHr ≥32.5 pg number 

34 
20 (58.8%) 
14 (41.2%) 

37 
22 (59.5%) 
15 (40.5%) 

CHr <32.5 pg number  
TSAT <20% number  
TSAT ≥20% number 

35 
20 (58.8%) 
15 (42.9%) 

32 
22 (68.8%) 
10 (31.2%)  

Intervention I.v. iron 
Comparison N/A 
Length of follow-up Study duration 16 weeks 



Outcome measures 1° outcome of interest –dose of EPO required to keep the Hct at its baseline level 
2° outcome of interest –difference in total iron administered or difference of iron status 
markers between the 2 groups  

Effect size  
 I.v. iron colloid with chondroitin sulphate, 40mg was administered 3 times a week for 2 

weeks at the end of each dialysis session when CHr <32.5 pg in the CHr group or TSAT 
<20% in the TSAT group (i.e. definition of iron deficiency) 

 
 
 
 

Sensitivity/specificity analysis 
 
Test Specificity 

(%) 
Sensitivity (%) 

CHr 66.7 23.1 
TSAT 66.7 57.1 

 
 

Number of patients diagnosed as iron deficient by TSAT <20% 
 

TSAT <20% Group 
CHr <32.5 pg CHr ≥32.5 pg 

CHr (N=26) 6 (23.1%) 20 (76.9%) 



 

Number of patients diagnosed as iron deficient by CHr <32.5 pg 
 

CHr <32.5 pg Group 
TSAT <20% TSAT ≥20% 

CHr (N=9) 6 (66.7%) 3 (33.4%) 
TSAT (N=12) 8 (66.7%) 4 (33.4%) 
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Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Cullen P, Soffker J, Hopfl M, Bremer C, Schlaghecken R, Mehrens T et al. Hypochromic red 

cells and reticulocyte haemglobin content as markers of iron-deficient erythropoiesis in 
patients undergoing chronic haemodialysis. Nephrology Dialysis Transplantation 
1999;14:659-65.  

Study type Diagnostic study 
Evidence level DSII 



Study objective To directly compare the usefulness of % hypochromic red cells and reticulocyte haemoglobin 
content in assessing functional iron status and iron-deficient erythropoiesis in haemodialysis 
patients 

Number of patients N=36 
Patient characteristics Inclusion criteria: 

 Undergone haemodialysis over a period of at least 10 days over 5 months 
 Received Epoetin before start of the study 

 
Exclusion criteria: 

 Uncontrolled hypertension 
 Sepsis 
 Inability to provide consent 

Baseline values 
Mean age (± SD) Years 63.7 ± 14.8  
Male/female 17 /19  47.2%/52.8%
Cause of ESRD 
Diabetic nephropathy 
Chronic glomerulonephritis 
Unknown 
Polycystic disease 
Analgesic nephropatrhy 
Glomerulosclerosis 
Alport syndrome 
Goodpasture syndrome 
Collagen vascular disease 

 
9  
9  
5  
4  
3  
3  
1 
1 
1 

 
25.0% 
25.0% 
13.9% 
11.1% 
8.3% 
8.3% 
2.8% 
2.8% 
2.8% 

Baseline haematological and iron parameters (Mean ± 
SD) 
Hb (g/dl) 9.4 ± 2.2  



Hyopchromic red cells (%) 10.4 ± 10.7  
Corrected reticulocyte index 1.4 ± 0.7  
CHr (pg) 26.6 ± 2.8  
CH (pg) 28.5 ± 2.5  
Serum ferritin (ng/ml) 427.3 ± 

569.2 
 

Serum transferin (mg/dl) 185.9 ± 
55.1 

 

Transferrin saturation (%)* 19.5 ± 12.7  
Serum iron (μg/dl)* 50.1 ± 32.5  

* N=24 
 

Intervention N/A 
Comparison N/A 
Length of follow-up  
Outcome measures  Effectiveness of CHr and %HRC in diagnosing iron-deficient erythropoiesis 
Effect size 

Effectiveness of CHr and %HRC in diagnosing iron-deficient erythropoiesis; Chr vs. 
TSAT and %HRC vs. TSAT 

 In patients whose serum transferrin saturation (TSAT) was available (N=25), 11 patients 
had TSAT <15% (defined by the authors to indicate definite iron deficiency)  

 The authors define CHr <26 pg and HRC >2.5%% to indicate iron deficiency 
 
 CHr <26 

pg  
HRC >2.5% HRC >5.0% HRC >10%

Diagnostic sensitivity (%) 73 91 91 64 
Diagnostic specificity (%) 100 54 62 77 
Positive predictive value 100 63 67 70 



Negative predictive value 81 88 89 71 
 
 

Follow-up and response to iron and EPO treatment 
 
The authors provide only individualised reports of selected patients given, as opposed to the 
entire population. No further sensitivity/specificity analyses.  
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Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Fernandez-Rodriguez AM, Guindeo-Casasus MC, Molero-Labarta T, Dominguez-Cabrera C, 

Hortal C, Perez-Borges P et al. Diagnosis of iron deficiency in chronic renal failure. American 
Journal of Kidney Diseases 1999;34:508-13.  

Study type Diagnostic study 
Evidence level DSIb 



Study objective To determine the diagnostic value of serum ferritin, transferrin saturation, erythrocyte ferritin 
and serum transferrin receptor when compared to bone marrow examination in dialysis 
patients 

Number of patients N=63 
Patient characteristics Inclusion criteria: 

 Clinically stable adults 
 Not received intravenous iron therapy within 3 months before the study 
 Not received EPO within 3 months before the study 

 
Exclusion criteria: 

 Hepatocellular damage (aspartate aminotransferase >45 U/l, alanine aminotransferase 
>60 U/l) 

 Malignancy 
 Infection known to alter serum ferritin and serum transferrin receptor 
 Other causes of iron-deficiency anaemia, including folate and B12 deficiency 

 
Variable Mean ± SD 
Male/female  47/16 
Mean age (years) 57.3 ± 13 (range 23 to 79 years) 
No. receiving hemodialysis 
Mean time on hemodialysis (months)  

29 (19 male/10 female) 
 64.2 ± 53.3 (range 1 to 204 
months) 

No. receiving continuous ambulatory peritoneal 
dialysis 
Mean time on dialysis (months)  

34 (27 male/ 7 female)  
22.4 ± 24.8 (range 1 to 94 months) 

No. with type II diabetes mellitus  30 (48%) 
Haemoglobin (g/dl) 10.6 
Hematocrit (%) 32.2 



Urea (mmol/l) 26.6 
Creatinine (μmol/l) 818.6 
Bicarbonate (mmol/l) 25.0 
Total protens (g/l) 6.9 
Transferrin (mg/dl) 192.2 
Albumin (g/dl) 3.9 
Mean corpuscular volume  91.4 
Serum iron (μg/l) 41.4 
Total iron binding capacity (μg/dl) 228.5 
Saturation index (%) 18.1 
Serum ferritin (μg/l) 273.1 
Erythrocyte ferrin (ag/cell) 44.5 
Serum transferrin receptor (μg/ml) 2.3 

ag = attogram (10-18 g) 
 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A 
Outcome measures  Bone marrow assessment  

 Receiver operating characteristic (ROC) curves analysis 
 Sensitivity/Specificity of erythrocyte ferritin and serum transferrin receptor at different cut-

off points 
 Sensitivity/Specificity of serum ferritin at different cut-off points 

Effect size 
Bone marrow assessment 
 

 Iron status evaluated by bone marrow examination. Slides were graded as: 



 
0 No iron 

+1 Slight amount of iron or patchy iron stores 
present 

+2 Diffuse iron staining 
+3 Extensive iron staining (iron overload) 

The authors state according to this scale, normal values for bone marrow iron content ranged 
from +1 to +2 
 
Bone marrow score No. of 

patients 
0 16 
+1 21 
+2 22 
+3 4 

 
 When stratified into bone marrow scores, there were no statistically significant differences 

within groups in relation to age, diabetes, type of dialysis and time on dialysis 
 However, there were significant differences in serum ferritin concentration (score 0 vs. 

score 1 and score 0 vs. scores +2 and +3), erythrocyte ferritin concentration (score 0 vs. 
scores +2 and +3 only) and serum transferrin receptor values (score 0 vs. scores +2 and 
+3 only) 

 
 Score 0 Score +1 Combined 

scores +2 and 
+3 

Age 62.1 ± 8.3 59.4 ± 9.7 57.3 ± 



Diabetic/non-diabetic 5/11 12/9 13/13 
Hemodialysis/CAPD 9/7 6/15 14/12 
Time on dialysis (months) 39.9 ± 3.7 29.4 ± 35 49.3 ± 54.2 
Hemoglobin (g/l) 10.9 ± 15.7 10.7 ± 1.4 10.2 ± 1.6 
Albumin (g/l) 4.0 ± 0.5 3.8 ± 0.7  3.8 ± 0.5 
Mean corpuscular volume  89.3 ± 6.0 84.9 ± 6.3 92.6 ± 7.0 
Serum iron (μg/dl) 32.1 ± 34.8 52.7 ± 48.4 38.1 ± 37.4 
Total iron binding capacity 
(μg/dl)  

213.3 ± 63.4 255.5 ± 103 216.0 ± 66.4 

Saturation index (%) 15.1 ± 17.9 20.9 ± 14.6 17.6 ± 16.8 
Serum ferritin (μg/l)* 156.6 ± 225.2 188.2 ± 98.7 421.4 ± 493.0 
Erythrocyte ferririn (ag/cell)† 29.4 ± 18.9 38.9 ± 17.9 60.2 ± 72.4 
Serum transferrin receptor 
(μg/ml)‡ 

3.1 ± 1.5 2.2 ± 1.2 1.8 ± 1.2 

  
*Score 0 vs. score +1, P<0.05 and score 0 vs. score +2 and +3, P<0.01 
†Score 0 vs. score +2 and +3, P<0.05 
‡Score 0 vs. score +2 and +3, P<0.01 

Receiver operating characteristic (ROC) curves analysis 
 
Test Area under the 

curve 
Serum ferritin 0.83 
Serum transferrin receptor 0.69 
Serum erythrocyte ferritin 0.68 



Mean corpuscular volume (MCV) 0.64 
Transferrin saturation index 0.59 
Total iron binding capacity (TIBC) 0.47 

 

Sensitivity/Specificity of erythrocyte ferritin and serum transferrin receptor at different 
cut-off points 
 
Erythrocyte ferritin  Serum transferrin receptor 
Specificity 
(%) 

Cut-off point 
(ag/cell) 

Sensitivity 
(%) 

Cut-off point 
(μg/ml) 

Sensitivity 
(%) 

30 57.8 91 1.39 84 
40 46.3 85 1.7 78 
50 37.6 76.6 1.99 73 
60 31.2 66 2.3 67 
70 24.5 53.5 2.6 59 
75 21.7 46 2.8 55 
80 18.9 38 2.9 50 
85 16.2 30 3.2 45 
90 13.2 20 3.5 38 

 

Sensitivity/Specificity of serum ferritin at different cut-off points 
 
Serum ferritin 
(μg/l) 

Sensitivity 
(%) 

Specificity 
(%) 

Positive predictive 
value (%) 

Negative predictive 
value (%) 

50 50 95 80 85 
100 72 80 57 90 



150 81 65 45 91 
20 86 55 39 92 
300 92 36 33 94 
600 98 14 28 100 

 
 Sensitivity and specificity overlapped for the following cut-off points: 

 
Test Cut-off Sensitivity 

(%) 
Specificity (%)

Serum ferritin  121 μg/l 75 75 
Erythrocyte ferritin  28.7 ag/cell 63 63 
Serum transferrin receptor 2.40 μg/ml 64 64 

 
 Statistically significant correlations were found between: 

 
Test Test r P value 
Serum iron  TIBC 0.43 <0.01 
Serum iron  Saturation index  0.60 <0.01 
Serum iron  Serum transferrin receptor -0.34 <0.01 
TIBC  Serum ferritin -0.37 <0.01 
Serum ferritin  Erythrocyte ferritin 0.76 <0.01 
Serum ferritin Serum transferrin receptor -0.43 <0.01 
Serum transferrin receptor Erythrocyte ferritin -0.33 <0.05 

 
 

 Serum ferritin was the only variable with independent diagnostic value in the discriminant 
functional analysis (F=22.98, P<0.001) 

Source of funding Not reported 



Citation  
NCC CC ID (Ref Man) 1616 
 

 
 

 
 
Evidence Table 
 

DTEST2 
 

What are the Best Tests, or Combination of Tests, to Determine Iron Status in Patients With Chronic Kidney Disease? 
 
Bibliographic reference  Kaufman JS, Reda DJ, Fye CL, Goldfarb DS, Henderson WG, Kleinman JG et al. Diagnostic 

value of iron indices in hemodialysis patients receiving epoetin. Kidney International 
2001;60:300-8.  

Study type Retrospective diagnostic study 
Evidence level DSIII 
Study objective To assess the diagnostic accuracy of serum ferritin and transferrin saturation in hemodialysis 

patients receiving Epoetin and the influence of parenteral iron administration on Epoetin 
requirements 

Number of patients N=208  
Multicenter study in USA 

Patient characteristics Inclusion criteria: 
 Transferrin saturation (TSAT) >20% 
 Serum ferritin >100 ng/ml 

 
Age (years) 60.2 ± 12.9 



Male (%) 98.6 
Diabetic (%) 42.8 
Length of dialysis (hours) 3.80 ± 0.36 
Time on dialysis (years) 3.70 ± 3.93 
Time on Epoetin (years) 2.17 ± 1.51 
Serum albumin (g/dl) 3.8 ± 0.4 
Serum aluminium (μg/l) 21.8 ± 16.9 
Serum iron (μg/dl) 70.1 ± 41.7 
Total iron binding capacity (μg/dl) 238.2 ± 67.3 
Transferrin saturation (%) 28.3 ± 10.7 
Serum ferritin (ng/ml) 301 ± 223 

 
 

Intervention  Patients with serum ferritin <100 ng/ml or combination serum ferritin <400 ng/ml and TSAT 
<20% received 10x100mg i.v. iron dextran during consecutive dialysis sessions 

 Epoetin was given to maintain Hct 30 to 33%  
Comparison N/A 
Length of follow-up Study duration 26 weeks (during which all patients were during Hct maintenance phase) 
Outcome measures 

 Effect of parenteral iron on iron indices 
 Diagnostic accuracy of serum ferritin and TSAT in predicting response to parenteral iron 

Effect size  
Effect of parenteral iron on iron indices 

 Only patients with repeat assessments at least one month after completing of the 10-dose 
course are included (N=136 out of 180) 

 Serum ferritin, total iron binding capacity (TIBC) and transferrin saturation (TSAT) 
changed significantly within a month of i.v.  iron administration. However, this was not the 
case for serum iron 



 
Test (N=136) Value 

immediately prior 
to receiving i.v. 
iron 

Value at least 1 
month after 
completing i.v. 
iron course 

P value 

Serum iron (μg/dl) 54.9 ± 40.1 57.9 ± 28.5 0.43 
Total iron binding capacity 
(μg/dl) 

248 ± 68 229 ± 64 <0.001 

Transferrin saturation (%) 22.4 ± 12.6 25.9 ± 11.6 0.008 
Serum ferritin (ng/ml)* 200 ± 147 319 ± 185 <0.001 

* N=133 
 
 

 When stratified into serum ferritin values before starting iron, patients with serum ferritin 
>300 ng/ml did not have a significant increase in TSAT or serum ferritin in response to i.v. 
iron after 1 month. However, the authors state this may be due to the relatively small 
sample size 

 
TSAT Serum ferritin Test 

N Change  P value Change  P value 

Serum ferritin 
<100 ng/ml 
100-199 
ng/ml 
200-299 
ng/ml 
300-399 

 
47 
35 
28 
14 
10 

 
2.4 ± 15.3 
5.3 ± 10.1 
3.0 ± 22.6 
3.6 ± 9.1 
-0.5 ± 8.8 

 
0.28 
0.004 
0.50 
0.16 
0.88 

 
138 ±  90 
143  ± 152
120 ± 155 
59 ± 173 
26 ± 335 

 
<0.001 
<0.001 
<0.001 
0.22 
0.81 



ng/ml 
≥400 ng/ml 
TSAT 
<20% 
>20% 

 
77 
59 

 
9 7.9 ± 11.7 

-2.1 ± 17.4 

 
<0.001 
0.35 

 
124 ± 167 
113 ± 152 

 
<0.001 
<0.001 

 

 

Diagnostic accuracy of serum ferritin and TSAT in predicting response to parenteral 
iron 

 Only patients receiving i.v. iron during the Hct maintenance phase of the study were 
included in the analysis (Hct 30 to 33%) 

 Functional iron deficiency was defined as after receiving a course of parenteral iron, the 
ability to have a reduction of the weekly EPO dose of at least 30 Units/kg/week in the 
subsequent 12 weeks, whilst maintaining target Hct 30 to 33% (decrease in EPO dose 
reflected an increase in Hct above the study maintenance range i.e. >33%) 

 40 out of 60 (i.e. 67%) patients receiving i.v. iron had a decrease in EPO dose, while only 
6 of 21 patients (29%) not receiving i.v. iron had an EPO dose reduction (P=0.004) 

 If a more restrictive definition of iron deficiency was used, i.e. change in EPO dose of at 
least 60 Units/kg/week, 24 of 60 (i.e. 40%) patients receiving i.v. iron responded. Only 2 of 
21 (10%) patients not receiving i.v. iron had an EPO dose reduction (P=0.01) 

 Sensitivity and specificity could not be used to examine diagnostic accuracy as i.v. iron 
was administered to a selected group of study patients with serum ferritin <100 ng/ml or 
combination of serum ferritin <400 ng/ml and TSAT <20% 

 Serum ferritin <200 ng/ml gave the best combination of positive and negative predictive 
value at both definitions of iron deficiency 

 
 



 
 

Epoetin dose change ≥30 U/kg/week Epoetin dose change ≥60U/kg/week Test 
True 
positive
s 

True 
negativ
es 

Positive 
predictive 
value 

Negative 
predictive 
value 

True 
positive
s 

True 
negativ
es 

Positive 
predicti
ve 
value 

Negative  
predictive  
value 

Serum ferritin threshold (ng/ml) 
<100 13 16 0.76 0.37 10 30 0.63 0.37 
<200 29 11 0.76 0.50 19 19 0.53 0.79 
<300 37 3 0.68 0.50 22 5 0.42 0.714 
<400 40 0 0.67 N/A 24 0 0.40 N/A 
TSAT threshold (%) 
<12 2 17 0.40 0.31 2 33 0.40 0.60 
<16 6 13 0.46 0.28 5 28 0.39 0.60 
<20 24 6 0.63 0.28 14 12 0.37 0.55 
<24 29 4 0.64 0.27 18 9 0.40 0.60 
<28 37 4 0.70 0.57 20 8 0.42 0.67 

N/A because no patient with serum ferritn >400 ng/ml received i.v. iron 
 
• True positives = patients whose iron parameters fell below the threshold value and who 

had a reduction in EPO dose after parenteral iron administration 
• True negatives = patients whose iron parameters exceeded a threshold value and did not 

have a reduction in EPO dose after parenteral iron administration 
• Positive predictive value = proportion of patients with a value for the iron parameter below 

the threshold value who has a reduction in EPO dose after parenteral iron administration 
• Negative predictive value = proportion of patients with a value for the iron parameter 

exceeding the threshold value who did not have a reduction in EPO dose after parenteral 



iron administration 
 

Source of funding Government body and pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1617 
 
 
Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Craig KJ, Williams JD, Riley SG, Smith H, Owens DR, Worthing D et al. Anemia and diabetes 

in the absence of nephropathy. Diabetes Care 2005;28:1118-23.  
Study type Retrospective longitudinal study  
Evidence level 3+ 
Study objective To clarify the contribution of diabetes and nephropathy to anaemia in patients with type 2 

diabetes without nephropathy  
Number of patients N=62 

 
 Single site study, UK 

Patient characteristics Inclusion criteria: 
 Patients in long-term follow-up care for a minimum of 5 years 
 Type 2 diabetes  
 Exhaustive yearly health checks, including formal isotope assessment of GFR 

 
 GFR was measured after a single i.v. injection of 51Cr-EDTA at t=0, with blood samples 

drawn at t=44, 120, 180 and 240 min 



 eGFR was calculated by biexponential analysis of the 240-min fractional curve for 51Cr-
EDTA corrected to standard body surface area of 1.73m2 

 Annual diabetes review included serum ferritin, serum Epo, reticulocytes, Hb, Hct, HbA1c 
and GFR 

 Retrospective haematological results were obtained from patients records for the period 
prior to recruitment 

 All values were given as median (interquartile range) 
 
 
Patient characteristics 
Median age  62 (55-69) 

years 
Male:female 45:17 
Median diabetes 
duration  

7 (5-11) years 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up Median 7 years  
Outcome measures  GFR 

 Anaemia-Hb 
 Serum Epo 

Effect size  GFR dropped significantly from 127 ± 3.6 (SE) to 104 ± 3.1 (SE) ml/min (P<0.001) 
 

 Patients were divided into anaemic and non-anaemic groups, defined as >13 g/l for males 
and >11.5 g/l for females 

 At presentation to diabetic services, only 4 of 62 patients (7%) were anaemic, and this 
increased to the current value of 8 of 45 (17.8%) males and 2 of 17 (11.8%) females  



 Hb levels decreased from presentation in 36 of 62 patients  
 

 A significant negative correlation between serum Epo and Hb levels was found; Pearson’s 
correlation coefficient=0.612, P=0.01 

 When patients were grouped into the following strata for Hb: ≤11.5, 11.6-12.5, 12.6-13.5, 
13.6-14.5, 14.6-15.5 and ≥15.6 g/dl, a significant difference was observed between the 
lowest and highest Hb groups in serum Epo levels, with higher levels in the ≤11.5 g/dl Hb 
group vs. ≥15.6 g/dl Hb group (P=0.016 by Kruskal-Wallis) 

 Despite this increase in serum Epo, there was no reticulocyte response (Pearson’s 
correlation coefficient=-0.134, P=NS) and no difference between reticulocyte count in the 
lowest and highest Hb groups 

 To ensure these changes were not the result of iron deficiency, ferritin concentration was 
determined at the time of the study in all patients, and no difference was found between 
the lowest and highest Hb groups, with none of the Hb groups demonstrating iron 
deficiency  

 
 

Source of funding 2 pharmaceutical companies  
Citation  
NCC CC ID (Ref Man) 144 
 
 
 
 



Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Bosman DR, Winkler AS, Marsden JT, Macdougall IC, Watkins PJ. Anemia with erythropoietin 

deficiency occurs early in diabetic nephropathy. Diabetes Care 2001;24:495-9.  
Study type Prospective cohort study  
Evidence level 3+ 
Study objective To determine whether anaemia with Epo deficency is found in type 1 diabetic patients with 

diabetic nephropathy in the absence of advanced renal failure and to compare them with 
patients with non-diabetic renal disease of similar severity  

Number of patients N=53 
 

 Patients recruited from 2 sites, UK 
Patient characteristics Diabetic patients 

Inclusion criteria: 
 Type 1 diabetics, aged <60 years with persistent proteinuria (defined as 1+ or more Albustix 

readings for over a year) and retinopathy (this assumed a diagnosis of diabetic nephropathy 
[DN]) 

Exclusion criteria: 
 Serum creatinine >180 µmol/l 

 
Non-diabetic patients with renal disease 
Inclusion criteria: 

 Glomerulonephritis (GN) and persistent proteinuria, aged <60 years 
 Serum creatinine ≤180 µmol/l 

Exclusion criteria: 



 Vasculitic causes for GN, such as systemic lupus erythematosis 
 Concomitant diabetes 

 
 
Clinical and biochemical characteristics 
 
 DN 

(N=27) 
GN 
(N=26) 

Sex (M:F) 10:17 16:10 
Age (years) 41 ± 9 44 ± 12 
Proteinuria (mg/day) 1,086 (range 120-5,190) 1,874 (range 349-5,005) 
Creatinine (µmol/l) 96 (range 63-160) 93 (range 49-180) 
Retinopathy 
(proliferative:background) 

25:2 - 

Use of ACE/angiotensin II 
inhibitors  

22 21 

No. of anaemic* patients  13 
(Hb 10.6 ± 0.9 g/dl) 

0 
(Hb 13.7 ± 1.4 g/dl) 

Data are mean ± SD 
* Defined as Hb ≤11.5 g/dl for women and 12.0 g/dl for men. Patients with identified causes of 
anaemia (ferritin, B12, folate deficiencies, thyroid dysfunction and haemoglobinopathies) were 
excluded 
 

 All diabetic patients underwent a battery of peripheral nerve and cardiovascular autonomic 
function tests for evidence of neuropathy  

 Serum Epo measurements were conducted in all the DN patients and most of the GN 
patients 

 All Epo measurements were recorded at midday or early afternoon due to small diurnal 
variation 



 Epo levels of anaemic subjects were compared with those from the control group 
(nondiabetic patients with and without microcytic anaemia) 

 Epo was measured using an enzyme-linked immunosorbent assay based on the double-
antibody sandwich method 

 The within-assay precision was 3.1% (N=30, mean 16.2 IU/l) and the between-assay 
coefficient of variation was 6.5% (N=20, mean 10.6 IU/l) 

 The laboratory range for non-anaemic subjects is 3.3-16.6 IU/l 
 
 

 The relationship of Epo with Hb was expressed by regression of the natural logarithim of 
Epo (lnEpo) on Hb of the DN group, compared to the control group 

 The predictive power of the model was measured by percentage variance of lnEpo, 
explained by variation in Hb and group membership 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A—cross-sectional study 
Outcome measures See below  
Effect size  

Diabetic patients and non-diabetic patients 
  

 N.B. Serum Epo levels were not measured in 9 GN patients due to logistical problems in 
outlying clinics 

 DN and anaemic  
(N=13) 

DN and non-
anaemic 
(N=14) 

GN and non-
anaemic 
(N=26) 

Sex (M:F) 2:11 8:6 16:10 
Age (years) 41.3 ± 11.2 41.1 ± 5.1 45.0 ± 11.9 



Diabetes duration (years) 25 ± 12 30 ± 9 - 
HbA1C 11.3 ± 2.1 10.5 ± 2.1 - 
Hb (g/dl) 10.6 ± 0.9 (8.7-

12.0)§ 
13.7 ± 1.1 (11.8-
15.1)§ 

13.7 ± 1.4 (11.6-
16.3) 

Epo (IU/l) 8.1 (2.5-19.0) 8.5 (2.5-17.5) 8.5 (2.5-17.0) 
Mean corpuscular volume 
(fl) 

87.3 ± 5.8 88.5 ± 4.3 89.4 ± 4.0 

Mean corpuscular Hb (pg) 28.7 ± 1.8 29.8 ± 1.7 29.4 ± 2.0 
Ferritin (ng/ml) 70.3 ± 52.9 - - 
Proteinuria (mg/day) 2,536 (130-

5,190)‡ 
579 (120-2,876)‡ 1,874 (349-5,005) 

Creatinine (µmol/l) 110 (63-160) 88 (64-133) 93 (49-180) 
Data are mean ± SD, mean ± SD (range) or median (range)  
Previously published data was used for reference (control group) 
[Winkler et al, 1999, Erythropoietin depletion and anaemia in diabetes mellitus, Diabet Med, 16: 
813-819]—ID1875 
§P<0.0001 
‡P=0.01 
 
 
 

 Serum Epo levels in the anaemic DN was found to be low in comparison to the iron-deficient 
anaemic patients (control group)  

 
 Non-diabetic and 

anaemic  
(N=14) 

Non-diabetic and 
non-anaemic 
(N=18) 

Normal 
values 
 

Sex (M:F) 4:10 3:15 - 



Age (years) 46.7 ± 15.3 41.1 ± 10.8 - 
Diabetes duration (years) - - - 
HbA1C - - 3.8-6.4 
Hb (g/dl) 9.3 ± 1.3 (6.9-11.6) 13.5 ± 0.8 (12.0-

14.8) 
11.5-15.5 

Epo (IU/l) 57.7 (29.2-195.8) 6.6 (2.5-12.9) 3.3-16.6 
Mean corpuscular volume 
(fl) 

69.9 ± 4.8 91.7 ± 2.8 79-96 

Mean corpuscular Hb (pg) 21.3 ± 2.2 31.1 ± 1.5 27-32 
Ferritin (ng/ml) - - 10-200 
Proteinuria (mg/day) - - <30 
Creatinine (µmol/l) 68 (59-148) 97 (51-108) 45-120 

From Winkler et al [ID1875]: 
 Non-diabetic anaemic controls had hypochromic, microcytic anaemia, Hb <12 g/dl, mean 

cell Hb (MCH) <27 pg and mean cell volume (MCV) <79 fl 
 Non-diabetic and non-anaemic controls were healthy subjects 

 
 When regression lines for the whole DN group was compared to those of the non-anaemic 

and anaemic control group, a difference was found in the slope of lnEpo in relation to Hb (t= 
-5.359, df=62, P<0.001) when allowing non-parallel regression lines in the model 

 The model was able to explain r2=72.7% of the variation in lnEpo 
 There was no evidence at the 5% level of an Epo response to falling Hb in the DN group (t= 

-0.522, P=0.604, 95% CI for the slope 0.166 to 0.098). i.e. there was no appropriate rise in 
Epo with decreasing Hb levels in the DN group 

 In contrast, in the control group, lnEpo increased by 0.46 for a fall of 1 g/dl in Hb (P=0.001, 
95% CI for slope –0.55 to –0.36) 

 
 



Source of funding A national diabetic association  
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Thomas MC, Cooper ME, Tsalamandris C, MacIsaac R, Jerums G. Anemia with impaired 

erythropoietin response in diabetic patients. Archives of Internal Medicine 2005;165 :466-9.  
Study type Cross-sectional study  
Evidence level 3+ 
Study objective  To determine the relationship between anaemia and the renal production of erythropoietin 

(epo) 
in patients with diabetes mellitus 

Number of patients N=722 
Patient characteristics This study was designed as a follow-up of a previously published study [ID 1826]: Thomas 

MC, MacIsaac RJ, Tsalamandris C, Power D, Jerums G. Unrecognized anemia in patients 
with diabetes: a cross-sectional survey. Diabetes Care 2003;26:1164-9. 
 
Inclusion criteria from [ID 1826]: 

 Diabetics 
 Current long-term follow-up, defined as at least 3 estimations of urinary albumin excretion 

rate (AER), with at least 1 AER having been performed within the last 2 years 
 At least biannual follow-up 



 
No exclusion criteria given 
 

 Iron deficiency was defined as TSAT <16% or ferritin <15 ng/ml 
 eGFR was calculated using the MDRD-6 formula 
 In N=457 patients (66%), isotopic GFR was measured using 99Tc-labelled DTPA and 

closely correlated with MDRD-6 eGFR (R2=0.73, P<0.001) 
 Presence of renal impairment was defined according to National Kidney Foundation 

guidelines 
 An erythropoietin assay was used to determine circulating erythropoietin (epo) 
 Because there is no clear laboratory definition of what constitutes normal epo levels in 

patients with diabetes mellitus, all patients with normal renal function, normal iron indexes 
and an Hb level within the normal range were defined as a “reference” population for this 
study. Patients with an epo level >2 SDs above the mean for this population were defined 
as having elevated epo levels 

 Patients with anaemia and epo levels within the normal range were regarded as having an 
“inappropriate renal response to anaemia” 

 
 

 In this population, N=168 (23.3%) of the patients with diabetes mellitus (75 women and 93 
men) had anaemia (defined as Hb < 12 g/dl for women and Hb <13 g/dl for men) 

 More than 80% of anaemic patients had evidence of diabetic kidney disease and 55.4% 
with eGFR <60 ml/min/1.73m2 

 
 
 
 
 
 



 
Outpatient population characteristics for N=820 patients in [ID 1826]. N.B. this study has 
N=722 
Sex  458 males (56%) / 362 females 
Median follow-up (years) 4.8 (range 1-28) 
Mean age (years) 62.2 ± 0.5 (range 17-88) 
Ethnicity  
Caucasian 
African-American 

 
>95% 
0 

Mean duration of diabetes  16 years 
Median time of attendance to ARMC clinic 
Median frequency of attendance to ARMC 
clinic 

6 years 
4 months 

No. with Type 2 diabetes 
No. receiving insulin 

80% 
46% 

Mean estimated MDRD-6 GFR (eGFR) in 
males (ml/min/1.73 m2) 

75.7 ± 1.3 

Mean estimated MDRD-6 GFR (eGFR) in 
females (ml/min/1.73 m2) 

72.1 ± 1.4 
(males vs. females P<0.08) 

No. of males and females with eGFR <60 
ml/min/1.73 m2 

30% 
(including 12% of all patients who had 
normoalbuminuria) 

No. of males and females with eGFR >60 
ml/min/1.73 m2 and normoalbuminuria 

49% 

 
 

Intervention N/A 
Comparison N/A 



Length of follow-up N/A – cross-sectional study  
Outcome measures  epo levels 

 Associations with inappropriate renal response to anaemia  
Effect size  

epo levels 
 Of all the patients, N=151 (85 men and 66 women) had normal renal function 
 Endogenous epo levels were 16 ± 7 mU/ml and of these 2.5% had a level >30 mU/ml. 

This level was used to define the upper limit of normal range for patients in this study 
 

 Of the 168 anaemic patients, N=130 (77.4%) had epo levels within the study-defined 
reference range for patients with diabetes mellitus, denoting an inappropriate renal 
response to anaemia 

 Of these anaemic patients, N=38 (22.6%) had endogenous epo levels >30 mU/ml. Most of 
these patients (27 of 38) had iron deficiency (TSAT <16%) 

 The more severe the anaemia, the less likely that patients had anaemia associated with 
inappropriate renal epo response to anaemia 

  
 
Characteristics of patients with anaemia stratified according to endogenous epo levels 
Characteristic  Without anaemia 

(N=554) 
With anaemia and 
normal epo levels 
(N=131) 

With anaemia and 
increased epo levels 
(N=37) 

epo level (mU/ml) 15 ± 8 16 ± 7 74 ± 112‡§ 
Hb level (g/dl) 14.1 ± 1.1 11.6 ± 1.0‡ 11.0 ± 1.1‡§ 
Age (years) 61 ± 13 66 ± 12‡ 65 ± 13‡ 
Male sex  310 (56.0%) 74 (56.5%) 17 (45.9%) 
Duration of diabetes 
mellitus >10 years 

288 (52.0%) 89 (67.9%)‡ 25 (67.6%)‡ 

GFR (ml/min/1.73m2) 79 ± 26 57 ± 28‡ 66 ± 28‡ 



GFR <60 
ml/min/1.73m2 

111 (20.0%) 77 (58.8%)‡ 16 (43.2%)‡§ 

C-reactive protein 
>10 U/ml 

83 (15.0%) 41 (31.3%)‡ 16 (43.2%)‡ 

TSAT <16% 83 (15.0%) 40 (30.5%)‡ 27 (73.0%)‡§ 
Ferritin <15 ng/ml 9 (1.6%) 9 (6.9%) 13 (35.1%) 

Values are mean ± SD 
‡P<0.05 vs. without anaemia group 
§P<0.05 vs with anaemia and normal epo levels group 
 
 

Associations with inappropriate renal response to anaemia 
 Presence of nephropathy was strongest predictor for anaemia associated with normal epo 

levels 
 
N=74 anaemic patients and GFR >60 
ml/min/1.73m2 (i.e. without renal 
impairment)  

N=56 (75.7%) had epo levels that remained 
within the normal range 

N=26 anaemic patients and GFR >90 
ml/min/1.73m2 

N=18 (69.2%) had epo levels that remained 
within the normal range 

 
 All of the N=18 anaemic patients with elevated epo levels and GFR >60 ml/min/1.73m2 

were iron deficient 
 The epo level was higher in patients with iron deficiency as Hb levels decreased 
 In contrast, in diabetic patients who were iron replete, epo levels failed to change 

significantly with Hb level (R2=0.04, P=0.12) 
 



Source of funding 2 Pharmaceutical companies 
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Chandra M, Clemons GK, McVicar MI. Relation of serum erythropoietin levels to renal 

excretory function: Evidence for lowered set point for erythropoietin production in chronic 
renal failure. Journal of Pediatrics 1988;113:1015-21.  

Study type Prospective longitudinal study  
Evidence level 3+ 
Study objective 1) To correlate serum Epo levels with GFR and Hct in patients with CRF 

2) To evaluate how seum Epo levels change with declining renal function 
3) to measure Epo production capacity with acute hypoxic stress—not reported here; not 
relevant to clinical question 

Number of patients N=37 
Patient characteristics No inclusion or exclusion criteria reported 

 
 Age 4 to 22 years 
 Chronic renal disease of varying functions and varied levels of renal function 
 N=34 patients had 2-6 blood Epo measurements over a period of up to 5 years as their 

renal function declined 
 GFR was evaluated from creatinine clearance or from standard formulas using the 



patient’s plasma creatinine concentration and height 
 Patients were divided into 4 groups on the basis of their GFR. Group 5 consisted of 

patients on HD—not reported here as not relevant to the clinical question 
 Patients with primary haematological diseases were excluded 
 No patients in groups 1-4 required RBC transfusion for anaemia 
 Serum Epo was assayed using a double-antibody radioimmunoassay. The intra-assay and 

inter-assay coefficients of variation were 8.4% and 9.7% respectively 
 
Clinical features and renal diagnoses of patients with CRF 

Renal diagnoses Group GFR Range 
(ml/min/1.73 
m2) 

N No. of serum 
Epo 
determinations

Age 
(years) CGN IN IRD 

GFR 
(ml/min/1.73 
m2) 

1 >90 12 22 7.3 ± 
1.6 

9 1 2 98.2 ± 2.0 

2 40-89 15 19 14.6 ± 
1.7 

12 3 - 74.6 ± 4.8 

3 20-39 10 20 12.0 ± 
2.3 

4 3 3 29.9 ± 3.2 

4 5-19 12 30 14.5 ± 
0.7 

9 2 1 11.7 ± 0.8 

Values are mean ± SEM 
CGN = chronic glomerulonephritis 
IN = interstitial nephritis 
IRD = ischaemic renal disease (renal artery stenosis, perinatal hypoxia) 
 
N.B. N=12 patients were included in 2 or more groups because serum Epo determinations 
were made in these patients over a period of 5 years as their GFR declined—in these 
patients, mean values for Epo and Hct were used in data analyses according to their GFR at 
that time 



Intervention N/A 
Comparison N/A 
Length of follow-up Not clear, but up to 5 years 
Outcome measures  GFR 

 Hct 
 Serum Epo  

Effect size  
 
Group GFR Range 

(ml/min/1.73 
m2) 

N Mean Hct 
(%) 

Mean serum 
Epo (mU/ml) 

1 >90 12 36.6 15.5 
2 40-89 15 38.1 16.1 
3 20-39 10 34.4 15.2 
4 5-19 12 21.5 14.2 

 
 A linear relationship was found between Hct and GFR for groups 1-4, R2=0.34, P<0.001 
 Serum Epo levels, however, did not correlate with GFR and there was also no correlation 

between serum Epo and Hct (data not provided by the authors) 
 

Source of funding Not reported  
Citation  
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Aikhionbare HA, Winterborn MW, Gyde OH. Erythropoietin in children with chronic renal 

failure on dialytic and non-dialytic therapy. International Journal of Pediatric Nephrology 
1987;8:9-14.  

Study type Cross-sectional study  
Evidence level 3+ 
Study objective To determine the serum Epo levels in 3 groups of children with chronic renal failure, 

comprising those on regular HD (not reported here), CAPD (not reported here) and those not 
on any form of dialytic management  

Number of patients Not on any form of dialytic management, N=7 
Patient characteristics No inclusion or exclusion criteria reported by the authors 

 
The characteristics of the group reported here, with no form of dialytic management  

 Advanced renal failure with creatinine clearance 8-50 ml/min/1.73 m2 
 Age 3.5 to 15.5 years (mean 11.9 years) 

 
 Epo levels were assayed by the modification of a previously described mouse foetal liver 

technique (referenced) 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A—cross-sectional design  
Outcome measures  
Effect size Mean Epo 21.9 ± 11 mU/ml (Normal range 10 to 30 mU/ml) 



Mean Hb 11.32 ± 2.31 g/dl 
 
No correlation was found between serum Epo and Hb 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1834 
 
 
Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Muller Wiefel DE,.Scharer K. Serum erythropoietin levels in children with chronic renal failure. 

Kidney International 1983;24.  
Study type Cross-sectional study  
Evidence level 3+ 
Study objective To evaluate the changes in serum Epo concentration in children with CRF in relation to the 

degree of renal anaemia and residual renal function. 
Number of patients A total of N=64 children were investigated, of whom  

 N=30 Pre-dialysis under conservative management 
 N=19 Haemodialysis—not reported here 
 N=15 Post-transplant 

 
And compared to  

 N=20 Healthy children  
 N=10 Non-renal anaemia due to iron deficiency (N=7), haemolysis (N=2) and pure red cell 

aplasia (N=1) —not reported here 



Patient characteristics No inclusion or exclusion criteria reported 
 
 

 Serum Epo was measured by a modified (referenced) foetal mouse liver cell assay 
 
 
 N Age (years) Hb (g/dl) Serum 

creatinine 
(mg/dl) 

BUN (mg/dl) 

Predialysis  30 11.9 ± 4.2 
(1.7 to 22.6) 

10.7 ± 2.5 
(6.3 to 16.2) 

4.4 ± 3.1 
(1.3 to 16.8) 

58.8 ± 30.8 
(7 to 235) 

Post-
transplant 

15 14.1 ± 2.8 
(9.2 to 18.0) 

11.6 ± 2.6 
(7.6 to 16.5) 
 

1.8 ± 1.4 
(0.7 to 6.5) 

34.4 ± 27.1 
(13 to 107) 

Healthy 
children  

20 11.6 ± 2.5 
(7.8 to 15.6) 

13.2 ± 0.8 
(11.5 to 15.0)

0.7 ± 0.2 
(0.4 to 1.0) 

- 

Values are mean ± SD, with ranges shown in brackets 
 

Intervention N/A 
Comparison N/A 
Length of follow-up N/A—Cross-sectional study 
Outcome measures  Serum Epo  

 Hb 
 Scr and Epo  

Effect size  
 N Hb (g/dl) Mean serum Epo 

(U/l) 
Predialysis  30 10.7 ± 2.5 36.2 



 (range 7 to 235) 
Post-
transplant 

15 11.6 ± 2.6 
 

39.5 
(range 10 to 125) 

Healthy 
children  

20 13.2 ± 0.8 
 

35.2 
(range 18 to 64 

 
 
 
Patients on conservative therapy (i.e. predialysis) 

 Levels of serum Epo depended on degree of renal function (serum creatinine, SCr) 
SCr > 4 mg/dl, Epo 51 U/l 
SCr <4 mg/dl, Epo 25 U/l 
(P<0.05) 

 However, no correlation was found between serum Epo and SCr (P=NS) 
 

Source of funding Not reported, however, WHO, Laboratory of International Standards, UK provided the 
erythropoietin 

Citation  
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Eckardt KU, Hartmann W, Vetter U, Pohlandt F, Burghardt R, Kurtz A. Serum immunoreactive 

erythropoietin of children in health and disease. European Journal of Pediatrics 
1990;149:459-64.  

Study type Prospective cross-sectional study  
Evidence level 3+ 
Study objective 1) To determine the age and sex distribution of serum Epo concentrations in healthy children 

between birth and adolescence 
2) To study the relationship of serum Epo levels to arterial oxygen content in children with 
haematological, renal and congenital heart diseases, compared to those of healthy infants—
not reported here 

Number of patients  Healthy newborns (gestational age 36-43 weeks), N=97 
 Healthy children (age 1 day to 15 years), N=260 
 Healthy adolescents (aged 16 to 20 years), N=14 
 Healthy adults (age 21 to 87 years), N=84 
 Children with renal failure (age 2 to 16 years), N=10 (N.B. N=9 with CRF, N=1 with acute 

renal failure) 
Patient characteristics No inclusion or exclusion criteria reported by the authors 

 
Newborns: 
Cord serum samples were obtained immediately after birth from 97 consecutively delivered 
neonates (gestational age 36-43 weeks). 8 of the newborns suffered from intrauterine 
hypotrophy; 15 newborns had signs of foetal distress (defined as 1 min Apgar score below 7 
or umbilical artery pH <7.2) 



 
Healthy children: 
Serum samples of 260 healthy children (age 1 day to 15 years) and 14 adolescents (aged 16 
to 20 years) who participated in a growth study were available for analysis 
 
Healthy adults: 
Serum Epo levels were also determined in 84 adults (age 21 to 87 years). These were either 
lab staff or medical in-patients fir elective eye surgery. None suffered from a haematological, 
cardiopulmonary or renal disease 
 
Children with renal failure: 
10 patients with renal failure were investigated (age 2 to 16 years). N.B. 1 had acute renal 
failure and the other 9 had chronic renal failure (CRF) due to nephronophthisis (N=2), 
obstructive uropathy (N=2) glomerulonephritis (N=2), congenital renal hypoplasia (N=1), 
Alport syndrome (N=1) and interstitial nephritis (N=1). GFR ranged from 7-55 ml/min (mean 
26 ml/min). none had received Epoetin therapy or undergone renal transplant 
 

 Serum Epo was determined using a radioimmunoassay described elsewhere in detail. As 
a standard, the 2nd International reference preparation of human urinary EPO (WHO) was 
used 

 
Intervention N/A 
Comparison N/A 
Length of follow-up N/A—cross-sectional design 
Outcome measures  Serum Epo levels 

 Relationship between serum Epo and Hb levels 
 

Effect size 
 



Serum Epo levels 
 
Healthy children (age 1 day to 15 years), N=260 
 

 Serum Epo mean 18.8 mU/ml (95% range 7-47 mU/ml) 
 2 children whose levels were higher than 54 mU/ml were excluded from the analysis 
 Boys (N=131) mean level 18.6 mU/ml 
 Girls (N=127) mean level 18.8 mU/ml 

 
 
 Mean serum Epo  

(mU/ml) 
95% range 
(mU/ml)  

Healthy children (age 1 day 
to 15 years), N=258 

18.8  7 to 47 

Healthy adolescents (aged 
16 to 20 years), N=14 

21.4 13 to 36 

Healthy adults (age 21 to 87 
years), N=84 

17.9 11 to 31 

Healthy newborns 
(gestational age 36-43 
weeks), N=97 

35.6 17 to 56 

 
 
Children aged 1 day to 2 months (N=18) (14 boys and 4 girls) 

 Mean serum Epo 11.5 mU/ml (95% range 5 to 53 mU/ml) 
 
 
Healthy newborns (gestational age 36-43 weeks), N=97 



 Cord serum Epo increased with gestatational age; log sEpo (mU/ml) = -0.8 + 0.06 x gest. 
Age (weeks); r=0.33, P<0.002 

 
 

Relationship between serum Epo and Hb levels 
 
Children with renal failure (age 2 to 16 years), N=10 (N.B. N=9 with CRF, N=1 with acute 
renal failure) 

 Log Epo (mU/ml) = 0.67 + 0.035 x Hb (g/dl); r=0.50, P=0.1 
 Serum Epo levels remained low even during severe anaemia; Hb range ~6 to ~14 g/dl and 

Epo range <5 to ~25 mU/ml—assuming graph is drawn to scale; figure 5 
 
 
 Interquartile range 
Healthy children (age 1 day to 15 years), 
N=260 

Hb 12-14 g/dl; Epo ~20 to 30 mU/ml—
assuming graph is drawn to scale; figure 5 

Healthy adults (age 21 to 87 years), N=84 Hb 14-16 g/dl; Epo ~20 to 30—assuming 
graph is drawn to scale; figure 5 

 
 
 

Source of funding Swiss and German Science Foundations 
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Radtke HW, Claussner A, Erbes PM. Serum erythropoietin concentration in chronic renal 

failure: Relationship to degree of anemia and excretory renal function. Blood 1979;54:877-84. 
Study type Cohort study  
Evidence level 2+ 
Study objective To investigate if excretory and endocrine renal function deteriorate in parallel in chronic renal 

disease and if the regulatory mechanism between Hct and serum Epo as it exists in non-
uraemic anaemic patients is sustained in the anaemia of chronic renal disease, in patients at 
various stages of renal insufficiency 

Number of patients N=176 
Patient characteristics No inclusion or exclusion criteria reported 

 
 

 A modified (referenced) foetal mouse liver cell assay was used to determine serum Epo  
 3 groups were studied 

 
Group 1 with chronic renal disease, N=117 

 56 male and 61 female 
 Age 26-77 years  
 Conservative therapy, did not need HD therapy 
 Did not receive RBC transfusions or iron substitution therapy 



 Underlying diagnoses were pyelonephritis and interstitial nephritis (N=50), 
glomerulonephritis (N=30), polycystic kidney disease (N=16) and others (N=21) 

 Patients were divided according to subgroups based on creatinine clearance (CCr) 
(1) CCr 2-9 ml/min/1.73m2, N=18 
(2) CCr 10-19 ml/min/1.73m2, N=34 
(3) CCr 20-29 ml/min/1.73m2, N=18 
(4) CCr 30-39 ml/min/1.73m2, N=18 
(5) CCr 40-90 ml/min/1.73m2, N=29 
 

Group 2 with end-stage renal failure, N=18—not reported  
 10 male and 8 female 
 Age 26-57 years  
 They were investigated at different stages characterised by degree of anaemia 

(1) 2-6 months before onset of regular HD 
(2) immediately before 1st dialysis in state of severe uraemic intoxication and heavy 
anaemia 
(3) 2-6 months after initiation of regular HD Tx, when anaemia had improved 

 
 
Group 3, healthy controls, N=59 

 35 male and 24 female 
 Age 17-67 years 

 
Intervention N/A 
Comparison N/A 
Length of follow-up N/A—Cross-sectional study 
Outcome measures  
Effect size  

Group 1 with chronic renal disease, N=117 vs. Group 3, healthy controls, N=59 



 In Group 1 patients, CCr 2-40 ml/min/1.73m2 correlated with Hct, r=0.69, P<0.0001. This 
was not the case, however for CCr 41-90 ml/min/1.73m2 (DIAG1) 

 Mean serum Epo levels in patients with CKD (Group 1, N=117) were significantly elevated 
in all 5 categories of CCr, when compared to healthy controls (N=59) (P<0.01 for all 5 CCr 
categories) 

 In patients with CCr 2-40 ml/min/1.73m2(N=88) CCr and serum Epo showed a positive 
correlation, r=0.27, P<0.015 

Source of funding Not reported 
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Evidence Table 
 
DTEST1 
What is the Role of Erythropoietin Testing in the Assessment of Anaemia in Patients with CKD? 
 
Bibliographic reference  Fehr T, Ammann P, Garzoni D, Korte W, Fierz W, Rickli H et al. Interpretation of 

erythropoietin levels in patients with various degrees of renal insufficiency and anemia. 
Kidney International 2004;66:1206-11.  

Study type Prospective cross-sectional study  
Evidence level 3+ 
Study objective To establish a quantitative association between erythropoietin (epo) and Hb at different levels 

of creatinine clearance 
Number of patients N=395 
Patient characteristics No inclusion or exclusion criteria reported.  

 



 N=5120 consecutive patients were investigated by coronary angiography at a single 
centre between 1997 and 2001.  

 Of these, serum samples were used for analysis of epo levels.  
 Patients on dialysis and/or previous treatment with EPO were excluded 
 Of the 5,120 patients, N=4,760 had complete information to calculate creatinine clearance 

(CCr) using the Cockcroft formula: (140 – age [years]) x body weight [kg]/creatinine 
[µmol/l] x 1.23 for men x 1.04 for females 

 Of the 4,760 patients, N=395 were randomly selected (randomisation method not reported 
by the authors) to measure epo levels 

 The sample population, N=395 was divided into 5 subgroups based on the CCr calculated 
according to the Cockroft formula: 
Group E, CCr >90 ml/min, normal renal function, N=63 
Group D, CCr 60-89 ml/min, mild renal insufficiency, N=98 
Group C, CCr, 40-59 ml/min, moderate renal insufficiency, N=125 
Group B, CCr, 20-39 ml/min, moderate to severe renal insufficiency, N=89 
Group A, CCr, <20 ml/min, severe renal insufficiency, N=20 
(N.B. the cut-off levels for CRF defined by the National Kidney foundation were changed 
from 30 and 15 to 40 and 20 ml/min due to (i) smaller Group A and (ii) analysis of the 
whole data set revealed that pathophysiological changes in epo response to anaemia 
occur at a level of 40 rather than 30 ml/min 

 epo was measured using a chemiiluminescent enzyme immunometric assay, which has a 
sensitivity of 0.24 mIU/ml and no “high dose hook effect” up to 50,000 mIU/ml (the “high 
dose hook effect” is defined as when large quantities of antigen in an immunoassay 
system impair antigen-antibody binding, resulting in low antigen determination); total 
coefficient of variation is ~6.8% 

 eGFR was calculated with the MDRD formula: 186 x (creatinine [mg/dl]-1.154 x (age [years])-

0.203 x 0.742 for females 
 Anaemia was defined as Hb <100 mg/l  
 Other forms of anaemia due to iron, vitamin B12 and folic acid deficiency were ruled out 



 
Patient characteristics stratified to CCr levels 
 Group 

A 
Pb Group 

B 
Pb Group 

C 
Group 
D 

Group 
E 

All 
patients 

CCr 
(ml/min) 

<20  20-40  40-60 60-90 90-120 0-120 

N 20  89  125 98 63 395 
Females 
N 

7 (35%)  33 
(37%) 

 49 
(39%) 

38 
(39%) 

28 
(44%) 

155 
(39%) 

Age 
(years) 

63.3 ± 
16.3 

<0.03 72.9 ± 
10.3 

<0.001 72.0 ± 
9.1 

61.9 ± 
9.5 

54.4 ± 
7.9 

66.5 ± 
12 

CCr 
Cockcroft 
(ml/min) 

13.5 ± 
4.1 

<0.001 32.1 ± 
5.9 

<0.001 48.2 ± 
6.0 

75.7 ± 
8.7 

102.0 ± 
7.7 

58.2 ± 
26.8 

GFR 
MDRD 
(ml/min) 

12.0 ± 
5.2 

<0.001 37.3 ± 
11.9 

<0.001 53.6 ± 
9.8 

69.8 ± 
8.1 

77.9 ± 
10.9 

55.8 ± 
19.9 

Ferritin 
(µg/l) 
(N=220) 

196 ± 
100 

0.53 136 ± 
122 

0.2 123 ± 
101 

142 ± 
144 

174 ± 
150 

146 ± 
129 

C-
reactive 
protein 
(mg/dl) 

11.2 ± 
14.6 

0.01 8.3 ± 
9.4 

0.02 7.7 ± 15 5.2 ± 
4.3 

5.1 ± 
4.1 

6.9 ± 
10.7 

Values are mean ± SD 
bvs. Group E (normal CCr) 
 
 
 



 
Intervention N/A 
Comparison N/A 
Length of follow-up N/A – cross-sectional study  
Outcome measures  Prevalence of anaemia 

 epo and Hb levels stratified by renal function 
 Correlation of epo and Hb  

Effect size 
Prevalence of anaemia 
 

 In N=4,760 patients, prevalence of anaemia was ~30-40% in patients with CCr <20 
ml/min, severe renal insufficiency and ~15% in patients with CCr 20-39 ml/min, moderate 
to severe renal insufficiency, but rare in other groups 

 Hb levels over various degrees of renal function were identical between the whole 
(N=4,760) and sample population (N=395) 

 
epo and Hb levels stratified by renal function 

 Groups E (CCr >90 ml/min) and D (CCr 60-90 ml/min) had identical levels of Hb and epo 
 Groups A to C showed increasing anaemia due to progressive renal insufficiency, as 

expected 
 However, epo levels only rose mildly in Group B (P=0.04) compared to Group E 
 An inverse relationship was found between eop and Hb levels in Groups C, D and E 
 The epo response to anaemia in Groups A and B was blunted, indicating a relative epo 

deficiency in patients with moderate renal insufficiency (CCr <40 ml/min) 
 
 

Correlation of epo and Hb 
 No correlation was found in patients with CCr <40 ml/min (combined Groups A and B, 



r=0.11, P=0.25) 
 A significant inverse correlation was found for patients with CCr > 40 ml/min (combined 

Groups C, D and E, r=-0.35, P<0.0001). the slope of the linear regression line was 
negative and did not differ between the 3 sub-groups; the regression lines of the individual 
groups all lay within the 95% CIs 

 The association of epo and Hb above CCr 40 ml/min can be approximately described by 
the formula: epo [U/l] = 2.5 x (140 – Hb [g/dl])  

 
Source of funding  
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Chapter 5: Management of Anaemia 
 
MGTFe2: In patients with ACKD, what, if any, are the serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic red cells (%HRC) 

thresholds for treatment with ESAs? 

MGTFe1: Up to what levels of serum ferritin, percentage transferrin saturation (% TSAT) and percentage hypochromic red cells (% HRC) can patients 
with ACKD be treated with iron without adverse events? 

MGTE1: Which iron replete patients with ACKD should receive ESAs? 
MGTN1: What is the benefit of vitamin C, vitamin E, carnitine , folic acid and glutathione supplementation in the treatment of 

anaemia due to CKD? 
MGTN2: What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 

HYP1: When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

PAT1: What are the patient preferences and experiences when receiving ESA for the treatment of ACKD? 



PAT2: Is the effectiveness of anaemia management of CKD improved by patient education programmes? 
 
No evidence identified for MGTFe2, MGTFe1, MGTE1, and PAT2 
 
 
Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Labonia WD. L-carnitine effects on anemia in hemodialyzed patients treated with 

erythropoietin. American Journal of Kidney Diseases 1995;26:757-64.  
Study type RCT, double-blind 
Evidence level 1+ 
Study objective To investigate if L-carnitine supplementation to HD patients under EPO maintenance 

treatment could improve their haematological status, leading to a reduction in EPO dose 
needed to achieve desired target Hct level 

Number of patients N=24 
Patient characteristics Inclusion criteria: 

 Chronic HD for more than 1 year 
 Dialysis frequency or duration unchanged for the previous 6 months 
 Epoetin treatment for a minimum of 6 months, with a defined maintenance dose, either i.v. 

or s.c. 
 Hct stable between 28 and 33% for the last 3 months 
 Normal iron status 
 Usual treatment with folic acid and vitamin B12 
 No carnitine administration for the last 6 months 



 Stable and ambulatory 
 
 
Exclusion criteria: 

 Intercurrent disease 
 Transfusions within the last 6 months 

 
 Carnitine group Placebo group 
N 13 11 
Sex male/female 6/7 5/6 
Age (years) 41.8 ± 18.6 (range 25-71) 62.5 ± 7.2 
Duration on HD (months) 80.4 ± 47.4 (range 13-

174) 
50 ± 38.2 (range 13-
140) 

Duration on EPO 
(months) 

22.5 ± 11.6 (range 9-50) 23.8 ± 14.8 (range 12-
60) 

 
 

Intervention EPO to target Hct 28-33% + L-carnitine 1g i.v. 3 times weekly 
Comparison EPO to target Hct 28-33% + placebo (distilled water) i.v. 3 times weekly 
Length of follow-up Study duration 6 months 
Outcome measures  EPO dose, carnitine and endogenous EPO levels 

 Hct and iron levels 
 Regression analysis in carnitine responders 

Effect size 
 

EPO dose, carnitine and endogenous EPO levels 
 
 



 Weekly EPO dose at T0 was similar in both groups (P=NS) 
 Weekly EPO dose decreased in the carnitine treated group when compared to baseline 

(within this group) 
 No changes in weekly EPO dose were observed within the placebo group 
 Total and free carnitine levels increased within the carnitine-treated group only 
 No significant differences were found when the carnitine and placebo groups were 

compared 
 

Carnitine Placebo  
T=0 (baseline) T=6 months T=0 (baseline) T=6 months 

EPO dose 
(U/week) 

5,615.4 ± 
2,631.2 

3,538.5 ± 1,898* 4,909.1 ± 
2,314.2 

4,909.1 ± 
2,968.1 

EPO dose 
(U/kg/week) 

102.2 ± 52.6 63.3 ± 37.8* 78.6 ± 32.1 79.9 ± 46.7 

Total plasma 
carnitine 
(µmol/l) 

69.9 ± 11.4 394.6 ± 124.2† 62.9 ± 18 71.7 ± 13.1 

Free plasma 
carnitine 
(µmol/l) 

41.8 ± 7.1 247.7 ± 81.5† 36.3 ± 9.7 47 ± 11.3 

Free/total 
carnitine 

60 ± 7.7 61.6 ± 5.7 58.3 ± 6.6 64.6 ± 6.9 

Plasma EPO 
(mU/ml) 

33.1 ± 11.4 29.9 ± 15.2 40.1 ± 14.9 32.8 ± 13.4 

*P<0.02 T0 vs. T6 
†P<0.001 T0 vs. T6 
 



Hct and iron levels  
 Hct levels increased only within the placebo group 
 No significant differences were found when the carnitine and placebo groups were 

compared 
 

Carnitine Placebo  
T=0 (baseline) T=6 months T=0 (baseline) T=6 months 

Hct (%) 29.8 ± 2.6 29.1 ± 2.1 29.5 ± 2.3 27.9 ± 1.9* 
Iron (µg/dl) 88.7 ± 27.3 116 ± 39.1 91.7 ± 33.5 120.8 ± 32 
Iron-binding 
capacity (µg/dl) 

239.5 ± 93.7 260.5 ± 108 228.1 ± 64.2 275.4 ± 104.3 

Ferritin (ng/ml) 232.1 ± 114 221 ± 79.4 291.8 ± 206.4 324.7 ± 215.7 
*P<0.05 T0 vs. T6 
 
 

Regression analysis in carnitine responders 
 

 7 patients in the carnitine treated group showed a non-significant decrease in EPO 
requirements (responders), when compared to the 6 who did not show a decrease to EPO 
requirements (non-responders) 

 No correlations were found with age, body weight, dialytic age, Kt/V, general laboratory 
parameters, plasma carnitine levels, carnitine dose per kg or Hct level 

 
Source of funding L-carnitine was supplied by a pharmaceutical company 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Lilien MR, Duran M, Quak JM, Frankhuisen JJ, Schroder CH. Oral L-carnitine does not 

decrease erythropoietin requirement in pediatric dialysis. Pediatric Nephrology 2000;15:17-
20.  

Study type Before and after longitudinal study 
Evidence level 3 
Study objective To investigate whether oral supplementation with L-carnitine in paediatric dialysis patients can 

decrease the dose of EPO required to maintain target Hb levels 
Number of patients N=16, but N=12 completed the study 
Patient characteristics Inclusion criteria: 

 On dialysis for at least 3 months (N=11 HD; N=5 PD) 
 Stable EPO requirement 

 
Dialysis mode 
Haemodialysis 
Peritoneal dialysis 

 
11 
5 

Median age 
(years) 

10.2 (range 0.6-
18.9) 

Male/female 8/8 



 
Baseline data 
 All patients 

(N=16) 
Haemodialysis
 (N=11) 

Peritoneal 
dialysis 
 (N=5) 

P 

Total carnitine 
(µmol/l) 

54 ± 37 60 ± 42 43 ± 16 NS 

Free carnitine 
(µmol/l) 

32 ± 18 36 ± 19 22 ± 9 NS 

Acylcarnitine (µmol/l) 23 ± 20 24 ± 24 20 ± 9 NS 
Ferritin (µmol/l) 102 ± 84 109 ± 95 88 ± 56 NS 
TSAT (%) 18 ± 7 19 ± 7 16 ± 8 NS 
Hb (mmol/l) 6.8 ± 1.3 6.8 ± 1.5 6.8 ± 1.1 NS 
EPO dose 
(U/kg/week) 

206 ± 132 207 ± 133 205 ± 145 NS 

 
 

Intervention 20 mg/kg L-carnitine in 2 daily divided doses, orally + EPO to target Hct 0.30 to 0.35 
Comparison N/A 
Length of follow-up Study duration 26 weeks 
Outcome measures  
Effect size  

 Plasma total carnitine, free carnitine and acylcarnitine levels increased significantly in the 
entire group 

 There was no change in free carnitine: total carnitine ratio 
 There was no change in Hb/Hct levels or EPO dose  

 



All patients (N=12) Haemodialysis (N=8) Peritoneal dialysis 
(N=4) 

 

Baseline  26 weeks Baseline  26 weeks Baseline  26 weeks 
Total 
carnitine 
(µmol/l) 

58 ± 41 163 ± 90* 64 ± 49 191 ± 98* 43 ± 16 108 ± 38* 

Free 
carnitine 
(µmol/l) 

33 ± 20 97 ± 56* 38 ± 22 113 ± 62* 24 ± 10 65 ± 23* 

Acylcarnitine 
(µmol/l) 

25 ± 23 66 ± 37* 26 ± 28 78 ± 40* 23 ± 8 43 ± 18 

Ferritin 
(µmol/l) 

101 ± 95 92 ± 66 107 ± 111 85 ± 67 91 ± 64 105 ± 73 

TSAT (%) 19 ± 8 21 ± 13 20 ± 7 18 ± 11 15 ± 9 27 ± 17 
Hb (mmol/l) 7.0 ± 1.4 6.7 ± 1.5 7.0 ± 1.6 7.3 ± 1.4 6.9 ± 1.2 5.3 ± 0.9 
EPO dose 
(U/kg/week) 

191 ± 124 222 ± 150 173 ± 112 213 ± 158 228 ± 156 241 ± 155 

* P<0.05 baseline vs. 26 weeks 
 

 There was no significant correlation between Hb level and total carnitine, free carnitine or 
acylcarnitine levels by linear regression analysis 

 There was no significant correlation between EPO dose and total carnitine, free carnitine 
or acylcarnitine levels by linear regression analysis 

 When Hb was introduced as the dependent variable and EPO dose, ferritin level, TSAT, 
total carnitine, free carnitine and acylcarnitine levels as the independent variables in 
multiple linear regression analysis, only EPO dose showed a significant negative 
correlation with Hb level (P=0.03) 

 When EPO dose was introduced as the dependent variable and ferritin level, TSAT, total 
carnitine, free carnitine and acylcarnitine levels as the independent variables in multiple 



linear regression analysis, none of these variables showed a significant correlation with 
EPO dose 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 160 
 
 
 
 
Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of anaemia due to CKD? 
 
Bibliographic 
reference  

Hurot JM, Cucherat M, Haugh M, Fouque D. Effects of L-carnitine supplementation in maintenance hemodialysis patients: a 
systematic review. Journal of the American Society of Nephrology 2002;13:708-14.  

Study type Systematic review/Meta-analysis of 14 RCT studies + 4 abstracts 
Evidence 
level 

1- 

Study 
objective 

To systematically review the effects of L-carnitine treatment in adult maintenance haemodialysis patients 

Number of 
patients 

N=482 

Patient 
characteristics

Inclusion criteria of studies: 
 Random allocation of treatment 
 Control group receiving placebo or no treatment 
 Clinical outcome or laboratory parameters relevant to ESRD  

 



 
Patients (N) Authors Year of  

publication Tx group  Control 
group 

L-carnitine 
route of 
administration

L-carnitine 
dose 

Tx duration Double-
blind 

Guarnieri et al 1980 8 8 i.v. 0.5-1 g 14 weeks No  
Trovato et al 1982 13 13 p.o. 1.6 g 52 weeks No  
Trivelli et al 1982 6 6 i.v. 2 g 12 weeks No  
Bellinghieri et al 1983 7 7 p.o. 2 g 8 weeksb Yes  
Caruso et al 1983 13 14 i.v. 1 g 40 daysb Yes 
Weschler et al 1984 6 4 p.o. 3 g 5 weeks No 
Fagher et al 1985 14 14 i.v. 2 g 6 weeks Yes  
Yderstraede et 
al 

1987 11 10 i.d. -c 6 months Yes  

Bellinghieri et al 1990 9 9 p.o. 3 g 5 weeksb Yes  
Golper et al 1990 38 44 i.v. 20 mg/kg 6 months Yes  
Siami et al 1991 7 7 i.v. 2 g 6 months Yes  
Sohn et al 1992 15 15 i.v. 20 mg/kg 2 months No 
Srivastava et al 1992 17 8 p.o. 10 mg/kg 3 weeks No 

Labonia et al 
1995 13 11 i.v. 20 mg/kg 6 months Yes 

Patrikarea et al 1996 
(abstract) 

8 8 i.v. 20 mg/kg 6-9 
months 

No 

Megri et al 1998(abstract) 16 14 i.v. 20 mg/kg 2 months No 
Caruso et al 1998 15 16 i.v. 1 g 6 months Yes  
Sloan et al 1998 - d - d p.o. 0.86 g 6 months Yes  

Kletzmayr et al 
1999 20 20 i.v. 5-25 mg/kg 4 months Yes  



Altmann et al 
1999(abstract) 15 15 i.v. 20 mg/kg 16 weeks No 

Mitwalli et al 1999(abstract) 18 13 i.v. 15 mg/kg 6 months No 
 
b First arm before cross-over 
c L-carnitine added to dialysate at final concentration of 100 µmol/l 
d Study report prevents identification of patient N in each sub-group (total N=101) 

 
 

Intervention L-carnitine 
Comparison Placebo or nothing 
Length of 
follow-up 

See table below of included studies 

Outcome 
measures 

 Effect on EPO dose 
 Effect on EPO resistance index (ERI) = EPOdose/Hb 

Effect size 
 

Effect on EPO dose 
 

 6 studies (N=171) addressed if carnitine administration reduced EPO dose whilst maintaining a stable Hb/Hct (Labonia et 
al, Patrikarea et al, Megri et al, Caruso et al, Altmann et al and Kletzmayr et al)—see table below for details of study 

 An EPO dose reduction was observed in 5 of 6 studies (all except for Caruso et al), whilst maintaining comparable target 
Hb in both carnitine and control groups. The EPO dose was significantly reduced in 4 studies (Labonia et al, Patrikarea et 
al, Megri et al and Kletzmayr et al) 

 The common size of effect was –0.75 (95% CI -1.46 to -0.05)(random effects model) with a statistically significant 
level of heterogeneity (H test 0.02, P=0.01), thus undermining the robustness of these results (heterogeneity is present 



if H test <0.10) 
 
 
Effect on EPO resistance index (ERI) 

 The authors state they were able to calculate this for 4 trials only (Labonia et al, Caruso et al, Altmann et al and 
Kletzmayr et al) 

 In the control groups, there was no change in EPO dose and no variation of Hb levels, resulting in an unmodified ERI 
 The carnitine-treated groups, in contrast, showed decreased ERI in 3 of the 4 studies, in favour of an improvement 

(N.B. This isn’t surprising as these studies showed the same profiles in EPO dose. I.e. 3 of 4 studies showed decreased 
EPO dose. Therefore as Hb levels didn’t vary, it is EPO dose that will determine ERI) 
 

Source of 
funding 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Semeniuk J, Shalansky KF, Taylor N, Jastrzebski J, Cameron EC. Evaluation of the effect of 

intravenous l-carnitine on quality of life in chronic hemodialysis patients. Clinical Nephrology 
2000;54:470-7. 

Study type Randomised controlled study, cross-over design, double-blind 
Evidence level 1+ 
Study objective To determine the effect of L-carnitine on quality of life in chronic haemodialysis patients 
Number of patients N=16 
Patient characteristics Inclusion criteria: 

 Older than 18 years 
 Receiving HD for more than 1 year 
 Experiencing at least 2 symtoms potentially associated with L-carnitine deficiency 

(persistent muscle cramping, hypotensive episodes during dialysis, lack of energy, skeletal 
muscle weakness and/or myopathy, cardiomyopathy induced by HD, anaemia of uraemia 
unresponsive to or requiring large doses of EPO 

 
 
 
Exclusion criteria: 

 Mentally incompetent to complete a QoL questionnaire 
 
Characteristic N=16 



Male/female 5/11 
Mean age (years) 66.9 ± 15.9 
Mean weight (kg) 62.6 ± 14.6 
Indication 
Muscle cramps 
Intradialytic hypotension 
Lack of energy 
Muscle weakness 
Cardiomyopathy 
Lack of responsiveness to 
EPO 

 
6 
9 
11 
8 
1 
1 

Mean time on dialysis 
(months) 

52.8 (range 12-
123) 

Kt/V 1.6 ± 0.2 
Missed doses 
Carnitine/placebo (%) 

 
5.5/4.3 

Mean blood pressure (mmHg) 
Standing 
Lying 

 
140/77 ± 15/9 
138/74 ± 16/9 

Mean heart rate (bpm) 75 ± 11 
Mean serum potassium 
(mmol/l) 

5 ± 0.8 

Mean serum calcium (mmol/l) 2.4 ± 0.2 
Mean serum phosphate 
(mmol/l) 

1.7 ± 0.6 

Mean serum urea (mmol/l) 21.7 ± 6 
Mean serum creatinine 
(µmol/l) 

764 ± 208 



Mean TSAT (%) 0.29 ± 0.09 
Mean serum ferritin (µg/l) 512 ± 446 

 
Values are mean ± SD 
 

Intervention L-carnitine 20 mg/kg i.v. (cross-over design) 
Comparison Placebo (normal saline) i.v. (cross-over design) 
Length of follow-up Study duration 12 weeks in each treatment arm (total duration 30 weeks, including 6-week 

wash-out period) 
Outcome measures  Primary outcome measure: Quality of life was evaluated using the Kidney Disease 

Questionnaire which assess well-being and contains 26 questions in 5 categories: physical 
symptoms, fatigue, depression, relationship with others and frustration. All questions are 
scored on a 7-point Likert scale where 1 represents a severe problem and 7 represents no 
problem at all 

 Secondary outcome measure: Hb and EPO dose 
Effect size  There were no significant differences between placebo and L-carnitine 

 There were no significant differences in any of the secondary outcome parameters. Mean 
weekly EPO dose and Hb values remained constant throughout the study 

 
 
 
 
 
 

Carnitine Placebo  
Baseline 6 weeks 12 weeks Baseline 6 weeks 12 weeks 

KDQ scores       
Physical  4.3 ± 1.2 4.5 ± 1.0 4.7 ± 1.2 3.8 ± 1.0 4.4 ± 0.8 4.5 ± 1.1 



Relationships 4.7 ± 1.3 4.7 ± 1.3 5.1 ± 1.3 4.7 ± 0.9 4.6 ± 1.0 5.2 ± 0.8 
Fatigue 3.8 ± 1.2 3.8 ± 1.2 4.2 ± 1.5 3.4 ± 0.8 3.6 ± 1.1 3.7 ± 1.3 
Depression  4.8 ± 1.4 4.7 ± 1.3 5.0 ± 1.3 4.7 ± 1.1 4.8 ± 1.1 5.1 ± 1.1 
Frustration  5.2 ± 1.3 5.3 ± 1.0 5.3 ± 1.4 4.9 ± 1.4 5.1 ± 1.3 5.3 ± 1.1 
Overall  4.5 ± 1.1 4.5 ± 0.9 4.8 ± 1.2 4.2 ± 0.7 4.4 ± 0.8 4.7 ± 0.9 
Muscle 
cramps  

7/16 (44%) 6/16 
(38%) 

5/16 
(31%)  

8/16 (50%) 6/16 
(38%) 

4/15 
(27%) 

Hypotension  7/16 (44%) 5/16 
(31%) 

6/16 
(38%) 

9/16 (56%) 8/16 
(50%) 

5/15 
(31%) 

EPO (U) 8,562.5 ± 
6,762.3 

9,062.5 ± 
6,771 

8,750.0 ± 
7,094.6 

8,750 ± 
6,836.2 

8,875 ± 
6,869 

9,133.3 ± 
5,962.6 

Hb (g/l) 112.9 ± 
19.1 

114.6 ± 
15.5 

114.9 ± 
15.0 

117.2 ± 
13.1 

117.5 ± 
13.6 

119.0 ± 
14.8 

Values are mean ± SD 
 
 
 

Source of funding L-carnitine was donated by a pharmaceutical company 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Kletzmayr J, Mayer G, Legenstein E, Heinz-Peer G, Leitha T, Horl WH et al. Anemia and 

carnitine supplementation in hemodialyzed patients. Kidney International - Supplement 
1999;69:S93-106.  

Study type RCT, double-blind 
Evidence level 1+ 
Study objective To investigate the effect of i.v. carnitine on renal anaemia in haemodialysis patients treated 

with Epoetin 
Number of patients N=40 
Patient characteristics Inclusion criteria: 

 Maintenance HD for more than 6 months 
 Stable Epoetin requirement 
 Stable Hb 9-12 g/dl obtained in a run-in phase of 6 months, during which 20 mg iron 

saccharate was administered i.v. after each dialysis session 
 
Exclusion criteria: 

 Blood loss for any reason (e.g. GI bleeding, surgery, infection or malignancy) 
 Transfusions during the last 6 months before study entry 

 
 
 
 
 



 
 EPO + 

carnitine 
N=20 

EPO only 
N=20 

P 

Age 54.3 ± 17.0 51.3 ± 15.2 NS 
Sex (females/males) 8/12 11/9 NS 
Duration of dialysis 
(months) 

30.0 ± 17.5 43.2 ± 49.8 NS 

Vitamin B12 (pmol/l) 279.7 ± 137.5 288.8 ± 71.3 NS 
Folic acid (nmol/l) 36.1 ± 17.1 33.6 ± 17.9 NS 
iPTH (pg/ml) 266.2 ± 204.5 218.6 ± 204.4 NS 
Al plasma (µg/l) 33.7 ± 23.7 27.1 ± 14.6 NS 

 
 
Baseline carnitine levels All patients 

N=40 
Males  
N=21 

Females 
N=19 

P 

Plasma free carnitine 
(µmol/l) 

31.3 ± 12.0 35.4 ± 12.5 26.7 ± 10.0 <0.05 

Plasma total carnitine 
(µmol/l) 

54.9 ± 18.8 59.7 ± 20.6 49.5 ± 15.4 NS 

 
 

Intervention Epoetin + i.v. iron for 4 months only + L-carnitine 5 mg/kg (N=15) or L-carnitine 25 mg/kg 
(N=5)  

Comparison Epoetin + i.v. iron for 4 months only + Placebo (0.9% saline) 
Length of follow-up Study duration 8 months 
Outcome measures  EPO requirement 
Effect size  



EPO requirement 
 
EPO dose (U/kg/week) EPO + 

carnitine group 
N=20 

EPO only 
group  
N=20 

P 

T=0 months (baseline)  172.0 ± 118.0  143.9 ± 82.4 NS 
After T=4 months 152.3 ± 118.8 

(N=19) 
158.6 ± 105.4 NS 

T=4 months 172.0 ± 118.0 152.3 ± 118.8 NS 
 
 
 
 EPO + 

carnitine group 
N=20 

EPO only 
group  
N=20 

P 

Change in EPO dose 
(U/kg/week) 

-19.7 ± 44.7 15.0 ± 43.8 <0.05 

ERI (EPO/Hb) 16.0 ± 11.0 13.6 ± 10.5 <0.02 
 
 

 8 of 19 (42%) in the carnitine group responded to carnitine supplementation, reducing 
EPO dose by 57.1 ± 44.5 U/kg/week. EPO dose was significant at T=8 months compared 
to baseline, 126.6 ± 217.9 vs. 183.7 ± 131.7 U/kg/week (P<0.001) 

 
 Response rate was not significantly higher in patients receiving 25 mg/kg (responders 3/5) 

compared to patients receiving 5 mg/kg (responders 5/14) 
 



 
 
 
 
 

 After withdrawal of iron after 4 months, EPO requirement increased in both L-carnitine and 
placebo treated groups 

 
 
T=8 months EPO + 

carnitine group 
 

EPO only 
group  
 

P 

EPO dose (U/kg/week) 180.7 ± 102.7 172.6 ± 116.2 NS 
ERI (EPO/Hb) 17.2 ± 10.0 16.4 ± 11.1 NS 

 
 

Regression analyses 
 

 There was no significant correlation between the individual EPO requirement and carnitine 
levels at T=0 months 

 At T=4 months, there were significant negative correlations between plasma free carnitine, 
plasma total carnitine and plasma free carnitine:plasma total carnitine to EPO dose and 
ERI 

 
EPO ERI N=37 
r P r P 

plasma free carnitine -0.49 <0.01 -0.48 <0.01 



plasma total carnitine -0.45 <0.01 -0.45 <0.01 
plasma acylcarnitine -0.29 NS -0.31 NS 
plasma free carnitine:plasma total 
carnitine 

-0.44 <0.01 -0.41 <0.05 

 
Carnitine group (N=19) Placebo group (N=18)  
EPO r P ERI r P EPO r P ERI r P 

plasma free 
carnitine 

-0.62 <0.01 -0.63 <0.01 -0.25 NS -0.21 NS 

plasma total 
carnitine 

-0.56 <0.05 -0.57 <0.05 -0.29 NS -0.28 NS 

plasma 
acylcarnitine 

-0.33 NS -0.34 NS -0.24 NS -0.29 NS 

plasma free 
carnitine:plasma 
total carnitine 

-0.71 <0.01 -0.70 <0.01 -0.05 NS 0.03 NS 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Romagnoli GF, Naso A, Carraro G, Lidestri V. Beneficial effects of L-carnitine in dialysis 

patients with impaired left ventricular function: An observational study. Current Medical 
Research & Opinion 2002;18:172-5.  

Study type Observational longitudinal study 
Evidence level 3- 
Study objective To investigate whether the administration of L-carnitine adjuvant therapy might be associated 

with beneficial affects on cardiovascular and clinical status in dialysis patients with impaired 
left ventricular function 

Number of patients N=11 
Patient characteristics  No inclusion or exclusion criteria given by the authors, but N=23 haemodialysis patients 

were assessed for LVF 
 Stability of LVF measurements was assessed after a 1 month run-in period and N=11 had 

signs of impaired LVF (EF <45%) 
Age (years) 63 ± 10 
Men/women 10/1 
Duration of dialysis (months) 20 ± 17 
Heart rate (beats/min) 73 ± 12 
Systolic BP (mmHg) 135 ± 9 
Diastolic BP (mmHg) 78 ± 7 
Concurrent Tx 
ACE-inhibitors (%) 
Digitalis (%) 

 
10 
11 



Nitrates (%) 2 
New York Heart Association 
Classification 
Class I (%) 
Class II (%) 
Class III (%) 

5 
4 
2 

 
Intervention L-carnitine 1 g i.v. during each dialysis session + Epoetin  
Comparison N/A 
Length of follow-up Study duration 8 months 
Outcome measures  Left ventricular ejection fraction (LVEF) 

 Epoetin dose 
Effect size Left ventricular ejection fraction (LVEF) 

 
 LVEF increased (P value not provided by the authors) 
 NYHA Class “improved slightly” (i.e. not significant) 

 

Epoetin dose 
 This decreased slightly from 7,000 ± 3,000 IU to 6,000 ± 2,000 IU 

 
Source of funding Not reported 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Caruso U, Leone L, Cravotto E, Nava D. Effects of L-carnitine on anemia in aged 

hemodialysis patients treated with recombinant human erythropoietin: A pilot study. Dialysis & 
Transplantation 1998;27:498-506.  

Study type RCT, double-blind 
Evidence level 1+ 
Study objective To investigate the benefit of carnitine supplementation with EPO in elderly HD patients 
Number of patients N=31 but N=28 completed the study 
Patient characteristics Inclusion criteria: 

 >40 years 
 dilaytic age >1 year 
 EPO therapy >9 months 
 Hct 30-35% 
 Normal iron status (according to serum iron, ferritin and TSAT) 

 
 
Exclusion criteria: 

 Recent L-carnitine treatment (within 2 months) 
 Severe hyperparathyroidism (PTH >150 pg/ml) 
 Signs of Al intoxication 
 Uncontrolled hypertension 
 Severe liver disease 
 Other severe illnesses 



 Causes of anaemia other than uraemia 
 Pregnancy 

 
All patients L-carnitine 

group 
N=15 

Placebo 
group 
N=16 

Gender 
(male/female) 

11/4 5/11 

Age (years) 67.60 ± 13.43 65.69 ± 14.54 
Dialytic age (years) 3.73 ± 2.49 5.56 ± 4.38 

 
 
Patients aged >65 
years 

L-carnitine 
group 
N=10 

Placebo 
group 
N=11 

Gender 
(male/female) 

8/2 1/10 

Age (years) 74.30 ± 8.08 75.64 ± 7.33 
Dialytic age (years) 4.10 ± 2.85 5.80 ± 4.94 

 
 
 

Intervention EPO + 1 g L-carnitine i.v. three times a week 
Comparison EPO + Placebo  
Length of follow-up Study duration 6 months, follow-up thereafter 3 months 
Outcome measures  EPO dose requirement and Hct levels 
Effect size 

 



EPO dose requirement and Hct levels 
 No significant changes were observed in all patients studied, except within the placebo 

group during follow-up 
 
 
All patients  L-carnitine group 

N=12 
Placebo group 
N=16 

EPO dose (IU) and (IU/kg/wk) 
Baseline 4,833 ± 2,480 (79.8 ± 45.2) 5,875 ± 3,138 (105.9 ± 53.2) 
Month 6 5,167 ± 3,834(83.9 ± 63.1) 5,875 ± 3,667(107.9 ± 66.8) 
Follow-up  6,364 ± 3,557(104.1 ± 63.0) 7,125 ± 3,500 (132.1 ± 

63.7)* 
Hct (%) 
Baseline 33.09 ± 2.03 32.85 ± 2.16 
Month 6 33.35 ± 4.07 30.86 ± 5.80 
Follow-up  33.08 ± 2.20 29.99 ± 4.87 

 
*P<0.05 vs. month 6 
 

 When stratified to over 65 years, EPO requirement increased in both groups during follow-
up and Hct levels were significantly lower in the placebo group at follow-up 

 
Patients >65 years L-carnitine group 

N=12 
Placebo group 
N=16 

EPO dose (IU) and (IU/kg/wk) 
Baseline 4,444 ± 2,603 (75.5 ± 48.7) 4,600 ± 2,319 (83.8 ± 38.4) 



Follow-up  5,500 ± 3,505 (92.8 ± 64.4) 7,600 ± 3,627† (141.3 ± 63.2)
Hct (%) 
Baseline 33.36 ± 1.96 33.60 ± 1.96 
Month 6 33.88 ± 4.63 31.18 ± 6.15 
Follow-up  32.84 ± 2.26 28.10 ± 4.07‡ 

 
*P<0.05 vs. month 6 
† P<0.05 vs. baseline 
 ‡P<0.05 vs. L-carnitine 
 
 
 
 

 Additionally reticulocyte count did not show any significant differences between the 2 
groups or within the groups 

 
 
 
Reticulocyte count (%) L-carnitine 

group 
N=12 

Placebo 
group 
N=16 

All patients 
Baseline 6.38 ± 1.00 6.53 ± 0.80 
Month 6 6.38 ± 1.09 6.47 ± 1.10 
Follow-up  6.58 ± 1.44 6.25 ± 1.00 
Patients >65 years 
Baseline 6.28 ± 1.09 6.68 ± 0.90 
Month 6 6.44 ± 1.26 6.60 ± 1.24 



Follow-up  6.56 ± 1.33 6.40 ± 1.07 
 
 

Source of funding Not reported 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Giancaspro V, Nuzziello M, Pallotta G, Sacchetti A, Petrarulo F. Intravenous ascorbic acid in 

hemodialysis patients with functional iron deficiency: a clinical trial. Journal of Nephrology 
2000;13:444-9. 

Study type RCT, open label, cross-over design 
Evidence level 1+ 
Study objective To test the efficacy of i.v. ascorbic acid in circumventing Epoetin resistance in haemodialysis 

patients with functional iron deficiency 
Number of patients N=24 
Patient characteristics Inclusion criteria: 

 Age 18-75 years 
 Bicarbonate HD therapy for at least 6 months 
 Unchanged dosage of s.c. Epoetin 



 Hb <10 g/dl 
 TSAT <20% 
 Serum ferritin >300 µg/l 
 C-reactive protein <0.5 mg/dl (all for at least 3 months) 

 
Exclusion criteria in the preceding period and during the course of the study: 

 Iron therapy 
 Blood transfusion 
 Multiple vitamin supplements 
 GI blood loss or malabsorption syndromes 
 Acute inflammatory or infectious processes 
 Hepatopathy 
 Haemosiderosis 
 Malignancy 
 Uncontrolled hypertension (intact PTH <400 pg/ml) 
 Inadequate dialysis dose 
 Haemoglobinopathy 
 Treatment with theopylline or ACE-inhibitors 

 
 Group I 

I.v. ascorbic acid 500 mg 
3 times a week for 3 
months and discontinued 
over the next 3 months 

Group II 
No i.v. ascorbic acid for the 
first 3 months and then 500 
mg 3 times a week over the 
next 3 months 

N 12 12 
Mean age (years) 61.2 (range 31-74) 58.6 (range 22-72) 
Sex (male/female) 7/5 6/6 
Duration of HD (months) 44.3 ± 18.8 47.3 ± 13.7 
Causes of ESRD    



Chronic glomerulonephritis 
Chronic interstitial nephritis 
Hypertensive 
nephrosclerosis 
Diabetic nephropathy 
Unknown  

3 
3 
2 
1 
3 

2 
4 
1 
3 
2 

Kt/V 1.21 ± 0.05 1.28 ± 0.06 
n-PCR 1.08 ± 0.05  1.11 ± 0.03 
Serum albumin (g/dl) 3.6 ± 0.1 3.7 ± 0.1 
C-reactive protein (mg/dl) 0.25 ± 0.1 0.38 ± 0.2 
Reticulocyte index (%) 0.9 ± 0.1 1.1 ± 0.2 
Intact PTH (pg/dl) 183 ± 45 216 ± 42 
Epoetin (U/kg/week) 131 ± 35 145 ± 29 

 
 

Intervention I.v. ascorbic acid 500 mg 3 times a week and Epoetin to target Hb 12g/dl (cross-over) 
Comparison Epoetin to target Hb 12g/dl only (cross-over) 
Length of follow-up Study duration 6 months, of which 3 months involved ascorbic acid administration 
Outcome measures  Hb, serum ferritin and TSAT at the beginning, at 3 months and at the end of the study 

 Epoetin dose 
 Group I vs. Group II 

Effect size 
Hb, serum ferritin and TSAT at the beginning, at 3 months and at the end of the study 
 

 Group I (N=12): Hb and TSAT increased significantly after 3 months, whilst ferritin 
significantly decreased. In the following 3 months (N=10), mean Hb and TSAT significantly 
decreased. Ferritin did not change 

 Group II (N=12): Mean Hb, ferritin and TSAT remained unchanged over the first 3 months. 



At end of the study, Hb and TSAT had significantly increased and ferritin decreased  
 
 Group I (I.v. ascorbic acid 

first 3 months) 
Group II (I.v. ascorbic acid 
last half of study) 

Hb (g/dl) 
Initial  9.2 ± 0.2 9.1 ± 0.2 
After 3 months 10.0 ± 0.3* 9.0 ± 0.2 
Final 8.9 ± 0.2** 9.9 ± 0.2^ 
Ferritin (µg/l) 
Initial  572 ± 40 484 ± 53 
After 3 months 398 ± 55# 450 ± 50 
Final 383 ± 81 206 ± 24¶ 
TSAT (%) 
Initial  17.5 ± 0.6 17.9 ± 0.5 
After 3 months 25.7 ± 1.7§ 18.4 ± 1.0 
Final 19.1 ± 1.1§§ 27.0 ± 1.0† 

Group I 
* P<0.01 Hb initial vs. 3 months 
** P<0.01 Hb 3 months vs. final 
# P<0.004 ferritin initial vs. 3 months 
§ P<0.001 TSAT initial vs. 3 months 
§§ P<0.001 TSAT 3 months vs. final 
 
Group II 
^ P<0.005 Hb 3 months vs. final 
¶ P<0.001 ferritin 3 months vs. final 
† P<0.001 TSAT 3 months vs. final 
 



 In summary, when patients were on i.v. ascorbic acid, Hb and TSAT increased whilst 
ferritin decreased  

 

Epoetin dose 
 This remained unchanged, aiming for target Hb 12 g/dl 
 None of the patients attained Hb over 12 g/dl 

 
 

Group I vs. Group II 
First 3 months:  

 Mean Hb increased in Group I by 0.8 ± 0.2 g/dl and decreased in Group II by 0.1 ± 0.1 g/dl 
(P<0.009) 

 Ferritin decreased in both groups; 173 ± 48 vs. 33 ± 21 g/l in Group II and II respectively 
(P<0.01) 

 TSAT increased in both groups; 8.2 ± 1.5 vs. 0.4 ± 0.7 in Group II and II respectively 
(P<0.001) 
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Tarng DC, Wei YH, Huang TP, Kuo BI, Yang WC. Intravenous ascorbic acid as an adjuvant 

therapy for recombinant erythropoietin in hemodialysis patients with hyperferritinemia. Kidney 
International  1999;55:2477-86.  

Study type Non-randomised controlled trial 
Evidence level 2- 
Study objective To investigate the use of i.v. ascorbic acid as an adjuvant therapy to Epoetin in haemodialysis 

patients with hyperferritinaemia 
Number of patients N=65 were recruited, but N=52 completed the study 
Patient characteristics Inclusion criteria: 

 Hyperferritinaemia, defined as serum ferritin >500 µg/l; related to previous multiple blood 
transfusions or over-treatment with i.v. iron 

 Time on HD 6 months or more 
 Duration of Epoetin treatment 6 months or more 
 Stable serum ferritin and Hct for 3 consecutive months  
 No iron supplements or blood transfusions in the preceding 3 months 

 
Exclusion criteria: 

 Bleeding 
 Blood transfusions 
 Haemolysis 
 Acute liver diseases 
 Infections 



 
 
Patients were stratified into i.v. ascorbic acid (Hct <30%) and control group (Hct >30%) 
depending on their Hct levels at baseline 
 Controls I.v. ascorbic acid 

Responders 
I.v. ascorbic acid 
Non-responders 

Demographic characteristics 
N 15 18 19 
Age (years) 57 ± 15 59 ± 13 52 ± 10 
Sex (male/female) 7/8 6/12 7/12 
Duration of HD (months) 47 ± 64 62 ± 52 37 ± 32 
Time on Epoetin (months) 18 ± 9 28 ± 20 23 ± 16 
Cause of ESRD 
Chronic glomerulonephritis 
Chronic interstitial nephritis 
Hypertensive 
nephrosclerosis 
Diabetic nephropathy 
Lupus nephritis 
Unknown  

 
6 
4 
1 
4 
0 
0 

 
8 
1 
2 
4 
2 
1 

 
4 
5 
2 
4 
4 
0 

Baseline data 
Hb (g/dl) 10.8 ± 0.8 8.9 ± 0.7a 8.5 ± 0.8 a 
Hct (%) 31.5 ± 2.1 26.5 ± 2.1 a 25.0 ± 2.6 a 
MCV (fl) 92.0 ± 5.8 90.9 ± 5.7 92.3 ± 4.9 
Epoetin dose (U/kg/week) 71 ± 23 98 ± 29 a 100 ± 20 a 
Serum ferritin (µg/l) 911 ± 557 816 ± 435 977 ± 710 
Serum iron (µg/dl) 92 ± 46 68 ± 37 87 ± 54 
TSAT (%) 45 ± 20  27 ± 10 a,b 37 ± 16 



E-ZPP (µmol/mol heme) 73 ± 14 135 ± 43 a,b 91 ± 18 
Serum Al (µg/l) 32 ± 11 26 ± 10 28 ± 12 
Intact PTH (pg/ml) 152 ± 181 77 ± 64 107 ± 96 
C-reactive protein 0.8 ± 1.5 0.4 ± 0.5 0.3 ± 0.3 
Fibrinogen (mg/dl) 363 ± 101 356 ± 76 368 ± 70 
Reticulocyte index (%) 1.2 ± 0.3 1.4 ± 0.6 1.9 ± 0.5 
Haptoglobin (mg/dl) 203 ± 121 161 ± 78 170 ± 52 

 
a P<0.05 responders or non-responders vs. controls 
b P<0.05 responders vs. non-responders 
 

Intervention Ascorbic acid 300 mg i.v. three times a week + Epoetin s.c. 2-3 times a week to target Hct 30-
31% 

Comparison Epoetin s.c. 2-3 times a week to target Hct 30-31%  
Length of follow-up Treatment duration was 8 weeks, with a 4-week follow-up period 
Outcome measures  Effect of i.v. ascorbic therapy; Hb and Hct and EPO dose 

 Post-treatment follow-up 
 
 

Effect size 
Effect of i.v. ascorbic therapy 
 

Hb and Hct 
 Hb and Hct significantly increased in the responders (N=18) at 2 weeks and subsequent 

weeks (P<0.05). Non-responders, however did not achieve this increase. Controls 
maintained stable levels throughout the study 

 



Responders (N=18)  
Baseline t=8 weeks 

P 

Hb (g/dl) 8.8 ± 0.5 10.7 ± 0.9 <0.001 
Hct (%) 26.4 ± 1.8 31.6 ± 2.8 <0.001 
Reticulocyte index 
(%) 

1.4 ± 0.6 2.9 ± 0.5 <0.05 

 
Non-responders 
(N=19) 

 

Baseline t=8 weeks 

P 

Hb (g/dl) 8.5 ± 0.8 8.2 ± 1.0 NS 
Hct (%) 25.0 ± 2.6 24.0 ± 3.0 NS 
Reticulocyte index 
(%) 

1.9 ± 0.5 2.1 ± 0.8 NS 

 
 
 
 
 
 

Control (N=15)  
Baseline t=8 weeks 

P 

Hb (g/dl) 10.8 ± 0.8 10.4 ± 1.0 NS 
Hct (%) 31.5 ± 2.1 31.1 ± 2.4 NS 
Reticulocyte index 
(%) 

1.2 ± 0.3 1.4 ± 0.3 NS 

 
 



EPO dose 
 Therapeutic Epoetin doses decreased in responders, but not in non-responders. Overall 

Epoetin dose had a 24% reduction in responders and a 23% increment in non-responders. 
Epoetin dose in the control group remained stable for the 8 week study duration 

 
 
 Epoetin dose 

(U/kg/week) 
Responders 

P* Epoetin dose 
(U/kg/week) 
Non-responders 

P* P† P# 

t=4 
weeks 

84 ± 34 <0.05 100 ± 20 NS <0.05 NS 

t=8 
weeks 

75 ± 44 <0.05 123 ± 69 NS <0.05 <0.05

* vs. baseline 
† vs. control 
# vs. responders 
 
 
 
 
 

Post-treatment follow-up 
 Hb decreased and EPO dose increased in responders 

 
Responders End of 8 week study End of 4 weeks follow-

up 



Hb (g/dl) 10.7 ± 0.9 9.9 ± 0.7 
EPO dose 
(U/kg/week) 

75 ± 44 94 ± 47 

 
 There were no significant changes in Hb or EPO dose in non-responders 

 
Non-responders End of 8 week study End of 4 weeks follow-

up 
Hb (g/dl) 8.2 ± 1.0 7.9 ± 0.7 
EPO dose 
(U/kg/week) 

123 ± 69 121 ± 65 

 
 

 Body weight and vitamin C dietary intake were comparable over the 3 groups 
 
 Body weight 

(kg) 
Vitamin C dietary intake 
(mg/day) 

Controls 52 ± 9 140 ± 92 
Responders  57 ± 16 146 ± 83 
Non-
responders 

54 ± 10 136 ± 89 
 

Source of funding Government and hospital research grants 
Citation  
NCC CC ID (Ref Man) 254 
 
 
 



Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of anaemia due to 
CKD? 
 
Bibliographic reference  Keven K. Randomized, crossover study of the effect of vitamin C on EPO response in hemodialysis 

patients. American Journal of Kidney Diseases 2003;41:1233-9.  
Study type RCT, cross-over design, double-blind 
Evidence level 1- 
Study objective To evaluate the effect of vitamin C administration on EPO response in haemodialysis patients 
Number of patients N=63, but N=58 completed the study 
Patient characteristics Inclusion criteria: 

 18 years+ 
 Minimum 6 months HD 
 Stable Hb for at least 3 months 
 Stable EPO dose 
 Unchanged maintenance iron therapy 

 
Exclusion criteria: 

 Absolute iron deficiency (defined as TSAT <20%, serum ferritin <100 ng/ml or <224.7 pmol/l) 
 Vitamin B12 or folate deficiency 
 Any blood transfusion during the study 
 Bleeding 
 Haemoglobinopathy 
 Haemolysis 
 Aluminium toxicity 
 Development of malignancy 



 Acute infections and inflammatory processes 
 Advanced liver disease 
 Change in iron replacement therapy 
 Taking multivitamin preparations 

 
 Group I (N=30) Group II (N=30)
Sex (men/women) 14/16 13/17 
Age (years) 40.2 ± 9.5 42.0 ± 14.3 
Dialysis duration 
(months) 

52 ± 46 46 ± 47 

Kt/V  3.66 ± 0.73 3.80 ± 0.91 
Hb (g/dl) 9.7 ± 1.2 10.3 ± 1.4 
EPO dose (IU/week) 8,567 ± 3,114 6,969 ± 3,178 
EPO/Hb ratio 906 ± 370 700 ± 342 
TSAT (%) 28.2 ± 10.0 30.1 ± 14.0 
Ferritin (ng/ml) 382 (105-

1,372) 
259 (100-
2,536) 

Albumin (g/dl) 4.0 ± 0.5 3.9 ± 0.6 
C-RP (mg/l) 3.1 (3.1-77.3)  3.1 (3.1-84.0) 
Vitamin B12 (pg/ml) 464 ± 219 480 ± 214 
Folate (ng/ml) 9.7 ± 4.2 9.5 ± 5.2 
PTH (pg/ml) 197 (9-1,919) 108 (12-2,171) 
Aluminium (µg/l) 14.8 ± 8.7 13.2 ± 8.9 

Values are mean ± SD or median (range) 
 

Intervention 500 mg vitamin C i.v. at the end of each dialysis session i.e. 3 times a week (cross-over design) + EPO 
s.c. + i.v. maintenance iron to target Hb 11-12 g/dl 

Comparison Placebo (cross-over design) + EPO s.c. + i.v. maintenance iron to target Hb 11-12 g/dl 



Length of follow-up Study duration was 12 months total, with 6 months in each intervention 
Outcome measures  Hb levels 

 EPO to Hb ratio 
 Changes in Hb levels, EPO doses and EPO:Hb ratios between the 2 groups 

Effect size Group I: Received vitamin C for 6 months, then crossed over to receive placebo for 6 months 
Group II: Received placebo for 6 months, then crossed over to receive vitamin C for 6 months 
 

Hb levels and EPO to Hb ratio 
 

 In Group I, vitamin C treatment resulted in significant increase in Hb levels and TSAT and decrease 
in both EPO dose and EPO:Hb ratio. Other parameters remained unchanged (Kt/V, albumin, C-RP, 
ferritn, vitamin B12 and folate levels). Placebo treatment in the second phase of the study caused no 
significant changes in any parameters 

 In Group II, vitamin C treatment resulted in significant increase in Hb levels and TSAT and decrease 
in EPO:Hb ratio. There was no significant change in EPO dose. Other parameters remained 
unchanged (Kt/V, albumin, C-RP, ferritin, vitamin B12 and folate levels). Placebo treatment caused 
no significant changes in any parameters 

 
 

Group I Group II  
Before 
Vitamin C 

After  
Vitamin C 

P Before  
Vitamin C 

After 
 Vitamin C 

P 

Hb (g/dl) 9.7 ± 1.2 11.4 ± 1.6 <0.0001 11.0 ± 1.6 12.2 ± 1.4 <0.0001 
EPO dose 
(IU/wk) 

8,567 ± 
3,114 

7,200 ± 
3,994 

0.015 7,667 ± 
3,356 

6,679 ± 
4,074 

NS 

EPO:Hb ratio 906 ± 370 653 ± 389 <0.0001 749 ± 445 582 ± 400 0.019 
TSAT (%) 28.2 ± 10.0 38.5 ± 19.3 0.009 31.9 ± 11.5 43.3 ± 14.9 0.005 



Ferritin (ng/ml) 382 (105-
1,372) 

381 (105-
1,166) 

NS 263 (105-
1,998) 

391 (100-
2,412) 

NS 

 
 

 N=20 (66.7%) were responsive in Group I and N=18 (64.3%) responsive in Group II 
 N. B. N=8 in Group I and N=6 in Group II had iron overload before the initiation of vitamin C therapy 

 Group I 
Responders 

Group II 
Responders 

P (Group I vs. Group 
II) 

Hb Before (g/dl) 9.6 ± 1.1 10.8 ± 1.8 NS 
Hb After (g/dl) 11.9 ± 1.3 12.6 ± 1.2 NS 
EPO dose reduction 
(IU/wk) 

2,650 ± 2,368 2,333 ± 4,144 NS 

 
 The authors state there were no significant differences in other parameters between the responders 

and non-responders, except that baseline C-RP levels tended to be lower in responders (P=0.053) 
 

 There were no significant differences in percentage of patients who had a response to vitamin C in 
those with normal iron status and iron overload (63.7% vs. 75% in Group I and 59.1% vs. 83.3% in 
Group II, respectively; P=NS for both) 

 
 Similarly, changes in Hb levels, EPO doses and EPO:Hb ratios were the same in patients with 

normal iron status and iron overload 
 
 
 
 
 
 Months Group I Group II 



Normal iron  
status 

Iron overload P Normal iron 
status 

Iron overload P 

0-6 1.8 ± 1.7 1.6 ± 1.6 NS 1.1 ± 2.3 1.4 ± 1.5 NS 
6-12 -0.3 ± 1.7 -0.1 ± 1.7 NS 0.7 ± 1.6 0.9 ± 1.3 NS 

Hb (g/dl) 

0-12 1.5 ± 1.5 1.5 ± 2.3 NS 1.7 ± 2.0 2.2 ± 1.2 NS 
0-6 -1,363 ± 

3,110 
-1,375 ± 
2,387 

NS 708 ± 3,099 667 ± 3,266 NS 

6-12 591 ± 2,702 625 ± 2,2387 NS -682 ± 4,051 -2,167 ± 
3,250 

NS 

EPO dose 
(IU/wk) 

0-12 -772 ± 3,465 -750 ± 1,832 NS 227 ± 4,587 -1,500 ± 
3,450 

NS 

 
 

Changes in Hb levels, EPO doses and EPO:Hb ratios between the 2 groups 
 Change in Hb from baseline: I.v. AA vs. placebo was significantly different only for Group II 
 Change in EPO dose from baseline: I.v. AA vs. placebo was significantly different only for Group I 
 Change in EPO:Hb ratio from baseline: I.v. AA vs. placebo was significantly different in both Group I 

and Group II 
 When changes were evaluated for baseline vs. end of the study, no difference was seen between 

the 2 groups 
 
 
 
 
 
 
 
 



 Months Group I Group II P 
0-6 1.8 ± 1.6 1.1 ± 2.1 NS 
6-12 -0.3 ± 1.6 0.7 ± 1.5 0.021 

Change in Hb 
(g/dl) 

0-12 1.5 ± 1.7 1.9 ± 1.8 NS 
0-6 1,367 ± 2,895 700 ± 3,075 0.01 
6-12 600 ± 2,581 -1,000 ± 

3,887 
NS 

Change in EPO 
dose (IU/wk) 

0-12 -767 ± 3,019 -142 ± 4,369 NS 
0-6 -253 ± 329 22 ± 401 0.005 
6-12 61 ± 277 -140 ± 320 0.013 

Change in 
EPO:Hb ratio 

0-12 -191 ± 346 -104 ± 441 NS 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1703 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of anaemia 
due to CKD? 
 
Bibliographic reference  Taji Y, Morimoto T, Okada K, Fukuhara S, Fukui T, Kuwahara T. Effects of intravenous 

ascorbic acid on erythropoiesis and quality of life in unselected hemodialysis patients. Journal 
of Nephrology 2004;17:537-43.  

Study type Non-randomised trial 
Evidence level 2+ 
Study objective To assess the effectiveness and safety of i.v. ascorbic acid in unselected HD patients 
Number of patients N=61, however N=52 completed the study 
Patient characteristics Inclusion criteria: 

 Age 18-75 years 
 HD > 6 months 
 Stable ferritin and Hct over the 6 previous months 
 No other chronic or inflammatory disease 

 
Exclusion criteria: 

 Receiving blood transfusions 
 Taking vitamin supplements 
 History of i.v. ascorbic acid 
 Concurrent infection 
 History of GI bleeding 

 



Variable I.v. ascorbic 
acid group 
(N=30) 

Control group 
(N=31) 

Age (years) 59 ± 11.2 58.8 ± 12.5 
Male (number) 12 (40%) 15 (48.4%) 
Height (cm) 157.8 ± 11.5 158.4 ± 7.5 
Dry weight (kg) 51.3 ± 11.7 50.5 ± 9.2 
Body mass index 20.5 ± 3.2 20.0 ± 2.9 
Duration of HD (years) 6.2 ± 5.6 6.0 ± 5.0 
Frequency of HD (number per 
week) 

2.8 ± 0.46 2.8 ± 0.45 

Time on HD (hours) 4.0 ± 0.61 4.0 ± 0.70 
Diabetes mellitus (number) 9 (30.0%) 10 (32.2%) 
ACE-Inhibitor Tx (number) 13 (43.3%) 9 (29.0%) 
Vitamin E coated dialyser 
(number) 

8 (26.7%) 6 (19.4%) 

Systolic BP (mmHg) 151.5 ± 19.0 152.1 ± 19.7 
Diastolic BP (mmHg) 75.8 ± 9.8  76.5 ± 10.8 
Hct (%) 32.7 ± 4.1 33.4 ± 3.9 
Hb (g/dl) 10.5 ± 1.2 10.7 ± 1.2 
Mean corpuscular volume (fl) 98.7 ± 6.1 99.1 ± 5.5 
Serum iron (µg/dl) 57.4 ± 20.4 66.6 ± 30.0 
TIBC (µg/dl) 198 ± 38.2 203 ± 40.3 
TSAT (%) 29.9 ± 10.9 33.8 ± 16.5 
Ferritin (µg/l) 379 ± 341 331 ± 345 
Reticulocyte Hb content (pg) 33.7 ± 2.3 33.9 ± 2.6 
Albumin (g/dl) 3.7 ± 0.33 3.8 ± 0.35 
PTH (pg/ml) 234 ± 224 243 ± 240 



Ascorbic acid concentration 
(µg/ml) 

4.7 ± 5.3 4.7 ± 4.9 

EPO dose (U/week) 4,400 ± 2,972 4,645 ± 2,720 
i.v. iron dose (mg/week) 10.7 ± 23.3 10.3 ± 20.6 

Values are mean ± SD 
All variables were NS between the groups 
 

 Mean QoL scores at baseline (N=61), however, NS differences between the 2 groups 
 
 N=61 Reference 

(Japanese 
dialysis 
patients) 

Physical functioning 69.6 65.3 
Role physical 62.9 48.7 
Bodily pain 61.5 64.6 
General health 
perception 

45.3 43.4 

Vitality 51.0 53.0 
Social functioning 68.6 70.1 
Role emotional 63.7 53.6 
Mental health 65.2 63.5 

 
 

Intervention 100 mg ascorbic acid i.v. after each dialysis session + i.v. iron + EPO 
Comparison i.v. iron + EPO only 
Length of follow-up Study duration 6 months 
Outcome measures  Changes in Hct 



 EPO dose 
 I.v. iron dose 
 Iron metabolism indices (reticulocyte content, TSAT and ferritin) 
 QoL using the Short Form 36 (SF-36) scale- this is a generic multidimensional health-

related QoL measure consisting of 36 items that are compiled in 8-scale scores 
representing physical functioning, role physical, bodily pain, general health perception, 
vitality, social functioning, role emotional and mental health. The items in each scale were 
transformed into one numeric integer (0-100), with a higher score meaning a more 
favourable state 

Effect size  
Changes in Hct, EPO dose, i.v. iron dose  and iron metabolism indices (reticulocyte content, 
TSAT and ferritin) 
 

 There were no significant changes between the 2 groups when the above were compared 
at baseline and 6 months of treatment 

 
 
Hct i.v. AA Control  P 
Baseline 32.1 ± 0.90  33.4 ± 0.66 
6 months 31.6 ± 0.86 32.8 ± 0.71 

0.9 

Values are mean ± SEM 
 
 
 
 
 
 
 
 



 
 

QoL using the Short Form 36 (SF-36) scale 
 

I.v. AA group Control group  
Baseline 
(N=30) 

After 6 
months 
(N=23) 

Baseline  
(N=31) 

After 6 
months 
(n=29) 

Reference 

Physical 
functioning 

68.9 ± 23.8 68.2 ± 22.2 70.2 ± 25.8 75.4 ± 18.6 65.3 

Role physical 65.4 ± 32.5 68.8 ± 30.4 60.3 ± 28.3 71.5 ± 22.4 48.7 
Bodily pain 62.4 ± 27.3 67.0 ± 28.4 60.6 ± 25.3 61.8 ± 24.9 64.6 
General health 
perception 

44.2 ± 18.2 46.2 ± 17.0 46.2 ± 20.4 48.3 ± 16.6 43.4 

Vitality 49.4 ± 21.2 52.3 ± 29.8 52.6 ± 21.9 47.6 ± 25.0 53.0 
Social functioning 72.9 ± 25.2 72.8 ± 19.8 64.5 ± 30.5 68.1 ± 26.2 70.1 
Role emotional 63.1 ± 33.2 67.4 ± 32.4 64.3 ± 31.5 72.3 ± 26.1 53.6 
Mental health 64.2 ± 19.1 69.3 ± 20.9 66.2 ± 26.1 70.6 ± 17.6 63.5 

Values are mean ± SD 
 
 
 
 
 
 
 
 



 
 There were no significant changes in the differences between QoL scores in either group 

 
 I.v.AA group Control 

group 
Physical functioning -1.6 ± 3.9 0.38 ± 2.25 
Role physical 1.0 ± 4.8 9.4 ± 3.6 
Bodily pain 9.7 ± 6.2 0.81 ± 4.9 
General health 
perception 

3.7 ± 2.9 -0.68 ± 2.5 

Vitality 4.3 ± 4.9 -7.5 ± 4.6 
Social functioning 2.7 ± 2.0 0.43 ± 4.0 
Role emotional 6.9 ± 3.9 4.9 ± 4.5 
Mental health 3.6 ± 3.7 -1.7 ± 3.2 

Values are mean ± SEM 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1708 
 
 
 



Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Tarng DC,.Huang TP. A parallel, comparative study of intravenous iron versus intravenous 

ascorbic acid for erythropoietin-hyporesponsive anaemia in haemodialysis patients with iron 
overload. Nephrology Dialysis Transplantation 1998;13:2867-72.  

Study type RCT, open-label design 
Evidence level 1- 
Study objective To assess the effects of i.v. iron supplementation and ascorbic acid for the treatment of 

hyporesponsiveness to EPO in haemodialysis patients with iron overload 
Number of patients N=50 
Patient characteristics Inclusion criteria: 

 HD for 6 months or more 
 Hyporesponsive to EPO (defined as Hct <30% despite EPO doses >400 U/kg/month) 
 EPO treatment for 6 months or more 
 Stable Hct for 4 consecutive weeks 
 Functionally iron deficient (defined as TSAT <30%) 
 Iron overload (defined as serum ferritin >500 µg/l) not caused by i.v. iron therapy before 

study entry for more than or equal to 3 months 
 
Exclusion criteria: 

 Blood loss 
 Blood transfusion 
 Intercurrent infection 
 Chronic inflammatory disease 



 Sickle cell disease 
 Haemoglobinopathy 
 Treatment with ACE-inhibitors 

 
Protocol I Protocol II  
I.v. iron Control I I.v. ascorbic 

acid 
Control II 

N 15 11 12 12 
Age (years) 58 ± 3 57 ± 4 54 ± 4 56 ± 5 
Sex (male/female) 7/8 6/5 7/5 8/4 
Duration of HD (months) 42 ± 9 46 ± 22 52 ± 10 47 ± 13 
Time on EPO (months) 16 ± 4 16 ± 2 14 ± 6 18 ± 3 
Causes of ESRD 
Chronic glomerulonephritis 
Chronic interstitial nephritis 
Hypertensive 
nephrosclerosis 
Diabetic nephropathy 
Unknown 

 
5 
2 
3 
3 
2 

 
4 
3 
0 
4 
0 

 
4 
4 
2 
2 
0 

 
5 
4 
1 
1 
1 

Serum Al (µg/l) 28.5 ± 1.3 35.0 ± 3.2 29.5 ± 2.0 32.3 ± 3.1 
Intact PTH (pg/ml) 86 ± 18 168 ± 63 85 ± 17 165 ± 56 
C-reactive protein 0.34 ± 0.09 0.93 ± 0.53 0.45 ± 0.14 0.33 ± 0.04
Fibrinogen (mg/dl) 369 ± 20 373 ± 34 357 ± 23 326 ± 18 
Reticulocyte index (%) 1.5 ± 0.3 2.1 ± 0.2 1.4 ± 0.2 2.0 ± 0.2 
Haptoglobin (mg/dl) 141 ± 19 199 ± 39 168 ± 22 182 ± 33 

Data are mean ± SEM 
 

Intervention Protocol I: EPO s.c. in 2-3 doses + i.v. infusion 100 mg ferric saccharate in 50 ml normal 



saline  
Protocol II: EPO s.c. in 2-3 doses + i.v. ascorbic acid 300 mg 

Comparison Protocol I: EPO only s.c. in 2-3 doses 
Protocol II: EPO only s.c. in 2-3 doses 

Length of follow-up Protocol I: Iron administration 2 weeks and 10 weeks follow-up (total 12 weeks) 
Protocol II: Ascorbic acid administration 8 weeks  

Outcome measures Hct, Hb, EPO dose and iron metabolism indices at the beginning and end of study 
Effect size Hct, Hb, EPO dose and iron metabolism indices at the beginning and end of study 

 
Protocol I Protocol II  
I.v. iron Control I I.v. ascorbic 

acid 
Control II 

Hct (%) 
Initial  24.2 ± 

0.8† 
31.5 ± 0.7 25.8 ± 0.5† 31.2 ± 

0.8 
Final  25.2 ± 

0.7† 
31.1 ± 0.7 30.6 ± 0.6* 31.1 ± 

0.7 
Hb (g/dl) 
Initial  8.2 ± 0.3† 10.9 ± 0.3 8.6 ± 0.1† 10.8 ± 

0.3 
Final  8.5 ± 0.2† 10.5 ± 0.2 10.4 ± 0.2* 10.5 ± 

0.3 
EPO dose (U/kg/month) 
Initial  481 ± 22† 289 ± 19 414 ± 38† 293 ± 24 
Final  470 ± 21† 271 ± 24 330 ± 54* 289 ± 26 
Ferritin (µg/l) 
Initial  578 ± 38 773 ± 132 605 ± 76 738 ± 61 
Final  584 ± 34 757 ± 177 472 ± 91† 731 ± 



127 
Serum iron (µg/dl) 
Initial  42 ± 3† 90 ± 9 70 ± 11 84 ± 7 
Final  50 ± 5† 99 ± 15 107 ± 19†* 86 ± 15 
TSAT (%) 
Initial  19 ± 2† 46 ± 5 27 ± 3† 43 ± 4 
Final  20 ± 2† 47 ± 7 48 ± 6* 44 ± 6 

Data are mean ± SEM 
†  P<0.05 inter-group comparison  
* P<0.05 final vs. initial in each group 
 
Protocol I (i.v. iron therapy): 

 Basal serum ferritin was not significantly different between the i.v. iron group and control. 
Mean EPO dose (P<0.05), mean Hct, Hb and TSAT values were markedly lower (P<0.01) 

 I.v. iron supplementation neither improved erythropoiesis nor reduced EPO dose 
 Hct values did not increase 

 
 
Protocol I Week 2 Week 6 Week 12 
Serum ferritin 
(µg/l) 

701 ± 46 622 ± 39 554 ± 34 

Serum iron (µg/dl) 89 ± 11 69 ± 9 50 ± 5 
TSAT (%) 39 ± 3 31 ± 4 20 ± 2 

 
 The monthly EPO dose, mean Hct, Hb, serum ferritin, serum iron and TSAT values did not 

change throughout the study 
 
 



 
Protocol II (i.v. ascorbic acid) 

 Basal serum ferritin did not differ from the control group 
 However, basal Hct, Hb and TSAT were markedly lower (P<0.01) and EPO dose 

significantly higher (P<0.05) 
 Hct values significantly increased at 2 weeks (P<0.05) and all subsequent weeks (P<0.05) 

in the i.v. ascorbic acid treated group when compared to baseline 
 At the end of the study, mean Hct had reached a significant 20% reduction in EPO dose 
 Iron parameters, serum ferritin did not significantly change; TSAT increased at 2 weeks 

(P<0.05 vs. baseline) and remained higher in the subsequent 6 weeks due to the increase 
in serum iron at week 4 (P<0.05 vs. baseline)  

 
Protocol II Week 2 Week 6 Week 12 
Serum ferritin 
(µg/l) 

558 ± 
103 

536 ± 
102 

472 ± 91 

Serum iron (µg/dl) 97 ± 14 102 ± 8 107 ± 19 
TSAT (%) 38 ± 5 41 ± 6 48 ± 6 

 
 Mean Hct and Hb declined significantly and EPO dose increased 2 weeks after i.v. 

ascorbic acid treatment was stopped 
 

Values after treatment Protocol II 
0 weeks 2 weeks 4 weeks 

Hct (%) 30.6 ± 
0.6 

27.8 ± 
0.6 

26.8 ± 
0.7 

Hb (g/dl) 10.4 ± 
0.2 

9.1 ± 0.3 8.8 ± 0.4 

EPO (U/kg/month) 330 ± 54 376 ± 40 411 ± 47 



 
 

Source of funding Government and hospital research grants and a foundation 
Citation  
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Evidence Table 
 
MGTN1 
What is the benefit of vitamin C, vitamin E, folic acid, carnitine and glutathione supplementation in the treatment of 
anaemia due to CKD? 
 
Bibliographic reference  Ono K,.Hisasue Y. Is folate supplementation necessary in hemodialysis patients on 

erythropoietin therapy. Clinical Nephrology 1992;38:290-2.  
Study type Randomised controlled trial, open-label design 
Evidence level 1+ 
Study objective To investigate the need for folate supplementation in haemodialysis patients receiving 

Epoetin therapy 
Number of patients N=20 
Patient characteristics No inclusion or exclusion criteria given by the authors 

No patient demographics given, except: 
 
Sex 
(female/male) 

5/5 

Mean age (years) 50 ± 3.5 
 



 
 Clinically stable HD outpatients 
 All taking aluminium hydroxide or calcium carbonate (phosphate binders), ferrous sulphate 

160 mg orally three times weekly and antihypertensive drugs when required 
 Patients were all taking folic acid 5mg, three times a week during each HD session. This 

was discontinued in the control group 
Intervention Folic acid 5 mg three times a week + EPO i.v. 1,500 U, three times a week 
Comparison EPO i.v. 1,500 U, three times a week 
Length of follow-up Study duration 12 months + 6 months follow-up 
Outcome measures  Pre- and post-HD folate levels 

 Haematological values 
Effect size  

Pre- and post-HD folate levels 
 

Plasma folate (ng/ml) RBC folate (ng/ml) Group  Folate 
supplements Pre-HD Post-HD Pre-HD Post-HD 

1a 5 mg 3x a week 37.2 ± 3.1 48.5 ± 8.1 1040 ± 41 980 ± 50 
1b None 8.3 ± 0.5* 7.6 ± 0.5* 155 ± 13* 160 ± 8* 
1c None 8.6 ± 

1.2** 
8.0 ± 
0.8** 

168 ± 
17** 

175 ± 
10** 

2a 5 mg 3x a week 39.3 ± 3.5 50.2 ± 7.1 960 ± 50 950 ± 48 
2b 5 mg 3x a week 40.5 ± 4.1 49.3 ± 8.3 1120 ± 62 1080 ± 68 
2c None 9.3 ± 

2.3** 
8.3 ± 
1.9** 

178 ± 
12** 

182 ± 9** 

Normal value 2.3 to 9.0  140-160  
a: start of study 
b: T=12 months  



c: T=18 months 
Values are mean  ± SD 
 
* P<0.01 a vs. b 
** P<0.01 a vs. c 
 

Haematological values 
 No difference in reticulocyte counts was observed between Groups 1 and 2 
 The response to EPO was the same in both groups, both with increased Hct levels 

Group  Folate 
supplements 

Hct (%) Pre-
HD 

Reticulocyte 
Pre-HD (%) 

Ferritin 
(ng/ml) 

1a 5 mg 3x a week 24.4 ± 1.6 5.0 ± 2.1 150 ± 30 
1b None 32.6 ± 1.9* 12.1 ± 4.1*** 130 ± 45 
1c None 33.4 ± 2.3** 10.5 ± 3.2 115 ± 23 
2a 5 mg 3x a week 24.0 ± 1.6 6.0 ± 2.0 175 ± 45 
2b 5 mg 3x a week 33.1 ± 1.5* 13.1 ± 3.1*** 125 ± 27 
2c None 33.7 ± 1.9** 12.3 ± 2.6 108 ± 38 

a: start of study 
b: T=12 months  
c: T=18 months 
Values are mean  ± SD 
* P<0.01 a vs. b 
** P<0.01 a vs. c 
*** P<0.05 a vs. b 
 

Source of funding Not reported 
Citation  
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Evidence Table 
 
MGTN2 
What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  Navarro JF, Mora C, Macia M, Garcia J. Randomized prospective comparison between 

erythropoietin and androgens in CAPD patients. Kidney International 2002;61:1537-44.  
Study type A randomised controlled trial of rHuEPO compared to nandrolone decanoate (ND) as therapy 

for anaemia in peritoneal dialysis patients. All anthropometric and laboratory measurements 
were performed by the same investigator blinded to the treatment each patient was receiving. 

Evidence level 1+ 
Study objective To analyse the correction of anaemia in CAPD patients with the use of ND and rHuEPO, and 

to compare the impact of these different drugs on the nutritional status of this population.  
Number of patients Study population: N=59 

Study sample: N=29, N=2 study dropouts 
Study completers: N=27, rHuEPO group N=14; ND group N=13 

Patient characteristics Inclusion criteria: 
 Treatment with CAPD for at least 6 months 
 Male gender 
 Age higher than 50 years 
 No previous treatment with rHuEPO, androgens, theophylline derivatives or steroids 
 No previous blood transfusions 
 Patients were not anephric 



 No illness requiring hospitalisation or single episode of peritonitis within the previous 3 
months 

 
Exclusion criteria: 

 Malignancy 
 Active infections 
 Immunologic diseases 

 
Baseline characteristics are in the table below.  
 
Parameter rHUePO group N=14 ND group N=13 
Age, years 60±8 62±7 
Time of dialysis, months 15±6 17±7 
Weight, kg 69.2±10.5 64.1±6.3 
Hematocrit% 25.8±2.7 27±2.2 
Haemoglobin, g/dL 8.5±0.9 8.9±0.8 

 
 

Intervention RHuEPO at initial dose of 50U/kg/week SC. According to the response of the anaemia this 
dose was modified in order to reach and maintain a Hb concentration between 11 and 13 g/dl. 
All patients were under a standard CAPD regimen with four or five daily exchanges of 2-2.5 
litres of dialysate. All subjects were asked to continue to undergo the same dietary and 
dialysis regimen. All patients received oral iron supplements  (ferrous sulphate, 210mg of 
elemental iron per day) in order to maintain adequate iron body stores. Iron supplementation 
was initiated one month before administration of rHuEPO. 

Comparison A six-month cycle of ND, i.e. 200 mg given once a week by IM injection. All patients were 
under a standard CAPD regimen with four or five daily exchanges of 2-2.5 litres of dialysate. 
All subjects were asked to continue to undergo the same dietary and dialysis regimen. All 
patients received oral iron supplements  (ferrous sulphate, 210mg of elemental iron per day) 



in order to maintain adequate iron body stores. Iron supplementation was initiated one month 
before administration of ND.  

Length of follow-up Evolution of hematologic parameters and the impact on both nutritional anthropometric and 
biomechanical variables were evaluated after six months of treatment. Periodic follow-up 
measurement of the outcomes of interest were recorded on a monthly basis during the study 
period.  

Outcome measures Outcome measures of interest to the guideline question were: 
Evolution of serum Hb concentration from 1- 6 months after treatment commencement 
Evolution of hematocrit level from 1- 6 months after treatment commencement 

Effect size Outcomes reported in the table below: 
 
Time  Hb g/dL EPO 

group 
Hb g/dL ND 
group 

Hematocrit % 
EPO group 

Hematocrit % 
ND group 

Baseline 8.5 ± 0.9 8.9 ±0.8 25.8 ± 2.7 27±2.2 
1 month 9.2± 0.7 9.5±0.8 27.8±2.1 29 ± 2.4 
2 months 9.8± 0.6 10± 0.9 29.5 ± 1.9 30.4 ± 2.5 
3 months 10.3±0.5 10.6±0.7 30.9±0.7 32.2±2 
4 months 10.8±0.5 11.1±0.7 32.4±1.5 33.5±2 
5 months 11.3±0.5 11.5±0.5 33.7±1.4 34.2±1.7 
6 months 11.7±0.6 11.8±0.4 34.7±1.6 35.1±1.5 
 Serum Hb and hematocrit parameters increased significantly in both groups with respect 

to baseline, reaching statistical significance from the first month of therapy (both 
P<0.001).  

 The mean increase of Hb and hematocrit was similar in the EPO and the ND groups (3.1 
± 0.9 g/dL; 8.9 ± 2.9% versus 2.9 ± 0.7 g/dL; 8.1 ±2.4%).  

 Dose of rHUEPO in the EPO group significantly decreased from 3463 ± 538 U/kg/week at 
baseline to 2714 ± 1006 U/kg/week at the end of the study (P<0.01).  

 Evolution of HB and hematocrit levels did not correlate with changes of the nutritional 



variables in either of the treatment arms. 
 Variation in the serum IGF-1 concentration did not show any association with 

modifications in the hematologic variables in the EPO group. 
 There was a significant correlation between the increment in serum IGF-1 concentrations 

and increase in Hb (r=0.64, p<0.05) and hematocrit (r=0.79, P<0.05) in the ND group. 
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What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  J. L. Teruel, A. Aguilera, R. Marcen, Antolin J. Navarro, Otero G. Garcia, and J. Ortuno. 

Androgen therapy for anaemia of chronic renal failure. Scandinavian Journal of Urology & 
Nephrology 30 (5):403-408, 1996. 

Study type Retrospective cohort study of patients with end-stage renal disease to assess the impact of 
nandrolone decanoate administered for a 6-month period on the treatment of anaemia. The 
analysis stratified the sample by degree of response obtained from the treatment and age 
group in order to assess whether there were significant differences associated with these 
different patient groups.  

Evidence level 2+ 
Study objective To determine whether androgens are effective in the management of anaemia in chronic 

hemodialysis  patients, and to identify factors influencing the response of the anaemia in 
order to target patient groups most likely to benefit from androgen therapy.  



 
Number of patients N=84  

 N=28 (non-responders) 
 N=18 (mild responders) 
 N=25 (good responders) 
 N=13 (excellent responders) 

 
 

Patient characteristics Inclusion criteria: 
 Completed 6 months androgen therapy 
 Stable on chronic hemodialysis for at least 3 months before the beginning of androgen 

administration 
 No previous treatment with androgen or rHuEPO 

 
Exclusion criteria: 

 Clinically relevant intercurrent episodes such as chronic inflammatory disorders, infection, 
or blood loss during the study period. 

 
 
Baseline characteristics included: 

 N=67 males 
 N=17 females 
 Aged 15 to 84 (mean 49 ± 15 years SD) 
 No patient was anephric 

 
Intervention  200 mg nandrolone decanoate administered weekly for six months by intramuscular 

injection on a non-dialysis day. Thereafter androgens were withdrawn. 
 Serum ferritin levels were maintained >50 ng/ml with oral iron supplemements (ferrous 

glutamate, 180 mg of elemental iron per day) or i.v. 1g elemental iron (e.g. iron-dextran 



complex or sodium ferric gluconate complex) 
Comparison N/A 
Length of follow-up Patients were followed-up for 6 months with haematocrit, haemoglobin concentration levels, 

and serum levels of ferritin, triglyceride, cholesterol, bilirubin, GOT, GPT, and alkaline 
phosphatase were checked monthly before the first haemodialysis session of the week.  

Outcome measures Outcomes reported included haematocrit, evolution of Hb concentration, serum ferritin levels, 
influence of sex and age on response of anaemia to androgen treatment, adverse events. 

Effect size  Evolution of haematocrit, Hb, and serum ferritin for the 84 patients is tabulated below. 
 
 
Period Hematocrit* Hb (g/dL)* Ferritin (ug/l) 
2 months prior to 
treatment 

0.21 ± 0.03 71 ± 14  214 ± 225 

1 month prior to 
treatment 

0.21 ± 0.04 70 ± 13 225 ± 243 

Baseline 0.22 ± 0.04 69 ± 13  233 ±249 
Month 1 0.23± 0.04 75 ± 15 228 ± 274 
Month 2 0.25 ± 0.05a 80 ± 16a 239 ± 308 
Month 3 0.26 ± 0.05b 84 ± 17b 223 ± 304 
Month 4 0.26 ± 0.06b 86 ± 18b 213 ± 284 
Month 5 0.27 ± 0.06b 87 ± 19b 197 ± 260 
Month 6 0.27 ± 0.06b 87 ± 20b 213 ± 304 
 * p<0.01 (Anova test) 
 a p<0.05; b p<0.01 with respect to baseline values 
 Rise in hematocrit and Hb compared to baseline reached statistical significance after the 

second month of treatment. 
 Changes in serum ferritin levels were not detected.  
 In terms of the influence of sex in the response to anaemia treatment with androgens, 



baseline Hb was higher in males (71± 13 versus 63 ± 13 g/L, p<0.05). 
 However, the increase in Hb with respect to baseline were similar in both sexes: males 14 

± 13g/L versus females 14 ± 15 g/L after 3 months treatment; males 18 ± 16 versus 
females 18 ± 12 g/L  at six months. 

 The table below shows that age was significantly associated with the degree of response 
of the anaemia to androgen treatment. Basal Hb concentrations, ferritin levels, time on HD 
and androgen dose corrected by weight and age did not show any association with 
response to androgen therapy. 

 
 
Response group Rise in Hb level relative 

to baseline 
Age*, years p value 

Non-responders N=28 Under 10g/L 41.4 ± 11.6 a p<0.01 
Mild responders N=18 10-19 g/L 48.2 ± 15.3 b p<0.05 
Good responders N=25  20-29 g/L 48.8 ±13.6 c p<0.05 

sheffe’s test 
Excellent responders 
N=13 

>29g/L 64 ± 11abc  

 * p<0.01 ANOVA 
 

 When patients were divided into three age-stratified groups (<46, 46-55, >55), it was 
found that the majority of patients younger that 46 were non-responders (62%), while 
70.3% of patients older than 55 were good or excellent responders 

 The table below depicts the evolution of Hb concentration in the different age groups 
during the study period 

Period  Group 1 <46 N= 29 Group 2 46-55 N=28 Group 3 >55 N=27 
Month-1 69 ± 16 68 ± 14* 75 ± 11 
Month-2 66 ± 15 69 ± 11* 75 ± 10 



Baseline 67 ± 16 68 ± 10ab* 74 ± 11cd 
Month 1 67 ± 14* 75 ± 14* 83 ± 13 
Month 2 71 ± 13* 80 ± 14** 91 ± 13c 
Month 3 73 ± 16* 84 ± 16a ** 95 ± 12d 
Month 4 76 ± 15 83 ± 15a** 99 ± 15d 
Month 5 75 ± 17* 86 ± 16b** 101 ± 17d 
Month 6 75 ± 18* 86 ± 16b** 101 ± 16d 

 Anova test: p<0.01 in group 2 and 3; NS in group 1. 
Comparisons between periods in each group (Scheffe’s test): p<0.05 for a and c; p<0.01 for b 
and d 
Comparisons between groups in each period (Student’s t test): *p<0.05; **p<0.01 
 

 Treatment with androgens produced increases in the serum concentration of triglycerides 
(baseline 1.81 ± 0.89; month 6 2.29 ± 1.07 mmol/L (p<0.01).  

 Voice change and mild hirsutism were main secondary effects observed in most women 
receiving nandrolone decanoate, with priapism not observed in any patient.  

 At study entry 13 patients had biochemical data indicating liver disease, but none 
experienced a worsening of the disease with the administration of ND.  
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Evidence Table 
 
MGTN2 
What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  Ballal SH, Domoto DT, Polack DC, Marciulonis P, Martin KJ. Androgens potentiate the effects 

of erythropoietin in the treatment of anemia of end-stage renal disease. American Journal of 
Kidney Diseases 1991;17:29-33.  

Study type Cohort  
Evidence level 2+ 
Study objective To study a group of anaemic patients on maintenance haemodialysis to examine the efficacy 

of androgen therapy in patients treated with low-dose EPO. 
Number of patients N=15 

Setting:U.S. 
Patient characteristics Inclusion criteria: 

 Adult male patients over 18 years on age on chronic maintenance haemodialysis for at 
least 6 months with hematocrits <30%. 

 
Exclusion criteria: 

 Evidence of known prostate, breast or any other malignancy  
 Abnormal liver function tests 
 History of receiving androgens 6 months before this study 
 Iron deficiency or folate deficiency until the deficiency was corrected. 
 Active gastrointestinal bleeding 
 Uncontrolled hypertension with diastolic blood pressure >105mmHg 
 History of hypersensitivity to mammalian cell derived products or albumin 
 Haematologic disorders that are known to produce anaemia such as sickle cell anaemia 

and multiple myeloma. 



 
 
 
 

 All patients had their native kidneys, except for 1 patients in Group 2, who had a bilateral 
nephrectomy 

 
 
                                                      Group 1                                     Group 2 
Race                                              All black                                    5 black 
                                                                                                        3 white 
Diabetes                                         3                                                3 
Age in years (range)                       48 ± 7 (26 to 69)                       54 ± 4 (37 to 70)      
Weight in kg (range)                        74.6 ± 6.5 (42 to 96)                78.6 ± 11.9 (26 to 69)      
EPO dose in U/kg (range)               28.6 ± 3.4 (21 to 48)                28.6 ± 3.2 (13 to 40)      
Follow-up in weeks                         12.3 ± 0.8                                 12.8 ± 0.6 
Ferritin (u/mL)                                 388 ± 135                                  351 ± 121 
Plasma aluminium (ug/L)                51 ± 6                                        50 ± 16 
N-PTH (ph/mL)                                46 ± 8                                       72 ± 22 
Hct pre-treatment (%)                      25.3 ± 0.8                                24.4 ± 1.4 
Hct post-treatment (%)                    27.4 ± 1.5                                 32.9 ± 1.8 
Rate of rise Hct/2 wk (%)                 0.3 ± 0.2                                  1.3 ± 0.2 
Responders                                      1/7                                           7/8 
(Response was defined as an increase in hematocrit values of 1% in 2 weeks). 
 

Intervention N=7 Group 1   
Low dose human recombinant EPO at 2000 U intravenously (IV) at the end of each dialysis 
treatment (3 times a week) 



Comparison N=8 Group 2.   
2000 U of EPO IV at the end of each dialysis treatment (3 times a week) and 100mg of 
nandrolone decanoate administered by deep intramuscular injection once a week 

Length of follow-up 8-14 weeks 
Outcome measures Change in hematocrit values. 

Side effects. 
Effect size  After 12 weeks of therapy, hematocrit values increased slightly in the group receiving EPO 

alone, from 25.3 ± 0.8 to 27.4 ± 15.  (mean ± SEM) 
 

 EPO in combination with nandrolone decanoate resulted in a greater increase in 
hematocrit values, from 24.4 ± 1.4 to 32.9 ± 1.8 (p<0.001).   

 
 Transfusions were eliminated in both groups of patients. 

 
 Epoetin doses were the same in both groups after about 12 weeks follow-up (Group 1, 

28.6 ± 3.4 vs. Group 2, 28.6 ± 3.2 U/kg)  
  

 No side effects of nandrolone decanoate or EPO were noted during this short-term study. 
Source of funding Not reported 
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MGTN2 
What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  Gaughan WJ, Liss KA, Dunn SR, Mangold AM, Buhsmer JP, Michael B et al. A 6-month study 

of low-dose recombinant human erythropoietin alone and in combination with androgens for 
the treatment of anemia in chronic hemodialysis patients. American Journal of Kidney 
Diseases 1997;30:495-500.  

Study type RCT, open-label design 
Evidence level 1+ 
Study objective To determine whether androgens augment the erythropoitic action of recombinant human 

erythropoietin (rHuEPO) during a 6-month trial. 
Number of patients N=20 (but complete data only available for N=19) 
Patient characteristics Inclusion criteria: 

 Stable, anaemic, haemodialysis outpatients.  All patients underwent conventional 
haemodialysis using single-use dialyzers with cellulose-derived membranes 

 
Exclusion criteria: 

 Cause of anaemia other than renal disease 
 Previous nephrectomy 
 Active gastrointestinal bleeding 
 Active ischemic heart disease 
 Abnormal liver function as defined by serum glutamic oxaloacetic transaminase more than 

2.5 times normal 
 Uncontrolled hypertension defined as a systolic blood pressure greater than 190 mmHg 

and/or diastolic blood pressure greater than 105 mmHg 
 Iron deficiency defined as ferritin less than 100ng/mL and/ or transferring saturation less 



than 15% (serum iron concentration/total iron binding capacity x 100) 
 Infection with the human immunodeficiency virus 
 Known malignancy 
 Presence of inflammation or infection 
 Doubtful compliance as a result of alcohol abuse, drug abuse or poor motivation. 

 
 

 Patients previously treated with EPO underwent a wash-out period until Hct was ≤26% 
 No patients had received androgens in the past 

 
                                                                    Group A                                  Group B 
Age  (years)                                                     45.3 ± 15.4                             53.7 ± 16.7 
Race (black/white)                                            9/1                                          8/1 
Male/female                                                      4/6                                           7/2 
Aetiology of ESRF 
  Hypertension                                                   5                                             3 
  Diabetes mellitus                                             1                                             2 
  Chronic GN                                                      2                                             2 
  Polycystic KD                                                   0                                             1 
  Other                                                                2                                              1 
Time on haemodialysis                                      24.8 ± 20.6                              19.8 ± 19.0 
Weight (kg)                                                         68.5 ± 20.5                              72.1 ± 12.3 
RHeEPO U/kg 3 x week (range)                        23.4 ± 5.6 (13.5 to 31.7)          21.4 ± 3.8 (17.3 
to 29.2) 
Nandrolone deconoate, mg/kg QW (range)                                                        1.4 ± 0.3 (1.2 to 
1.9) 
Urea reduction ratio                                            62.1 ± 6.7                                 56.7 ± 3.9 
Transferrin saturation (%)                                   32.3 ± 13.9                              41.3 ± 17.1 



Ferritin (ng/mL)                                                   301 ± 143                                364 ± 259 
Vitamin B12 (pg/ML)                                           835 ± 460                                665 ± 196 
Folate (ng/mL)                                                    13.5 ± 6.4                                 14.4 ± 7.8 
Plasma aluminium (ug/L)                                    18.8 ± 15.5                               16.6 ± 8.3 
Parathyroid hormone (pg/mL)                              529 ± 443                                 513 ± 423         
 
 
Only difference in URR was statistically significant. 

Intervention N=10 Group A.  Received 1500 U rHuEPO intravenously at the end of each dialysis session 
(3 times as week) for 24 weeks and served as the controls. 

Comparison N=9 Group B.  Received the same dose of rHuEPO plus 100mg of nandrolone decanoate 
intramuscularly weekly. 

Length of follow-up 26 weeks 
Outcome measures Primary: 

26 week hematocrit 
Secondary: 
Transfusion requirements 
Androgen side effects. 

Effect size Both groups showed a significant increase in mean hematocrit compared with baseline (group 
A: 24.5% ± 1.4% to 28.3% ± 2.8%, p=0.003; group B 25.1% ± 1.5% to 33.2% ± 4.5%, 
p=0.001). 
 
The increase in hematocrit in the rHuEPO plus androgen treated group was statistically 
greater than in the rHuEPO alone group (8.2% ± 4.4% vs. 3.5% ± 2.8%, p=0.012). 
 
With the exception of mild discomfort at the injection site, there were no side effects for 
nandrolone. 

Source of funding Not reported 
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What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  Lee MS, Ahn SH, Song JH. Effects of adjuvant androgen on anemia and nutritional 

parameters in chronic hemodialysis patients using low-dose recombinant human 
erythropoietin. Korean Journal of Internal Medicine 2002;17:167-73.  

Study type Before and after study 
Evidence level 3+ 
Study objective To evaluate the effects of adjuvant low-dose androgen therapy in chronic haemodialysis 

patients using a lower dose of epoetin than the commonly recommended dose on anaemia 
parameters. 

Number of patients N=17 
Patient characteristics Inclusion criteria: 

Patients with haemodialysis and a stable status for more than 6 months.  Haemoglobin <9.0 
g/dL even after being treated with 1000 U epoetin three times a week. 
 
Exclusion criteria:  
Those experiencing transplantation, nephrectomy, upper gastrointestinal bleeding, ischemic 
heart disease, hepatic dysfunction, infection or chronic inflammation. 
 



Age (year)                                41.9 ± 9.7 
Male/female                             9/8 
Time on hemodialysis 
(months)     

78.12 ± 
49.13 

Epoetin (U/Kg/week)               56.55 ± 
10.25 

Hgb (g/dL)                              7.75 ± 0.90 
Hct (%)                                    23.68 ± 2.85 

 
 

Intervention Treatment with 1000 U epoetin subcutaneously three times per week and nandrolone 
decanoate 100mg intramuscularly weekly for 6 months regardless of weight. 

Comparison N/A 
Length of follow-up Study duration 6 months 

 The average of 6 months before adjuvant therapy was the reference value before therapy 
and the average of the 5th and 6th months after adjuvant therapy 

Outcome measures Haemoglobin levels (Hgb (g/dL))                                   
Haematocrit levels (Hct (%)) 

Effect size  Hgb (7.75 ± 0.90 vs. 8.99 ± 1.39, p=0.001) and Hct (23.68 ± 2.85 vs. 26.66 ± 3.91, 
p=0.003) were changed significantly after adjuvant therapy with nandrolone decanoate.  

 Other lab parameters, TSAT, ferritin, intach PTH, Kt/V, nPCR, ALT, ESR stayed the same 
before and after adjuvant therapy (p=NS) 

 
 On sub-analysis of males and females, significant differences in these parameters were 

only found in females (Hct: 24.54 ± 1.70 vs. 28.74 ± 3.06, p=0.01; Hgb: 8.02 ± 0.60 vs. 
9.72 ± 1.31, p=0.01), not in males (Hct: 22.92 ± 3.52 vs. 24.82 ± 3.78, p=0.17; Hgb: 7.5 ± 
1.07 vs. 8.35 ± 1.18, p=0.09). 

 



 There were no differences between male and female groups in the other lab parameters. 
 

 Weekly doses of epoetin were not significantly different after nandrolone therapy either 
overall (56.55 ± 10.25 vs. 55.61 ± 9.07, p=0.27) or in males (51.01 ± 5.86 vs. 50.65 ± 6.23, 
p=0.59) or females (62.79 ± 10.81 vs. 61.18 ± 8.76, p=0.16). 

 
 However, the weekly dose of Epoetin was greater in the female group before adjuvant 

therapy began (51.01 ± 5.86 vs. 62.79 ± 10.81 U/kg/week, p<0.05) 
 

 Only pain was reported as a side effect from androgen therapy (no more details given by 
the authors e.g. number of patients) 
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Bibliographic reference  J. L. Teruel, R. Marcen, J. Navarro-Antolin, A. Aguilera, G. Fernandez-Juarez, and J. Ortuno. 

Androgen versus erythropoietin for the treatment of anemia in hemodialyzed patients: a 
prospective study. Journal of the American Society of Nephrology 7 (1):140-144, 1996. 



Study type Prospective cohort study of androgens administered to male chronic renal failure patients aged 
50 plus versus recombinant human EPO administered to male patients under 50 and female 
patients for the management of anaemia.    

Evidence level 2+ 
Study objective To determine whether androgens are effective in the management of anaemia in chronic 

hemodialysis male patients aged 50 plus in the context of an age and sex specific effect for this 
drug. 

Number of patients N=18 (Androgen group) 
N=22 (EPO group) 

Patient characteristics Inclusion criteria: 
 Nonferrogenic chronic hemodialyzed patients with a Hb concentration of less than 8g/dL 

between 1991 and 1993 
 Androgen group: age 50 plus, males only, completed a cycle of 6 months with androgens 
 EPO group: men aged under 50, and women of all ages, received EPO for at least 6 months
 Stable on chronic hemodialysis for at least 1 month before androgen or EPO treatment 
 No previous treatment with androgens or EPO 
 Basal Hb less than 8g/dL confirmed at least in 3 determinations 
 Patients with asymptomatic chronic hepatitis were included 

 
Exclusion criteria: 

 Clinically relevant intercurrent episodes such as chronic inflammatory disorders, infection, 
major surgery, blood loss during the study period. 

 
Androgen group composed of 18 male patients aged 50 to 84 (mean 62 ± 12 yr SD) on 
hemodialysis therapy for 1 to 48 months (mean 11±13 SD; median 9 months). Three patients 
were transfused during the 3 months before the start of androgen therapy.  
 
EPO group was composed of 6 male and 16 female patients, aged between 19 and 77 (mean 
47 ± 15 yrs SD) on hemodialysis therapy for 1 to 69 months (mean 13 ± 18; median 8 months). 



Four patients were transfused during 3 months prior to beginning EPO treatment.  
 
Both groups differed significantly on age (P < 0.01) and sex (P< 0.001) variables. Relevant 
baseline clinical values are reported under effect size.  
No patient was anephric. 
 

Intervention  200 mg nandrolone decanoate (ND) given once weekly by im injection on a non-dialysis day 
for 6 months, followed by withdrawal of the drug.  

 Iron levels were monitored and iron administered if <50 ng/ml and received 1 g elemental 
iron i.v. 

Comparison  2000 IU rHuEPO administered subcutaneously three times weekly maintained for 3 months. 
Thereafter modifiable according to the response of the anaemia with a goal of reaching an 
Hb concentration of between 10 and 11 g/dL.   

 Iron levels were monitored and iron administered if <50 ng/ml and received 1 g elemental 
iron i.v. 

Length of follow-up Patients in both treatment arms were followed-up for 6 months.  
Outcome measures Outcomes reported included evolution of Hb concentration and serum ferritin levels, post-

androgen Hb evolution, and adverse events.  
Effect size  Baseline values for relevant clinical characteristics are tabulated below. 

 
Characteristic Androgen Group 

N=18 
EPO group N=22 P value 

Hematocrit 22 ± 2.9 21.2 ± 2.3  NS 
Hb (g/dL) 7.3 ± 0.8 7 ± 0.6 NS 
Ferritin (ug/l)  174 ± 143 373 ± 330  < 0.05 
Tryglicerides (mg/dL) 159 ± 71 153 ± 42 NS 

 
 



 
 

 Evolution of Hb concentration and serum ferritin level in both groups during the 6 month 
study is expressed in the table below: 

 
Duration  Hb 

concentration  
g/dL Androgen 
group 

Hb concentration  
g/dL EPO group 

Serum Ferritin 
level (ug/l) 
Androgen group 

Serum Ferritin level 
(ug/l) EPO group 

Baseline 7.3 ± 0.8 7 ± 0.6 174 ± 143 373 ± 330 
1 month 8.6 ± 1.1 8 ± 1.2 - - 
2 months 9.3 ± 1.2 9.1 ± 1.3 133 ± 142 246 ± 276 
3 months 9.8 ± 1.2 9.6 ± 1.3  - - 
4 months 10 ± 1.3 9.8 ± 1.3 170 ± 198 264± 248 
5 months 10.3 ± 1.2 10.3 ± 1.1 - - 
6 months 10.8 ± 1.7 10.4 ± 1 217 ± 209 257 ± 229 

 
 Variation in the serum ferritin level in the Androgen group had no statistical significance, and 

except for the SF level at baseline, there were no differences between the Androgen and 
EPO groups at any time during the follow-up period.  

 Increase in Hb during study period was similar in both groups (Androgen group 7.3 ± 0.8 to 
10.8 ± 1.7g/dL , P<0.001; EP0 group 7 ± 0.6 to 10.4 ± 1 g/dL, P< 0.001) 

 Dose of dialysis during the 6-month study was similar in both groups; KT/V =1.05 ± 0.19 in 
Androgen group versus 1.09 ± 0.17 in the EPO group (NS).  

 No patient transfused during the 6-month study period. 
 In the Androgen group blood pressure increased in one patient (6%) versus an increase 

seen in 10 patients (45%; P < 0.05) in the EPO group. 
 Blood pressure improved in three patients in each group. 
 None of the five patients with liver disease associated with hep C virus in either group 



experienced a biochemical worsening of disease due to administration of nandrolone or 
EPO.  

 Androgen group had significant increases in triglycerides from baseline to study end-point 
(159± 71 versus 267 ± 153 mg/dL, P<0.001), whereas triglyceride end-point levels remained 
unchanged in the EPO group relative to baseline. 

 Post androgen evolution of Hb after discontinuation of androgen at 6 months was observed 
in 13 patients – Hb decreased in 6 patients after discontinuation; Hb remained stable after 
androgens were stopped in 7 patients; five patients not evaluated due to post-androgen 
follow-up period being less than 3 months.  

 
Source of funding Grant from Fundacion Lair.  
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Bibliographic reference  Berns JS, Rudnick MR, Cohen RM. A controlled trial of recombinant human erythropoietin 

and nandrolone decanoate in the treatment of anemia in patients on chronic hemodialysis. 
Clinical Nephrology 1992;37:264-7.  

Study type A randomised controlled trial in chronic hemodialysis patients compared the response in 
patients who received low dose recombinant human EPO (rHUEPO) only with those receiving 
it in combination with nandrolone decanoate to assess whether there was an enhanced 



response in the combination treatment arm. It is not reported whether blinding of treatment 
arms was carried out, of whether an open-label approach was used.  

Evidence level 1- 
Study objective To determine whether androgens result in a clinically important enhancement of the effect of 

rHUEPO in chronic hemodialysis patients.  
Number of patients N=12 

N=6 rHUEPO only  
N=6 rHUEPO + nandrolone decanoate 

Patient characteristics Inclusion criteria: 
 Stable out-patient chronic hemodialysis patients with hct ≤28%. No other inclusion criteria 

reported.  
 
Exclusion criteria: 

 Patients were excluded if they had poorly controlled hypertension, active systemic illness, 
active bleeding, iron, folate or vitamin B-12 deficiency, aluminium intoxication, or a history 
of abnormal liver function tests due to androgens. 

 
 
 
Clinical characteristics of the patients are tabled below: 
 
Characteristic, N rHuEPO alone (N=6) rHuEPO + nandrolone 

decanoate (N=6) 
Age range (years) 33-70 36-80 
Male/female, N 4/2 3/3 

Aetiology of ESRD 
  

Atherosclerosis, N 1 0 



Hypertenion, N 2 2 
Diabetes mellitus 2 0 
Focal selerosis 1 0 
Chronic GN 0 1 
Interstitial nephritis  0 2 
Post-streptococcal GN 0 1 

Years of dialysis 
  

1 year 1 0 
2 years 2 1 
3 years 0 3 
4 years 1 1 
5 years 1 1 
6 years 0 0 
7 years 1 0  

Intervention rHUEPO 40 U/kg intravenously three times weekly for 16 weeks. Patients randomised to 
receive both drugs first received nandrolone decanoate alone for two months to document 
that the hct remained ≤28% before rHuEPO was begun. Patients in both groups received oral 
ferrous sulphate and/or intravenous iron dextran to maintain serum ferritin greater than 100 
mg/dL and transferring saturation of at least 20%.  

Comparison rHUEPO 40 U/kg intravenously three times weekly for 16 weeks plus nandrolone decanoate  
2mg/kg administered intramuscularly once weekly. Patients randomised to receive both drugs 
first received nandrolone decanoate alone for two months to document that the hct remained 
≤28% before rHuEPO was begun. Patients in both groups received oral ferrous sulphate 
and/or intravenous iron dextran to maintain serum ferritin greater than 100 mg/dL and 
transferring saturation of at least 20%. 

Length of follow-up The study was concluded for all patients at the end of 16 weeks. It is not reported whether 
periodic assessments of progress were made within this study period.  



Outcome measures Study end-points were: 
Attainment of a target hct of 30% 
Drug side-effects 
Hospitalisation 
 

Effect size  Baseline ferritin, N-terminal parathyroid hormone and aluminium levels were not 
statistically significant between the two groups. 

 Initial hct was similar in the two groups (rHUEPO only mean 2.3 ± 0.7%, range 21-25.2% 
versus combination therapy 23.5 ± 0.8%, range 21.2 –26.8%). 

 No patients transfused after study entry. 
 Mean rate of rise of hct was NS (rHUEPO only 0.32 ± 0.13% versus combination therapy 

0.37 ± 0.11% per week). 
 Three patients receiving rHUEPO only versus one patient receiving combination therapy 

reached the target hct of 30%. 
 Two patients in the combination therapy group requested to be dropped from the study 

due to acne, and a third patient from this treatment arm was hospitalised for acute 
pulmonary oedema.  

 No apparent changes in blood pressure control or laboratory parameters were recorded in 
either group during the study.  

Source of funding Not reported 
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Evidence Table 
 
MGTN2 
What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 
 
Bibliographic reference  Gascon A, Belvis JJ, Berisa F, Iglesias E, Estopinan V, Teruel JL. Nandrolone decanoate is a 

good alternative for the treatment of anemia in elderly male patients on hemodialysis. 
Geriatric Nephrology & Urology 1999;9:67-72.  

Study type RCT 
Evidence level 1- 
Study objective To assess the efficiency of nandrolone decanoate (ND) in the control of anaemia in male 

patients over 65 years of age on haemodialysis (HD). 
Number of patients N=33 

Setting: Spain 
Patient characteristics Inclusion criteria: 

 Older than 65 years on HD for 2 to 144 months.   
 All patients received rHuEPO at the maintenance dose (subcutaneously, three times a 

week) 
 All patients were clinically stable 

 
Exclusion criteria: 

 Neoplasm. 
 Inflammatory or infectious disease. 

 
                                                       Group A                                            Group B 
Age (yr)                                           70.0 ± 4                                             72.0 ± 4 
Male/female                                     14/0                                                   12/7   
Time on HD (mths)                          17.00 ± 25                                          53.00 ± 35                   



Dry weight (kg)                                 68.00 ± 9                                            65.00 ± 8                    
RHu EPO IU/Kg/Week                     66.00 ± 49                                          92.00 ± 52                   
Hemoglobin g/dL                           9.60 ± 1.0                                             10.60 ± 30.7                
Hematocrit %                                 28.90 ± 4.7                                            31.60 ± 2.5                 
Ferritin ng/mL ng/mL                     295.00 ± 234                                         201.00 ± 129              
 

Intervention N=14  Group A: rHuEPO (4428 ± 3251 IU/week) was stopped and treatment with ND, 200mg 
weekly by intramuscular injection on a nondialysis day for 6 months was initiated.  The 
rHuEPO was stopped 15  Group B: days before the ND was started. 

Comparison N=19  Continued on rHuEPO therapy (6026 ± 3903 IU/week). 
Length of follow-up 6 months 
Outcome measures Haemoglobin levels 

Hematocrit levels 
Effect size At baseline the groups were significantly different in terms of sex distribution, time on HD and 

haemoglobin and haemocrit levels. 
 
In the group without ND (group B) haemoglobin and haemocrit levels remained unchanged 
over 6 months. 
 
Haemoglobin and haemocrit levels increased progressively in the ND group (group A) and 
significant differences (p<0.003) were evident at 6 months (9.6 ± 1.0 vs. 11.0 ± 1.4 and 28.9 ± 
4.7 vs. 33.0 ± 4.7, respectively).                                     

Source of funding Supported by a grant of Fundacion LAJR. 
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Evidence Table 
 
HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 
 
Bibliographic reference  Coen G, Calabria S, Bellinghieri G, Pecchini F, Conte F, Chiappini MG et al. Parathyroidectomy in 

chronic renal failure: short- and long-term results on parathyroid function, blood pressure and 
anemia. Nephron 2001;88:149-55.  

Study type Retrospective before and after study  
Evidence level 3+ 
Study objective To evaluate the long-term effects of parathyroidectomy (PTX) on  

1) parathyroid function 
2) blood pressure (not reported here) 
3) anaemia 
in haemodialysis patients with secondary hyperparathyroidism who underwent PTX 

Number of patients N=45 
 Multisite study in 8 dialysis units in Italy  

  
Patient characteristics No inclusion or exclusion criteria given 

 
 N=5 had PTX despite iPTH <400 pg/ml 
 PTX was performed for intractable pruritis, persistent hypercalcaemia and generalised bone 

pain 
 
 
Sex (male/female) 25/20 
Age (years) 56 ± 11 



Duration on dialysis (years) 8.6 ± 4.6 
Cause of renal failure  
Chronic glomerulonephritis 
ADPKD 
Tubulointerstitial 
nephropathy 
Urolithiasis 
Unknown  

 
22 
11 
4 
1 
7 

 
 

Intervention  PTX. Patients were divided into 4 groups: 
 
 
 
N Pre-PTX iPTH 

(pg/ml) 
Surgical procedure 

19 1,726 ± 1,347 Subtotal PTX 
10 913 ± 380 Total PTX and autotransplantation (AT) 
10  1,006 ± 668 Total PTX 
6  1,176 ± 334 Partial PTX (removal of 2-3 parathyroid 

glands) 
 

 N=17 received calcitriol 1.25 µg/week to correct hypocalcaemia 
Comparison N/A 
Length of follow-up  Short-term = 1 week to 6 months post-PTX 

 Middle-term = 1 to 2 years post-PTX 
 Long-term = 3 to 5 years post-PTX 

Outcome measures  



Effect size  
 
 Basal  

(pre-PTX) 
Short-term  
(1week-
6months) 

Middle-term 
(1-2 years) 

Long-term 
(3-5 years) 

Serum calcium 
(mg/dl) 

10.6 ± 1.0 
(N=45) 

8.7 ± 1.2 
(N=45) 

9.5 ± 0.7 
(N=45) 

9.6 ± 0.9 
(N=25) 

Serum 
phosphatase 
(mg/dl) 

5.9 ± 1.7 
(N=45) 

3.8 ± 1.0 
(N=45) 

5.0 ± 1.3 
(N=44) 

5.5 ± 1.4 
(N=24) 

Alkaline 
phosphatase (U/l) 

582 ± 562 
(N=45) 

372.5 ± 304.2 
(N=45) 

190.3 ± 177.7 
(N=44) 

201 ± 278 
(N=23) 

iPTH (pg/ml) 1,313.4 ± 
1,004.1 
(N=45) 

214.2 ± 357.4 
(N=43) 

214.2 ± 301.7 
(N=43) 

166 ± 282.2 
(N=24) 

N.B. No P values given by the authors 
 
 

 Evaluation of PTX outcome was made on the basis that PTH levels above 2-3 times the upper 
limits of normal may be accompanied by persistent skeletal hyperparathyroidism. Therefore 
when patients had PTH levels >200 pg/ml, 12-24 months following surgery, they were 
considered to have persistent it recurrent hyperparathyroidism  

 PTH 20-200 pg/ml were considered to be a success 
 PTH <20 pg/ml meant a persistent state of hypoparathyroidism 

 
 

 Based on the above criteria, 51% of all patients were therapeutic successes, whilst persistent 
hypoparathyroidism was found on 17.7% of all patients 

 The most successful techniques were subtotal PTX and total PTX + AT (combined 65.5% 



success) vs. total and partial PTX (combined 31.2% success) 
 

Successful Persistent Recurrent Permanent 
hyperparathyroidism

PTX N 

N % N % N % N % 
Subtotal 19 11 57.9 5 26.3 2 10.5 1 5.3 
Total+AT 10 7 70.0 - - 1 10.0 2 20.0 
Total  10 5 50.0 1 10.0 - - 4 40.0 
Partial 6 - - 5 83.3 - - 1 16.7 
 45 23  11  3  8  

 
 

 Hb levels increased post-PTX 
 
 Basal  

(pre-PTX) 
Short-term  
(1week-
6months) 

Middle-term 
(1-2 years) 

Long-term 
(3-5 years) 

P 

Hb (g/dl) 10.2 ± 1.8 
(N=44) 

10.2 ± 1.5 
(N=44) 

10.9 ± 1.5 
(N=44) 

11.3 ± 1.3 
(N=24) 

<0.019 

 
 
 

 The number of patients receiving Epoetin and Epoetin requirement decreased post-PTX (P 
values not given by the authors) 

 
Time N Epoetin dose 

(U/week) 
Basal  16 8,750 



1 year post-PTX 15 6,300 
2 years post-PTX 10 6,100 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Goicoechea M, Vazquez MI, Ruiz MA, Gomez-Campdera F, Perez-Garcia R, Valderrabano F. 

Intravenous calcitriol improves anaemia and reduces the need for erythropoietin in 
haemodialysis patients. Nephron 1998;78:23-7.  

Study type Longitudinal study (prospective) 
Evidence level 3+ 
Study objective To investigate the effect of treatment of hyperparathyroidism with i.v. calcitriol on anaemia of 

ESRD in haemodialysis patients 
Number of patients N=28 

 
 N=21 receiving EPO  
 N=7 not receiving EPO 

Patient characteristics  No inclusion criteria given 



 
Exclusion criteria: 

 Infectious, inflammatory or neoplastic disease 
 
Age (years) 55.5 ± 17 
Time on HD (months) 82.6 ± 61 
Aetiology of CRF 
Glomerulonephritis 
Interstitial 
nephropathy 
Vascular nephropathy
Diabetic nephropathy 
Polycystic disease 
Unknown  

 
5 
3 
3 
3 
2 
5 

PTH (pg/ml) 811.6 ± 327
Serum Aluminium 
(µg/l) 

<60 

 
 

Intervention 2 µg calcitriol, i.v. + calcium carbonate and aluminium hydroxide phosphate binders 
Comparison N/A 
Length of follow-up Study duration 12 months 
Outcome measures  Haematological parameters for all patients 

 Haematological parameters stratified by EPO use or not 
 Haematological parameters stratified by responders vs. non-responders 

Effect size 
Haematological parameters for all patients 
 



 Hct and Hb increased 
 PTH decreased 

 Baseline  T=3 months T=12 months 
Hct (%) 31.9 ± 4.8 34.9 ± 4.7* 34.7 ± 4.8* 
Hb (g/dl) 10.7 ± 1.7 11.7 ± 1.5* 11.7 ± 1.5* 
PTH 811 ± 327 471 ± 512* 550 ± 471* 

*P<0.01 vs. baseline 
 
 

Haematological parameters stratified by EPO use or not 
 

 Hct and Hb increased in both groups 
 PTH decreased in both groups 
 There were no significant differences between the 2 groups 

 Baseline  T=3 months T=12 months
Patients receiving EPO (N=21) 
Hct (%) 31.5 ± 4.4 34.4 ± 4.6** 34.5 ± 4.8** 
Hb (g/dl) 10.6 ± 1.5 11.6 ± 1.5** 11.7 ± 1.5** 
EPO dose 
(U/kg/wk) 

103.4 ± 
60 

104.5 ± 
59.5 

109 ± 64 

PTH 744 ± 278 361 ± 391* 533 ± 509 
Patients not receiving EPO (N=7) 
Hct (%) 31 ± 3.3 35.3 ± 

4.9*** 
35.8 ± 5.6*** 

Hb (g/dl) 10.7 ± 1.7 12.1 ± 
1.7*** 

12 ± 1.8*** 

PTH 942 ± 384 266 ± 151* 441 ± 157** 



 
*P<0.001 vs. baseline 
** P<0.01 vs. baseline 
*** P<0.05 vs. baseline 
 
 

Haematological parameters stratified by responders vs. non-responders 
 Responders were defined as patients with decreased PTH levels, which remained low 

throughout the follow-up period 
 Significant differences between the 2 groups were observed after 12 months and not prior 

to this 
 
 
 
 Baseline  T=3 months T=12 months
Responders to i.v. calcitriol (N=19) 
Hct (%) 31.7 ± 4.2 35.2 ± 4.5* 36.3 ± 4.9* 
Hb (g/dl) 10.6 ± 1.5 11.8 ± 1.5* 12.2 ± 1.5* 
EPO dose 
(U/kg/wk)1 

103 ± 65 100 ± 65 103 ± 70 

EPO dose:Hct 
ratio1 

3.46 ± 2.6 3 ± 2.2 3 ± 2.1 

PTH 772 ± 309 318 ± 445* 354 ± 198** 
Non-responders to i.v. calcitriol (N=9) 
Hct (%) 32.7 ± 6.9 33.8 ± 5.2 30.9 ± 6.3§ 
Hb (g/dl) 11 ± 2.5 11.5 ± 1.8 10.5 ± 2§ 
EPO dose 105 ± 49 116 ± 44 127 ± 48 



(U/kg/wk) 1  
EPO dose:Hct 
ratio2 

3.6 ± 1.9 3.6 ± 1.4 4.1 ± 1.5 

PTH 955 ± 161 1033 ± 145 1070 ± 548† 
1 Patients receiving EPO, N=14 
2 Patients receiving EPO, N=7 
*P<0.001 vs. baseline 
** P<0.05 vs. baseline 
†P<0.001 responders vs. non-responders 
§P<0.05 responders vs. non-responders 
 

 Linear regression analysis found no correlation between decrease ion PTH level after i.v. 
calcitriol Tx and EPO needs in the responding group (r=0.26) 

 However, in the non-responding patients, the higher PTH level, the higher the EPO dose 
was required to maintain and adequate Hct (r=-0.799, P<0.05) 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney 

disease? 
 
Bibliographic reference  Lee CT, Chou FF, Chang HW, Hsu YH, Lee WC, Liao SC et al. Effects of parathyroidectomy 

on iron homeostasis and erythropoiesis in hemodialysis patients with severe 
hyperparathyroidism. Blood Purification 2003;21:369-75. 

Study type Cohort study 
Evidence level 3 
Study objective Secondary hyperparathyroidism (HPT) worsens anaemia and may cause 

hyporesponsiveness to recombinant human erythropoietin therapy.  To investigate the effect 
of parathyroidectomy (PTX) on iron homeostasis and erythropoiesis. 

Number of patients N=32 
Patient characteristics Inclusion criteria: 

 Haemodialysis patients with severe HPT undergoing PTX at a single medical centre.  All 
patients received 4 hours of haemodialysis 3 times per week.   

 
 
Exclusion criteria: 

 To avoid the impact of iron deficiency in this study, patients with either serum ferritin 
<150mg/dl or transferring saturation (serum iron/total iron binding capacity) <0.2 were 
excluded.  Patients with infectious disease, inflammation, haematological disease, 
neoplastic disease, aluminium intoxication and any bleeding with blood loss were 
excluded. 

 
 The indications for PTX were hypercalcaemia (n=5), pruritis (N=7), general weakness 



(N=3), bone pain (N=4), soft tissue calcification (N=1) and extremely high Ca x P product 
(N=12) 

 These patients were contraindicated for 1,25 (OH)2D3 therapy or with 1,25(OH)2D3 
treatment failure 

Intervention Total PTX with forearm autotransplantation.  Successful PTX was defined as a rapid decline 
of serum intact PTH levels from the pre-operation level to the normal range one week after 
PTX. 

Comparison N/A 
Length of follow-up 6 months 
Outcome measures Haemoglobin levels 
Effect size A ≥10 % increase in Hb level after PTX was defined as a responder. 

Based on the increase of haemoglobin after PTX, 15 patients were categorised as responders 
and another 17 patients as non-responders.  There were no significant differences between 
these two groups in terms of age, duration of dialysis therapy, clearance of dialysis therapy 
and nutritional status. 
 
 
 
 
 
 
 
 
 Non-

responders 
Responders 

Gender m:f 9:8 6:9 
Age, years 46.9 ± 10.7 50.8 ± 10.9 
Haemodialysis duration, 93.9 ± 21.0 101.3 ± 17.8 



months 
Kt/V 1.32 ± 0.55 1.41 ± 0.61 
Albumin, g/dl 3.9 ± 0.8 3.8 ± 0.7 
r-HuEPO dosage U/kg/week 50.9 ± 10.5 86.3 ± 10.4*  
Haemoglobin, g/dl (range) 10.3 ± 1.6 

(9.9 to 14.9) 
8.0 ± 0.8* 
(6.9 to 9.8) 

*P<0.05 
 
 
In the responders, increased haemoglobin levels were observed in 15 patients at 1 and 3 
months after PTX (8.0 ± 0.8 g/dl vs. 9.2 ± 1.3 and 10.1 ± 0.9 g/dl, p<0.05).  The non-
responders had significantly higher pre-PTX haemoglobin levels than the responders (p<0.05, 
see above table).  There was no further increase in haemoglobin at 6 months compared to 3 
months after PTX in both groups. 
 
 Pre-PTX Post PTX 1 month Post PTX 3 months 
Non responders    
iPTH pg/ml 1228.3 ± 290.8 46.7 ± 38.7* 46.1 ± 44.2* 
EPO, mU/dl 11.1 ± 7.4 13.8 ± 6.2 11.0 ± 5.6 
Responders    
iPTH pg/ml 1338.3 ± 350.6 54.7 ± 43.8* 66.6 ± 37.1* 
EPO, mU/dl 9.9 ± 5.5 12.4 ± 5.4 13.5 ± 6.2 

*p<0.05 pre vs. post PTX. 
 
iPTH levels declined immediately after surgical removal of parathyroid gland tissue.  In pre 
and post PTX measurements, no difference in the iPTH measurements between the two 
groups. 
 



In responders and non-responders, serum EPO level was found not to be effected by PTX.  
Although the serum EPO levels of responders were found to be higher 1 month after PTX, the 
increase did not reach statistical significance.  There was also no difference in serum EPO 
levels between the two groups. 

Source of funding Not reported 
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HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Lin CL, Hung CC, Yang CT, Huang CC. Improved anemia and reduced erythropoietin need 

by medical or surgical intervention of secondary hyperparathyroidism in hemodialysis 
patients. Renal Failure 2004;26:289-95.  

Study type 2-part prospective study  
 Cohort study 
 Before and after study 

Evidence level 3+ 
Study objective To investigate  

1) the influence of severe hyperparathyroidism on haematological parameters (not reported 
here) 
2) whether or not calcitriol could improve anaemia and reduce the need of Epoetin in dialysis 
patients (cohort study) 
3) the longitudinal effect of parathyroidectomy (PTX) for 6 months in calcitriol-refractory 



patients (before and after study) 
Number of patients  N=16 were treated with calcitriol and divided into responders and non-responders 

 Some non-responders (N=3) underwent PTX 
Patient characteristics Inclusion criteria: 

 Stable haemodialysis patients 
 Haemodialysed for more than 2 years 
 Intact parathyroid hormone (iPTH) levels >300 pg/ml 

 
Exclusion criteria: 

 Active infection, congestive heart failure and other catabolic status 
 
Baseline characteristics 
 N=16 (PTH >300 

pg/ml) 
Age (years) 57.4 ± 11.7 
Sex (F/M) 6/10 
Duration of HD (months) 123.4 ± 72.9 
BUN (mg/dl) 73.1 ± 14.6 
Creatinine (mg/dl) 11.4 ± 2.4 
Calcium (mg/dl) 10.0 ± 1.3 
Phosphorus (mg/dl) 5.8 ± 0.7 
Alkaline phosphatase 
(mg/dl) 

169.1 ± 53.2 

iPTH (pg/ml) 778.4 ± 172.7 
Hct (%) 8.9 ± 0.8 
Serum ferritin (ng/ml) 31.4 ± 13.0 
TSAT (%) 532.9 ± 194.6 

 



 
Intervention  Calcitriol, initially 2g after dialysis and adjusted according to PTH, calcium and 

phosphorous levels (N=16) 
 Total parathyroidectomy of 4 parathyroid glands with autograft of 100 mg parathyroid 

tissue into forearm muscle in calcitriol-refractory patients (N=3) 
 I.v. iron was administered to maintain serum ferritin >300 ng/ml but <650 ng/ml (350-400 

pg/ml) and TSAT >30% 
 Epoetin was titrated periodically by Hct level, to target 30-33% 

Comparison N/A 
Length of follow-up  Calcitriol therapy was for 6 months 

 Patients were followed up post-PTX for 6 months 
Outcome measures  Calcitriol therapy responders vs. non-responders 

 Effect of PTX on PTH and Epoetin requirement 
Effect size 

Calcitriol therapy responders vs. non-responders 
 

 There were significant differences between the responders and non-responders only in 
alkaline phosphatase, iPTH, Hct levels and Epoetin requirement 

 
T=6months Responders (N=7) Non-responders 

(N=9) 
P 

Age (years) 56.4 ± 13.7 58.7 ± 14.2 NS 
Sex (F/M) 2/5 3/5 NS 
Duration of HD (months) 107.4 ± 68.3 136.3 ± 76.3 NS 
BUN (mg/dl) 72.4 ± 11.3 74.6 ± 10.3 NS 
Creatinine (mg/dl) 10.2 ± 3.6 11.8 ± 2.9 NS 
Calcium (mg/dl) 10.3 ± 1.1 9.9 ± 1.6 NS 
Phosphorus (mg/dl) 5.9 ± 0.9 5.7 ± 0.8 NS 



Alkaline phosphatase 
(mg/dl) 

98.7 ± 14.3 158.4 23.6 <0.05 

iPTH (pg/ml) 174.2 ± 63.3 874.5 ± 152.3 <0.01 
Hct (%)0.01> 1.21 ± 8.96 0.72 ± 10.63 ٭ 
TSAT (%) 32.4 ± 14.0 30.9 ± 12.1 NS 
Serum ferritin (ng/ml) 496.4 ± 128.3 562.3 ± 174.6 NS 
EPO dose (U/week) 3,617 ± 2,011 5,416 ± 1,947 0.04 
 Reported as Hct, but more likely the authors meant Hb ٭
 
 
 

Effect of PTX on PTH and Epoetin requirement 
 PTH levels decreased significantly at 3 months post-PTX 
 EPO dose decreased at 6 months post-PTX 
 Hct increased at 3 months post-PTX 
 Serum ferritin and TSAT levels were kept to required levels 

 
 
N=3 Pre-PTX Post-PTX 3 

months 
P Post-PTX 6 

months 
P 

iPTH (pg/ml) 976.3 ± 436.1 137.4 ± 121.3 <0.05 146.3 ± 137.5 <0.05 
EPO dose 
(U/week) 

5,323 ± 1,326 4,936 ± 1,217 NS 3,774 ± 2,145 <0.05 

Hct (%) 28.73 ± 1.46 30.3 ± 1.06 <0.05 31.4 ± 1.76 <0.05 
 
 

Source of funding Not reported 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 
 
Bibliographic reference  Rault R,.Magnone M. The effect of parathyroidectomy on hematocrit and erythropoietin dose 

in patients on hemodialysis. ASAIO Journal 1996;42:M901-M903.  
Study type Retrospective before and after study 
Evidence level 3+ 
Study objective To examine the effects of parathyroidectomy on hematocrit levels and epoeitin dose in 

hemodialysis patients 
Number of patients N=10 
Patient characteristics No inclusion or exclusion criteria provided by the authors 

Gender (M/F) 4/6 
Age (years) 28 to 70 
Duration of dialysis before surgery 
(years) 

4 to 14.8 

No. on i.v. epoietin Tx 9 
 
 

Intervention Subtotal parathyroidectomy (N=9) and total parathyroidectomy with forearm transplantation 
(N=1) 

Comparison N/A 



Length of follow-up 12 months duration-- 6 months before and 6 months after  
Outcome measures  Hct levels before and after parathyroidectomy 

 EPO dose before and after parathyroidectomy 
Effect size 

Hct levels before and after parathyroidectomy 
 
Time Hct (%) 
6 months before surgery 31.5 ± 3.9 
1 month before surgery 28.9 ± 3.0 
1 month after surgery 31.07 ± 6.1 
6 months after surgery 33.3 ± 4.9 

Values are mean ± SD 
 

 Significance was only found for 1 month pre-operative vs. 6 months post-operative 
(P<0.01) 

 

EPO dose before and after parathyroidectomy 
 
Time EPO dose 

(Units/week) 
6 months before surgery 8,900 ± 7,240 
1 month before surgery 9,100 ± 6,690 
1 month after surgery 7,900 ± 6,314 
6 months after surgery 4,700 ± 4,808 

Values are mean ± SD 
 

 Significance was only found for 1 month pre-operative vs. 6 months post-operative 



(P<0.01) 
 
 
 Pre-operative level Post-operative level 
Mean parathyroid hormone 15 x normal 2.3 x normal 
Mean ferritin (ng/ml) 382 ± 391 290 ± 387 

 
 Mean serum aluminium = 26.4 ± 18 µg/l (19 determinations in 10 patients) 
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HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Albitar S, Genin R, Fen-Chong M, Serveaux MO, Schohn D, Chuet C. High-dose alfacalcidol 

improves anaemia in patients on haemodialysis. Nephrology Dialysis Transplantation 
1997;12:514-8.  

Study type Prospective longitudinal study 
Evidence level 3 
Study objective To examine the effect of high-dose alfacalcidol on erythropoiesis in Epoetin-dependent 

haemodialysis patients with moderate hyperparathyroidism for more than 6 months 
Number of patients N=12 (All patients completed the study) 

 



 Multisite study in 6 haemodialysis units in France 
Patient characteristics Inclusion criteria: 

 On HD for at least 6 months and without Epoetin therapy or Calcitriol for at least 1 months 
before the study 

 Hb <10 g/dl 
 iPTH >250 pg/ml 
 TSAT <25% 
 Serum ferritin >300 mg/l 
 Serum aluminium <40 mg/l 

 
Exclusion criteria: 

 Iron, folate or vitamin B12 deficiency 
 Serum aluminium >40 mg/l 
 Active bleeding lesions 
 Active untreated infection 
 Malignancies or any other causesof inflammation 
 On medication that affects erythropoiesis or bone homeostasis e.g. ACE-inhibitors, 

aluminium compounds or corticosteroid therapy 
 

 
 
Sex (male/female) 8/4 
Age (years) 59 ± 14 
Duration on HD (months) 134 ± 179 
Diagnosis 
Chronic glomerulonephritis 
Chronic tubulointerstitial 
nephritis 
Unknown  

 
7 
2 
3 



 
 
 

Intervention Alfacalcidol to maintain serum calcium >2.2 mmol/l and <3 mmol/l and calcium carbonate 
(phosphate chelator) to maintain serum phosphorous <2.5 mmol/l  

Comparison N/A 
Length of follow-up Total study duration was 18 months, divided into 3 phases 

 Phase I: T=12 months, all patients were treated with alfacalcidol (6.1 ± 1.5 mg) and 
calcium carbonate (8.2 ± 2.3 g) 

 Phase II: T=3 months, all patients were treated with calcium carbonate (10.1 ± 2.4 g) only 
to maintain serum calcium and iPTH levels 

 Phase III: T=3months, all patients were treated with alfacalcidol (5.8 ± 1.2 mg) and 
calcium carbonate (7.1 ± 3.5 g) 

Outcome measures  
Effect size  There was in increase in Hb after 3 months, which stabilised over the next 9 months. In 

the next 2 phases, Hb decreased and then increased  
 

Phase I Phase II Phase III   
Baseline 3 months 6 months 12 months 15 months 18 months 

Hb (g/dl) 8.7 ± 1.2 10.3 ± 0.8 10.8 ± 0.9 10.7 ± 0.9 8.9 ± 0.6 10.5 ± 0.6 
  P<0.005 vs. 

 baseline 
P=NS vs.  
3 months 

P=NS vs. 
 3 months 

P<0.005 vs. 
12 months 

P<0.005 vs.
 15 months 

 
 

 Reticulocyte counts increased during the 1st phase and reached a maximum at 12 months 
(P<0.005 vs. baseline), then decreased abruptly during the 2nd phase (P<0.005 vs. 12 
months) and increased during the 3rd phase (P<0.005 vs. 15 months) (Data not provided 
by the authors, only in graph) 

 



 Serum iPTH decreased in the first 3 months (P<0.005 vs. baseline) and remained stable 
over the next 15 months 

 
 Serum calcium and phosphorous remained stable until 18 months (Data not provided by 

the authors, only in graph) 
 

 Iron levels as assessed by TSAT and serum ferritin levels remained constant throughout 
the study vs. baseline (Data not provided by the authors, only in graph) 

 
Source of funding Not reported 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Yasunaga C, Matsuo K, Yanagida T, Matsuo S, Nakamoto M, Goya T. Early effects of 

parathyroidectomy on erythropoietin production in secondary hyperparathyroidism. American 
Journal of Surgery 2002;183:199-204.  

Study type Before and after study 
Evidence level 3+ 
Study objective To prospectively investigate the early effect of a parathyroidectomy (PTX) on (1) intrinsic 

erythropoietin production and (2) nutritional state, regarding any improvement in Epoetin-



resistant anaemia in haemodialysis CRF patients with secondary hyperparathyroidism 
Number of patients o N=29 

 
Mulitsite study in 13 dialysis clinics in Japan 

Patient characteristics Inclusion criteria: 
 Severe uncontrolled secondary hyperparathyroidism 

 
 
Exclusion criteria: 

 Underlying renal disease e.g. lupus erythematosus, rheumatioic arthritis, polycystic 
disease and insulin-dependent diabetes mellitus which may independently affect 
erythropoiesis 

 Malignancy developed after PTX 
 Incomplete resection of parathyroid gland 

 
 
Sex  16 men and 13 women 
Age (years) 49.6 ± 10.2 (range 32-

74) 
Time on HD (years) 14.7 ± 4.4 
Aetiology of CRF (N) 
Chronic glomerulonephritis 
Hypertensive 
nephrosclerosis 

 
27 
2 

 
 

 N=7 were positive for Hepatitis C antibody and N=1 for Hepatitis B surface antigen 
 Active infection and immunosuppresion was ruled out in all patients 
 Preoperatively, all patients were clinically symptomatic for symptoms such as 



osteoarticular pain, skin itching, muscle weakness, irritability and also elevated levels of 
immunoreactive parathyroid hormone (iPTH) and roentgenographic findings of secondary 
hyperparathyroidism 

 N=2 had orthopaedic complications such as femoral neck fracture and patellar tendon 
rupture 

 
 

Intervention Parathyroidectomy (PTX)  
 N=22 underwent total parathyroidectomy and autotranslpantation of ~100 mg of 

parathyroid tissue into the forearm muscle for the first time 
 N=6 received reoperations for recurrences in the neck and N=1 for recurrence in the 

forearm 
 When serum calcium dropped <7.0 mg/dl or hypocalcaemic symptoms appeared calcium 

gluconate i.v. and 1α-OH-vitamin D3 3µg per day and doses gradually reduced 
 Epoetin doses and iron supplementation were modified during the study to maintain target 

Hct ≥30% and ferritin >150 ng/ml respectively 
Comparison N/A 
Length of follow-up 12 months following PTX 
Outcome measures  
Effect size  All patients exhibited a significant reduction in both parathyroid hormone (PTH) and 

calcium levels 
 
 
 
 
 

Postoperative term N=29 Normal 
range 

Preoperative 
term 2weeks 1month 3months 6months 12months

Intact PTH 10-60 873.3 ± 56.3 ± 46.9 ± 157.4 ± 134.7 ± 179.1 ± 



(pg/ml) 710.8 75.8* 70.9* 193.7* 147.7* 345.8* 
HS-PTH 
(pg/ml) 

150-
500 

82,049 ± 
44,635 

2,938 ± 
3,967* 

2,394 ± 
2,8404* 

4,170 ± 
4,682* 

3,967± 
3,978* 

5,174 ± 
5,063* 

Intact 
osteocalcin 
(ng/ml) 

2.9-
12.3 

146.4 ± 
168.6 

127.7 ± 
83.8 

71.8 ± 
45.7† 

28.2 ± 
14.1* 

22.9 ± 
10.9* 

19.7 ± 
8.3* 

Total Ca 
(mg/dl) 

8.5-
10.3 

10.2 ± 0.7 9.6 ± 
1.0 

10.3 ± 
1.4 

9.6 ± 
1.4 

9.7 ± 
0.8 

10.0 ± 
0.8 

L2-4BMD (%) 100 92.9 ± 14.3 ND  ND  ND  105.6 ± 
16.0* 

108.2 ± 
14.5* 

%TBMC/LBM - 4.48 ± 0.93 ND ND ND 5.14 ± 
0.95* 

5.28 ± 
0.77* 

Alfacalcidol 
(µg/day) 

- 0.81 ± 1.53 2.86 ± 
0.52 

2.15 ± 
1.35 

1.36 ± 
1.29 

1.04 ± 
0.85 

0.69 ± 
0.60 

* P<0.001 vs. preoperative value 
† P<0.05 vs. preoperative value 
 
HS-PTH = highly sensitive parathyroid hormone (mid-region PTH) 
L2-4BMD = sex- and age-matched Japanese controls 
TBMC/LBM = ratio of bone mineral content to lean body mass 
ND = not determined 
Alfacalcidol = 1α-OH-vitamin D3 
 
 
 

 Hb decreased transiently at 2 weeks post-PTX, then increased at 3 months 
 Reticulocyte count increased at 2 weeks post-PTX 
 Plasma erythropoietin (Epo) increased at 1 month and thereafter following PTX 



 N=23 patients were on Epoetin treatment, administered i.v. after dialysis. Mean Epoetin 
dose was 1,443 ± 544 U, 3 times a week 

 The degree of increase in plasma Epo levels greater in the sub-group of patients not on 
Epoetin Tx (N=6)  

 Linear regression analysis showed a positive correlation between the increased ratio of 
plasma erythropoietin (at 12 months to pre-PTX) and Hct levels at 12 months (r=0.386, 
P=0.024) 

 Weekly Epoetin dose (N=23) did not significantly change post-PTX 
 
 
 
 
 
 
 

Postoperative term N=29 
unless 
otherwise 
stated 

Normal 
range 

Preoperative 
term 2weeks 1month 3months 6months 12months

Hb (g/dl) M:13-
17 
F:12-
15 

10.2 ± 1.5 8.7 ± 1.2* 9.8 ± 
1.5† 

11.1 ± 
1.6‡ 

11.2 ± 
1.2* 

11.2 ± 
1.3‡ 

Hct (%) M:38-
49 
F:35-
44 

30.9 ± 5.0 26.6 ± 
3.8* 

30.4 ± 
5.3 

34.0 ± 
5.0* 

34.2 ± 
4.3* 

34.8 ± 
4.4* 

Epo 
(mU/ml) 

9.1-
32.8 

22.6 ± 9.8 28.8 ± 
25.5 

70.0 ± 
52.0* 

62.7 ± 
66.8‡ 

96.7 ± 
166.0† 

106.3 ± 
112.1* 



Epo in 
EPO+ 
(N=23) 

- 22.6 ± 10.6 31.2 ± 
28.4 

64.8 ± 
48.6* 

48.7 ± 
47.0‡ 

64.4 ± 
55.4‡ 

95.1 ± 
84.4* 

Epo in 
EPO- (N=6) 

- 22.6 ± 6.3 20.4 3.7 88.3  ± 
59.2† 

113.9 ± 
104.8 

220.7 ± 
319.3 
 

143.8 ± 
170.1 

EPO dose 
(U/week) 
(N=23) 

- 2,304 ± 
2,454 

2,571 ± 
2,654 

2,839 ± 
2,171 

2,464 ± 
2,091 

2,304 ± 
2,140 

2,116 ± 
2,035 

Reticulocyte 
(%) 

3-11 14.7 ± 6.7 21.2 ± 
8.7* 

19.8 ± 
7.0‡ 

19. 2 ± 
7.7† 

18.8 ± 
7.5† 

19.5 ± 
7.1‡ 

TSAT (%) - 23.6 ± 11.0 28.6 ± 
13.8 

21.0 ± 
8.8 

19.3 ± 
8.3‡ 

21.3 ± 
12.1 

20.8 ± 
11.4 

Serum 
ferritin 
(ng/ml) 

M:23-
250 
F:3.4-
120 

143.6 ± 
164.5 

234.8 ± 
259.1* 

161.9 
±166.9 

183.8 ± 
225.5 

166.7 ± 
184.6 

160.9 ± 
189.9 

* P<0.001 vs. preoperative value 
† P<0.05 vs. preoperative value 
‡ P<0.01 vs. preoperative value 
EPO+ = patients on Epoetin treatment 
EPO- = patients not on Epoetin treatment 
 
 
 

Source of funding Renal Anaemia Foundation  
Citation  
NCC CC ID (Ref Man) 1714 
 



 
 
 
 
Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 
 
Bibliographic reference  Fujita Y, Inoue S, Horiguchi S, Kuki A. Excessive level of parathyroid hormone may induce 

the reduction of recombinant human erythropoietin effect on renal anemia. Mineral & 
Electrolyte Metabolism 1995;21:50-4.  

Study type Prospective cohort study  
Evidence level 2- 
Study objective To assess the effect of parathyroid hormone (PTH) in renal anaemia by studying long-term 

haemodialysis (HD) patients with secondary hyperparathyroidism (HPT) who underwent total 
parathyroidectomy (PTX) with autograft and follow change in anaemia and therapeutic 
dosage of erythropoeitin (EPO). 

Number of patients N=20 
Patient characteristics Inclusion criteria: 

 Long-term HD patients with secondary HPT who had indications for PTX. 
 
 
Exclusion criteria:  

 Patients who received blood transfusions before PTX or postoperatively and did not 
exhibit a satisfactory fall of PTH after surgery were excluded. 

 
Selection criteria of PTX for patients with severe hyperparathyroidism were: 



 Persistent bone and joint pain 
 Marked bone resorption  
 Persistently high Al-P levels 
 Persistenly high PTH levels 
 Enlargement of PTG  
 Decrease in bone mineral contents <70% of normal controls 
 Other findings (thoracic deformity, shrinking of body height, metastatic calcification, 

intractable pruritis, tendon rupture, severe hyperphosphataemia) 
 
Before PTX, 13 patients were not treated with EPO while the remaining 7 received EPO 
therapy. 

Intervention Total parathyroidectomy.   
Comparison N/A 
Length of follow-up 3-4 months postoperatively. 
Outcome measures % increase in red blood cells (RBC) 
Effect size To assess the effect of PTX on renal anaemia patients were divided into three groups: 

 
 N= Characteristics Sex/ 

number
Age 
years

Duration 
of HD 
months 

Pre-
PTX 
intact 
PTH 
pg/ml 

Post-
PTX 
intact 
PTH 
pg/ml 

Post-
PTG 
removed 
g 

Group 
1 

N=8 Patients not using 
EPO with a >10% 
increase of RBC 
after PTX. 

M/3 
F/5 

53.7 
± 6.6 

144.8 ± 
34.0 

1208 ± 
256 

86 ± 83 2.34 ± 
1.04 

Group 
2 

N=5 Patients not using 
EPO with a <10% 
increase of RBC 

M/2 
F/3 

44.8 
± 4.0 

139.2 ± 
67.9 

1352 ± 
516 

41 ± 35 1.90 ± 
0.5 



after PTX. 
Group 
3 

N=7 Used EPO prior 
to surgery but this 
was discontinued 
or the dose was 
reduced and they 
displayed > 10% 
increase in RBC. 

M/4 
F/3 

44.4 
± 5.8 

127.2 ± 
51.0 

1370 ± 
354 

56 ± 41 3.46 ± 
1.70 

 
The RBC increased from 289.9 ± 30.3 to 354.0 ± 44.3 x 104/mm3 in group 1 and from 301.7 ± 
37.5 to 354.06± 36.5 x 104/mm3 in group 2.  Group 3 showed no improvement. 
 
 
Hb and Hct values not given (graph only) 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Nazem AK,.Mako J. The effect of calcitriol on renal anaemia in patients undergoing long-term 

dialysis. International Urology & Nephrology 1997;29:119-27.  



Study type Longitudinal study  
Evidence level 3- 
Study objective To investigate 

1) if i.v. calcitriol affects secondary hyperparathyroidism  
2) if the treatment of secondary hyperparathyroidism influences anaemia and the dose of 
Epoetin 
in long term haemodialysis patients 

Number of patients N=8 
 

 N=6 received Epoetin therapy due to Hct <0.28, to target Hct 0.30-0.35 over 6-30 months 
 N=2 did not receive Epoetin as Hct was 0.30 

Patient characteristics  No inclusion or exclusion criteria provided by the authors 
 

 Secondary hyperparathyroidism as diagnosed by iPTH, Ca, P, AP (values not provided 
by the authors, however state normal serum iPTH=10-65 pg/ml) and radiological 
alterations of bones and clinical symptoms of osteodystrophy 

 

Age (years) 29-68 
HD duration 
(months) 

10-40 

Primary disease 
Glomerulonephritis 
Diabetic 
nephropathy 
Pyelonephritis 
Polycystic kidney 

 
4 
2 
1 
1 

 
 

Intervention Calcitriol 1 µg at the the end of each dialysis session (8-12 hours weekly) 



 If hypercalcaemia (occurred in N=2 on 3 occassions) or substantial hyperphosphatemia 
(occurred in N=4 on 8 occassions) was encountered, calcitriol therapy was temporarily 
interrupted  

Comparison N/A 
Length of follow-up Study duration 3-8 months (N.B. time course and N is unclear from presentation of results as 

some patients dropped out or only had some analyses done after 3 months) 
 The authors state calcitriol therapy was only maintained in N=3 over 8 months, since N=2 

underwent kidney transplantation, N=2 hyperphosphataemia could not be eliminated with 
calcium carbonate, N=1 switched to Rolcatrol after 3 months due to technical reasons 

Outcome measures  Hct, iPTH, Ca, P, alkaline phosphatase (AP) levels 
 Epoetin dose 

Effect size  
 Serum Ca and P levels increased, whilst AP and iPTH decreased 

 
 Baseline  T=3months P 
Calcium 
(mmol/l) 

2 ± 0.18 2.43 ± 0.08 <0.01 

Phosphate 
(mmol/l) 

1.8 ± 0.14 2.13 ± 0.31 Not given 

AP (U/l) 253 ± 66.4 166 ± 41 <0.01 
iPTH (pg/ml) 614 ± 357 249 ± 181 <0.01 

 
 
 

 Epoetin requirement in N=5 on Epoetin therapy decreased 
 
Epoetin dose 
(U/week) 

5,000 ± 1,000 2,500 ± 1,500 P<0.01 



N.B. of these T=4 months for N=4 and T=8 months for N=1  
 
 

 In the N=2 not on Epoetin therapy, Hct increased 
 
Epoetin dose 
(U/week) 

0.30 ± 0.02 0.37 ± 0.03 P not given
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Barbour GL. Effect of parathyroidectomy on anemia in chronic renal failure. Archives of 

Internal Medicine 1979;139:889-91.  
Study type Before and after study 
Evidence level 3- 
Study objective To retrospectively analyse the effects of parathyroidectomy on anaemia in long-term 

haemodialysis patients 
Number of patients N=18, but N=14 completed the study 



Patient characteristics  No inclusion or exclusion criteria given, however, all patients exhibited elevated serum 
immunoreactive parathyroid hormone (iPTH) and some degree of bone disease, evident 
from roentgenographic or biopsy examination 

 N=7 had hypercalcaemia (>11 mg/dl) 
 Indications for parathyroidectomy included: advancing bone disease, persistent 

hypercalcaemia or elevated iPTH levels (greater than 10x normal) unresponsive to 
medical management 

 Bone disease was graded as absent (N=0), minimal (N=9), moderate (N=4) or severe 
(N=1) 

 
 

Intervention Parathyroidectomy (PTX) 
 N=1, Total PTX 
 N=3, Subtotal PTX 
 N=10, Total PTX + with autotransplantation of parathyroid tissue into the forearm 

Comparison N/A 
Length of follow-up Study duration was 18 months before and 9-18 months after parathyroidectomy 
Outcome measures  
Effect size  All patients showed a drop in iPTH level to normal and hypocalcaemia (no data provided 

by the authors) and subsequent healing of bone lesions was noted in N=10 by biopsy 
 Patients were divided into 2 groups: responders (N=7) who had an overall increase in Hct 

of at least 2% and non-responders (N=7) with no overall positive change 
 
 Responders (N=7) Non-responders 

(N=7) 
P 

Hct (%) 23.5 26.3 <0.05 
Bone disease* 2.14 1.28 <0.01 



iPTH (µlEq/ml) 1,136 1,284 NS 
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Podjarny E, Rathaus M, Korzets Z, Blum M, Zevin D, Bernheim J. Is anemia of chronic renal 

failure related to secondary hyperparathyroidism? Archives of Internal Medicine 
1981;141:453-5. 

Study type This non-analytic study on the association between chronic renal failure and 
hyperparathyroidism (HPM) firstly correlated the biochemical factors of secondary HPM with 
hematocrit levels and secondly assessed biochemical markers of secondary HPM and 
hematocrit levels before and after parathyroidectomy (PTM).    

Evidence level 3- 
Study objective To firstly investigate the relationship between the biochemical factors of secondary HPM 

(calcium, phosphorous, alkaline phosphatase, and immunoreactive parathyroid hormone) and 
hematocrit levels in 96 long-term hemodialysis patients, and secondly, to compare these 



biochemical factors and hematocrit values before and after PTM in 18 hemodialysis patients.  
Number of patients N=98 (total group) 

N=96 (correlation group) 
N=27 (sub-group 1 with normal immunoreactive parathyroid hormone levels <850pg/mL) 
N=43 (sub-group 2 with levels of immunoreactive parathyroid hormone above normal but 
measurable without dilution of serum <3000 pg/mL) 
N=26 (sub-group 3 with very high levels of immunoreactive parathyroid hormone measurable 
only after dilution of serum) 
N=18 (PTM sub-group) 

Patient characteristics Inclusion criteria: 
 Patients at 3 haemodialysis units at 3 hospitals in Tel Aviv, Israel 
 Underwent hemodialysis from 3-113 months (mean 35.3 ± 4.3 months) 
 Received haemodialysis for 15 hours a week with a twin-coil artificial kidney 
 Received replacement therapy with iron, anabolic steroids, and vitamins 

 
 
Exclusion criteria: 

 Bilateral nephrectomy 
 Polycystic kidneys 

 
60 male and 36 females, 2 participants unaccounted for 
Aged 15-73 (mean 48.3 ± 1.5 years) 
No other socio-demographic characteristics were reported. Clinical characteristics presented 
in effect size section below.  

Intervention Subtotal parathyroidectomy in 18 hemodialysis patients. Details of surgical procedure were 
not reported.  

Comparison Comparison of hematocrit levels in the 3 sub-groups as part of the correlation exercise. Not 
related to the before and after component of the study.  

Length of follow-up In the patients receiving PTM, mean levels of hematocrit were compared in the 12 months 



before and after surgery. No further details on follow-up timing or assessment periods was 
reported.  

Outcome measures Effectiveness of PTM assessed by sequential evaluation of blood calcium, phosphorous, 
alkaline, phosphatase, immunoreactive parathyroid hormone levels, hematocrit, and 
remission of clinical symptoms.  

Effect size Biochemical measures and hematocrit levels before and after PTM are presented in the table 
below.  
 Responders*, N=8 Non-responders**, 

N=10 
All patients, N=18  

Age, years 43.2 ± 2.1  46.0 ± 4.2 44.8 ± 2.6 
Time on dialysis, 
months 

44.3 ± 7.7 28.2 ± 6.1 34.1 ± 4.9 

Calcium, mg/dL Before: 10.2 ± 0.2 
After:     6.0 ± 0.4 

9.7 ± 0.2 
6.5 ± 0.4 

9.9 ± 0.2 
6.3 ± 0.3 

Phosphorous, mg/dL Before: 6.2 ± 0.5 
After:    3.4 ± 0.4 

6.2 ± 0.4 
3.7 ± 0.2 

6.2 ± 0.3 
3.6 ± 0.2 

Alkaline 
phosphatase, mlU/ml

Before: 577 ± 110 
After:   166 ± 26 

518 ± 79 
160 ± 18 

544 ± 66 
162 ± 15 

IPH, pg/mL  Before: 3528 ± 554 
After:     301 ± 80 

2728 ± 206 
272 ± 99 

2973 ± 288 
285 ± 65 
 

Hematocrit, % Before: 22.2 ± 1.2  
After:    28.3 ± 1.5 

24.8 ± 1.5 
23.2 ± 1.6  

23.6 ± 1.0 
24.9 ± 1.3  

 
 

*Patients with increased hematocrit levels after PTM 
** Patients with no increase in hematocrit levels after PTM 

 Mean hematocrit levels before and after PTM were not significantly different overall 



(23.6% ± 1.0 versus 24.9% ± 1.3 %; P>0.07), although 8/18 patients did have increased 
hematocrit level after surgery.  

 There were no differences in the mean age, calcium, phosphorous, alkaline phosphatase, 
and hematocrit levels, or time in dialysis before surgery, between patients with increased 
hematocrit levels (N=8) and those whose levels remained stable or decreased (N=10). 

 
 In terms of the three sub-groups involved in the correlation exercise, calcium levels were 

similar, but serum phosphorous levels increased from 5.5 ± 0.3 mg/dL in subgroup 1 to 
6.0 ± 0.2 mg/dL in subgroup 2 to 6.1 ± 0.2 mg/dL in subgroup 3 (P<0.05), with mean 
values of the latter two subgroups not being significantly different. 

 Alkaline phosphatase levels also increased in subgroups 1 and 2, but this was NS. In 
group 3 the values were 370 ± 47 ImU/mL (P<0.005 versus group 1; P< 0.01 versus 
group 2).  

 Hematocrit levels were similar in the three subgroups.  
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 400 
 
 
 
 
 



Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Zingraff J, Drueke T, Marie P, Man NK, Jungers P, Bordier P. Anemia and secondary 

hyperparathyroidism. Archives of Internal Medicine 1978;138:1650-2.  
Study type A before and after study that investigated the impact of subtotal parathyroidectomy on the 

severity of anaemia in uremic patients undergoing long-term haemodialysis therapy. Data was 
collated and analysed retrospectively. 

Evidence level 3-  
Study objective To investigate whether parathyroidectomy (PTx) in chronic renal failure patients on long-term 

haemodialysis who all had hyperparathyroidism has a beneficial effect on the severity of 
anaemia in this population.  

Number of patients N=18 
Patient characteristics Inclusion criteria: 

 Hospitalised and home dialysis patients 
 Severe secondary hyperparathyroidism, high alkaline phosphatase levels, and at least a 

10-fold increase in circulating parathyroid hormone.  
 Main reason for PTx was uncontrolled hyperphosphatemia. 
 Patients with iron deficiency were included, since the serum iron level remained as low 

after PTx as it was before surgery. 
 
Exclusion criteria: 

 Patients with chronic internal or external blood loss. 
 Those who needed regular blood transfusions 

 
Mean age was 42 (range 19-58); 14 men and four women 



No other socio-demographic characteristics of the sample reported. 
Four patients were anephric.  
 

 All patients had severe secondary hyperparathyroidism – evidence of bone resorption in 
17 of 18 cases, high alkaline phosphatase levels, and at least 10-fold increase in 
circulating PTH. 

 The main reason for parathyroidectomy was uncontrolled hyperphosphataemia, 
escpacially in conjunction with intractable pruritis and /or metastatic calcification 

 Failure of vitamin D therapy preceeded PTX in 6 of 18 patients 
 
See effect size below for clinical baseline characteristics.  
 

Intervention Subtotal parathyroidectomy was performed on patients. No details of this surgical procedure 
were reported. There was no change in dialysis schedule or technique after surgery 
compared to pre-PTx. Drug therapy was unchanged except for the reduction or elimination of 
oral phosphate binders in almost all patients after PTx and the addition of calcium 
supplementation and calcifediol.  

Comparison N/A 
Length of follow-up Post-PTx follow-up was for at least 10 months, although the study also reported that blood 

biochemistry values were taken during 6 to 12 months after PTx. There is no clear indication 
whether all patients were followed up for the same time period, and it appears that at least 
some patients were followed up for 12 months.  

Outcome measures Blood biochemistry and cell counts, and plasma immunoreactive parathyroid hormone 
concentration.  

Effect size Blood biochemistry and cell counts outcomes before and after PTx are presented in the table 
below. 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
Outcome, N=patients Before, mean ± SEM After, mean ± SEM Significance
Plasma calcium mg/dl, N=17 9.9 ± 1.7 9.3 ± 2.1 P<0.02 
Plasma phosphorus mg/dl, 
N=17 

6.2 ± 3.3 4.8 ± 4.3 P<0.01 

Plasma iPTH ng of protein/ml 
(4<normal<8), N=11 

168 ± 35 25 ±7 P<0.01 

Alkaline phosphatases, IU/liter 
(normal, <220), N=10 

553 ± 83 147 ± 19 P<0.001 

Hematocrit, %, N=18 24.3 ± 1.9 30.9 ± 1.9 P<0.001 
RBC count, x10 power 6/cu 
mm, N=16 

2.8 ± 0.26 3.5 ± 0.24 P<0.001 

Hb, g/dl, N=17 7.9 ± 0.6 9.9 ± 0.5 P<0.001 
Reticulocyte count, x10 power 
5/cu mm, N=13 

51 ± 10 73 ± 15 NS 

WBC count, x 10 power 3/cu 5.9 ± 0.6 6.0 ± 0.5 NS 



Platelet count, x 10 power 3/cu 
mm, N=15 

245 ± 27 256 ± 33 NS 

Serum iron, g/dl, N=17 70 ± 7 75 ± 5 NS 
 

 In the majority of patients, the anaemia was normochromic and normocytic, but in four 
patients microcytic hypochromic anaemia was observed.  

 No correlation was found in a series of 13 patients between plasma iPTH concentration 
and hematocrit reading. 

 No correlation was found in the six patients who had bone biopsies between extent of 
marrow fibrosis pre-PTx and plasma iPTH level.  

 The table below shows that in patients 1, 2, and 5 in whom marrow fibrosis was evaluated 
before and after PTx, the hematocrit reading improved while marrow fibrosis decreased 
significantly from high initial values. 

 No great change in hematocrit reading was observed in patients 3 and 4 who exhibited 
only moderate marrow fibrosis at the time of PTx.  

 
Patient Hematocrit %, Pre versus 

Post PTx 
Plasma IPTH, ng 
protein/mg, Pre versus 
Post PTx 

Marrow Fibrosis, % total 
marrow space, Mean ± 
SEM, Pre versus Post 
PTx 

1 21 versus 30 87 versus 30 26.2 ± 1.4 versus  14.7 ± 
1.4; P<0.001 

2 19 versus 26 80 versus 20 10.7 ± 0.5 versus 4.1 ± 
0.5; P<0.001 

3 28 versus 30 100 versus 21 2.4 ± 0.6 versus 1.9 ± 
0.9; P=NS 

4 23 versus 26 190 versus 18 6.9 ± 0.8 versus 1.0 ± 
0.5; 
P<0.001 



5 28 versus 38 125 versus 27 21.0 ± 1.2 versus 2.75 ± 
0.35; P<0.001  
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Evidence Table 
 

HYP1 
When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

 
Bibliographic reference  Urena P, Eckardt KU, Sarfati E, Zingraff J, Zins B, Roullet JB et al. Serum erythropoietin and 

erythropoiesis in primary and secondary hyperparathyroidism: effect of parathyroidectomy. 
Nephron 1991;59:384-93.  

Study type 4-part study, but only 2 parts of relevance to clinical question. 
 Before and after study that investigates effects of PTx on iEPO in secondary 

hyperparathyroidism (HPM) patients 
 Open label RCT that investigates the effectiveness of calcitriol versus placebo in chronic 

dialysis patients.  
Evidence level  3 - for before and after study 



 1- for RCT  
Study objective  Before and after study: To investigate the impact of PTx on serum EPO levels and other 

main haematological parameters in secondary HPM patients (before and after study).  
 Open label RCT: To examine the effect of calcitriol treatment on serum EPO levels in 

uremic haemodialysis patients (RCT). 
Number of patients N=23 (Group 1 before and after study) 

N=14 (Group 4 RCT; N=7 placebo and N=7 calcitriol) 
Patient populations of groups 2 and 3 were not relevant to the clinical question 

Patient characteristics Inclusion criteria: 
 
Before and after study (Group 1) 

 Chronically uremic patients undergoing maintenance haemodialysis or chronic ambulatory 
peritoneal dialysis or advanced CRF (Ccr<10ml/min) not yet on dialysis.  

 Indication for surgical correction of severe secondary HPM for all patients based on 
clinical, biochemical, radiological, and histological (bone biopsy) criteria and failure of 
previous medical therapy. 

RCT (Group 4) 
 Chronically uremic patients undergoing maintenance haemodialysis 
 No oral vitamin D supplements during the month prior to study 
 Received conventional acetate or bicarbonate haemodialysis 
 Informed consent 

 
Exclusion criteria: 
 
Before and after study (Group 1) 

 Sickle cell anaemia or myeloproliferative disease 
 Anti-anaemic treatment such as vitamins, ferrous salt, androgen or rHuEPO 

RCT (Group 4) 
 Other types of anaemia, inflammatory disorders 



 Myeloproliferative disease 
 Anti-anaemic treatment such as vitamins, ferrous salt, androgen or rHuEPO 

 
Before and after study Group 1:  
Mean age was 50.7 ± 3.3 years (± SEM) 
11 females/12 males 
N=20 on haemodialysis, N=1 on CAPD and N=2 pre-dialysis 
Mean duration of haemodialysis treatment was 8.0 ± 1.0 years 
Following PTx calcium and vitamin D supplementation was required by all patients to bring 
plasma total calcium concentration back to levels above 2.0 mmol/1.  
 
Open label RCT, Group 4:  
Mean age was 43.9 ± 3.7 years.  
7 females/7 males 
Intervention group had a mean age of 39.0 ± 5.18 years 
3 females/4 males 
Mean duration of haemodialysis was 4.3 ± 2.4 years 
Placebo group had a mean age of 48.9 ± 4.8 years 
4 females/3 males 
Mean duration of haemodialysis was 1.4 ± 0.5 years 
 
No other socio-demographic characteristics were reported for either Groups 1 or 4. Clinical 
baseline readings are reported in effect size section below.  

Intervention Before and after study:  
 Subtotal PTx (ablation of 3 glands and of 1/3 to 2/3 of the 4th) was performed in 10 

patients 
 Total PTx followed by immediate autografting of several parathyroid fragments into the 

forearm brachioradialis muscle in the other 13 patients.  
 All parathyroid glands were identified histologically on frozen section before excision.  



 Following PTx calcium and vitamin D supplementation was required by all patients to bring 
plasma total calcium concentration back to levels above 2.0 mmol/1. 

 N=7 patients were transfused before the operation due to symptomatic anaemia (Hct 16-
30%) 

 
RCT:  

 Oral treatment with active vitamin D metabolite calcitriol (1µg/day for 14 days).  
 
 
All dialysis patients were treated by conventional acetate or bicarbonate hemodialysis (4-5 h 3 
times per week).  

Comparison  Before and after study: N/A 
 RCT: Received a placebo.  

 
All dialysis patients were treated by conventional acetate or bicarbonate hemodialysis (4-5 h 3 
times per week). 

Length of follow-up  Before and after study: The duration of follow-up in the hospital was 3 weeks for each 
patient, 1 week before and 2 weeks after PTx.  

 
 RCT: The study period was 14 days.  

Outcome measures Before and after study: Reticulocyte count, Serum iEPO levels, Hb levels, Plasma iPTH, 
packed cell volume (PCV), Platelet count, plasma phosphate.  
RCT: Serum iEPO, PCV values, Hb values, plasma total calcium, plasma total phosphorous 

Effect size Before and after study (Group 1): 
 
Outcome Before PTx After PTx  Statistical 

significance 
Serum iEPO levels 
mU/ml 

23.1 ± 4.8   
 

28.2 ± 5.0 (7 days) 
245 ± 125 (14 days) 

P=NS 
P<0.003 



Reticulocyte count, 
mm3  

61 000 ± 13 317 86 533 ± 13 462 (14 days) P<0.05 

PVC %, mean 27.4 ± 2.2  28.8 ± 1.4% (7 days) 
27.2 ± 1.5 % (14 days) 

P=NS 
P=NS 

Hb g/dL, mean 9.2 ± 0.7 g 9.7 ± 0.4 (7 days) 
9.2 ± 0.5 (14 days) 

P=NS 
P=NS 

Platelet count, mm3  204 250 ± 22 294 223 100 ± 23 178 (7 days) 
256 727 ± 40320 (14 days) 

P<0.03 
P<0.006 

Plasma phosphate 
mmol/1, mean 

2.17 ± 0.15 0.82 ± 0.10 (immediately 
after) 

P<0.001 

Plasma total calcium 
mmol/1, mean 

2.78 ± 0.05 1.80 ± 0.06 Not reported 

Plasma iPTH 
concentration pg/ml, 
mean 

906 ± 68 120 ± 17 (14 days) Not reported 

Values are mean ± SEM 
 

 No relation found between plasma total calcium, plasma phosphorous, and plasma iPTH 
before PTx and serum iEPO levels before PTx.  

 No relation observed between maximum decrease in plasma total calcium after PTx and 
serum iEPO levels before and after PTx.  

 Decrease in plasma phosphorous after PTx not related to increase in serum iEPO 
 No relation found between serum iEPO levels and PVC before or after PTx.  

 
 
RCT (Group 2): Results are reported as inter-group comparisons, before and after calcitriol 
(Group 4) 
 
Outcome  Intervention group N=7 Placebo group N=7 



Serum iEPO levels 
mU/ml 

18.6 ± 4.9 versus 16.0 ± 4.2; 
P<0.03  

11.4 ± 1.4 versus 12.0 ± 2.1;  
P=NS  

PVC Not given P=NS 
Hb Not given  P=NS 
Plasma total calcium 
mmol/1 

2.34 ± 0.02 versus 2.50 ± 0.07 
(15 days) ; P <0.01 

No increase  

Plasma total 
phosphorous mmol/1 

1.58 ± 0.17 versus 2.00 ± 0.26 
(15 days); P<0.03) 

No increase  
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Muirhead N, Churchill DN, Goldstein M, Nadler SP, Posen G, Wong C et al. Comparison of 

subcutaneous and intravenous recombinant human erythropoietin for anemia in hemodialysis 
patients with significant comorbid disease. American Journal of Nephrology  1992;12:303-10.  

Study type RCT, single-blinded study design 
Evidence level 1+ 
Study objective To investigate the safety, efficacy and quality of life benefits associated with s.c. vs. i.v. 

Epoetin in haemodialysis patients  
Number of patients N=128 

 
 Multisite study, 5 dialysis centres in Ontario, Canada 

Patient characteristics Inclusion criteria: 
 >18 years old 
 Mean Hb <95 g/l in the 3 months prior to the study 
 Presence of 1 or more Comorbidities (diabetes mellitus, ischaemic heart disease, history 

of hypertension or seizures, vascular disease) 
 Clinically stable on haemodialysis for at least 3 months at study entry 

 
 
Exclusion criteria: 

 Anaemia from causes other than presumed EPO deficiency  
 Uncontrolled hyperkalaemia or hypertension (diastolic BP >100 mmHg) 
 Acute illness within 7 days of study entry] 
 Unwilling to consent to s.c. injections 
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Treatment group  
Subcutaneous Intravenous 

Total 

N 64 64 128 
Age (years) 58.4 ± 15.8 57.6 ± 17.0 58.0 ± 16.4 
Sex, M:F 30:34  40:24  70:58 
Height (cm) 163.5 ± 12.5 165.2 ± 10.8 164.4 ± 11.6
Weight (kg) 65.8 ± 15.2 66.1 ± 17.4 65.9 ± 16.3 
Duration of ESRD (years) 3.9 ± 3.9 4.5 ± 4.4 4.2 ± 4.2 
Duration of dialysis (years) 2.6 ± 2.7 3.3 ± 3.7 3.0 ± 3.2 
Number transfused in prior 3 
months 

36 36 72 

 
 

Intervention Epoetin s.c. 
Comparison Epoetin i.v. 
Length of follow-up 24 weeks once target Hb range reached and maintained for 4 weeks 
Outcome measures Quality of life was estimated by the disease-specific Kidney Disease Questionnaire (KDQ) 

following the run-in and stabilisation periods and at weeks 8, 16 and 24 of the follow-up 
period.  
This consists of 26 questions grouped into 5 dimensions (physical symptoms, fatigue, 
relationships with others, frustration and depression). Each question is scored on a 7-point 
Likert scale with 7 indicating no problem and 1 a severe problem. The physical symptom 
dimension is patient-specific. 

Effect size 
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KDQ mean scores 
 Improvements in the physical and fatigue dimensions were seen in each group 
 There were no differences in QoL scores between the 2 groups at any time  

 
 

After run-in After stabilisation 24-week follow-up  
s.c.  i.v.  s.c.  i.v.  s.c.  i.v.  

N 59 58 49 46 44 37 
Physical 4.3 ± 1.2 4.3 ± 1.1 5.0 ± 

1.2* 
5.0 ± 
1.0* 

5.2 ± 
1.2* 

5.3 ± 
1.1* 

Fatigue 4.5 ± 1.4 4.3 ± 1.4 5.1 ± 
1.3* 

5.0 ± 
1.4* 

5.0 ± 
1.4* 

5.1 ± 
1.3* 

Relationships 5.2 ± 1.0 4.9 ± 1.2 5.3 ± 1.2 5.3 ± 1.1 5.4 ± 1.3 5.4 ± 1.2 
Depression 5.1 ± 1.4 5.0 ± 1.4 5.3 ± 1.3 5.5 ± 1.3 5.4 ± 1.3 5.3 ± 1.4 
Frustration 5.3 ± 1.3 4.9 ± 1.5 5.3 ± 1.3 5.3 ± 1.5 5.4 ± 1.3 5.2 ± 1.5 
Global physical 4.5 ± 1.2 4.4 ± 1.2 5.1 ± 1.2 5.1 ± 1.1 5.1 ± 1.3 5.1 ± 1.1 
Global 
emotional 

5.2 ± 1.1 4.9 ± 1.2 5.3 ± 1.2 5.4 ± 1.1 5.4 ± 1.2 5.3 ± 1.2 

*P<0.05 compared to post-run-in values 
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Ashcroft DM, Clark CM, Gorman SP. Shared care: A study of patients' experiences with 

erythropoietin. International Journal of Pharmacy Practice 1998;6:145-9.  
Study type Cross-sectional study 
Evidence level 3 
Study objective To examine patient’s information needs and concordance with EPO therapy in relation to the 

shared care scheme, which involves hospital and GP prescribing and management 
Number of patients N=86 
Patient characteristics Inclusion criteria: 

 Received EPO for at least 1 month 
 
Exclusion criteria: 

 Language or comprehension difficulties 
 
Variable  
Age (mean ± SD) 56 ± 17.8 years (range 19-84) 
Male:female ratio 55:31 
Dialysis mode 
Hospital haemodialysis 
Home haemodialysis 
Continuous ambulatory peritoneal dialysis 
(CAPD) 
Predialysis  

 
32 (37%) 
4 (5%) 
42 (49%) 
8 (9%) 

Length of time on EPO (mean ± SD) 20 ± 16.5 months (range 2-94) 
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Prescribed EPO brand 
Eprex 
Recormon 

 
31 (36%) 
55 (64%) 

 
 
 

Intervention EPO 
Comparison N/A 
Length of follow-up N/A, cross-sectional evaluation 
Outcome measures  Questionnaires were given to 119 patients, of whom 86 returned completed questionnaires 

(72%) 
 EPO administration 
 Injections 
 Concordance 
 Actions on missing a dose 
 Preferred source of information 
 Requests for information 
 EPO supply 
 Preferred method of obtaining EPO 
 Pharmaceutical services 

Effect size 
EPO administration 
 
N Person administering 

EPO 
47 (55%) Self-administered 
21 (24%)(on 
haemodialysis) 

Renal nurse  

7 (8%) Relative  
11 (13%) District nurse home visit 
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Injections 
 
N  
15 (17%) Difficulty in injection 

preparation  
15 (17%) Pain at injection site 

 
 Reports of pain were greater in patients receiving Eprex, relative to Recormon (P=0.01)  

 

Concordance 
 
N  
57 (66%) Never missed doses  
27 (31%) Occasionally missed doses 
2 (3%) Frequently missed doses 

 
 

Actions on missing a dose (N=86) 
 
Action  N 
Double the next dose 2 (2%) 
Omit dose and carry on as 
normal 

23 (27%) 

Inform GP 2 (2%) 
Inform renal unit 34 (39%) 
Don’t know/unsure 6 (7%) 
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Take as soon as remember 16 (19%) 
Non-response  3 (4%) 

 
 

Preferred source of information 
 
Preferred person N 
Renal unit EPO Nurse 77 (89%) 
Pharmacist 5 
GP 4 

 
 

Need for information 
 
 N 
No  51 (59%) 
Yes 35 

 
 
Requests for information (N=87) 
 
Request N 
How EPO works 27 (31%) 
Possible side 
effects 

25 (29%) 

What EPO is for 23 (26%) 
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Storing EPO 5 (6%) 
Injecting EPO 5 (6%) 
Obtaining EPO 2 (2%) 

 
 

EPO supply 
 
 N 
GP 61 (71%) 
Hospital pharmacy 25 

 
 N=20 reported their GP had refused to prescribe EPO. The most commonly cited reason for 

this action was the expense of the product (10 cases) 

 

Preferred method of obtaining EPO (N=124) 
 N=63 preferred community pharmacy and gave 81 reasons 
 N=23 preferred hospital pharmacy and gave 43 reasons 

 
Reason Community 

pharmacy 
Hospital 
pharmacy 

Total 

More convenient 54 (44%) 14 (11%) 68 (55%) 
Easier access 14 (11%) 6 (5%) 20 (16%) 
Supply always 
available 

6 (5%) 10 (8%) 16 (13%) 

Larger supply provided 1 (1%) 7 (5%) 8 (6%) 
Shorter waiting time 6 (5%) 6 (5%) 12 (10%) 
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 Following dose adjustment at the hospital, N=11 claimed their GP was not aware of the 

alteration and had informed them at the time of obtaining the next Rx 
 

Pharmaceutical services 
 
 N 
Spoke to a pharmacist about their EPO therapy 24 (28%) 
Would like to speak to a pharmacist about their EPO 
therapy 

30 (35%) 

 
  

Source of funding Not reported 
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PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Mahon A,.Docherty B. Renal anaemia--the patient experience. Edtna-Erca Journal 

2004;30:34-7. 
Study type Cross-sectional study 
Evidence level 3 
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Study objective Consultation on current renal service provision in dialysis and transplant patients 
Number of patients N=2,705 
Patient characteristics  

Profile of the responders, N=2,705 (approximately 16% response rate).  
N.B. The authors note only those eligible were invited to return a completed questionnaire 
and so a true response rate of those eligible can not be calculated 
 
Anaemic 73% 
Previously or currently on EPO 
therapy 

57% 

Male  61% 
Younger than 60 years old 60% 
51-60 years  26.4% 

 
 

Intervention Epoetin 
Comparison N/A 
Length of follow-up N/A 
Outcome measures  Multiple-choice questionnaire focused on: 

 Duration of Tx 
 Information provision 
 Health service support 
 Adequacy of care provision 
 Anaemia management 
 Transport to and from renal services 

Effect size The results were categorised into 4 main Tx groups and analysed: 
1) Transplanted 
2) Haemodialysis (HD) 
3) Continuous ambulatory peritoneal dialysis (CAPD) and/or automated peritoneal dialysis 
(APD) 
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4) CAPD/ APD/ HD 
 

 The HD over 60-year group preferred nurse-administration of EPO, whereas the CAPD/AP 
>60, CAPD/AP/HD >60 and all under 60-year olds in all categories CAPD/AP, 
CAPD/AP/HD and HD were more likely to self-administer. In the latter cases, the 2nd 
preference was nurse administration 

 The group least likely to miss an EPO dose was the over 60-year old group 
 Males were more likely to be adherent than females 
 Adherence to prescribed EPO therapy ranged from 24-33% 
 31% receiving EPO admitted to missing an EPO dose in the last 6 months 
 38% of those receiving EPO 3 times a week admitted to missing an EPO dose in the last 6 

months 
 The overall number of patients with missing doses appears to be less with bi-weekly 

injections, and the rate is even less with a weekly injection 
 On average across the renal replacement therapies, 72.5% of patients would prefer fewer 

injections with the under 60 year group preferring a once-weekly injection (74.2%). These 
patients states the main reasons for this preference were: 
 Convenience 
 Pain 
 Storage of EPO drug 

 
Source of funding Pharmaceutical company 
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Wazny LD, Stojimirovic BB, Heidenheim P, Blake PG. Factors influencing erythropoietin 

compliance in peritoneal dialysis patients. American Journal of Kidney Diseases 2002;40:623-8. 
Study type Longitudinal study 
Evidence level 3+ 
Study objective To examine factors that influence non-compliance with Epoetin in peritoneal dialysis patients 
Number of patients N=54 
Patient characteristics Inclusion criteria: 

 18 years or older 
 Receiving long-term peritoneal dialysis 
 S.c. EPO for at least 2 months 
 EPO injections in the home setting either by self or relatives/ friends 

 
Exclusion criteria: 

 Living in institutions where EPO injections were administered by qualified health 
professionals 

 
Intervention Epoetin s.c. 
Comparison N/A 
Length of follow-up  The questionnaire examined the prior 3 months of EPO treatment 

 The pharmacy record review examined the prior 12 months of EPO treatment 
Outcome measures Questionnaire and pharmacy record review 
Effect size  

 54 of 55 patients (98%) completed the questionnaire 
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 45 of 55 patients (82%) returned the written questionnaire and 9 of 55 (16%) responded 
verbally by telephone 

 19 of 54 patients (35%) were deemed to be non-compliant 
 
 All  

(N=54) 
Compliant  
(N=35) 

Non-compliant 
(N=19) 

P* 

Age (mean ± SD) 55.9 ± 15.6 60.2 ± 14.3 48.1 ± 15.2 0.005 
Sex (female) 29 (54%) 18 (51%) 11 (58%) 0.649 
Live alone 7 (13%) 13 (8%) 4 (21%) 0.192 
Charlson comorbidity score 4.2 ± 1.6 4.5 ± 1.5 3.6 ± 1.7 0.050 
Uses insulin 11 (20%) 5 (14%) 6 (32%) 0.132 
Months on PD (mean ± SD) 18.7 ± 16.4 15.7 ± 15.1 24.2 ± 17.6 0.059 
Months on EPO (mean ± SD) 14.7 ± 14.5 11.3 ± 12.4 20.7 ± 16.3 0.011 
Self-administers EPO 24 (44%) 12 (34%) 12 (63%) 0.093 
No. of EPO dose changes (mean ± SD) 4.8 ± 2.6 4.8 ± 2.9 4.8 ± 2.2 0.748 
Satisfaction with EPO therapy (1-5)  
(mean ± SD) 

4.1 ± 1.1 4.1 ± 1.0 4.1 ± 1.2 0.961 

Amount of pain on injection (0-5) 
(mean ± SD) 

1.0 ± 1.3 0.9 ± 1.3 1.3 ± 1.3 0.149 

Average Hb (g/dl) (mean ± SD) 11.2 ± 0.92 11.3 ± 0.87 11.1 ± 1.0 0.395 
Missed PD exchanges  8 (15%) 2 (6%) 6 (32%) 0.011 
Presently employed 12 (22%) 5 (14%) 7 (37%) 0.057 
Post-secondary education 18 (33%) 8 (23%) 10 (53%) 0.011 

 
* Compliant vs. non-compliant groups 
 
 
 

 The average Hb was not significantly different in either group over the 2-12 month time 
period 
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 There were no significant differences with EPO dose or number of injections ordered per 
week in the compliant and noncompliant groups 

 The most reported reason for non-compliance was that they forgot 
 
 
Reason provided % (N=14) 
Forgot to administer 64.3 
Injections unpleasant/painful 14.3 
Injections do not help 7.1 
Hard to obtain from hospital 
pharmacy 

7.1 

Other  28.6 
 
 

 Multivariate logistic regression analysis showed that the independent predictors of non-
compliance with EPO regimen were (in order of importance): 

i. Missing dialysis exchanges 
ii. Completion of secondary education 
iii. Younger age (r2=0.36) 
 
Variable B Standard 

error 
Wald Degrees of 

freedom 
Significance Exponent (B)

Age  -0.045 0.023 3.760 1 0.05 0.96 
Missed dialysis 
exchanges 

1.753 0.943 3.458 1 0.06 5.77 

Post-secondary 
education 

1.381 0.708 3.801 1 0.05 3.98 

Constant 0.884 1.297 0.465 1 0.49 2.42  
Source of funding Pharmaceutical company 
Citation  
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Granolleras C, Leskopf W, Shaldon S, Fourcade J. Experience of pain after subcutaneous 

administration of different preparations of recombinant human erythropoietin: A randomized, 
double-blind crossover study. Clinical Nephrology 1991;36:294-8.  

Study type RCT, double-blind, cross-over design 
Evidence level 1+ 
Study objective To identify possible differences between two Epoetin preparations with respect to pain 

experienced after subcutaneous administration 
Number of patients N=18 
Patient characteristics Inclusion criteria: 

 On haemodialysis 3 times weekly for at least 6 months 
 Treated with EPO for at least 1 month prior to study entry 

 
Exclusion criteria: 

 Contraindications for EPO therapy (e.g. uncontrolled hypertension) 
 Acute infections 
 Regular analgesic therapy 
 Chronic pain disorder 
 Skin alterations (e.g. sclerodermia) 
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Median age (years) (range) 55 (22-79) 
Sex (male/female) 8/10 
Median body weight (kg) 
(range) 

58.75 (47.3-
92.8) 

 
 

Intervention 1 ml of 2,000 IU Epoetin manufactured by Cilag s.c. (Preparation A) 
1 ml of 2,000 IU Epoetin manufactured by Boehringer Mannheim s.c. (Preparation B) 

 2 consecutive injections of each preparation and placebo were administered (i.e. 3-arm 
cross-over design) 

Comparison 1ml of 0.9% saline (placebo) s.c.  
Length of follow-up Study duration 2 weeks 
Outcome measures Pain assessment by standardised means: 

 Visual analogue scale (VAS), a non-graduated 100 mm vertical line ranging from “0=no 
pain” to “100=pain as bad as could be”. Patients indicated pain sensation by scoring on 
the vertical line with a horizontal dash 

 Verbal descriptive scale (VDS) with the following 6 categories: no pain, hardly any pain, 
mild pain, moderate pain, severe pain, unbearable pain. The patients ticked the 
appropriate category on a questionnaire 

Effect size 
Pain severity assessed by VAS (N=18) 
 
 
 
 
 
 Median pain score 

(mm) 
Inter-quartile range 
(mm) 

Preparation A 25 8 – 51 
Preparation B 1 1 – 3 
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Saline 10.5 1 – 17 
 
 
Pain severity assessed by VDS (N=18) 
 
Pain category Preparation A Preparation B Saline 
No  3 (16.7%) 15 (83.3%) 7 (38.9%) 
Very mild 4 (22.2%) 1 (5.6%) 4 (22.2%) 
Mild 3 (16.7%) 1 (5.6%) 7 (38.9%) 
Moderate 5 (27.8%) 1 (5.6%) 0  
Severe 3 (16.7%) 0  0  
Unbearable 0  0  0  

 
 
Comparison between pain sensation assessed by VAS vs. VDS 

 The overall assessment between VAS and VDS was good, rs=0.86 
 
Comparison 
group 

r2
s 

P 
A vs. B (VAS) 0.6999 <0.001 
B vs. A (VAS) 0.2215 <0.01 
B vs. saline 
(VAS) 

0.0701 <0.05 

A vs. B (VDS) 0.3050 <0.01 
B vs. A (VDS) 0.1564 <0.01 
B vs. saline 
(VDS) 

0.0437 >0.05 (NS) 

r2
S=squared Spearman rank correlation 
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Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 661 
 
 
 
 
Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Nicoletta P, Bernardini J, Dacko C, Terry C, Fried L. Compliance with subcutaneous 

erythropoietin in peritoneal dialysis patients. Advances in Peritoneal Dialysis 2000;16:90-2.  
Study type Retrospective case series (examination of patient records for EPO prescriptions and dates of 

refills) 
Evidence level 3+ 
Study objective To investigate patient compliance in s.c. Epoetin administration at home in peritoneal dialysis 

patients 
Number of patients N=55 

 
 Multi-centre study, 2 dialysis units in USA 

Patient characteristics Exclusion criteria: 
 Receiving EPO from another source 
 Live in a nursing home and therefore not responsible for their medication 
 Come into centre to receive EPO 
 Chemotherapy 
 Incomplete records 
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 Temporary haemodialysis periods 
 In-patient hospitalisation 

 
Intervention Epoetin s.c. 
Comparison N/A 
Length of follow-up Time on EPO ranged from 2-36 months (mean 12 months per patient) 
Outcome measures  Patient compliance with EPO administration 

 Patient compliance with dialysis exchanges 
Effect size 

Patient compliance with EPO administration 
 30 patients were non-compliant (55%) 
 Compliant and non-compliant patients did not differ on basis of race, sex or use of insulin 
 However, they did differ in terms of average Hct, age, comorbidity and whether another 

person, other than the patient (e.g. a family member) administered the EPO; compliant 
patients were older, with more comorbidity and were less likely to self-administer EPO 

 However, by logistic regression, the only significant correlation with compliance was 
whether a person other than the patient administered the EPO (r=0.46, P=0.005) 

 
 
 
 
 
 
 
 Compliant 

N=25 
Non-
compliant 
N=30 

P 

Age 59.3 ± 17.2 48.3 ± 17.4 0.023 
Sex, female 21 (48%) 12 (40%) NS 
Race, black 2 (8%) 4 (13%) NS 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for
Chronic Conditions

 

Uses insulin 8 (32%) 9 (30%) NS 
Charlson Comorbidity 
Score* 

6.4 ± 2.7 4.7 ± 2.1 0.014 

Average Hct 33.6 ± 2.6 31.7 ± 2.9 0.003 
Self-administers EPO  7 (28%) 21 (70%) 0.005 

* Range is 2-12 
 

Patient compliance with dialysis exchanges 
 Of N=21 EPO-compliant patients, N=10 (48%) were non-compliant with their exchanges 
 Of N=15 non-compliant patients, N=10 (67%) were also non-compliant with their 

exchanges 
P=0.39 (NS) 
Therefore EPO non-compliance did not correlate with peritoneal dialysis exchange non-
compliance 
 
 

Source of funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 1651 
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Provenzano R, Gracia-Mayol L, Suchinda P, Von Hartitzsch B, Woollen SB, Zabaneh R et al. 

Once-weekly epoetin alfa for treating the anemia of chronic kidney disease. Clinical 
Nephrology 2004;61:392-405.  

Study type Prospective longitudinal study 
Evidence level 3+ 
Study objective To evaluate the clinical safety and efficacy of a less frequent dosing regimen in ACKD 

patients not on dialysis 
Number of patients N=1,557 enrolled, but N=1,338 were evaluated for efficacy 

 
 Multisite study in 274 centres in USA 

Patient characteristics Inclusion criteria: 
 More than or equal to 18 years old 
 All stages of CKD (Serum creatinine 1.5-6.0 mg/dl for females and 2.0-6.0 mg/dl for males 
 Hb less than or equal to 10 g/dl 
 Life expectancy more than or equal to 6 months 
 Females: postmenopausal or using birth control and not pregnant 

 
Exclusion criteria: 

 Uncontrolled hypertension 
 Known hypersensitivity to mammalian-derived products or human albumin 
 Diagnosis of anaemia due to iron, B12 or folate deficiencies 
 Haemolysis or GI bleeding 
 Severe congestive heart failure (New York Heart Association Class IV) 
 Treatment with EPO within 6 months prior to study enrollment  
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 Stage 1-5 CKD receiving or scheduled to receive dialysis 
 
 N Mean ± SD Median  
Gender (Male/female) 557 (41.6%)/ 781 

(58.4%) 
N/A N/A 

Age (years) 1,338 64.7 ± 14.7 66.5 
Weight (lbs) 1,329 180.1 ± 50.9 172.0 
Race  
White 
Black 
Hispanic 
Asian  
Indian 
Hawaiian 
Other 

 
731 (54.6%) 
440 (32.9%) 
107 (8.0%) 
37 (2.8%) 
7 (0.5%) 
2 (0.2%) 
14 (1.1%) 

N/A N/A 

Primary causes of CKD 
Diabetes 
Hypertension 
Acute / chronic 
glomerulonephritis 
Vascular disease 
Polycystic kidney disease 
Multiple myeloma / 
dysproteinemia 

 
681 (50.9%) 
381 (28.5%) 
178 (13.3%) 
53 (4.0%) 
27 (2.0%) 
8 (0.6%) 

N/A N/A 

Comorbidities 
Hypertension 
Diabetes 
Cardiovascular disease 
Ischaemic heart disease 
Heart failure 

 
1,229 (91.9%) 
816 (61.0%) 
599 (44.8%) 
298 (22.3%) 
284 (21.2%) 

N/A N/A 
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Ventricular hypertrophy 
Angina 

275 (20.6%) 
144 (10.8%) 

 
 

Intervention Epoetin alfa starting dose of 10,000 U once a week, s.c. 
Comparison N/A 
Length of follow-up Study duration 16 weeks 
Outcome measures Quality of life at baseline, week 8 and week 16 (or upon early withdrawal) using 2 validated, 

self-report instruments: 
 100-mm Linear Analog Scale Assessment (LASA) of energy level, ability to perform daily 

activities and overall quality of life. A higher score indicates a better QoL 
 the Kidney Disease Questionnaire (KDQ), which consists of 26 questions in 5 dimensions; 

physical symptoms, fatigue, depression, relationships with others and frustration. Scores 
range from 1-7 with 1 being the least favourable 

Effect size 
Haematological responses to Epoetin treatment 

 The mean final Hb level (last observed after baseline) for all evaluable patients who had a 
post-baseline measurement (N=1,272) was 11.6 g/dl, a mean increase of 2.5 g/dl 
(P<0.0001) 

 In the 1,003 evaluable patients who had Hb measurements for week 16, the mean final Hb 
level was 11.8 g/dl, a mean increase of 2.7 g/dl (P<0.0001) from baseline 

 

No. of patients with Hb increase Assessment Hb (g/dl) 
Mean ± 
SD (N) 

Hct (%) 
Mean ± 
SD ≥ 1 g/dl 

≥ 1.5 g/dl ≥ 2.0 g/dl ≥ 3.0 g/dl 

Baseline 9.1 ± 0.7 
(1,338) 

27.5 ± 2.3 
(1,330) 

- - - - 
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Week 4 10.2 ± 
1.1*† 
(1,202) 

30.9 ± 
3.4*† 
(1,198) 

617 
(51.3%) 

378 
(31.4%) 

189 
(15.7%) 

36 (3.0%) 

Week 8 
11.2 ± 
1.3*† 
(1,123) 

34.2 ± 
4.0*† 
(1,120) 

905 
(80.6%) 

775 
(69.0%) 

608 
(54.1%) 

253 
(22.5%) 

Week 12 
11.8 ± 
1.4*† 
(1,056) 

36.0 ± 
4.1*† 
(1,056) 

938 
(88.8%) 

865 
(81.9%) 

760 
(72.0%) 

442 
(41.9%) 

Week 16 
11.8 ± 1.3*  
(1,003) 

36.1 ± 4.2* 
(998) 

905 
(90.2%) 

835 
(83.3%) 

712 
(71.0%) 

405 
(40.4%) 

* P<0.0001 compared to baseline 
† P<0.0001 compared to the previous period 

 
 

Change in Hb from baseline by demographics and baseline kidney function 

 
Characteristic N Baseline Hb ± SD 

(g/dl) 
Mean Hb change ± 
SD 
 (g/dl) 

Age (years)    
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≤ 60 
> 60 

445 
867 

9.1 ± 0.8 
9.2 ± 0.7 

2.4 ± 1.5 
2.4 ± 1.5 

Gender 
Male 
Female  

 
553 
759 

 
9.2 ± 0.7 
9.1 ± 0.7 

 
2.5 ± 1.6 
2.4 ± 1.5 

Race  
White 
Black  
Hispanic  
Asian  
Other  

 
716 
433 
103 
37 
23 

 
9.2 ± 0.7 
9.0 ± 0.7 
9.3 ± 0.7 
9.1 ± 0.7 
9.0 ± 0.8 

 
2.4 ± 1.5 
2.3 ± 1.5 
2.4 ± 1.5 
3.1 ± 2.2 
2.5 ± 1.3 

Baseline GFR (ml/min/1.73 
m2) 
<15 
15-29 
30-59 
Missing  

 
390 
786 
131 
5 

 
9.1 ± 0.8 
9.2 ± 0.7 
9.2 ± 0.7 
8.7 ± 1.0 

 
2.4 ± 1.5 
2.4 ± 1.5 
2.4 ± 1.6 
1.5 ± 1.3 

 
 

Assessment of QoL using LASA 
 

 All LASA parameters improved significantly from baseline (P<0.0001) and from week 8 to 
week 16 (P<0.0001) 

 
LASA 
parameter 

Increase in 
LASA score 
from baseline 
(mm)  

Increase in 
LASA score 
from 
baseline (%)  

N P 
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Energy 27.9 ± 23.4  70.5  1,184 <0.0001
Activity 24.5 ± 24.9 57.0 1,184 <0.0001
Overall QoL 22.6 ± 24.3 47.4 1,183 <0.0001

 
 Multivariate linear regression analysis showed Hb change to be the most significant 

predictor of QoL change (P<0.0001) 
 After adjusting for covariates i.e. clinical variables (baseline GFR, previous dialysis Tx and 

medical history of hypertension or diabetes) and demographic factors (age, gender and 
race), the regression models showed on average, a 1g/dl increase in Hb corresponded to 
an increase in LASA Energy of 2.7 ± 0.4 mm (P<0.0001); Activity (P<0.0001) and Overall 
QoL (P<0.0001). I.e. the 2.7 g/dl Hb increase observed in this study accounted for ~ 7 mm 
increase in QoL measures 

 Other significant predictors of QoL changes were: baseline QoL (P<0.0001), black race 
(P<0.009) and hypertension (P<0.05) 

 

Assessment of QoL using KDQ 
 

 All 5 KDQ domains indicated statistically significant improvements in QoL (P<0.0001) 
when compared to baseline 

 
Domain Baseline score ± 

SD 
(N) 

Final score ± SD
(N) 

Mean change ± 
SD 
(N) 

Physical symptoms 3.0 ± 1.1 (1,218) 4.5 ± 1.4 (1,098) 1.5 ± 1.5 (1,056)* 
Fatigue 3.5 ± 1.5 (1,323) 4.9 ± 1.4 (1,222) 1.4 ± 1.5 (1,219)* 
Depression 4.5 ± 1.6 (1,306) 5.4 ± 1.3 (1,216) 0.8 ± 1.4 (1,201)* 
Relationship with 
others 

4.2 ± 1.7 (1,323) 5.0 ± 1.3 (1,222) 0.8 ± 1.3 (1,219)* 

Frustration 4.7 ± 1.7 (1,296) 5.5 ± 1.4 (1,214) 0.8 ± 1.6 (1,192)* 
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Overall 19.7 ± 6.2 (1,199) 25.1 ± 5.7 
(1,046) 

5.4 ± 5.9 (1,002)* 

Mean change = final – baseline values 
Overall score = sum of all KDQ scores (range 1-35) 
* P<0.0001 
 

 Regression analysis showed Hb change was a strong predictor for all 5 KDQ domains as 
well as the overall score (P<0.0001) 

 A significant correlation was also observed between each of the LASA scores and each of 
the KDQ domains at baseline at week 16. These ranged from 0.33 to 0.61 for baseline 
scores and 0.42 to 0.66 for week 16 scores (P values not given by the authors) 

 
 

Source of funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 1652 
 
 
 
Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  National Kidney Federation Anaemia Survey 
Study type Cross-sectional study 
Evidence level 3 
Study objective To gather patients’ views (NKF members) 
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Number of patients N=2,106 
Patient characteristics  

Male / female 56.4% / 43.6% 
Mean age 
(years) 

58.9 for males 
53.4 for 
females 

Anaemic N=1,926 
(66.5%) 

 
 

Intervention Dialysis / transplant / EPO 
Comparison N/A 
Length of follow-up N/A; cross-sectional study 
Outcome measures  
Effect size  Number of anaemic patients receiving EPO, 90.69% 

 N=78 were refused EPO. Reasons for refusal of EPO (N=64) 
 
Reason % 
Was not suitable 4 
Hospital could not pay for it 20 
GP could not pay for it 50 
Received a blood transfusion 
instead 

7 

Don’t know 12 
Other  7 

 
 

 Pre-EPO Hb levels in anaemic patients (N=1,926) 
 
Hb (g/dl) N 
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<9 485 
9-9.9 137 
10-10.9 44 
11-11.9 12 
12-12.9 7 
≥13 4 

 
 EPO administration was mostly done by the patients and mostly at home 

 
 
Person administering 
EPO 

N 

Self 1,107 
Carer 129 
Nurse 411 
Doctor 7 

 
 
Place where EPO 
administered 

N 

Home 1,174 
Hospital 469 

 
 
 
 

 Mode of EPO administration  
Injection N 
S.c. 1,386 
I.v. 232 
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stratified by dialysis mode 
Type of dialysis S.c. (N) I.v. 

(N) 
Peritoneal dialysis (Total 
N=298) 

246 6 

Haemodialysis (Total N=695) 449 173 
 
 
 

Quality of life 
 The following 8 domains were investigated: tiredness, weakness, shortness of breath, pale 

skin tone, palpitations, headaches, sexual problems and sleep disturbance 
 Multivariate logistic regression was used to evaluate the association between baseline and 

post-treatment Hb levels and QoL 
 Only sleep disturbance and tiredness (adjusted for age and sex) were found to be related 
 Statistically significant predictors of QoL: 

 Age 
 Sex 
 Type of dialysis (PD vs. HD) 
 Mode of EPO administration (s.c. vs. i.v.) 
 Pre-EPO Hb (<11 g/dl vs. >11 g/dl) 
 Post-EPO Hb (<11 g/dl vs. >11 g/dl) 
 Increase in Hb level or not 

 
 

Effect of Hb on QoL--Logistic regression outputs 
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Tiredness 

 Pre-treatment levels <11 g/dl were less likely to experience improvement in tiredness 
 However, in patients whose post-treatment Hb levels had increased from below 11 g/dl to 

above 11 g/dl were 1.8 times more likely to report an improvement in QoL 
 
 Coefficient SE P value Odds ratio (95% 

CI) 
Age -0.02 0.01 <0.05 0.98 (0.96-1.00) 
Pre-EPO Hb 
level 

-0.95 0.49 <0.01 0.39 (0.15-1.00) 

Hb level 0.57 0.27 <0.05 1.77 (1.04-3.03) 
 
 
Sleep disturbance 

 Those with pre-treatment levels <11 g/dl were less likely to experience improvement in 
sleep disturbance 

 
 Coefficient SE P value Odds ratio (95% 

CI) 
Age 0.32 0.16 <0.05 1.37 (1.01-1.88) 
Pre-EPO Hb 
level 

-1.26 0.49 <0.01 0.28 (0.11-0.73) 

 
 
Ability to attend a job   

 The ability to attend a job  (adjusted for age, sex and how the EPO was administered) was 
found to be related 

 I can attend a 9am-5pm job: Patients with post-treatment Hb levels >11 g/dl were 1.9 
times more likely to agree with this statement 
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 Coefficient SE P value Odds ratio (95% 

CI) 
Age -0.05 0.01 <0.05 0.95 (0.94-0.96) 
Sex -0.64 0.18 <0.001 0.53 (0.37-0.75) 
I.v/s.c 0.66 0.28 <0.05 1.94(1.11-3.39) 
Post-EPO Hb 
level 

0.64 0.20 <0.001 1.90(1.29-2.81) 

 
 
Study conclusions: 

 The majority of patients with anaemia and ESRD receive EPO 
 General awareness of Hb level is poor 
 Majority of patients that requested EPO were refused on cost issues 
 Treatment with EPO has increased levels of Hb 
 Initiation of therapy typically occurs when Hb levels are below the EBPG recommended 

level 
 QoL is improved following treatment with EPO 

 
Source of funding Multiple pharmaceutical companies 
Citation  
NCC CC ID (Ref Man) 1690 
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Evidence Table 
 

PAT1 
What are the patient preferences and experiences when receiving ESAs for the treatment of ACKD? 
 
Bibliographic reference  Bailie GR, Plitnick R, Eisele G, Clement C, Rasmussen R. Experience with subcutaneous 

erythropoietin in CAPD patients. Advances in Peritoneal Dialysis 1991;7:292-5.  
Study type Prospective longitudinal study  
Evidence level 3- 
Study objective To report continuous ambulatory peritoneal dialysis patients’ experiences from the use of s.c. 

Epoetin  
Number of patients N=18 
Patient characteristics Inclusion criteria: 

 All CAPD patients with ESRD 
 Hct <25% or transfusion-dependency 

 
Exclusion criteria: 

 Active blood loss 
 Haemolysis 
 Pregnancy 
 Uncontrolled hypertension 
 Other life-threatening disease 
 Immunosuppressant Tx, except oral steroids 
 <18 years old 
 <3 months CAPD 
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N=18 
Males/females 11/9 
Age (mean ± SD) 50.9 ± 15.0
Weight (mean ± SD) kg 68.4 ± 14.9
ESRD diagnosis 
Diabetic nephropathy 
Chronic Glomerulonephritis 
Polycystic kidney disease 
Malignant nephroscelerosis 
Systemic lupus erythematosus 
Rapidly progressive Glomerulonephritis 
Chronic interstitial nephritis 
Pyelonephritis 
Focal sclerosing Glomerulonephritis 

 
7 
5 
2 
1 
1 
1 
1 
1 
1 

Duration on CAPD until end of study (mean ± SD) 
months 

23.3 ± 20.5

 
 

Intervention s.c. Epoetin to target Hct 32% 
Comparison N/A 
Length of follow-up Not clear, however, authors report 419 months of experience of CAPD and 199 weeks of Epo 

Tx 
Outcome measures  
Effect size  N=6 complained of transient pain at the injection site 

 No other adverse effects were noted 
Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1650 
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Section 6: Assessment and optimisation of erythropoiesis 
 
TXEF4: In patients with ACKD what are the benefits and risks of correcting anaemia with ESAs compared to 

placebo or no treatment in reducing morbidity and mortality and improving quality of life? 
TXEF5: In patients with ACKD what are the benefits and risks of correcting anaemia with ESAs compared to 

blood transfusions in reducing morbidity and mortality and improving quality of life? 
TXEF1: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOα compared to EPOβ in reducing 

morbidity and mortality and improving quality of life? 

TXEF2: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOα compared to 
Darbepoetin in reducing morbidity and mortality and improving quality of life? 

TXEF3: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOβ compared to 
Darbepoetin in reducing morbidity and mortality and improving quality of life? 

MGTHb2: In patients with CKD, what are the risks and benefits of early versus deferred correction of anaemia? 

NURS1: Is the effectiveness of anaemia management in CKD improved by the involvement of anaemia nurse 
specialists/coordinators? 

ESAD1: In patients with ACKD what factors determine the provision of ESAs? 
ESAD2: In patients with ACKD what factors determine the route of administration of ESAs? 
TXDF1: In patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct 

anaemia? 

MGTHb1: What haemoglobin range should be maintained during anaemia treatment in CKD? 
PaedMGTHb1: What haemoglobin range should be maintained during anaemia treatment in CKD in children? 
TxDF2: In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 

maintenance range? 

TxFe1: What is the most effective and safest dose, frequency, preparation and route of administration of iron in 
ACKD pts with functional iron deficiency prior to ESA treatment? 
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TxFe2: What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 

functional iron deficiency receiving ESA treatment? 

MGTFe3: In patients with ACKD what are the optimal serum ferritin, percentage transferrin saturation (% TSAT) 
and percentage hypochromic red cell (% HRC) levels to be maintained during treatment with ESA? 

 
 
There was no evidence identified for TXEF1 
 
 

Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference  Cody J, Daly C, Campbell M, Donaldson C, Grant A, Khan I, Pennington S, Vale L, Wallace 

S, MacLeod A, Recombinant human erythropoietin for chronic renal failure anaemia in pre-
dialysis patients (Cochrane Review). In: The Cochrane Library, Issue 4, 2003. Chicester, UK: 
John Wiley & Sons, Ltd. 

Study type Meta-analysis 
 
12 RCTs including some with less secure allocation concealment  
N.B. not all studies are relevant to this question; stratified into outcome measures 

Evidence level 1++ 
Study objective To assess effects of EPO in pre-dialysis patients with renal anaemia 
Number of patients Addressed individually- under effect size 
Patient characteristics  Pre-dialysis patients with anaemia of chronic renal failure 

 No age exclusions 
Intervention EPO (irrespective of dose or mode of delivery) 
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Comparison No EPO or placebo 
Length of follow-up Study duration ranged from 8 to 48 weeks and is addressed individually- under effect size 
Outcome measures  Quality of Life 

 Mortality 
Effect size Quality of Life was addressed by 3 studies within the systematic review 

 Only Kleinman, 1989 recorded data in a suitable manner for analysis. EPO N=7, no 
EPO/placebo N=7. The 3 questions used to assess QoL, which patients rated from 0-100 
on a visual analogue scale were:  
(1) Rate your energy level duringthe past week 
(2) Judge your ability to do work during the previous week 
(3) Rate your overall quality of life during the past week 

A significant improvement in QoL was found after 12 weeks, mean difference 35 (95% CI 
12.47 to 57.53) 
 

 Roth, 1994 used the Sickness Impact Profile, 4 scales from Medical Outcomes Study 
Short Form and other validated Medical Outcome Study measures to assess QoL at 
weeks 16, 32 and 48. EPO N = 43, No EPO N=40. At 48 weeks the control group showed 
a significant decrease in physical function (P=0.03) and those receiving EPO showed 
significant increases in energy (P=0.045) and physical function (P=0.015) 

  
 Lim, 1989 reported subjective improvements in QoL 

 
Mortality data from 4 trials was compiled in a meta-analysis 

 Addressed by 4 trials, N=94 EPO and N=74 No EPO (Excluding Kleinman, 1989 as no 
deaths reported): Kuriyama, 1994 (i.v. EPO, duration 36 weeks); Roth, 1994 (s.c. EPO, 
duration 48 weeks) and Stone, 1988 (s.c. EPO, duration 8 weeks). Kleinman, 1989 (s.c. 
EPO, duration 12 weeks) 

Odds ratio 0.56 (95% CI 0.10 to 3.15) (NS difference in treatment vs. control) 
 

Source of funding Pharmaceutical company 
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Citation  
NCC CC ID (Ref Man) 3 
 
 
 
Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic 
reference  

Powe NR, Griffiths R, I, Watson AJ, Anderson GF, de Lissovoy G, Greer JW et al. Effect of 
recombinant erythropoietin on hospital admissions, readmissions, length of stay, and costs of 
dialysis patients. Journal of the American Society of Nephrology 1994;4:1455-65. 

Study type Case-control analysis of American health insurance company claims database 
Evidence level  2- 
Study objective To examine effect of treatment of dialysis patients with EPO on frequency of hospital admissions, 

length of hospital stay and inpatient costs and payments for admissions 
Number of patients N=46,526 

 N=23,806 EPO treated 
 N=22,720 Non-EPO treated (control) 

Patient 
characteristics 

Inclusion criteria for all patients 
 Alive and enrolled in the ESRD programme for at least 18 months 
 Entitled to Medicare Part A and Part B services (no definition of this given by the authors) 
 Receiving dialysis paid for by Medicare 
 Without a functioning kidney transplant 

 
Inclusion criteria for EPO-treated group 

 Received first EPO treatment between August, 1989 and December, 1989 (This was 
determined from the first claim submitted to the federal agency that administers the health 
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insurance programme by the patients health care provider) 
 Enrolled in the ESRD programme for 9 months before initiation of EPO therapy 
 Alive for 9 months after EPO therapy was begun 

 
Inclusion criteria for control group 

 Treated during the same 5 month period 
 Matched on each of 6 characteristics with the treatment group: age, gender, race, duration of 

ESRD, cause of ESRD and dialysis modality (haemodialysis, HD or peritoneal dialysis, PD) 
 

Characteristic EPO  
N=23806 

 
(%) 

Control 
N=22,720 

 
(%) 

Age (yr) 
0 – 19 
20 – 34 
35 – 49 
50 – 64 
65 – 74 
75 – 84 
85+ 

 
185 
2,419 
4,544 
6,908 
6,298 
3,050 
402 

 
1 
10 
19 
29 
26 
13 
2 

 
137 
1,731 
4,598 
7,232 
6,093 
2,634 
295 

 
1 
8 
20 
32 
27 
12 
1 

Female 
Male 

13,054 
10,752 

54 
45 

12,024 
10,696 

53 
47 

Race 
Black 
White 
Other 

 
8,570 
14,012 
1,224 

 
36 
59 
5 

 
8,554 
13,110 
1,056 

 
38 
58 
5 

ESRD duration (yr) 
>10 
5 – 10 
0 – 5 

 
2,696 
6,041 
17,021 

 
11 
25 
72 

 
2,934 
5,696 
15,884 

 
13 
25 
70 
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ESRD cause  
Hypertension 
Diabetes 
Glomerulonephritis 
Polycystic 
Infections 
Lupus 
Congenital 
Metabolic 
Multiple myeloma 
Sickle cell anaemia 
Other 

 
6,117 
4,896 
5,080 
965 
974 
574 
286 
95 
72 
29 
2,573 

 
28 
23 
24 
5 
5 
3 
1 
<1 
<1 
<1 
12 

 
5,873 
4,694 
4,649 
1,639 
754 
398 
167 
75 
59 
8 
2,041 

 
29 
23 
23 
8 
4 
2 
1 
<1 
<1 
<1 
10 

Dialysis setting / modality 
In-center HD 
In-center PD 
Home HD 
Home PD 

 
21,160 
99 
307 
1,255 

 
93 
<1 
1 
6 

 
19,442 
73 
939 
1,348 

 
89 
<1 
4 
6 

Profit status 
Not for profit - hospital 
based 
For profit - hospital based 
Not for profit - free standing 
For profit - free standing 

 
4,789 
1,225 
3,465 
12,626 

 
22 
6 
16 
57 

 
5,579 
702 
3,630 
11,402 

 
26 
3 
17 
54 

Deaths during 3 months 
after 18 month observation 
period 

1,188 5 1,170 5 
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Intervention EPO 
Comparison No EPO 
Length of follow-up 9 months observation period 

 
The authors addressed possible confounding (e.g. more ill patients selected by physicians for 
EPO therapy) by adjusting for admissions 9 months prior to study entry for a specific condition 

Outcome measures  All-cause admissions 
 Number of hospital admissions 
 Number of days spent in hospital 
 Cost to hospital for inpatient care (not reported herein) 
 Amount reimbursed to hospital by health insurance company (not reported herein) 

Effect size Relationship of prior hospital admission (preceding 9 months) to future admission (subsequent 9 
months) 
N=46,326 
 

Probability of 
admission in second 9 
months if: 

Relative risk of 
admission in second 
9 months (95% CI) 
 

Diagnosis or Procedure Number of 
patients 
admitted in 
second 9 
month 
period 
 

Admission 
in prior 9 
months 
(%) 

No 
admission 
in prior 9 
months 
(%) 

Prior vs. no prior 9-
month admission 

All causes 26,285  69.0 43.0 1.6 (1.6-1.7) 
Vascular access revision 6,055 34.0 10.0 3.4 (3.4-3.5) 
Seizure 307 12.0 0.6 19.6 (19.4-20.1) 
Heart failure 2,211 20.0 4.0 5.2 (5.1-5.3) 
Volume overload 458 12.0 0.9 14.0 (13.8-14.3) 
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Myocardial infarction 452 11.0 0.9 12.5 (12.2-12.7) 
Angina 1,514 23.0 3.0 9.0 (8.9-9.1) 
Cerebrovascular accident 319 11.0 0.6 18.3 (17.8-18.5) 
Peripheral vascular 
disease 

358 13.0 0.7 18.2 (17.8-18.4) 

Anemia 165 8.0 0.3 26.5 (25.8-26.7) 
Depression 58 5.0 0.1 43.3 (43.7-45.7) 

 

Frequency of hospital admissions for all causes 
N=46,526 
 

% admitted in successive 9-month periods 
EPO  
(N=23,806) 

Control 
(N=22,720) 

 
 
 
Condition 1st 9 

months 
 

2nd 9 
months 

1st 9 
months 

2nd 9 
months 
 
 

Adjusted relative 
odds (95% CI) of 
admission in 2nd 
period: 
EPO vs. control 

All causes 54 58 50 55 1.08 (1.03-1.14)* 
Vascular access revision 13.0 13.7 12.2 12.3 1.11 (1.06-1.17)* 
Seizure 0.55 0.80 0.38 0.51 1.52 (1.28-1.75)* 
Heart failure 5.7 5.2 4.6 4.3 1.17 (1.09-1.26)* 
Volume overload 1.1 1.1 0.9 0.9 1.17 (0.98-1.36) NS 
Myocardial infarction 1.04 0.93 0.93 0.91 0.91 (0.72-1.10) NS 
Angina 3.9 3.4 3.3 3.1 1.09 (0.99-1.20) NS 
Cerebrovascular accident 0.59 0.71 0.55 0.66 1.08 (0.86-1.31) NS 
Peripheral vascular 
disease 

0.58 0.68 0.73 0.86 0.81 (0.60-1.02) NS 
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Anemia 0.72 0.34 0.31 0.37 0.86 (0.55-1.17) NS 
Depression 0.17 0.12 0.16 0.13 0.89 (0.37-1.40) NS 

 
* significant 
NS= not significant 
 
 

Frequency and days of admission 
N=46,526 
 

EPO 
(N=23,806) 

Control 
(N=22,720) 

 

1st 9 
months 

2nd 9 
months 

% 
Change

1st 9 
months 

2nd 9 
months 

% 
Change

% with 0 admissions 46.0 42.1 -8.7 50.4 45.0 -10.8 
% with 1 admission 23.4 24.2 3.4 23.0 23.8 3.5 
% with 2 or more admissions 30.6 33.7 10.1 26.6 31.2 17.3 
Admissions per patient 1.22 1.36 12 1.07 1.24 16 
Inpatient days per patient 11.0 12.6 15 10.2 13.1 28 
Average length of stay (per 
admissions) 

9.0 9.3 3 9.5 10.5 11 
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Results adjusted for each patients prior hospital use 
 

Change per 1,000 patients between 
1st and 2nd 9-month periods 

 
 
Parameter EPO 

N=23,806 
Mean (SE) 

Control 
N=22,720 
Mean (SE) 

Difference in 
change 
EPO minus 
Control 

 
 
P value 

No. of 
admissions 

138 (12.3) 176 (11.8) -38 0.03 

No. of days 1,602 (189) 2,911 (190) -1,309 0.0001 
 
 

Source of funding Federal (U.S. government) agency that administers health insurance programme 
Citation  
NCC CC ID (Ref 
Man) 

9 
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Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference  Association between recombinant human erythropoietin and quality of life and exercise 

capacity of patients receiving haemodialysis. Canadian Erythropoietin Study Group. BMJ 
1990;300:573-8. 

Study type RCT 
Evidence level 1+ 
Study objective To determine if EPO improves quality of life and exercise capacity of anaemic patients 

receiving haemodialysis 
Number of patients N=118 

 N=40 Placebo 
 N=40 Low EPO; Hb maintenance range 95-110 g/l 
 N=38 High EPO; Hb maintenance range 115-130g/l 

 
Multisite study; 8 university haemodialysis centers in Canada 

Patient characteristics Inclusion criteria 
 Age 17-75 
 Clinically stable for 3 months 
 Average Hb level of <90g/l in the preceeding 3 months 
 Received haemodialysis 3 times a week in a hospital or self care unit 

 
Exclusion criteria 

 Anaemia not caused ny EPO deficiency 
 QoL and exercise capacity affected by other factors besides renal failure 
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 Unable to perform a 6 minute walk test 
 Language or intellectual difficulties precluded understanding of questionnaires 
 Unwilling or unable to give informed consent 

 
 Placebo 

group 
(N=40) 

Low EPO 
group 
(N=40) 

High EPO 
group 
(N=38) 

Age (years) (SD) 48 (16) 44 (16) 43(15) 
No. of men 25 19 26 
No. who were anephric 6 13 10 
No. who had a transplant 14 16 12 
Duration of dialysis (years) (SD)* 2.5 (3.1) 4.6 (4.7) 4.4 (5.1) 
No. of transfusions during previous 
year (SD) 

7.3 (8.3) 6.6 (6.8) 5.6 (7.4) 

No. dependent on transfusion 19 19 11 
No. receiving antihypertensive drugs 10 13 12 
Haemoglobin (g/l) (SD) 71 (9) 69 (10) 71 (12) 
Serum iron (μmol/l) (SD) 19 (14) 18 (9) 22 (15) 
Serum ferritin (μg/l) (SD) 703 (866) 1044 (1690) 1273 

(2303) 
Serum creatinine (μmol/l) (SD) 1057 (246) 1090 (260) 1076 (290) 
Serum urea (mmol/l) (SD) 28.0 (6.0) 27.3 (7.0) 27.8 (7.2) 
Serum potassium (mmol/l) (SD) 5.0 (0.6) 5.1 (0.6) 5.1 (0.7) 

*P = 0.07 
 

Intervention Low dose or high dose erythropoietin i.v. three times weekly 
Comparison Placebo 
Length of follow-up Study duration 6 months 
Outcome measures 

Quality of Life  
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 Kidney Disease Questionnaire 
Questionnaire specific for patients with end stage renal disease, consisting of 26 questions 
divided into 5 sections: physical symptoms, fatigue, depression, relationships & frustration. All 
questions were scored on a 7-point Likert scale; 7 = no problem, 1 = severe problem. A 
change in a mean score of 0.5 represented a minimal, clinically important difference, whilst a 
mean change of 1.0 represented a large clinical change 

 Sickness Impact Profile  
Questionnaire based on behaviour that contains 136 statements about dysfunction to health 
in 12 categories, aggregated into 3 groups: physical score (including body care & movement, 
ambulation and mobility), psychosocial score (including emotional behaviour, social 
interaction, communication and ambulation) and global score (including sleep & rest, eating, 
work, home management, recreation & pastimes and alertness). Study participants gave yes 
or no answer to each question 

 Time Trade Off Technique 
Patients were asked how many years of their current health they were willing to forgo in order 
to achieve perfect health. This was used to derive a score between 0 and 1, whereby 1 
represents perfect health and 0 is a state where the individual is indifferent between life and 
death. 
E.g. for a 36 year old unable to choose between 4 years of perfect health and 40 years of her 
current health, the utility of her current health state = 4/40 = 0.10 
 

Exercise capacity 
 6-minute walk test 
 Exercise stress test 

Effect size Study participants were evaluated before randomisation and at 2, 4 and 6 months into the 
study.  
 
Scores for quality of life and exercise capacity before and 2 and 6 months after start of 
treatment with placebo (N=32) or erythropoietin (N=67) 
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 Erythropoietin vs. Placebo

Significance of difference 
Kidney Disease Questionnaire 
Physical 
Fatigue 
Relationships 
Depression 
Frustration 

 
<0.001 
<0.001 
0.001 
0.018 
NS 

Sickness Impact profile 
Global 
Physical 
Psychosocial 

 
0.024 
0.005 
NS 

Time Trade Off Technique NS 
Exercise Stress Test (min walked) 0.018 
Six-minute Walk Test (distance walked 
(m)) 

NS 

 
Symptoms defined by patients as being a problem associated with end stage renal disease 
before and at 2 and 6 months after start of treatment with placebo or erythropoietin –
subjective data 
 
 

Symptoms Erythropoietin vs. Placebo
Significance of difference 

Fatigue <0.001 
Decreased strength <0.001 
Sleeping abnormalities NS 
Aching legs and bones NS 
Shortness of breath NS 
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Sexuality NS  
Source of funding Not indicated 
Citation  
NCC CC ID (Ref Man) 214 
 
 
Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference  Bahlmann J, Schoter KH, Scigalla P, Gurland HJ, Hilfenhaus M, Koch KM et al. Morbidity and 

mortality in hemodialysis patients with and without erythropoietin treatment: a controlled 
study. Contributions to Nephrology 1991;88:90-106. 

Study type Open label RCT 
 
Only the first 4 weeks was double-blind in order to assess side effects of i.v. injections 

Evidence level 1- 
Study objective To investigate morbidity and frequency of adverse effects observed in haemodialysis patients 

undergoing treatment with EPO in comparison to no treatment 
Number of patients N=129 

 N=63 EPO group 
 N=66 Control group (placebo injections were given during the first 4 weeks) 

 
Multicenter study, 7 university hospitals in Germany 

Patient characteristics  Inclusion criteria 
Hematocrit ≤28% 
Regular haemodialysis for at least 6 months 
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Anaemia of end stage renal disease 
No major underlying disease e.g. infections, epilepsy, cancer, no immunosuppressive therapy 
Adequately controlled hypertension and diabetes mellitus 
Blood transfusion requirements not more than 8 units of packed red cells in the previous year 
 
 

 EPO group 
(N=63) 

Control group 
(N=66) 

Sex male/female 24/39 31/35 
Age (years) 56 (21-80) 58 (22-78) 
Duration of HD treatment 
(months) 

35 (6-68) 44 (6-87) 

Renal disease 
Glomerulonephritis 
Pyelonephritis 
Analgesic nephropathy 
Polycystic kidney disease* 
Vascular kidney disease 
Diabetic nephropathy* 
Unknown 

 
20 
25 
19 
8 
4 
10 
14 

 
27 
26 
24 
2 
4 
4 
13 

Renal status at start of the study 
Nephrectomy 
Previous kidney transplantation 

 
9 
14 

 
10 
15 

Concomitant diseases 
Hypertension 
Coronary heart disease 
Coronary insufficiency 
Arrythmias 
Valvular heart disease 
Diabetes mellitus* 

 
46 
22 
13 
11 
2 
27 

 
47 
14 
17 
5 
6 
9 
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Intervention Erythropoietin i.v. 
Comparison No Erythropoietin or blood transfusions if necessary 
Length of follow-up Study duration 6 months 
Outcome measures  Mortality 

 Quality of Life 
A special questionnaire was used to assess physical and psychological symptoms and well-
being in the pre-treatment period at 1, 3 and 5 months (the authors do not indicate the 
number of questions or if it was validated) 
Subjective data on complaints was also collected – not included herein 

Effect size  Mortality  
2 deaths were reported in both the EPO and control groups. The authors attributed the deaths 
to the disease state of the patients and complications associated with haemodialysis and not 
EPO therapy 
 

 Quality of Life 
 QoL of EPO group before 

start of study and at 3 
months vs. Control group 

Physical fitness <0.05 
Sexual activity <0.05 
Overall quality of life NS 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 234 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for
Chronic Conditions

 
 
Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference  Churchill DN, Muirhead N, Goldstein M, Posen G, Fay W, Beecroft ML et al. Effect of 

recombinant human erythropoietin on hospitalization of hemodialysis patients. Clinical 
Nephrology 1995;43:184-8. 

Study type Prospective cohort study 
 
Multisite study: 7 haemodialysis centers in Canada 

Evidence level 2+ 
Study objective To evaluate the effect of EPO on hospitalisation 
Number of patients N=134 

 N=67 new haemodialysis patients prescribed EPO 
 N=67 new haemodialysis patients 

Patient characteristics  Control group was matched for clinical center, age, history of cardiovascular disease and 
transfusion history 

 3 age-groups: 15-44y (19 pairs); 45-64y (26 pairs); >64y (22 pairs) 
 25 pairs with cardiovascular disease and 42 without 
 51 pairs with a history of transfusion in the 12 months prior to commencement of 

haemodialysis and 16 pairs without 
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Baseline 
characteristics 

EPO group Control group 

Sex 
Male 
Female 

 
42 
25 

 
44 
23 

Diabetics 8 10 
Smokers 16 12 
Serum albumin (g/l) 35.1 35.3 
Blood pressure 
(diastolic) 
<100 mmHg 
≥100 mmHg 

 
56 
11 

 
60 
7 

 
 

Intervention Erythropoietin (EPO) – route of administration not indicated 
Comparison No EPO 
Length of follow-up Study duration 3.5 years 
Outcome measures  Number of admissions 

 Length of hospital admission 
 Principal diagnosis – Hospitalisations were classified as cardiovascular, infective, vascular 

access complications, gastrointestinal and other 
 2 types of matched pairs: hospitalisation for neither member or hospitalisation for at least 

one member of the matched pair  
 Sub-group analysis was used to assess the effect within age groups and cardiovascular 

disease 
Effect size  21 pairs without hospitalisation 

Follow up of the treatment group = 3,356 days (mean 160, median 154) and control group = 
3,795 days (mean 191, median 126) 
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 46 pairs had at least one member hospitalised 
Follow up of the treatment group = 8,185 days (mean 178, median 174) and control group = 
10,562 days (mean 230, median 184) 
 

Characteristics Pairs without 
hospitalisations
N=21 

Pairs with 
hospitalisations
N=46 

Age (%) 
18-44 y 
45-64 y 
>64 y 

 
7 (33) 
9 (43) 
5 (24) 

 
12 (26) 
17 (37) 
17 (37) 

Cardiovascular disease 
Absent  
Present 

 
13 (62) 
8 (38) 

 
29 (63) 
17 (37) 

Transfusion  
Absent  
Present 

 
6 (29) 
15 (71) 

 
10 (22) 
36 (78) 

 
 
Of the 46 hospitalised pairs: 

Outcome EPO group Control group 
Hospitalisations 58 97 
Average days 
hospitalised per 
admission 

8.0 9.6 

Hospitalisations (Days 
per year) 

15.3 23.2 

 
The difference in hospitalisations (days per year) between the 2 arms, from the data above, 
was –7.9 days (95% CI –21 to 7.8) (p=0.255) (NS) 
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When stratified into diagnosis, the differences in hospitalisation between the treatment and 
control arm were mostly in favour of EPO: 

Admission type Difference in 
hospitalisation (days per 
year) 

Cardiac  -1.6 
Infections -1.8 
Vascular access 
complications 

+0.9 

Gastrointestinal 
problems 

-1.2 

Other -4.0 
 
Sub-group analysis to assess hospitalisations within age group and cardiovascular disease 
seemed to be in favour of EPO but not statistically significant: 
 

Characteristic Difference in 
hospitalisation (days per 
year) 

Statistics 

Patients with history of 
cardiovascular disease 

 -3.3 (NS) (p>0.05) 

 Patients without history 
of cardiovascular 
disease 

-10.5 (NS) (p>0.05) 

Age groups 
18-44y 
45-64y 
>65y 

 
-6.5  
-20.7 
+4.2 

 
(NS) (p>0.05) 
(NS) (p>0.05) 
(NS) (p>0.05) 
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Source of funding Partly government and pharmaceutical industry 
Citation  
NCC CC ID (Ref Man) 1560 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 
 
 
Evidence Table 
 
TXEF4 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference  Nissenson AR, Korbet S, Faber M, Burkart J, Gentile D, Hamburger R et al. Multicenter trial of 

erythropoietin in patients on peritoneal dialysis. Journal of the American Society of 
Nephrology 1995;5:1517-29. 

Study type RCT 
 
Multisite study: 16 centers in USA 

Evidence level 1+ 
Study objective To assess the safety and efficacy of EPO in peritoneal dialysis patients 
Number of patients N=152  

 N=78 EPO 
 N=74 Placebo 

Patient characteristics Inclusion criteria 
 Diagnosis of end stage renal disease and chronic peritoneal dialysis daily for at least 3 

months before enrollment 
 Receiving medical supervision by the investigator for at least 1 month 
 Clinically stable as judged by the investigator 
 >18years old 
 Ambulatory 
 Baseline hematocrit <30% 
 Serum ferritin >100 ng/ml 
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 Transferrin saturation >20% 
 Aspartate aminotransferase not exceeding twice the upper limit of normal 

 
 
Exclusion criteria 

 Systemic hematologic disease 
 More than 1 documented episode of peritonitis within the last 4 months 
 Likelihood of receiving a kidney transplant within the first 90 days of the study 
 Current drug addiction 
 Consistent supine diastolic blood pressure of 100mmHg or higher 
 Thrombocytopenia (platelet count <100,000/mm3) 
 Hemolytic anaemia 
 Participating in any other clinical investigation 
 Androgen therapy or changes in androgens dose initiated in the preceding 4 weeks  
 Desferoxamine therapy during the prestudy period 
 Uncontrolled seizure disorder 

 
 

Characteristic EPO group 
(N=78) 

Placebo group 
(N=74) 

Age (y) 
Mean ± SD 
Median 
Range 

 
46.8 ± 15.5 
46.5 
19.0 to 78.0 

 
49.9 ± 15.9 
49.0 
19.0 to 87.0 

Time on dialysis 
Mean ± SD 
Median 
Range 

 
3.5 ± 4.8 
1.6 
0.2 to 23.7 

 
3.1 ± 3.2 
2.0 
0.3 to 16.4 

Time since renal failure   
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Mean ± SD 
Median 
Range 

6.6 ± 7.3 
3.5 
0.3 to 32.0 

6.4 ± 5.7 
4.6 
0.3 to 25.8 

History of Diabetes 
Mellitus 
Yes (%) 
No (%) 

 
21 (27) 
57 (73) 
 

 
18 (24) 
56 (76) 

Disease Category 
Diabetic Nephropathy 
Hypertension 
Glomerulonephritis 
Polycystic Kidney Disease 
Other  

 
19 (24) 
19 (24) 
18 (23) 
4 (5) 
18 (23) 

 
12 (16) 
23 (31) 
14 (19) 
4 (5) 
21 (28) 

 
 

Intervention EPO self-administered s.c. to a Hct of 32 to 38% 
Comparison Placebo self-administered s.c. 
Length of follow-up Study duration 12 weeks, after which all study participants received EPO 
Outcome measures Mortality 
Effect size The deaths in each treatment arm were judged by the investigator to be unlikely to be /not 

related to study medication 
N=2 EPO group 
N=1 Placebo group 

Source of funding Pharmaceutical industry 
Citation  
NCC CC ID (Ref Man) 1561 
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Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic 
reference  

Crowley JP, Valeri CR, Metzger JB, Pono L, Chazan JA. Lymphocyte subpopulations in long-term dialysis 
patients: A case-controlled study of the effects of blood transfusion. Transfusion 1990;30:644-7.  

Study type Case-control study 
Evidence level 2+ 
Study objective To assess the phenotyping of lymphocytes in long-term haemodialysis patients receiving >10 units blood 

transfusion per year in comparison to a lightly transfused matched group 
Number of patients N=60 

 
 N=30 intensely transfused dialysis (ITD) patients 
 N=30 lightly transfused dialysis (LTD) patients 

Patient 
characteristics 

 Intensely transfused patients = previously received 5+ transfusions over 6 months 
 Lightly transfused patients = no transfusions during the study period; however, 19/30 had received a 

transfusion in the past 
Parameter  ITD (N=30) LTD (N=30) 
Gender (M&F) 11&19 11&19 
Age (years) 55.1 ± 20.4 55.9 ± 17.9 
Months on dialysis  36 ± 31.8 40.5 ± 37.6 
Hb (g/dl) 7.5 ± 1.4 8.5 ± 1.6 
No. of transfusions 
(units) 

88.2 ± 103 4.3 ± 4.7† 

Ferritin (ng/ml) 2913 ± 3528 214 ± 425‡ 
Values are mean ± SD 
†P<0.001 
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‡P<0.01 

Intervention Blood transfusions 
Comparison No blood transfusions 
Length of follow-up Study duration 1 year 
Outcome measures Immunological parameters 
Effect size  

Parameter ITD LTD Normal 
values 

ITD vs. 
LTD 

ITD vs. 
Normal 

LTD vs. 
Normal 

Lymphocytes x 
103/µl 

1.64 ± 0.83 1.45 ± 0.65 2.1 ± 0.65 NS NS P<0.001 

Monocytes x 103/µl 0.32 ± 0.2 0.43 ± 0.22 0.6 ± 0.2 NS P<0.001 P<0.01 
T8 x 103/µl 0.306 ± 0.22 0.351 ± 0.19 0.588 ± 0.15 NS P<0.001 P<0.001 
T4 x 103/µl 0.52 ± 0.332  0.645 ± 0.31 1.03 ± 0.19 NS P<0.001 P<0.001 
T11 x 103/µl 1.04 ± 06 1.07 ± 0.51 1.68 ± 0.13 NS P<0.001 P<0.001 
T13 x 103/µl 0.933 ± 0.5 

(28) 
0.964 ± 0.42 
(29) 

1.53 ± 0.17 NS P<0.001 P<0.001 

Ia x 103/µl 0.194 ± 0.13 0.173 ± 0.09 0.147 ± 0.08 NS NS NS 
B1 x 103/µl 0.12 ± 0.08 

(29) 
0.119 ± 0.08 0.357 ± 0.27 NS P<0.001 P<0.001 

T4/T8 ratio 2.1 ± 1.1 1.98 ± 0.54 1.6 ± 0.6 NS NS NS 
Zinc (µg/dl) 73.5 ± 17.9 77.9 ± 10.9 105 ± 21 NS P<0.001 P<0.001 

Normal values are based on studies of 200 healthy men and women (non-dialysed) with no history of blood 
transfusion (age range 18-75 years) 
No. tested in parantheses if <30 
 

Source of funding In part by institute 
Citation  
NCC CC ID (Ref 339 
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Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  D'Apice AJF,.Tait BD. An elective transfusion policy: Sensitization rates, patient 

transplantability, and transplant outcome. Transplantation 1982;33:191-5.  
Study type Before and after study 
Evidence level 3+ 
Study objective (i) To examine the breadth, type and specificity of sensitisation induced by a specific 

transfusion policy and (ii) the effect on the outcome of cadaver transplants, performed in 
dialysis patients 

Number of patients (i) N=63 
(ii) N=54 

Patient characteristics No inclusion/exclusion criteria given by the authors 
 Dialysis patients 
 Not previously received transplant 
 Unsensitised or sensitised a d reacting to <10% of a random panel 
 N=28 previously transfused 

Intervention 1 unit of packed cells every 3 months until transplantation or development of lymphocytotoxic 
antibodies to ≥10% of a panel 

Comparison N/A 
Length of follow-up Unclear; 31-month entry period and follow-up for a year after close of entry period 
Outcome measures 

 Number of elective transfusions 
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 Sensitisation against peripheral blood lymphocytes (PBLs) 
 Specificity to sensitisation 
 Effect of sensitisation on waiting time for transplantation 
 Effect of sensitisation on transplant outcome 

Effect size 
Number of elective transfusions 
 

No. of 
transfusions 

Reason for ceasing transfusions No. of 
patients 

Median Range 
Transplantation 34 (54%) 3 1-9 
Sensitisation to >10% panel cells 20 (31%) 2 1-8 
Clinical transfusion required 3 (5%) 2 2 
Development of permanent medical 
contraindication 

3 (5%) 1 1-4 

Patient refused transplantation 2 (3%) 2 2 
Death 1 (2%) 1 1 

 
 
Sensitisation against peripheral blood lymphocytes (PBLs) 

 Few patients (~10%) developed broadly reacting antibodies i.e. reactive with ≥30% of 
panel cells, and those who did so developed them either after the 1st or 2nd transfusion 

 A larger proportion of patients developed narrowly reactive antibodies, i.e. reactive with 
10-29% of panel cells, and the risk increased with subsequent transfusion (up to ~30% 
sensitised) 

 The overall risk was not significantly different in previously transfused patients 
                                                                                                                                                       
Sensitisation against B cells and CLL cells 

 The risk of developing platelet non-absorbable antibodies reactive with B cells in both 
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previously transfused and non-transfused groups ceased abruptly after 2 transfusions for 
all breadths of reactivity (i.e. ≥10%, ≥30% and ≥50%) 

 Sensitisation rates as detected by reacting unabsorbed serum with B cells may indicate 
development of anti-HLA-ABC or DR antibodies or antibodies against other B cell 
alloantigens. 

 These showed similarity to each other indicating the majority of patients who develop anti-
HLA-ABC antibodies also develop anti-B cell antibodies 

 Results obtained from screening sera against CLL found similar results to those with B 
cells, but with slightly lower risks of sensitisation 

 
 
Specificity to sensitisation 

 Reactivity pattern of 118 sera which reacted with ≥10% PBL or B cell panels were 
analysed 

 Only 29% of 31-PBL-reactive sera and 33% of 87-B cell-reactive sera had r values ≥0.40 
with individual HLA antigens, supertypic antigens or antigen combinations 

 
Effect of sensitisation on waiting time for transplantation 
 
Patients subsequently 
transplanted 

Median time P 

Sensitised 19 months 
Unsensitised 8 months 

0.003 

All patients  
Sensitised 15 months 
Unsensitised 8 months 

0.03 

 

Effect of sensitisation on transplant outcome 
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 18 patients developed antibodies against ≥10% of the panel PBLs before transplantation 
 Actuarial graft survival sensitised and unsensitied patients to ≥10% of the panel PBLs and 

graft survival of sensitised and unsensitied patients to platelet non-absorbable B cell 
antibodies in response to transfusion were similar 

 There was a non-significant decrease in graft survival in the sensitised patients 
 Cross-matches with pre-graft platelet –absorbed recipient serum and donor splenic B cells 

were carried out in 20 patients 
 
9 positive B cell cross matches 2 lost graft within 12 months 
11 negative B cell cross 
matches 

5 lost graft within 12 months 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 269 
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TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  Nanishi F, Inenaga T, Onoyama K. Immune alterations in hemodialyzed patients. I. Effect of 

blood transfusion on T-lymphocyte subpopulations in hemodialyzed patients. Journal of 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Clinical & Laboratory Immunology 1986;19:167-74.  
Study type Prospective cohort study 
Evidence level 2- 
Study objective To investigate lymphocyte subpopulations in haemodialysis patients with a history of previous 

blood transfusions 
Number of patients  N=42 haemodialysis patients of which N=34 received previous blood transfusions 

 N=12 uraemic controls (prior to receiving haemodialysis therapy) 
 N=15 healthy controls 

Patient characteristics Haemodialysis patients (N=42) 
Inclusion criteria: 

 Well-nourished 
 Free of infection 
 No immunosuppressive medication 

 
Exclusion criteria: 

 Any other cause of renal failure except chronic glomerulonephritis 
 
Mean age (years)  47 (13-78 years) 
Males/females 24/18 
Duration of dialysis 
(months) 

55.2 (1.5-170 
months) 

 
Uraemic controls (N=12) 
Exclusion criteria: 

 Any other cause of renal failure except chronic glomerulonephritis 
 History of blood transfusion 

 
Mean age (years)  43 (21-61 years) 
Males/females 9/3 
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Healthy controls (N=15) 
No inclusion/exclusion criteria given by the authors—apparently healthy volunteers 
 
Mean age (years)  49 (17-75 years) 
Males/females 9/6  

Intervention Blood transfusion—authors do not report how many units and time period over which patients 
were transfused 

Comparison No blood transfusion—uraemic controls and healthy controls 
Length of follow-up N/A—cross-sectional study 
Outcome measures  Immune alterations in haemodialysed patients 

 Effect of blood transfusion on proportion and number of lymphocytes in haemodialysed 
patients 

 Effect of blood transfusion on lymphocyte subpopulations in haemodialysed patients 
 Relationship between proportion of T-lymphocyte subpopulation and dose of blood 

transfusion in the last 2 years 
Effect size 

Immune alterations in haemodialysed patients 
 
 Healthy 

controls 
(N=15) 

P Haemodialysed 
patients (N=42)

P Uraemic 
controls 
(N=12) 

P† 

Age (years) 43.6 ± 4.7 NS 47.4 ± 2.2 NS 43.3 ± 4.3 NS 
Creatinine (mg/dl) Not given - 10.6 ± 0.4* <0.05 12.6 ± 0.7 - 
White blood cell 
(/mm3) 

5993 ± 
366 

NS 5326 ± 234 NS 5850 ± 
321 

NS 

Lymphocyte (%) 32.6 ± 1.9 <0.001 23.9 ± 1.1 NS 23.1 ± 2.2 <0.01 
Lymphocyte (/mm3) 1915 ± <0.001 1248 ± 74 NS 1330 ± <0.01 
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135 130 
Values are mean ± SEM 
* Measured just before regular haemodialysis 
† Uraemic controls vs. healthy controls 
 
Effect of blood transfusion on proportion and number of lymphocytes in haemodialysed 
patients 
 

 Blood transfusion had no effect on WBC but accelerated degree of lymphopenia (P<0.05) 
(see table below) 

 P∗ Patients without 
history of blood 
transfusion (N=8) 

P Patients with 
history of blood 
transfusion (N=34) 

P‡ 

Age (years) NS 42.1 ± 5.9 NS 48.6 ± 2.3 NS 
HD duration (years) - 3.6 ± 1.1 NS 4.8 ± 0.7 - 
Creatinine (mg/dl) - 11.1 ± 1.0 NS 10.5 ± 0.4 - 
White blood cell 
(/mm3) 

NS 5463 ± 567 NS 5294 ± 256 NS 

Lymphocyte (%) NS 28.6 ± 3.3 <0.05 22.8 ± 1.1 <0.001 
Lymphocyte (/mm3) NS 1520 ± 183 NS 1184 ± 70 <0.001 

Values are mean ± SEM 

∗ Patients without history of transfusion vs. healthy controls 
‡ Patients with history of transfusion vs. healthy controls 
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Effect of blood transfusion on lymphocyte subpopulations in haemodialysed patients 
 

History of blood transfusion vs. 
without history of blood 
transfusion 

History of blood transfusion vs. 
healthy controls 

Lymphocyte 
subpopulations

Cell number 
(/mm3) 
Effect and P 
value 

Proportion (%) 
Effect and P 
value 

Cell number 
(/mm3)  
Effect and P 
value 

Proportion (%) 
Effect and P value 

OKT4+  ↓  <0.05 ↓  <0.05 ↓  <0.001 ↓  <0.001 
OKT8+ NS ↑  <0.005 NS ↑  <0.001 
OKT3+ ↓  <0.05 NS ↓  <0.001 NS 
OKIa1+ ↓  <0.01 NS ↓  <0.05 NS 

 
 OKT4+/OKT8+ ratio decreased in haemodialysis patients with history of blood transfusion 

when compared to haemodialysis patients without history of blood transfusion (P<0.005) 
and healthy controls (P<0.001) 

 
Relationship between proportion of T-lymphocyte subpopulation and dose of blood 
transfusion in the last 2 years 

 Patients with history of blood transfusion were divided into 3 groups by dose of blood 
transfused in the last 2 years 

 
Group I Not received transfusion in the last 2 

years 
N=12 

Group II Received 1-10 units in the last 2 years N=16 
Group Received >10 units in the last 2 years N=6 
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III 
 
 
 
Lymphocyte  
subpopulations 

Group III vs. Group 
I 
Effect and P value 

Group III vs. Group 
II 
Effect and P value 

OKT4+  (%) NS NS 
OKT4+ (/mm3) NS NS 
OKT8+ (%) ↑  <0.005 ↑  <0.01 
OKT8+ (/mm3) NS NS 
OKT4+/OKT8+ 
ratio 

 ↓ <0.01 ↓  <0.05 

 
 

 In patients with a history of blood transfusion (N=34), a weak but significant inverse 
correlation was observed between OKT4+/OKT8+ cell ratio and dose of blood transfused 
(no. of units) in the last 2 years (r=-0.361, P<0.05) 

 No correlation was found between dose of blood transfused in the last 2 years and 
proportion of OKT4+ cells (r=-0.133) (N=34) 

 A positive correlation was found between dose of blood transfused in the last 2 years and 
proportion of OKT8+ cells (r=0.489, P<0.01) (N=34) 

 
 

 To observe effects of T-lymphocyte subpopulation levels depending on timing of 
immunological analysis after blood transfusion, the relationship between each proportion of 
T-lymphocyte subpopulation (OKT4+ and OKT8+) and interval from final transfusion to the 
assay was studied in patients who received blood transfusions in the last 2 years (N=22); 
patients who received 1-10 units (N=16) and patients who received >10 units of transfusion 
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in the last 2 years 
 
OKT4+  (%) NS 
OKT8+ (%) NS 
OKT4+/OKT8+ 
ratio 

NS 

 
 
 

Source of funding Government grant 
Citation  
NCC CC ID (Ref Man) 191 
 
 
Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  Deenitchina SS, Ando T, Okuda S, Kanai H, Hirakata H, Nagashima A et al. Influence of 

recombinant human erythropoietin and blood transfusions on the composition of lymphocyte 
populations in hemodialyzed patients. Current Therapeutic Research, Clinical & Experimental 
1995;56:1185-200.  

Study type Cross-sectional cohort study 
Evidence level 2- 
Study objective To investigate the influence of anaemia treatment modalities (EPO and blood transfusions) on 

the composition of lymphocyte populations in haemodialysis patients, in light of the immune 
abnormalities characteristic of end stage renal disease 
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Number of patients N=122 
 
EPO treatment 

 EPO, N=81 
 No EPO, N=42 

 
Blood transfusions 

 Received, N=49 
 Did not receive, N=73 

Patient characteristics Inclusion criteria: 
 Stable health 
 Lack of clinical or laboratory evidence of bacterial or viral infection 

 
Age (years) 52.0 ± 12.3 (range 21-

92) 
Sex (M/F) 69 (56.6%) / 53 (43.4%) 
Underlying kidney disease 
Glomerulonephritis 
Hypertensive 
nephrosclerosis 
Diabetic nephropathy 
Other  

 
82 (67.2%) 
11 (9.0%) 
8 (6.6%) 
21 (17.2%) 

Duration of dialysis 
(months) 

131.4 ± 71.6 (range 1-
277) 

Dialysis membrane 
Cellulose actetate 
Noncellulose actetate 

 
78 (63.9%) 
44 (36.1%) 

EPO Tx 
Treated 

 
81 (66.4%) 
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Untreated 41 (33.6%) 
Blood transfusions 
Received 
Did not receive 

 
49 (40.2%) 
73 (59.8%) 

Values are mean ± SD 
 

Intervention EPO+/- with history of blood transfusions (BT) 
Comparison EPO+/- with no blood transfusions received 
Length of follow-up N/A—cross-sectional study; one-off analysis 
Outcome measures  Relative values of lymphocyte populations and CD4+:CD8+ ratio 

 Relative values of T-cell receptor-bearing lymphocytes subsets 
 Absolute values of T-cell receptor-bearing lymphocytes subsets 

Effect size 
Relative values of lymphocyte populations and CD4+:CD8+ ratio 
 

 Higher proportion of cytotoxic cells CD8+ in BT+ patients (P<0.05) 
 Lower CD4+:CD8+ ratio in BT+ patients (P<0.05) 

Relative values of T-cell receptor (TCR)-bearing lymphocytes subsets 
 Increased proportions of activated TCR αβ+ (P<0.001) and decreased proportions of non-

activated TCR αβ+ (P<0.05) were observed in BT+ patients 
 Both TCR αβ+ (P<0.001) and γδ+ (P<0.001) activation indexes were higher in BT+ when 

compared to BT- patients 
 
 

Absolute values of T-cell receptor-bearing lymphocytes subsets 
 Most lymphocyte populations showed no variations of absolute numbers between the 2 

groups (data not shown) 
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 In reference to TCR+ cells, higher absolute numbers of activated TCR αβ+ subsets were 
found in BT+ patients when compared to BT- patients (P<0.05) 

 
Source of funding In part government grant 
Citation  
NCC CC ID (Ref Man) 344 
 
 
 
Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  Deierhoi MH, Shroyer TW, Hudson SL, Barger BO, Barber WH, Curtis JJ et al. Sustained high 

panel reactive antibody levels in highly sensitized patients: significance of continued 
transfusions. Transplantation Proceedings 1989;21:771-2.  

Study type Retrospective cohort study 
Evidence level 2- 
Study objective To determine identifiable risk factors (incl. blood transfusions) for sustained panel reactive 

antibodies in patients awaiting renal allografts 
Number of patients N=92 
Patient characteristics Inclusion criteria 

 End-stage renal failure 
 On the cadaver transplant waiting list 
 At least one panel reactive antibodies (PRA) level >60% 
 PRA follow-up for at least 6 months 
 Complete pregnancy, transplant and transfusion data available 
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Patients were divided into 3 groups for analysis: 
 
N=46 Group I = Sustained PRA levels following initial peak 
N=22 Group 2 = Patients with a single PRA peak followed by a decline of at least 

30% and persistently low PRA levels 
N=24 Group 3 = Patients with 2 or more PRA peaks and declines 

 
 There was a higher percentage of males in group I vs. group II (54% vs. 27%, P=0.036) 
 There were no differences in race, age, blood type or causes of renal failure in the 3 

groups 
 

Intervention Blood transfusion 
Comparison N/A 
Length of follow-up Mean 36.2 months (range 6-120 months) 
Outcome measures  Sensitising events in highly sensitised patients prior to development of PRA peak 

 Incidence and number of blood transfusions received after development of PRA peak 
 

Effect size 
Sensitising events in highly sensitised patients prior to development of PRA peak 
 

 There were few differences in sensitising events prior to increases in PRA levels (see 
table below) 

 
 Group I (N=48) 

Sustained PRA 
peak 

Group II (N=22) 
1 peak PRA & 
decline 

Group III (N=24) 
2+ peak PRA & 
declines 

Prior transplants 
No. of 30 (65%) 17 (77%) 19 (79%) 
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patients 
No./patient 0.93 ± 11 0.63 ± 14 0.91 ± 16 
Prior transfusion 
No. of 
patients 

33 (72%) 12 (55%) 16 (70%) 

No./patient 8.4 ± 1.6* 3.5 ± 0.7 8.6 ± 2.5** 
Pregnancies in females 
No. of 
patients 

9/21 (43%) 6/16 (38%) 5/14 (36%) 

 
* P=0.01 (group I vs. group II) 
** P=0.06 (group III vs. group II) 
 

Incidence and number of blood transfusions received after development of PRA peak  
 
 Group I (N=48) 

Sustained PRA peak 
Group II (N=22) 
1 peak PRA & 
decline 

Group III (N=24) 
2+ peak PRA & 
declines 

No. of patients 38 (83%)* 2 (9%) 7 (29%) 
No. of transfusions 15.3 ± 3.1** 1.9 ± 1.8 4.0 ± 1.7 

Group III calculations based on most recent of multiple peaks 
* P=0.0004 (group I vs. group II) and P=0.0024 (group I vs. group III) 
** P<0.0001 (group I vs. groups II and III) 
 
 

Source of funding Not reported 

Citation  
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Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  Soosay A, O'Neill D, Counihan A, Hickey D, Keogan M. Causes of sensitisation in patients 

awaiting renal transplantation in Ireland.[erratum appears in Ir Med J. 2003 May;96(5):156]. 
Irish Medical Journal 2003;96:109-12.  

Study type Retrospective cross-sectional study 
Evidence level 3- 
Study objective To define the contribution of transfusion to sensitisation of potential renal allograft recipients 

in Ireland in the post-EPO era 
Number of patients N=244 
Patient characteristics No inclusion / exclusion criteria or patient characteristics given by the authors  
Intervention Blood transfusion 
Comparison N/A 
Length of follow-up Analysis on patients on the renal transplant waiting list over the course of 1 year 
Outcome measures  Sensitising events – transfusion, pregnancy and previous grafts 

 Waiting time for transplantation 
 Mean number of units transfused 

Effect size Patients were grouped into: 
 Non-sensitised (PRA 0-9%) 
 Sensitised (PRA 10-59%) 
 Significantly sensitised (PRA 60-69%) 
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 Highly sensitised (PRA 80-100%) 
 
 
Degree of sensitisation N 
Non-sensitised (PRA <10%) 163 (67%) 
Mildly sensitised (PRA 10-59%) 35 (14%) 
Moderately sensitised (PRA 60-
69%) 

15 (6%) 

Highly sensitised (PRA 80-100%) 31 (13%) 
 
 
Causes of sensitisation—Transfusion 
 
Degree of sensitisation Number 

transfused 
Mean number of 
units transfused 

Non-sensitised (PRA <10%) 97/163 (60%) 5.65 ± 1.38 
Mildly sensitised (PRA 10-59%) 29/35 (83%) 9.8 ± 3.17 
Moderately sensitised (PRA 60-
69%) 

12/15 (80%) 18.2 ± 6.51 

Highly sensitised (PRA 80-100%) 31/31 (100%) 37.8 ± 8.4 
 
 
Of the highly sensitised group, 23 of 31 (74%) had previous renal allografts in addition to 
transfusions and 10 of 31 had previous preganacies 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 753 
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Evidence Table 
 
TXEF5 
In patients with ACKD what are the risks of correcting anaemia with regular blood transfusions 
 
Bibliographic reference  Bender BS, Curtis JL, Nagel JE, Chrest FJ, Kraus ES, Briefel GR et al. Analysis of immune 

status of hemodialyzed adults: association with prior transfusions. Kidney International 
1984;26:436-43. 

Study type Cohort study (cross-sectional observation) 
Evidence level 2- 
Study objective To evaluate peripheral blood lymphocyte populations of transfused and non-transfused 

patients on chronic haemodialysis with monoclonal antibodies and an in vitro assay for 
Natural Kill cell activity 

Number of patients N=29 
 

 N=19, previously transfused 
 N=10, not transfused 

Patient characteristics  No inclusion/exclusion criteria given by the authors 
 
Mean age (years)  47.4 (range 27-68 years) 
Gender (M/F) 19/10 
Serum creatinine (mg/dl) 16.6 (range 9.3-24.8) 
BUN (mg/dl) 73.4 (range 31-118 mg/dl) 
Duration of dialysis (months) 51.5 (range 1.5-156 

months) 
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Aetiology of renal failure 
Hypertensive nephropathy 
Chronic glomerulonephritis 
Heroin-associated 
nephropathy 
Chronic interstitial nephritis 
Obstructive nephropathy 
Unknown 

 
11 
8 
3 
1 
1 
5 

 
 

Intervention Frozen leukocyte-poor red blood cell transfusion 
 N=1 received 4 units 
 The remainder (N=18) received ≥9 units 

Comparison No blood transfusion and healthy control subjects  
Length of follow-up Cross-sectional study; time period over which patients had been transfused not given by the 

authors 
Outcome measures Effect of blood transfusions on lymphocyte subsets and natural killer (NK) cells 
Effect size 

Effect of blood transfusions on lymphocyte subsets and NK cells 
 

Haemodialysed subjects  Healthy controls 
(N not given by 
the authors) 

Total Transfused
(N=19) 

Non-
transfused 
(N=10) 

Leukocytes/mm3 6555 ± 228 5994 ± 
646c 

5386 ± 
576c 

7187 ± 1505 

Lymphocytes, % 29.7 ± 1.6 30.5 ± 2.2 28.9 ± 3.3 33.5 ± 1.8 
/mm3 1898 ± 108 1761 ± 191 1461 ± 172 2331 ± 401 
OKT3+, % 69.1 ± 1.6 62.9 ± 2.1b 64.2 ± 2.6 60.5 ± 3.7b 
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/mm3 1323 ± 86 1096 ± 123 918 ± 118c 1433 ± 255 
OKT4+, % 48.1 ± 1.1 38.7 ± 2.5c 35.5 ± 3.2d 44.7 ± 3.3 
/mm3 924 ± 64 692 ± 100c 486 ± 60e 1082 ± 225 
OKT8+, % 26.4 ± 1.0 29.7 ± 2.1 30.9 ± 2.7 27.5 ± 3.1 
/mm3 506 ± 36 530 ± 70 483 ± 96 619 ± 88 
OKT11+, % 71.0 ± 1.7 63.5 ± 1.6d 63.6 ± 2.2c 63.3 ± 2.4c 
/mm3 1363 ± 98 1113 ± 

122b 
927 ± 117c 1467 ± 247 

LEU-7+, % 10.2 ± 1.3 10.9 ± 1.3 10.5 ± 1.7 11.8 ± 1.7 
/mm3 225 ± 35 198 ± 31 160 ± 3.8b 271 ± 98 
SIg+, % 21.1 ± 1.0 25.8 ± 2.1b 26.9 ± 3.0 23.7 ± 1.8 
/mm3 413 ± 30 460 ± 65b 389 ± 58 596 ± 147 
OKT4+/OKT8+ 1.98 ± 0.10 1.51 ± 0.16 1.35 ± 

0.20c 
1.87 ± 0.27 

Values are mean ± SEM 
b P<0.05 compared to healthy controls 
c P<0.01 compared to healthy controls 
d P<0.001 compared to healthy controls 
e P<0.0001 compared to healthy controls 
 
 
The transfused group vs. healthy controls: 

 had a significant decrease in total peripheral leukocyte count  
 % and absolute numbers of cell bearing total T-lymphocyte surface markers (OKT3+ and 

OKT11+) also decreased  
 had a significantly decreased OKT4+/OKT8+ ratio 
 had significantly decreased absolute numbers of Leu-7+ cells 
 no effect was seen on NK-cell activity 
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The non-transfused group vs. healthy controls: 

 had decreased % of T-lymphocytes (OKT3+ and OKT11+), as did the transfused group 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1661 
 
 
Evidence Tables 
 
TXEF2 
In patients with ACKD what are the benefits and risks of EPOα compared to Darbepoetin in reducing morbidity and 
mortality and improving quality of life? 
 
Bibliographic reference  Nissenson AR, Swan SK, Lindberg JS, Soroka SD, Beatey R, Wang C et al. Randomized, 

controlled trial of darbepoetin alfa for the treatment of anemia in hemodialysis patients. 
American Journal of Kidney Diseases 2002;40:110-8. 

Study type RCT 
Evidence level 1++ 
Study objective To determine whether darboepoetin alfa is as effective and well tolerated as epoetin for the 

treatment of anaemia in haemodialysis patients, when administered at a reduced dosing 
frequency 

Number of patients N = 507 patients, with a 2:1 patient allocation 
 N = 169 Darboeopetin alfa 
 N = 338 Epoetin alfa 
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Multisite study in Canada and USA (dialysis centres: 35 in USA and 5 in Canada) 
Patient characteristics Inclusion criteria 

 18+ years of age 
 Clinically stable on i.v. epoetin alfa 3 times weekly for minimum of 8 weeks; mean baseline 

Hb concentration 9.5 to 12.5 g/dL 
 Transferrin saturation ≥20% 
 On haemodialysis treatment for at least 12 weeks 

 
Exclusion criteria 

 Haematologic, inflammatory, infectious or other conditions that may interfere with 
erythropoeitc response 

 RBC transfusion within 8 weeks of enrolment into the study 
 
 
Demographics & 
Characteristics 

Darboepoetin Alfa 
(N=169) 

Eopetin alfa (N=338) 

Female Sex (%) 44 43 
Age (y) 58.0 (20 to 86) 57.8 (21 to 90) 
Race (%) 
Black 
White 
Other 

 
41 
40 
19 

 
38 
43 
19 
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Cause of renal failure (%) 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 
Polycystic kidney disease 
Urologic 
Other 
Unknown 

 
37 
26 
11 
5 
1 
15 
5 

 
34 
26 
11 
5 
1 
19 
4 

Time since first dialysis 
(mon) 

52.9 (4 to 325) 49.2 (4 to 267) 

Epoetin dose (U/week) 14,177 (1,500 to 
120,000)† 

13,576 (1,200 to 
60,000) 

Haemoglobin (g/dL) 11.2 (9.7 to 12.5) 11.2 (9.6 to 12.6) 
Serum ferritin (ng/mL) 411 (16 to 1,792) 425 (18 to 1,913) 
Transferrin saturation (%) 33 (20 to 85) 32 (16 to 92) 

 

† This is based on a conversion formula used by the authors: 200U of EPO ≡ 1μg Darbeopetin 
alfa 

Intervention Darbepoetin alfa administered i.v. once weekly, plus i.v. placebo twice weekly - The initial 
dose was based on the total weekly Epoetin dose, assuming 200 U Epoetin = 1μg 
Darbeopetin alfa 

Comparison Epoetin alfa administered i.v. 3 times weekly 
Length of follow-up Study duration 28 weeks 

weeks 1 – 20: dose titration and stabilisation; target range 9.0 to 13.0 g/dL within –1.0 to +1.5 
g/dL 
weeks 21 – 28: evaluation period 

Outcome measures 1˚ Efficacy Analysis 
 Mean change in Hb levels between baseline and evaluation periods 
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2˚ Efficacy Analysis 

 % Hb values within the target range (-1.0 to +1.5 g/dL of baseline and 9.0 to 13.0 g/dL) 
and therapeutic range (9.0 to 13.0 g/dL) 

 % of unstable Hb values (i.e. Hb concentrations requiring a dose change) 
 Within-patient variance in Hb levels 
 Dose of study drug 

Safety Analysis 
 Adverse events 

Effect size 1˚ Efficacy Analysis (per protocol analysis; Darboepoetin N=121, Epoetin N=240) 
Mean changes in Hb levels between baseline and evaluation periods  
 
Both methods of analysis showed the lower limit of the 95% CI to be above the pre-specified 
noninferiority margin of –1.0g/dL 
 
Results adjusted for covariates  (i.e. study centre and baseline Hb level) 
Darbeopetin alfa 0.24 ± 0.1 (SE) g/dL 
Epoetin alfa 0.11± 0.07 (SE) g/dL 
Difference between the 2 groups = 0.13 g/dL (95% CI -0.08 to 0.33) 
 
Results not adjusted for covariates (i.e. study centre and baseline Hb level) 
Darbeopetin alfa 0.16 – 0.09 g/dL 
Eopetin alfa -0.00 ± 0.06 g/dL 
Difference between the 2 groups = 0.16 g/dL (95% CI -0.06 to 0.38) 
 
To assess robutness of per protocol analysis, a modified intent-to-treat analysis was also 
carried out, which had the same findings 
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Results adjusted for covariates  (i.e. study centre and baseline Hb level) 
Difference between the 2 groups = 0.06 g/dL (95% CI –0.15 to 0.27) 
 
Results not adjusted for covariates (i.e. study centre and baseline Hb level) 
Difference between the 2 groups = 0.07 g/dL (95% CI –0.14 to 0.29) 
 
2˚ Efficacy Analysis (modified intention-to-treat analysis; Darbepoetin N=169, Epoetin 
N=335) 
% Hb values within the target range (-1.0 to +1.5 g/dL of baseline and 9.0 to 13.0 g/dL)  
% Hb values within the therapeutic range (9.0 to 13.0 g/dL) 
% of Hb concentrations requiring a dose change 
Within-patient variance in Hb levels 

 For each of these 2˚ end points, the 95% CI of the ratio between Darbepoetin alfa and 
Epoetin alfa included 1. I.e. no statistically significant difference in Hb variability between 
treatment groups during the evaluation period 

 
Dose of study drug 

 In both Darbepoetin alfa and Epoetin alfa treatment groups, the average dose during the 
evaluation period was similar to that at baseline 

 
Weekly doses Baseline Evaluation Change 
Darboepoetin  Alfa 
(μg/week)  

   

No. 118 118 118 
Mean 63.18 54.18 -9.00 
Median 45.75 38.00 0.00 
SD 49.27 47.56 34.79 
Range 7.5-270.0 0.0-309.0 -157.0-75.0 
Epoetin Alfa (U/week)     
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No. 240 240 240 
Mean 12,706 13,639 934 
Median 9,950 9,900 0 
SD 10,349 12,805 7,886 
Range 1,200-

60,000 
0-78,750 -37,550-37,500 

 
 

 % patients with dose changes throughout the study were similar in both treatment groups 
 

 Dose change during 
Titration 

Dose change during 
Evaluation 

Darbepoetin alfa 69% 44% 
Epoetin alfa 73% 49% 

 

Safety Analysis 
 Adverse events profile was similar between the 2 treatment groups, with an occurrance of 

22 adverse events in at least 10% of patients in either treatment group  
 Overall incidence of adverse events was similar between the treatment groups, with 93% 

of patients and 99% of Epoetin patients experiencing at least one adverse event 
 All deaths, 9 Darbepoetin alfa group study participants (5%) and 23 Epoetin alfa group 

study participants (7%) were attributed to comorbid conditions and reported to be 
unrelated to the study drugs 

 No significant changes were observed for mean systolic and diastolic blood pressures in 
either treatment group. The use of antihypertensive medication was reported to be similar 
in both groups (no data given by the authors) 

 Mean changes in haematological and biochemistry variables were reported to be similar 
between treatment groups and not considered to be clinically significant by the authors, 
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however, data was given  
 No difference in patient incidence of RBC transfusions was observed between 

Darbepoetin alfa (10%) and Epoetin alfa (11%) treatment groups 
 The incidence of patients with iron deficiency and supplementation with i.v./oral iron was 

similar between treatment groups (no data given by the authors) 
 No antibodies were detected for any patient in either treatment group 

 
Source of funding In part by pharmaceutical industry and a private dialysis fund 
Citation  
NCC CC ID (Ref Man) 1147 
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Evidence Table 
 
TXEF2 
In patients with ACKD what are the benefits and risks of EPOα compared to Darbepoetin in reducing morbidity and 
mortality and improving quality of life? 
 
Bibliographic reference  Locatelli F, Olivares J, Walker R, Wilkie M, Jenkins B, Dewey C et al. Novel erythropoiesis 

stimulating protein for treatment of anemia in chronic renal insufficiency. Kidney International 
2001;60:741-7. 

Study type RCT 
Evidence level 1- 
Study objective To determine if Darbepoetin alfa is effective for the treatment of anaemia at a reduced dosing 

frequency relative to Epoetin alfa in pre-dialysis patients with chronic renal failure 
Number of patients N = 166 patients (3:1 allocation) 

 N = 129 Darbepoetin alfa 
 N = 37 Epoetin alfa 

 
Authors explicitly state the study was designed to evaluate whether a clinically 
significant number of patients receiving Darbepoetin achieved a haemoglobin 
response, but underpowered to compare Darbepoetin and Epoetin alfa 
 
Multicentre study; 32 dialysis centres in Europe, 4 in Australia 

Patient characteristics Inclusion criteria 
 18+ years 
 not receiving dialysis 
 erythropoietin naïve (i.e. no EPO within 12 weeks of first planned dose of study drug) 
 Hb <11.0 g/dL 
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 Adequate iron stores (serum ferritin ≥ 100 μg/L; serum vitamin B12 and folate levels above 
lower limit of normal range) 

 Creatinine clearance <30 mL/min 
 
Exclusion criteria 

 Uncontrolled hypertension (diastolic blood pressure >100 mmHg) 
 Congestive heart failure (New York Association Class III or IV) 
 Haematological disorders that could cause anaemia 
 Systematic infection 
 Inflammatory disease 
 Other disorders that could interfere with erythropoeitic response  
 RBC transfusion or androgen therapy within 8 weeks of first planned dose of study drug 

 
Patient characteristics and demographics Darbepoetin alfa Epoetin alfa 
Male sex (%) 54 51 
Age (y) (mean, SD) 60.4 (15.0) 60.6 (15.7) 
Race (%) 
Asian 
Black  
White 

 
2 
2 
95 

 
3 
0 
97 

Primary cause of renal failure 
Diabetes 
Hypertension 
Glomerulonephritis 
Polycystic kidney disease 
Other urologic 
Other  
Unknown 

 
25 
12 
19 
5 
4 
25 
12 

 
22 
3 
27 
5 
0 
30 
14 

Haemoglobin (g/dL) (mean, SD) 9.3 (1.0) 9.8 (1.1) 
Serum ferritin (μg/L) (median, range) 168 (30 to 1420) 151 (31 to 899) 
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Creatinine clearance (mL/min) (mean, 
SD) 

15.7 (6.6) 15.7 (6.4) 
 

Intervention Darbepoetin alfa once weekly s.c.  
Comparison Epoetin alfa twice weekly s.c. 
Length of follow-up 24 weeks for Epoetin alfa 

up to 48 weeks for Darbepoetin  
Outcome measures 1° measure of efficacy 

 Proportion of patients achieving Hb response during the 24-week period (defined as 
increase in Hb ≥1.0 g/dL from baseline and a Hb concentration of ≥11 g/dL), assessed at 
2-week intervals 

 Time required to achieve a Hb response 
 Hb concentration over time (assessed at 4-week intervals) 
 Dose of study drug at the time of Hb response and at week 24 
 Number of patients receiving RBC transfusions 

Safety 
 Adverse events 
 Laboratory variables - haematology at 2-week intervals, biochemistry at 12-week intervals 

and iron status)  
 Vital signs at 2-week intervals 
 Antibody formation to study drugs at 12-week intervals 
 Ability to increase Hb levels safely was assessed by maximum increase in Hb within any 

4-week period and the number of increases in Hb ≥2.0, ≥2.5 or ≥3.0 
 

Effect size 1° measure of efficacy 
Proportion of patients achieving Hb response during the 24-week period (defined as increase 
in Hb ≥1.0 g/dL from baseline and a Hb concentration of ≥11 g/dL)  
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Treatment group Hb response (% 
patients) 
Intention-to-treat 
analysis 

Hb response (% patients) 
Per-protocol analysis 

Darbepoetin alfa 93% (95% CI 87 to 97%) 94% (95% CI 88 to 98%) 
Epoetin alfa 92% (95% CI 78 to 98%) 100% (95% CI 88 to 

100%) 
 
Proportion of patients achieving Hb increase of ≥1.0 g/dL from baseline 

 Darboepoetin 99% (95% CI 96 to 100%) 
 Epoetin alfa 95% (95% CI 88 to 100%) 

 
Time required to achieve a Hb response in both Darboepoetin and Epoetin alfa treatment 
groups 

 Median 7 weeks; range 3 to 25 weeks 
 
Hb concentration over time  

 Mean Hb concentration increased similarly and constantly over the initial 12 weeks for 
both treatment groups and was maintained within the target range of 11.0 to 13.0 g/dL for 
the remainder 24 week treatment period in both treatment groups. Patients receiving 
Darboepoetin remained within target range for up to 48 weeks 

 After the initial 4-week period, Hb concentrations in the 2 groups were comparable 
Darboepoetin 1.38 g/dL (95% CI 1.21 to 1.55) 
Epoetin alfa 1.40 g/dL (95% CI 1.07 to 1.72) 
 
Dose of study drug at the time of Hb response and at week 24 

 Dose adjustments before achieving Hb response 
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Dose adjustments before 
achieving Hb response 

Darboepoetin 
group 
(% patients) 

Epoetin alfa 
group 
(% patients) 

No dose adjustments 58 % 59 %  
Dose increment 35 %  32 % 
Dose reduction 7 % 9 % 

 
 Median weekly weight-adjusted dose at the time of Hb response were nearly identical to 

those at the beginning of the study 
Darboepoetin group 0.46 μg/kg (range 0.3 to 2.3 μg/kg) 
Epoetin alfa group 100U/kg (range 75 to 175 U/kg) 
 

 Median study drug dose at week 24 
Darboepoetin group 0.34 μg/kg (range 0.0 to 1.3 μg/kg) 
Epoetin alfa group 56.9U/kg (range 19 to 250 U/kg) 
 

 % patients with dose reductions to levels below their starting dose up to week 24 was 
similar in both treatment groups 

Darboepoetin group 68% 
Epoetin alfa group 70% 
 

 Median weekly weight-adjusted dose at week 48 
Darboepoetin group 0.30 μg/kg (range 0.1 to 1.7 μg/kg) 
 
Number of patients receiving RBC transfusions 
Darboepoetin group 5 % 
Epoetin alfa group 8 % 
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Safety 
Adverse events 

 83% patients in the Darboepoetin group and 65% patients in the Epoetin alfa group 
experienced at least one adverse event during the study period 

 
 Adverse events occurring in more than 10% patients were attributed to comorbidities 

 
Adverse event Darboepoetin group 

N = 129 
(% patients) 

Epoetin alfa 
group 
N = 37 
(% patients) 

Hypertension 32 22 
Peripheral 
oedema 

13 11 

Fatigue 12 0 
Diarrhoea 11 8 
Headache 11 11 
Nausea 9 14 
Pruritis 5 11 

 
 Adverse events considered by the investigators to be treatment-related occurred with the 

same frequency in each group: 30% Darboepoetin group and 27% Epoetin alfa group. 
Hypertension was the most common: 21% Darboepoetin group and 19% Epoetin alfa 
group 

 There were 6 reported deaths, attributed mostly to cardiovascular failure, largely in 
patients with a history of cardiovascular disease; 4% Darboepoetin group and 3% Epoetin 
alfa group during the 24-week treatment period or within 28 days after withdrawal from the 
study 
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Ability to increase Hb levels safely  

 Hb increases were well-controlled in both treatment groups. Mean maximum Hb increase 
over any 4-week interval was 1.99g/dL (95% CI 1.88 to 2.11 g/dL)  in the Darbepoetin 
treatment group and 2.13 g/dL (95% CI 1.88 to 2.39 g/dL) in the Epoetin alfa treatment 
group  

 Hb concentration increase over any 4-week interval   
 
 

Hb increase  over any 
 4-week interval   

Darbepoetin group 
(% patients) 

Epoetin alfa 
group 
(% patients) 

≥ 2.0 g/dL 51 % 60 % 
≥ 2.5 g/dL 21 % 32 % 
≥ 3.0 g/dL 9 % 14 % 

 
 In patients with Hb levels >14 g/dL (24% Darbepoetin and 35% Epoetin alfa), the median 

time for Hb levels to return to ≤12.0 g/dL was similar in both treatment groups: 
Darbepoetin group 7 weeks (range 2 to 13 weeks) and Epoetin alfa group 9 weeks (range 
6 to 13 weeks) 

 
Laboratory variables - haematology at 2-week intervals, biochemistry at 12-week intervals 
and iron status)  

 After 4 weeks, median serum ferittin concentrations decreased from baseline levels in 
both treatment groups:  
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Time  Median serum 

ferittin 
Darbepoetin group 
(μg/L) 

Median serum ferittin 
Epoetin alfa group 
(μg/L) 

Baseline 168 151 
Week 4 80 63 
Week 17 108 101 
Weeks 18-24 >100 >100 

 I.v. iron was administered to 77% patients receiving Darbepoetin and 81% patients 
receiving Epoetin alfa, with mean doses of 685mg and 678mg respectively 

 Oral iron was administered to  52% patients receiving Darbepoetin and 51% patients 
receiving Epoetin alfa 

 
 
Vital signs at 2-week intervals 

 These remained stable throughout the24-week study period 
 

 Blood pressure 
Time BP  Darbepoetin group 

(Mean ± SD) 
Epoetin alfa group 
(Mean ± SD) 

Baseline Systolic BP 
Diastolic BP 

155 ± 19 
81 ± 11 

141 ± 21 
79 ± 10 

Week 25 Systolic BP 
Diastolic BP 

146 ± 20 
79 ± 12 

143 ± 23 
79 ± 8 
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 Creatinine clearance 

Time Creatinine 
clearance 
Darbepoetin group 
(ml/min) 
(Mean ± SD) 

Creatinine 
clearance Epoetin 
alfa group 
(ml/min) 
(Mean ± SD) 

Baseline 15.7 ± 6.6 15.7 ± 6.4 
Week 25 14.1 ± 6.7 13.7 ± 7.6 

 
 
Antibody formation to study drugs at 12-week intervals 

 None was detected in either treatment group 
 

Source of funding Pharmaceutical industry 
Citation  
NCC CC ID (Ref Man) 1065 
 
 
 
Evidence Table 
 
TXEF3 
In patients with ACKD What Are the Benefits and Risks of EPOβ Compared to Darbepoetin in Reducing Morbidity 
and Mortality and Improving Quality of Life? 
 
Bibliographic reference  Tolman C, Richardson D, Bartlett C, Will E. Structured Conversion from thrice weekly to weekly 

erythropoietic regimens using a computerized decision-support system: a randomized clinical  
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trial. Journal of the American Society of Nephrology 2005;16:1463-70.  
Study type Open-label RCT 

 
 Single site study 

Evidence level 1+ 
Study objective To compare the clinical effectiveness of two SC weekly erythropoietin regimens of Dabepoetin 

and Epoetin beta in unselected, iron-replete, outpatient HD patients 
Number of patients N=217 

 
 N=112, DA (N=87 completed the study) 
 N=105, Epoetin beta (N=82 completed the study) 

Patient characteristics Inclusion criteria: 
 18+years old 
 Prevalent HD (>90 days) 

(regardless of individual iron status, transfusion burden, Hb at randomisation or comorbidities) 
 
Exclusion criteria: 

 Inability to give informed consent 
 Receiving home HD 
 Unsuitable for iron or erythropoietic agents  
 Uncontrolled hypertension (defined as diastolic BP ≥100 mmHg) 

 
Baseline characteristics of per protocol (pP) population  
 
Variable  DA (N=81) Epoetin beta (N=81) P value  
Age (years) 64 (51-73) 63 (range 46-72) NS 
Time on dialysis (days) 945 (426-

1,901) 
818 (range 385-
2,020) 

NS 

Male;female 40:41 52:29 NS 
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White:black:asian 62:8:11 69:6:6 NS 
Diabetes  7 8 NS 
APKD 7 4 NS 
Previous transplants  10 14 NS 
CRP (mg/l) 8 (5-16) 8 (5-19) NS 
Albumin (g/l) 38 (36-41) 39 (36-42) NS 
eKt/V 1.35 (1.21-

1.55) 
1.34 (1.05-1.48) NS 

PTH (ng/l) 110 (52-243) 124 (54-242) NS 
Weight (kg) 65.8 (56.5-79) 67.8 (59.6-80.1) NS 
Hb (g/dl) 11.86 ± 1.4 11.73 ± 1.7 NS 
Weekly Epoetin beta dose 
(IU/kg/wk) 

91 (60-157) 79 (47-143) NS 

Serum ferritin (µg/l) 478 (363-571) 499 (407-610) NS 
HRC (%) 2 (2-5) 2 (2-4.2) NS 

APKD=adult polycystic kidney disease  
 
 

Intervention  Darbepoetin converted at 200IU:1µg, SC weekly 
 Computerised decision support system advised dosing to maintain Hb 11-12 g/dl 
 Regular or low-dose iron sucrose IV for iron deficient and iron replete patients respectively  

Comparison  Epoetin beta SC weekly  
 Computerised decision support system advised dosing to maintain Hb 11-12 g/dl 
 Regular or low-dose iron sucrose IV for iron deficient and iron replete patients respectively 

Length of follow-up Study duration 9 months  
Outcome measures  
Effect size  
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Per protocol analyses 
 
 DA (N=81) Epoetin beta (N=81) P 
Mean Hb (g/dl) at baseline 
(T=0) 

11.86 ± 1.4 11.73 ± 1.7  

95% CI for change in Hb 
(g/dl) at T=9 months 

-0.4 to 0.3 -0.5 to 0.4  

No. of transfusions 22 (N=8) 32 (N=11) NS 
Median dose 1st month  0.44 (0.25 to 0.85) 

µg/kg/week 
92 (51 to 135) 
IU/kg/week  

 

Median dose 9th month  0.37  (0.23 to 0.62) 
µg/kg/week 

116 (67 to 189) 
IU/kg/week 

P=0.006 for 
DA 
P=0.002 for 
EB 

Dose at 9 months* 74 (45 to 123) 
IU/kg/week 

Not reported  P<0.001, 
95% CI 17 to 
61 
IU/kg/week 

Mean dose at 9 months* 
(IU/kg/week) 

92 133  

Change in serum ferritin#  95% CI for increase of 
57 to 170 µg/l 

No change  P=NS at 9 
months  

Median HRC (%) 3 (IQR 1 to 8) 3 (IQR 1 to 8) P<0.01 vs. 
baseline for 
both  

Mean BP (mmHg) at 
baseline  

146 ± 23/77 ± 11 144 ± 24/76 ± 11 P=NS 
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*For comparison of doses, DA doses were multiplied by 200 to give the equivalent dose 
# Iron dosing fell during the latter months in DA patients, but there was NS change in EB arm  
 

 BP did not change significantly in the course of the study in either treatment arm 
 
 
Concurrent events (pP analyses) 
 
Event  DA Epoetin beta  P 
Septicaemia  2 2 1.0 
Pneumonia  5 3 0.47 
Access surgery  9 4 0.15 
Other surgery  4 9 0.15 
Parathyroidectomy  1 2 0.56 
Tunneled line 
procedure  

8 6 0.58 

 
 
mITT analyses  
 
 
Mean Hb concentration (g/dl) DA (N=99) Epoetin beta (N=97) P between 

arms 
Baseline  11.9 ± 1.5 11.7 ± 1.8 0.23 
Final  11.9 ± 1.5 11.5 ± 1.4 0.08 
P value (∆ during study) 0.83 0.49  
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Median (IQR) doses  DA (N=99) Epoetin beta (N=97) 
Baseline  0.44 (0.23 to 0.86) 99 (51 to 167) 
Final  0.38 (0.23 to 0.62) 122 (70 to 220) 
P value (∆ during study) 0.02 0.01 

 
 When DA doses were multiplied by 200 to give the equivalent dose, EB doses were found to 

be significantly higher than DA (95% CI of dose difference at 9 months 23 to 73 IU/kg/week) 
 
 

Source of funding 1 author was funded by a charity  
Citation  
NCC CC ID (Ref Man) 1678 
 
 
 
Evidence Table 
 
MGTHb2 
In patients with CKD what are the risks and benefits of early versus deferred correction of anaemia? 
 
 
Bibliographic reference  Gouva, C., Nikolopoulos, P., Ioannidis, J. P., and Siamopoulos, K. C. Treating anemia early in 

renal failure patients slows the decline of renal function: a randomized controlled trial. Kidney 
International 66, 753-760. 2004.  

Study type A randomised controlled open-label trial of early versus deferred initiation of erythropoietin 
(EPO) in non-diabetic predialysis patients with serum creatinine 2 to 6 mg/dL and hemoglobin 
9 to 11. 6 g/dL.  
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Evidence level 1+ 
Study objective To evaluate whether EPO can slow the progression of chronic disease in predialysis patients 

with non-severe anaemia, the investigators conducted an RCT to compare immediate onset 
of treatment versus deferring EPO until haemoglobin dropped to below 9g/dL. The aim was to 
assess which treatment strategy was most effective in this population. 

Number of patients 88 patients from 14 participating hospitals in Greece were enrolled in the study and 
randomised into two arms, N=45 early treatment and N=43 deferred treatment. In the early 
treatment arm 3 patients died (prostate cancer, cerebrovascular event, car accident) and one 
was lost to follow-up, while in the deferred treatment arm, 4 patients died (ischemic heart 
disease N=3, cerebrovascular disease) and 2 were lost to follow-up.  

Patient characteristics Inclusion criteria: 
 Predialysis patients with renal impairment resulting from any cause other than diabetes 

with screening creatinine values 2.0 to 6.0 mg/dL and Hb of 9.0 to 11.6 g/dL were eligible 
for the study.  

 Patients receiving ACEI’s or ARB’s could participate if they were willing to stop these 
drugs and adequate blood pressure control could be achieved with other drugs for at least 
2 months before proceeding with randomisation. 

 
Exclusion criteria: 

 Patients with Hb less than 9 g/dL were candidates for immediate onset of EPO and were 
not included in the trial. 

 Presence of an easily correctable cause of anaemia such as iron deficiency (transferrin 
saturation <20%). 

 Transfusion dependency. 
 Presence of systemic diseases, infections or inflammatory conditions that might inhibit the 

effect of EPO. 
 Age <18 years or >85 years. 
 Uncontrollable hypertension. 
 Proteinuria >2g/24 hours. 
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 Serum albumin <3.5 g/dL. 
 Hepatic insufficiency. 
 Active Hepatitis. 
 Uncontrollable hypothyroidism. 
 Chronic alcoholism. 
 Congestive heart failure (NYHA class III or IV). 
 Severe obesity (BMI >40kg/m2) 
 NPNA ≤0.8 g/kg/day. 
 History of seizures of thrombotic episodes. 
 Pregnancy. 
 Lactation. 
 Known hypersensitivity to EPO alpha. 
 Use of antilipidemic drugs. 
 Use of corticosteroids in previous 6 months. 
 Use of EPO in previous 6 months.  

 
Baseline characteristics for the early and deferred treatment arms were as follows: 
Cheracteristic, mean 
(SD) 

Early treatment  
N=45 

Deferred treatment 
N=43 

P value 

Female/male 20/25 18/25 0.98 
Age, years, mean 
(SD) 

66.7 (10.4) 64.2 (12.2) 0.44 

Weight, kg, mean 
(SD) 

72.3 (8.9) 70.4 (9.4) 0.44 

Hb, g/dL, mean (SD) 10.1 (0.5) 10.1 (0.6) 0.72 
Hematocrit %, mean 
(SD) 

30.8 (1.4) 31.0 (1.1) 0.58 

Serum creatinine, 
mg/dL, mean (SD) 

3.27 (0.99) 3.39 (0.82) 0.27 
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Creatinine clearance, 
mL/min, mean (SD) 

25.7 (9.1) 22.3 (6.0) 0.14 

History of 
hypertension, N 

42 (93) 36 (84) 0.19 

24-hr protein, g, 
mean (SD) 

0.66 (0.39) 0.57 (0.36) 0.28 

Stage 3 CKD 10 5 Not given  
Stage 4 CKD 30 35 Not given 
Stage 5 CKD 5 3 Not given 

 
 

Intervention Early treatment patients were started immediately on subcutaneous EPO alpha 50 U per kg 
once per week. For patients receiving EPO, it was recommended that there should be no 
effort to further increase Hg once it exceeded 13g/dL. For patients exceeding this target, the 
dose of EPO was titrated down to 25 U per kg once a week, or it could remain the same at 
the discretion of the clinician. For patients not reaching the 13g/dL target, 25 U per kg dose 
increments were allowed each month. Whenever the Hg decreased again to below 11.6 g/dL 
and there was no easily identifiable cause that could be corrected, it was recommended that 
the dose of EPO should be titrated upwards by 25 U per kg to again reach the appropriate Hg 
range.   
 
All centres followed common principles for blood pressure monitoring, hypertension 
treatment, dietary instructions, and renal failure management. Blood pressure and 
hypertension management were performed according to established standards, aiming for 
blood pressure levels <130/85 mmHg (20) whenever possible, using restricted salt intake and 
appropriate drug therapy at the discretion of the treating clinician. 24-hour measurements 
were done for higher blood pressure in the office setting. Hypertension was managed 
avoiding use of ACEI’s and ARB’s to avoid potential EPO resistance. Protein intake was 
generally restricted to less than 1g/kg per day based on appropriate dietary instructions to 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

patients. No extra-low protein diets were employed in the study. Patient’s developing iron 
deficiency with documented transferrin saturation <20% were treated with oral iron 
supplements.  

Comparison Deferred treatment patients received EPO only when Hb decreased during follow-up to less 
than 9 g/dL (confirmed on a second measurement within less than one week). Dose 
schedules and titration of EPO was otherwise the same in the two arms. Common principles 
for blood pressure monitoring, hypertension treatment, dietary instructions, and renal failure 
management were as for the early treatment arm. 

Length of follow-up Study duration median 22.5 months. After baseline measurements at the time of 
randomisation, patients were seen on an outpatient basis at 2, 4, 6, 9, 12 months and every 3 
months thereafter. While it was anticipated that the trial would continue until all patients had 
completed 2 years of follow-up, the authors elected to terminate the study and analyse the 
data at 1 year after recruitment of the last patient. This was due to reports from other studies 
of patients developing PRCA after receiving subcutaneous EPO alpha. In November 2002 
study participants were informed of this, subcutaneous EPO alpha was discontinued, and 
patients were started on an alternative form of EPO. The study authors state that potential 
drop-in of patients between the two arms could have blurred subsequent differences during 
prolonged follow-up, because the treatment experience of the two arms would have become 
relatively homogenized after this modification, hence the decision to analyse data after one 
year of follow-up.   

Outcome measures  First main end-point was progression of renal disease (defined as doubling of creatinine, a 
creatinine of >8mg/dL, initiation of renal replacement) or death from any cause.  

 Second end-point was initiation of renal replacement or death from any cause, whichever 
happened first.  

 
Secondary end-points included: 
Whether the level of renal failure was different in the two arms at the time of initiating renal 
replacement for those patients who started renal replacement. 
Levels of Hb and hematocrit, serum creatinine, and creatinine clearance at 12 months. 
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Hospitalisations due to any reason 
Occurrence of uncontrolled hypertension 
Severe anaemia (Hb <7g/dL) 
Allergic local/systemic reactions 
Blood pressure at 12 months adjusting for baseline measurements in analysis of variance 
Serum lipid parameters (nested substudy – data not shown).  

Effect size In the early treatment arm, patients spent a median of 17 months (interquartile range 11-19) 
in the original EPO regimen, while deferred patients spent a median of 12 months (IR 7-18) 
without any EPO. None of the patients in the deferred arm had their Hb fall below 9g/dL 
during follow-up. Haematologic and renal function parameters at 12 months are reported in 
the table below: 
 
Mean (SD) Early Treatment Deferred treatment P value 
Haemoglobin, g/dL 12.9 (0.4) 10.3 (1.0) <0.001 
Hematocrit, % 38.4 (1.5) 31.4 (2.6) <0.001 
Serum creatinine, 
mg/dL 

3.81 (1.43) 5.07 (2.39) <0.001 

Creatinine clearance, 
mL/min 

21.9 (9.4) 16.1 (6.3) <0.001 

 
Doubling of creatinine, renal replacement, or death: During follow-up, 13 in the early 
treatment versus 23 patients in the deferred treatment arm reached this end-point. The 
unadjusted Relative Hazard for this end-point was 0.42 (95% CI 0.21 to 0.83, P=0.012) in the 
early versus deferred treatment arm.  
Adjusting for baseline serum creatinine, adjusted RH was 0.37 (95%CI 0.18 to 0.73; 
P=0.004), while the risk increased 2.23-fold (95%CI 1.56 to 3.18, P<0.001) per 1mg/dL higher 
serum creatinine at baseline.  
 
Renal replacement or death: 13 (3 deaths, 10 renal replacements) in early treatment versus 
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22 (4 deaths, 18 renal replacements) in deferred treatment (deaths P=0.0078; renal 
replacement P=0.011).  
The statistically significant difference between the two arms was largely caused by initiation of 
renal replacement. Unadjusted RH 0.43 (95% CI 0.22 to 0.85). Considering both treatment 
allocation and initial serum creatinine, RH was 0.38 (95%CI 0.19 to 0.76, P=0.006), while the 
risk of an event increased 2.25-fold  (95% CI 1.57 to 3.23; P<0.001) per 1mg/dL higher 
creatinine at baseline.  
 
Sex, age, weight, 24-hr protein, creatinine clearance, and the hematologic condition at 
baseline did not provide additional independent information once these two parameters had 
been considered for either outcome.  
 
Mean (SD) creatinine clearance in early versus deferred treatment arms at time of initiation of 
renal replacement:  11.1 (1.5) mL/min versus 11.0 (1.8) mL/min  (P=0.98, NS).  
 
Interaction terms between baseline serum creatinine and treatment arm were NS, suggesting 
a similar benefit in patients with high and low baseline creatinine.  
 
Adverse events:  
10 patients were hospitalised, 4 in early treatment (cardiac disease, pneumonia, urinary tract 
infections N=2) and 6 in deferred treatment (prostate cancer, pneumonia, cardiac disease, 
viral infections N=2, breast cancer).  
After adjusting for baseline values, office measurements of systolic, diastolic and mean blood 
pressure at 12 months were non-significantly higher in early treatment arm by 1.1 Hg 
(P=0.31), 0.3 mm Hg (P=0.81) and 0.6 mm Hg (P=0.59) respectively. For patients with 24hr 
monitoring, mean blood pressure was nonsignificantly higher by 0.3mm Hg (P=0.87) in the 
early treatment arm.  
No patients developed severe anaemia and no patients had severe allergic reactions to EPO. 
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Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1619 
 
 
 
Evidence Table 
 
MGTHb2 
In patients with CKD what are the risks and benefits of early versus deferred correction of anaemia? 
 
Bibliographic reference  Roger, S. D., McMahon, L. P., Clarkson, A, ., Disney, A., Harris, D., Hawley, C., Healy, H., 

Kerr, P., Lynn, K., Parnham, A., Pascoe, R., V, s, D., W, ker, R., L, and in, A. Effects of early 
and late intervention with epoetin alpha on left ventricular mass among patients with chronic 
kidney disease (stage 3 or 4): results of a randomized clinical trial. Journal of the American 
Society of Nephrology 15, 148-156. 2004. 

Study type RCT, open-label design 
Evidence level 1++ 
Study objective To assess the effects of early correction of anaemia with epoetin on LV mass among patients 

with chronic kidney disease (CKD). 
Number of patients N=155 

Setting: Australia and New Zealand 
Patient characteristics Inclusion criteria: 

Patients were required to be between 18 and 75 years of age, to have demonstrated a 
decrease in hemoglobin concentration of less than or equal to 10g/L within the 12 months 
before enrollment, and to have reached a level of 110 to 130g/L (male patients) or 100 to 
120g/L (female patients).  Patients were also required to have estimated creatinine clearance 
of 15 to 50 ml/min. 
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Exclusion criteria: 
Patients with unstable or poorly controlled angina, severe congestive heart failure (New York 
Association grade III or IV), severe chronic respiratory disease, symptomatic peripheral 
vascular disease or a cerated arteriovenous fistula were excluded from the study 
 
 Mean age 53 years for males and 50 years for females. 
  
 
 
                                                         In Group A:                                     In Group B 
Gender                                             51% male and 49% female            42% male and 58% 
female 
Weight (kg)                                       78 ± 17                                            76 ± 14                          
Height (m2.7)                                     4.1 ± 0.6                                          4.0 ± 0.6 
Diabetes mellitus                              24%                                                 33% 
Initial use of Ace Inhibitors                74%                                                 74% 
Final use of Ace Inhibitors                 71%                                                 70% 
Initial use of antihypertensives          27%                                                 31% 
Final use of antihypertensives           23%                                                 31% 
Patients commencing dialysis            32%                                                 19% 
LVMi (g/m2)                                       105 ± 23                                        101 ± 23 
Systolic BP (mmHg)                          139 ± 19                                         137 ± 18 
Diastolic BP (mmHg)                         80 ± 11                                           81 ± 10 
Hb (g/L)                                             112 ± 9                                            112 ±  8 
GFR (ml/min per 1.73m2)                  26 ± 11                                            25 ± 11 
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Intervention N=75.  Group A.  Subcutaneous epoetin therapy was initiated with a weekly regimen to 
maintain the Hb between 120 and 130g/L throughout the study period. 

Comparison N=80.  Group B.  Epoetin therapy was initiated if the Hb was less than 90g/L at two 
consecutive clinic visits 2 months apart or was less than 80g/L at any visit without a cause 
other than CKD.  Hb was then maintained between 90 and 100g/L for the remainder of the 
study period. 

Length of follow-up Study duration 2 years (or until patients required dialysis) 
Outcome measures Primary: 

• Change in left ventricular mass index (LVMi) at 2 years.  Left ventricular hypertrophy 
(LVH) was defined as a LVMi of greater than 125 g/m2 for male patients or more than 
100g/,m2 for female patients.   

Secondary: 
• Renal function.  Assessed to determine whether maintenance of a higher Hb affected the 

rate of decline of renal function.  Renal deterioration was assessed on the basis of the 
time to the onset of renal replacement therapy, the calculated creatinine clearance and 
nuclear estimations of GFR as either Cr-EDDDTA or Tc-diethylenetriamine pentaacetic 
acid clearance. 

• Cardiac performance. Assessed on the basis of systolic and diastolic function. 
• Quality of life.  Assessed using the SF36 and Renal Quality of Life Profile questionnaires. 
 

Effect size  • Hb increased for group A from a mean (and SD) of 112 ±  9 to 121 ± 14/L and decreased 
for group  B from 112 ± 8 to 108 ±13g/L (p<0.001, group A vs. group B). 

• The changes in LV mass index for the groups during the 2 year period were not 
significantly different (2.5 ± 20g/m2 for group A vs. 4.5 ± 20g/m2 for group B, p=NS). 

• There  was no significant difference between the groups in 2 year mean unadjusted 
systolic blood pressure (141 ± 4 vs. 138 ± 13 mmHg) or diastolic blood pressure (80 ±  6 
vs. 79 ±  7 mmHg). 

• The decline in renal function in 2 years as assessed with nuclear estimations of GFR did 
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not differ significantly between the groups (8 ±  9 vs. 6 ±  8 ml/min per 1.73m2.) 
• The Renal Quality of Life Profile total scores were similar for the two groups at study 

commencement (32 ±  21 for group A and 26 ± 16 for group B).  There was little change in 
scores at the end of the study and no significant difference between the groups (7 ±  17 
vs. 5 ± 14; 95%CI –3.4 to 6.6). 

• The SF36 Health Survey scores indicated moderate health at baseline for both groups.  
Physical health scores were estimated as 54 ± 11 for group A and 59 ± 11 for group B.  
There was no difference between the two treatment groups in the changes in scores from 
baseline to study termination (-2 ± 14 for group A vs. –1 ± 13 for group B; 95%CI –5.4 to 
3.0).  The initial mental health scores were similar for the two groups (56 ± 11 for group A 
vs. 55 ± 12 for group B) and the changes in scores at the end of the study were also small 
(0 ±  14 vs. –3 ± 11; 95%CI –1.7 to 6.4). 

Source of Funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 1620 
 
 
Evidence Table 
 
NURS1 
Is the effectiveness of Anaemia management in CKD improved by the involvement of Anaemia Nurse Specialists/ Co-
ordinators? 
 
Bibliographic reference  Bennett L. The anaemia research nurse in effective multi-disciplinary management of patients 

on erythropoietin. EDTNA/ERCA Journal 1998;24:38-9.  
Study type Before and after study  
Evidence level 3- 
Study objective To identify the role of Anaemia Research Nurse in achieving standards set by Renal 
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Association and the Royal College of Physicians Standards Subcommittee [Renal Association 
Standards Subcommittee. Treatment of adult patients with renal failure. Recommended 
standards and audit measures. Royal College of Physicians of London 1995, P. 10] 

Number of patients Total N not reported  
 

 Main unit + 3 satellite co-provider units  
Patient characteristics Not reported  
Intervention  Establishment of new post of Anaemia Research Nurse  

 Tx of anaemia from a multidisciplinary perspective (under supervision of Anaemia 
Research Nurse) 

 Improvement of education of renal unit team  
 Administration of appropriate iron therapy  

Comparison N/A 
Length of follow-up Audit at 0 and 6 months (before and after Anaemia Research Nurse appointment) 
Outcome measures Number of patients with Hb >10 g/dl 
Effect size Recommended standards  

 Hb 10-12 g/dl in at least 80% of dialysis patients  
 Correction of anaemia of renal failure should be by EPO administration  

 
 
Baseline audit  

 Poor responders defined as EPO dose >100 IU/kg/week but Hb <10 g/dl  
 66% of the entire dialysis population received EPO, some of which were self-medicating 

EPO Rx’d by GP without unit involvement/knowledge 
 Over 60% of patients on EPO were identified as being iron deficient 

 
 
Re-audit after 6 months 

 Anaemia Research Nurse also carried out costing and so increased number of patients on 
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EPO by 28% in under 4 months 
 Main renal unit: 73.1% (N=421) dialysis patients had Hb >10 g/dl 
 In the main unit where sickest patients with co-morbid conditions are cared for, 70.1% 

(N=127) achieved Hb >10 g/dl  
 
 
 Baseline audit Re-audit after 6 

months 
(N.B. in different 
population) 

No. of CAPD patients with Hb >10 g/dl 
Co-provider units (N, %) (N not reported), 92% (N not reported), 89% 
Main unit (N, %) (N=108), 76% (N=120), 79% 
   
No. of maintenance home HD patients with Hb >10 g/dl 
Co-provider units(N, %) Not reported  Not provided 
Main unit (N, %) (N=38), 76% (N not reported), 84% 
   
No. of HD patients with Hb >10 g/dl 
Co-provider units (N, %)  (N not reported), 50-55% (N not reported), 61% 
Main unit (N, %)  (N not reported), 43% HD 

patients 
Not provided 

   
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1877 
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Evidence Table 
 
ESAD1 
In patients with ACKD, what factors determine the provision of ESAs? 
 
Bibliographic reference  Ashcroft DM, Clark CM, Gorman SP. Shared care: A study of patients' experiences with 

erythropoietin. International Journal of Pharmacy Practice 1998;6:145-9.  
Study type Cross-sectional study 
Evidence level 3+ 
Study objective To examine patient’s information needs and concordance with EPO therapy in relation to the 

shared care scheme, which involves hospital and GP prescribing and management 
Number of patients N=86 
Patient characteristics Inclusion criteria: 

 Received EPO for at least 1 month 
 
Exclusion criteria: 

 Language or comprehension difficulties 
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Variable  
Age (mean ± SD) 56 ± 17.8 years (range 19-84) 
Male:female ratio 55:31 
Dialysis mode 
Hospital haemodialysis 
Home haemodialysis 
Continuous ambulatory peritoneal dialysis 
(CAPD) 
Predialysis  

 
32 (37%) 
4 (5%) 
42 (49%) 
8 (9%) 

Length of time on EPO (mean ± SD) 20 ± 16.5 months (range 2-94) 
Prescribed EPO brand 
Eprex 
Recormon 

 
31 (36%) 
55 (64%) 

 
 
 

Intervention EPO 
Comparison N/A 
Length of follow-up N/A, cross-sectional evaluation 
Outcome measures  Questionnaires were given to 119 patients, of whom 86 returned completed questionnaires 

(72%) 
 EPO supply 
 Preferred method of obtaining EPO 

Effect size 
EPO supply 
 
 N 
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GP 61 (71%) 
Hospital pharmacy 25 

 
 N=20 reported their GP had refused to prescribe EPO. The most commonly cited reason for 

this action was the expense of the product (10 cases) 
 
 

Preferred method of obtaining EPO (N=124) 
 N=63 preferred community pharmacy and gave 81 reasons 
 N=23 preferred hospital pharmacy and gave 43 reasons 

 
Reason Community 

pharmacy 
Hospital 
pharmacy 

Total 

More convenient 54 (44%) 14 (11%) 68 (55%) 
Easier access 14 (11%) 6 (5%) 20 (16%) 
Supply always 
available 

6 (5%) 10 (8%) 16 (13%) 

Larger supply provided 1 (1%) 7 (5%) 8 (6%) 
Shorter waiting time 6 (5%) 6 (5%) 12 (10%) 

 
 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 71 
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Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Virot JS, Janin G, Guillaumie J, Michel P, Dubot P, Chevet D et al. Must erythropoietin be 

injected by the subcutaneous route for every hemodialyzed patient? American Journal of 
Kidney Diseases 1996;28:400-8.  

Study type Randomised Controlled Trial 
Evidence level 1++ 
Study objective To evaluate the efficacy and tolerance of routes of EPO administration in haemodialysed 

patients on maintenance phase of treatment, to determine the usefulness of replacing the IV 
route with the SC route in all of them 

Number of patients N=49 
Patient characteristics Inclusion criteria: 

 Chronic maintenance haemodialysis three times a week in hospital and treatment by EPO 
for at least 6 months by the IV route.  Stabilisation of anaemia had to be obtained at 
inclusion with a stabilization of EPO needs over more than 4 weeks. 

 
Exclusion criteria: 

 Evolutive newplasias, uncontrolled hypertension, uncontrolled comitiality, bone marrow 
dysfunction, chronic ethylism, pregnancy, hemoglobinopathy, acute or chronic hepatitis, 
acquired immune deficiency syndrome (AIDS) chronic inflammatory syndrome, androgen 
therapy, immunosuppressive therapy. 
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Parameter SC group IV group 
Sex (m/f) 15/9 12/13 
Mean age, years (range) 65 (23 to 84) 16 (28 to 79) 
Previous hypertension (%) 12 (50%) 14 (56%) 
Mean weekly dialysis 
duration (h/wk) 

11.4 ± 1.85  12 ± 1.63  

Haemoglobin concentration 
(g/dL) 

9.9 ± 0.86 9.6 ± 0.73 

Haematocrit (%) 29.2 ± 2.52 29.1 ± 2.51 
Ferritin (ug/L) 478 ± 393 525 ± 542 

 
 

Intervention Changed to SC Group N=24.   
 Patients were divided into three strata (N=4 >150 U/kg/wk, N=7 100 to 150 U/kg/week and 

N=13 <100 U/kg/week) according to their preliminary consumption of EPO by the IV route 
to ensure approximately equal numbers in each group.  

 In both groups the objective was to maintain a stable haemoglobin level, ranging from 9 to 
10 g/dL. 

Comparison Stayed in IV Group N=25.  
Patients were divided into three strata (N=4 >150 U/kg/wk, N=5 100 to 150 U/kg/week and 
N=16 <100 U/kg/week) 

Length of follow-up Study duration 4 months 
Outcome measures Haemoglobin level evolution and EPO needs 

Hypertension 
Effect size Haemoglobin level evolution and EPO needs 
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 Mean Hb levels were stable and remained equivalent in both groups at the end of the 
study: 9.9 ± 1.2 g/dl in the IV group vs. 9.7 ± 1.2 g/dl in the SC group 

 For an identical efficacy, EPO needs were lesser using SC route (84 U/Kg/week) than the 
IV route (112 U/kg/ week) (p=0.02).  However when the strata were studied it transpired 
that this benefit existed only for consumers having the highest needs (>150 U/kg/wk) and 
not for the others. 

 
 
Stratum Time SC group (mean 

consumption) 
IV group 
(mean 
consumption) 

Statistical 
difference

>150 U/kg/wk Day 0 N=4 
217 ± 55 

N=4 
253 ± 112 

NS 

 Day 120 N=4 
138 ± 105 

N=4 
255 ± 131 

P<0.01 

100 to 150 U/kg/week Day 0 N=5 
115 ± 16 

N=7 
114 ± 21 

NS 

 Day 120 N=5 
104 ± 34 

N=7 
127 ± 55 

NS 

<100 U/kg/week Day 0 N=16 
52 ± 26 

N=13 
64 ± 7 

NS 

 Day 120 N=16 
58 ± 43 

N=13 
69 ± 45 

NS 

Whole group Day 0 N=25 
98 ± 68 

N=24 
106 ± 84 

NS 

 Day 120 N=25 
84 ± 62 

N=24 
112 ± 95 

P=0.02 

 
 Two patients in the IV group versus one in the SC group (NS) were treated first for 
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hypertension.  Their blood pressure increased during the study.  In every case the authors 
were able to control high blood pressure easily by increasing antihypertensive drug doses. 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1686 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Kaufman JS, Reda DJ, Fye CL, Goldfarb DS, Henderson WG, Kleinman JG et al. 

Subcutaneous compared with intravenous epoetin in patients receiving hemodialysis. 
Department of Veterans Affairs Cooperative Study Group on Erythropoietin in Hemodialysis 
Patients.[see comment]. New England Journal of Medicine 1998;339:578-83.  

Study type Randomised Controlled Trial, open-label design 
Evidence level 1++ 
Study objective To compare the intravenous (IV) route of administration of EPO with the subcutaneous (SC) 

route in terms of the dose required to maintain a target haematocrit value 30 to 33% for 26 
weeks in HD patients, administered 3 times weekly. 

Number of patients N=208, but N=138 completed the study  
 

 N= 101 IV, but N=63 completed the study 
 N= 107 SC, but N=75 completed the study 

 
 Multisite study in 24 HD units in USA 
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Patient characteristics Inclusion criteria: 
 Patients with end-stage renal disease treated by haemodialysis for at least 6 months 

and who had received EPO for at least 3 months before entry.   All patients were 
required to have a haemotocrit of 30 to 33 percent while receiving EPO 
subcutaneously or intravenously thrice weekly during the week before randomisation.  
If a patient’s haemocrit value was outside the target range at the initial screening or the 
patient was receiving EPO fewer than three times per week, the dose was adjusted 
before randomisation.  The patients were also required to have a serum ferritin 
concentration of more than 100ng/ml and a transferrin-saturation value of more than 
20%.   

 
 
 
Exclusion criteria: 

 Patients in whom EPO therapy might be unsafe(e.g. uncontrolled hypertension) and 
those who might not have a response to the usual doses (e.g. acute inflammatory 
disease or infection, known haematologic disorder or GI bleeding).  Also those who 
were unusually sensitive or resistant to EPO – those requiring a dose of less than 30 U 
per kg of body weight per week or more than 500 U per kg per week respectively. 

 
Characteristic SC Group (N=107) IV Group (N=101) P Value 
Age (yr) 60 ± 13 61 ± 13 0.48 
Male sex (no) 105 100 1.00 
Weight (kg) 78.6 ± 15.4 73.5 ± 15.6 0.02 
Duration of dialysis 
(yr) 

3.0 ± 2.6 4.4 ± 4.9 0.01 

Duration of EPO (yr) 2.0 ± 1.5 2.4 ± 1.5 0.09 
SC EPO therapy (%) 71 70 1.0 
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Dose of EPO 
(U/kg/wk) 

117 ± 84 122 ± 79 0.62 

Haematocrit (%) 31.6 ± 1.0 31.7 ± 1.2 0.53 
Serum ferritin (ng/ml) 297 ± 196 305 ± 250 0.78  

Intervention N=107 SC Group  EPO three times weekly SC.   
 
Epoetin Regimen: 

 After randomisation all patients had their EPO doses reduced by 50% but by no more than 
60 U/kg/week, every 6 weeks until the haematocrit was below 30% for two consecutive 
weeks. 

 The dose was then increased by 30 U/kg/week every 4 weeks until the haematocrit was at 
least 30% for two consecutive weeks.   

 The patients then entered the 26 week maintenance phase in which the dose of EPO was 
adjusted according to a specific algorithm to maintain the haematocrit in the range of 30 to 
33%. 

 Haematocrit was measured weekly and if 2 consecutive values were outside the target 
range, the dose was modified by 30 U/kg/week, being increased if Hct <30% and 
increased if Hct >33% 

 Patients were kept iron replete: serum ferritin <100 ng/ml alone or in combination with 
TSAT <20% received parenteral iron 

 
Comparison N=101 IV Group EPO three times weekly IV.   

 See “intervention” above for details on Epoetin regimen. 
Length of follow-up See “intervention”.  The mean length of time in the study was 48 ± 20 weeks in the IV group 

and 46 ± 17 weeks in the SC group (p=0.46). 
Outcome measures  Dose of EPO.  A meaningful change in the dose of EPO was defined as an increase or a 

decrease of more than 30 U per kg per week because this value corresponded to one 
dose change in the dosing algorithm. 

 Assessment of discomfort.  The patients rated the level of discomfort using a visual 
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analogue scale consisting of a 100mm line on which 0mm indicated the absence of pain 
and 100mm severe pain.  The patients also rated pain using a 7 category descriptive scale 
(non pain, very mild pain, mild pain, not very severe pain, quite severe pain, very severe 
pain, almost unbearable pain). 

Effect size Study withdrawal 
 32 patients were withdrawn from the SC group and 38 from the IV group.  Main reasons 

for withdrawal were study terminated before patient completed maintenance phase [N=3 
(SC) and N=9 (IV)], death [N=11 (SC) and N=8 (IV)] and no need for further EPO therapy 
[N=7 (SC) and N=5 (IV)]. 

 
Hb/Hct levels and EPO dose 

 During the maintenance phase the average Hb and Hct were similar in both groups 
(p=NS) 

 The average weekly dose of EPO, however, was 32% lower in the SC therapy group than 
in the IV group. 

 When the analysis was restricted to the 138 patients who completed the 26-week 
maintenance phase, the average dose in the SC group (104 ± 60 U per kg/wk; 75 patients) 
was 27% less (p<0.001) than that in the intravenous-therapy group  (142 ± 72 U per 
kg/wk; 63 patients). 

 
 
Results during the maintenance phase 
Variable SC therapy 

(N=107) 
IV therapy 
(N=101) 

P value 

Weekly maintenance dose of 
EPO 
Average (U/kg/wk) 
Average (U/wk) 

 
95.1 ± 75.0 
7397 ± 6139 

 
140.3 ± 88.5 
10,068 ± 6334 

 
<0.001 
0.002 
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Average haemocrit (%) 31.3 ± 2.9 31.1 ± 2.5 0.6 
Average haemoglobin (g/dl) 10.4 ± 1.0 10.3 ± 0.9 0.21 

Values are mean ± SD 
 
 
RBC transfusions 

 During the maintenance phase, nine patients in the IV group (12%) received a total of 78 
units of packed red cells and seven patients in the SC therapy group (9%) received a total 
of 79 units (p=0.61). 

 
Iron administration 

 84% of the patients in the IV group and 83% in the SC group received at least one course 
(1000mg) of intravenous iron dextran.  The average total amounts of iron administered 
during all phases of the study were not significantly different between the two groups 
(1683 ± 1280 mg per patient in the IV group and 1765 ± 1342 mg per patient in the SC 
group, p=0.65). 

 
Sub-analyses 

 Of the patients who switched from IV to SC therapy, 58% had a reduction in the EPO dose 
during the study and 23% an increase.  The corresponding values for the patients who 
switched from SC to IV therapy were 28% and 49%.   

 Of the patients who received EPO SC before and during the study, 34% had a reduction in 
the dose during the study and 20% an increase.  The respective numbers for the patients 
who received EPO IV before and during the study were 30% and 23% 

 
 
Assessment of discomfort 

 All the patients in the IV group and half the patients in the SC group assessed the 
level of discomfort during the entire dialysis procedure.   
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 The scores were similar in the 2 groups (visual analogue score 25 ± 21 in the IV group 
and 22 ± 22 in the SC group, p=0.2); percentage with verbal descriptive score of quite 
severe or worse, 8% in each group, p=0.27).  Of the patients in the SC group who 
assessed the level of discomfort associated with SC injection, most (86%) gave a rating of 
no pain, very mild pain or mild pain.  Only one patient withdrew from the study because of 
discomfort from SC injection. 

 
Source of funding Amgen, Central Pharmaceuticals – Schwarz Pharma and Schein Pharmaceutical supplied the 

study drugs. 
Citation  
NCC CC ID (Ref Man) 1687 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Johnson CA, Wakeen M, Taylor III CA, Zimmerman SW, Burkart J, Bhattacharya A et al. 

Comparison of intraperitoneal and subcutaneous epoetin alfa in peritoneal dialysis patients. 
Peritoneal Dialysis International 1999;19:578-82.  

Study type Randomised cross over study 
Evidence level 1+ 
Study objective To compare the efficacy of intraperitoneal (IP) and subcutaneous (SC) administration of 

epoetin alpha (EPO )in patients receiving peritoneal dialysis (PD). 
Number of patients N=20 but N=13 completed 32 weeks follow-up 
Patient characteristics Inclusion criteria: 
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 PD patients between the ages of 18 and 75 years from two dialysis centres.  All patients 
had received PD for at least 3 months, had been infection free for 30 days prior to 
enrollment and had been receiving SC EPO therapy for a minimum of three months. 

 
Exclusion criteria: 

 Patients were excluded if there was evidence of any coexisting conditions associated with 
hyporesponsiveness to EPO.  Three pre-enrollment haematocrit values obtained at least 
one week apart could not differ from one another by more than 3 points.  The average 
value was used as the prestudy basseline Hct value and must have been between 27% 
and 36% for the patient to be eligible for the study. 

 
 13 patients (9 male) completed the study.  Mean age was 45.2 ± 12.5 years.  Mean weight 

was 74.7± 15.5 kg.   
 Premature discontinuation occurred for the following reasons: transplantation (N=2), 

peritonitis (N=3), relocation to another dialysis unit (N=1). 
Intervention Patients were assigned to receive either IP or SC EPO for the first 16 weeks of the study.   

 Upon completion of the first 16 weeks patients crossed over immediately to SC/IP 
administration.  

  
 During IP administration of EPO the peritoneal cavity was drained.  The undiluted EPO 

dose was infected directly into the dialysis transfer set, followed by 30ml normal saline 
flush.  The dose remained within the peritoneum for approximately 8 hours, after which 
normal dialysis exchanges resumed.  Most patients received the dose overnight.   

 
 Patients received oral and intravenous iron to maintain a transferrin saturation more than 

or equal to 16% and a serum ferritin concentration of more than or equal to 100 ng/mL 
throughout the study.   

 
 The initial EPO dose given upon study entry was the same dose and frequency as that 
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given SC to establish the baseline prestudy Hct value. 
 Subsequent doses were adjusted to maintain the Hct within 3 points of the prestudy 

baseline.  Upon approaching the target Hct, the dose was reduced as needed to a 
minimum of 25 U/kg per dose. 

Comparison The same as “intervention” but the order of the route of EPO administration is reversed. 
Length of follow-up Total study duration including cross-over = 32 weeks 
Outcome measures  Difference in EPO dose between IP and SC administration (primary outcome) 

 Iron administration. 
Effect size  The area under the Hct response curve for SC administration was larger than for IP 

administration (p=0.0010) and the mean slope of the 16 week Hct response curve was 
greater for SC dosing (p=0.05) 

 
 The area under the dosing requirement curve for IP administration was larger than for SC 

administration (p=0.0029) and the slope of the 16 week dose requirement curve was 
greater for IP administration (p=0.017), suggesting greater dose stability for SC 
administration.   

 Paired analysis indicated greater IP intrapatient dose requirements (p<0.0001).   
 The mean difference in SC versus IP doses was 5000 ± 1510 (SD) units per week 

(p<0.04)  
 The mean total dose per week over the entire study was 5950 ± 830 U for IP and 4070 ± 

630 U for SC (p<0.01)  
 
 

 The mean ± SD weekly ingestion of elemental iron at week 1 for each treatment phase 
was 1266.8 ± 781.9 mg (SC) and 1774.2 ± 1316.1 mg (IP) (p>0.2).   

 At the end of 16 weeks of treatment these values were 1503.4 ± 1190.2mg (SC) and 
1771.9 ± 1338.6mg (IP) (p>0.2).   

Source of funding Supported by in part by pharmaceutical company and National Institutes of Health grant. 
Citation  
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NCC CC ID (Ref Man) 1764 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Lai KN, Lui SF, Leung JC, Law E, Nicholls MG. Effect of subcutaneous and intraperitoneal 

administration of recombinant human erythropoietin on blood pressure and vasoactive 
hormones in patients on continuous ambulatory peritoneal dialysis. Nephron 1991;57:394-
400. 

Study type Randomised controlled trial 
Evidence level 1+ 
Study objective To study the effect of intraperitoneal (IP) or subcutaneous (SC) administration of EPO on 

haemoglobin, blood pressure and vasoactive hormones in patients on continuous ambulatory 
peritoneal dialysis (CAPD). 

Number of patients N=20 
 

 N=10, IP (N=9 completed the study) 
 N=10, SC 

Patient characteristics Inclusion criteria: 
 Patients with anaemia due to end stage renal failure with haemoglobin levels less than 

9g/dl, all on CAPD for at least 6 months. 
 Haemodynamically stable with no clinical evidence of heart failure. 

 
Exclusion criteria: 
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 Patients with anaemia due to other causes or with uncontrolled hypertension. 
 
Overall patients were 30% male and 70% female. 
 
In the SC group: 
Age 40 ± 5 years 
Weight 52 ± 3 kg 
Duration of renal replacement therapy (months) 19 ± 3 
Units of blood transfusion over the previous 12 months 2.0 ± 0.7 
Systolic blood pressure 134.0 ± 23.7 
Diastolic blood pressure 80.0 ± 13.3 
On antihypertensive therapy N=5 
 
 
 
In the IP group: 
Age 41 ±  5 years 
Weight 51 ± 3 kg 
Duration of renal replacement therapy (months) 23 ± 3 
Units of blood transfusion over the previous 12 months 2.0 ± 1.0 
Systolic blood pressure 135.3 ± 25.0 
Diastolic blood pressure 79.4 ± 12.4 
On antihypertensive therapy N=6 

Intervention N=10  Sixteen week course of twice weekly EPO by the SC route.   
 

 The dose of EPO was given according to body weight and the baseline haemoglobin level.  
 The commencing dose was 50 U/kg body weight twice weekly for patients whose 

haemoglobin was less than 8g/dll.   
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 Iron supplements (ferrous sulphate 200 mg twice daily) were given routinely to all patients, 
unless there was evidence of gross iron overload.   

 In order to avoid a rapid rise in haemoglobin, the EPO dosage was adjusted periodically 
according to the haemoglobin level.  If after 4 weeks of treatment, the haemoglobin had 
increased by more than 1.2g/dl, the EPO dose was either reduced from 50 to 25 U/kg 
body weight, or from 25 to 15 U/kg body weight.  After 8 weeks of treatment, if the 
haemoglobin had not reached the target range (10 to 12 g/dl) and the rise was less than 
1.6 g/dl, the dose of EPO was increased by 25 U/kg body weight.  After 12 weeks of 
treatment, the dose was increased by a further 25 U/kg body weight in patients whose 
haemoglobin remained below the target range.   

 The EPO dosage was reduced in those patients whose haemoglobin had reached the 
target range but continued to rise. 

Comparison N=10  Sixteen week course of twice weekly EPO by the IP route.   Details as in the 
“intervention” group but with IP administration. 

Length of follow-up Study duration 16 weeks 
Outcome measures  Haematological changes 

 Blood pressure 
Effect size  One patient from the IP group was excluded from the analysis because she was 

transfused and operated on for a ruptured ovarian cyst.   
 

 Subcutaneous EPO in a mean dose of 84 ± 9 U/kg/week induced a rise in haemoglobin 
from 6.9 ± 0.3 to 9.8 ± 0.6 g/dl by 16 weeks (p<0.01).  Despite a higher mean EPO dosage 
(133 ± 7 U/kg body weight/week) the haemoglobin level was not significantly altered in the 
IP group (from 7.0 ± 0.4 to 8.0 ± 0.4g/dl at 16 weeks (p>0.05). 

Values are mean ± SEM 
 

 During the 16 week period of EPO administration, increased antihypertensive therapy was 
needed in 6 patients in the IP group but in only 2 in the SC group (p=0.112).  As a 
consequence of altering antihypertensive therapy, blood pressure was not altered 
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significantly in either group.  The rise in blood pressure was usually moderate (<30mmHg 
for systolic pressure or <25mmHg for diastolic presssure). 

Source of funding  Supported by a private research fund.   
 Pharmaceutical company provided the EPO. 

Citation  
NCC CC ID (Ref Man) 1767 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Leikis MJ, Kent AB, Becker GJ, McMahon LP. Haemoglobin response to subcutaneous 

versus intravenous epoetin alfa administration in iron-replete haemodialysis patients. 
Nephrology 2004;9:153-60.  

Study type Randomised cross-over study 
Evidence level 1 ++ 
Study objective To determine if the Hb concentration can be maintained in iron replete haemodialysis patients 

when switched between SC and IV routes of administration and without altering the dose of 
epoetin alpha.  

Number of patients N=88 patients 
N=43 group A (SC administration) 
N=38 group B (IV administration) 

 
Location: Australia                      sites: single 

Patient characteristics Inclusion criteria: 
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 Stable haemodialysis patients on 3x-weekly dialysis with a stable Hb concentration (±10 
g/L) and epoetin alpha dose for 2 months prior to enrolment.  

 Laboratory criteria included: Hb concentration 100-135 g/L, ferritin 300- 800 ug/L, TSAT 
25-50%, vitamin B12 >150 pmol/l, serum folate >5 mmol/l and urea reduction ratio (URR) 
≥ 65%. 

 
Exclusion criteria: 

 Pregnancy, active gastrointestinal bleeding, systemic sepsis or sustained C-reactive 
protein (CRP) > 30mg/L, arteriovenous access thrombosis within 2 months of study 
commencement, severe hyperparathyroidism (parathyroid hormone (PTH) > 40 pmol/L 
and alkaline phosphatase >240 IU/L), and aluminium toxicity or epoetin dose > 30 000 
IU/week 

 
 
Characteristics Group A (n= 43) Group B (n= 38) 
Age (years) 65 (28-83) 69 (36-82) 
Males (%) 67 53 
URR (%) 68 (56- 91) 68 (57-86) 
PTH (pmol/L) 17 (1-106) 16 (1-118) 
CRP (mg/L) 5 (1- 151) ** 7 (1-243)** 
Ferritin (ug/L) 409 (303-1443) 394 (307- 1935) 
TSAT (%) 31 (22-48) 32 (19-87) 
Epoetin (IU/ week) 6000 (2000-14000) 6000 (2000-20000) 
Epoetin (IU/kg per week) 90 (22-198) 93 (22-240) 
Hb concentration (g/L) 119 (98-139) 119 (105 –134) 
 No significant differences between groups, except *initial CRP concentrations (p=0.018) 

were >30mg/L in four patients, however these had fallen to <30 mg/L upon re-testing. 
 All patients has received hemodialysis thrice weekly (dialyser: hemophan 74 (91%), 

polysulphone 4 (5%), polycarbonate/polyethercopolymer 3 (4%) 
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 6 patients in group A were treated with ACE inhibitors and 10 in group B. 
 Patients were given intravenous iron to maintain levels according to criteria listed above. 

Their medications were not changed during the trial. 
 Patients were withdrawn if Hb concentration exceeded the limits of 90 or 140 g/L during 

the study period. 
Intervention Epoetin SC (group A) for the first 3 months and then by the alternate route (IV, group B)  for 

an additional 3 months. Epoetin was administered once (A1), twice- (A2) or thrice-(A3) 
weekly.  
 

 The weekly epoetin dose was the same as that used in the 2-month period prior to study 
commencement, and during the entire 6-month study period, the epoetin dose was also 
kept constant.  

 Each patient acted as their own control. 
Comparison Epoetin IV (group B) randomised to receive epoetin once (B1), twice (B2) or three times (B3) 

weekly 
Length of follow-up 6 month trial duration 
Outcome measures  Withdrawals 

 Epoetin dose 
 Hb concentration 
 Adverse events 
 Ferritin levels, TSAT values 

Effect size Withdrawals 
 88 patients randomised- of these 7 did not commence the study 
 One withdrew consent, one had recurrent hospitalization periods, 5 required an epoetin 

dose change because of a change in Hb concentration 
 15 withdrawals during the study period 
 Reasons group A: discontinuation of dialysis (3), Hb concentration <90 or >140 g/L (2), 

peripheral vascular disease (PVD) requiring amputation (1), clotted arteriovenous (AV) 
graft access (1), chronic superior vena cava obstruction (1) and epoetin side-effects of 
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palpitations and ‘flu-like’ illness (1) 
 Reasons for group B: PVD requiring bypass (1), hematemesis (1), cardiac bypass surgery 

(1), refusal to return to SC dosing (1), clotted AV graft access (1), and transplantation (1) 
 
Epoetin dose 

 Doses were similar between groups 
 Prior to the study, all but 3 patients were treated with epoetin SC, with the frequency of 

injections ranging from thrice weekly to once every 2 weeks 
 49 (60%) received epoetin injections weekly 

 
Hb concentration 

 In the first 3 months the Hb concentration rose in group A (p=0.03) and fell in group B 
(p=0.0019) 

 The difference between groups at 3 months was also significant (p=0.009) 
 After cross-over group A patients showed a fall in Hb concentration after 3 months 

(p<0.001) whereas group B values rose (p=0.001) 
 When Hb concentration was expressed as a percentage change from either baseline or 

from cross-over for each 3 month period- results were similar to the changes seen in 
absolute levels 

 After change in route of administration there was a 5.1% (6.5 g/L) decline in Hb 
concentration with IV use (p<0.001) and a 2.8% (3.7 g/L) increase in Hb concentration 
with SC use (p=0.002) 

 By combining both groups and examining the Hb concentration changes for all patients 
when treated with SC epoetin for 3 months, a rise in 3.4 ± 10.9 g/L (2.9%, p<0.001) was 
noted 

 IV epoetin for 3 months produced a fall of 4.8 ± 11.4 g/L (4.0%, p<0.001) 
 When individual patient changes were examined 3 months after cross-over, 64% of group 

A patients had a fall in Hb concentration compared with 60% of group patients who 
showed a rise 
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 The remaining patients in each group (36% group A, 40% in group B) demonstrated either 
a neutral result or a change in the opposite direction. 

 
 
Month 0 1 2 3 4 5 6 
 SC IV 
Group A 
Hb (g/L) 

118.7± 
8.8 

120.7 ± 
9.1 

122.9 
±7.9 

121.9 ± 
9.1 * 

120.3 ± 
10.0 

117.4 ± 
9.0 

115.4 ± 
10.0 ** 

 IV SC 
Group B 
Hb (g/L) 

119.1 ± 
6.8 

117.6 ± 
10.1 

115.3 ± 
9.8 

116.0 ± 
9.8 *** 

116.6 ± 
9.2 

119.7 ± 
9.7 

119.7 ± 
12.4 **** 

Results above presented as mean ± SD.  
Group A: *Hb baseline-month 3, p=0.003, ** months 3-6, p<0.001 
Group B: *** Hb baseline-month 3, p=0.19, ****months 3-6, p=0.001 
 

 Analysis of dose frequency subgroups revealed no difference in Hb concentration at 
baseline between the groups 

 Similar pattern of a rise in Hb concentration when treatment was with SC epoetin and a fall 
in Hb concentration when treatment was with IV epoetin in each subgroup (once, twice, 
and thrice weekly) 

 Between dose frequency subgroups there was no significant difference in Hb 
concentration at baseline, cross-over or study end for either SC or IV 

 For those treated once weekly, group A1 demonstrated a significant fall in Hb 
concentration over 3 months after crossover (121.3 vs. 116.2 g/L, p=0.034) 

 When treated twice weekly, group A2 demonstrated a fall in Hb concentration over 3 
months after cross over (122.4 vs. 114.4 g/L, p<0.001) 

 Group B2 demonstrated a rise (115.4 vs. 121.4, p=0.025) 
 Differences between groups treated twice weekly were also significant after crossover 
 Group A3 showed a rise in Hb concentration over 3 months from baseline (116.8 vs 121.9 
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g/L. p=0.043) 
 
Other outcomes 

 Mean ferritin and TSAT targets were met at all time-points 
 Neither ferritin nor TSAT values differed between groups A and B, except for ferritin levels 

at 3 months (423 vs. 507 ug/L, p=0.026) 
 No adverse events secondary to IV iron administration were observed 
 Systolic and diastolic blood pressures were similar for groups A and B, as well as between 

each subgroup at entry and during the study 
 No correlations were found between dose of epoetin (U/kg) and any of the baseline 

variables including URR, albumin, PTH, weight or BMI using multivariate analysis 
 For the same variables no correlations were observed after crossover with the change in 

Hb concentration in either group 
Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1769 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  De Schoenmakere G, Lameire N, Dhondt A, Van Loo A, Van der GJ, Duym P et al. The 

haematopoietic effect of recombinant human erythropoietin in haemodialysis is independent of 
the mode of administration (i.v. or s.c.). Nephrology Dialysis Transplantation 1998;13:1770-5.  

Study type Randomised controlled trial, open-label, parallel design 
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Evidence level 1+ 
Study objective To examine prospectively whether the conversion from subcutaneous (s.c.) to intravenous (i.v.) 

rHuEpo administration influences the haematological parameters and rHuEpo dosage, provided 
adequate iron status was maintained.  

Number of patients N=18 patients completed the study (N=30 started)  
 N=11 converted from s.c. to i.v. group  
 N=7 non-conversion group (s.c.)  

 
Location: Belgium         sites: single 

Patient characteristics Inclusion criteria: 
 Patients older than 18 years, on a regular haemodialysis schedule, treated with s.c. rHuEpo 

and with a stable hematocrit between 28 and 36% for at least 3 months. 
 
Exclusion criteria: 

 Patients with polycystic kidney disease, chronic inflammatory disease, bleeding disorders 
and chronic drug therapy interfering with coagulation. 

 
From all patients under treatment in the University haemodialysis unit (n=60) 30 conformed to 
these criteria. 
 
Characteristics Conversion group (n=11) Non-conversion group (n=7) 
Male/ female 5/6 3 / 4 
Age (years) 61 ± 17.4 65 ±  11.5 
Time on haemodialysis (years) 1.1 ± 0.87 2.1 ± 2.96 
PCR (mg/(kg.24)) 0.9 ± 0.25 1.0 ± 0.24 
Ratio of total urea clearance 
over its distribution volume 
(Kt/V ) 

1.1 ± 0.21 1.3 ± 0.22 

Residual creatinine clearance 0.2 ± 0.31 2.2 ± 2.72 
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(ml/min) 
Primary diagnosis of studied 
patients 

Chronic interstitial nephritis 
(5), renovascular disease (3) 
IgA neuropathy (2) Chronic 
glomerulonephritis 

Chronic interstitial nephritis 
(3), renovascular disease (3) 
Chronic glomerulonephritis 
(1) 

Drop-out criteria were defined as: death, renal transplantation, transition to continuous 
ambulatory peritoneal dialysis (CAPD), major surgery necessitating hospitalization > 1 week, 
and transfer to another dialysis centre. Acute infectious episodes were not considered a reason 
for withdrawal. 

Intervention Conversion to i.v: received 6 months rHuEpo s.c. therapy before being converted to 6 months of 
i.v rHuEpo.  
 

 Both s.c. and i.v. rHuEpo were administered 3x weekly, at the end of the dialysis session.  
 Doses were revised monthly to attempt to pursue the hematocrit levels between 28 and 

36%. 
Comparison No conversion: received 12 months of rHuEpo s.c. 
Length of follow-up 12 month trial duration 
Outcome measures Mean dose, hematocrit levels, red blood cell counts, total iron binding capacity (TIBC), serum 

ferritin, and transferrin saturation (TS) 
Effect size  There were no significant differences in gender, age, time since start of haemodialysis, PCR, 

Kt/V and Ccrea between both groups when considering only patients who completed the 
study. 

 
Mean dose: 

 Overall mean doses per injection in conversion group before and after time point 0 (point of 
conversion) were 44.0 ± 1.8 and 45.4 ± 4.7 U/kg/injection respectively (P=NS) 

 In the non-conversion group these average were: 32.9 ± 4.2 and 39.6 ± 7.0 U/kg/injection 
respectively (P=NS) 

 The weight-standardised rHuEpo doses at monthly intervals showed no differences between 
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groups at similar time points 
 When compared to time 0 (point of conversion), all other time points in conversion group 

showed no significant differences 
 In the non-conversion group the dose was significantly higher at 3 and 4 months after time 

point 0 (p≤0.05) 
 The cumulative rHuEpo doses over the whole study period for both groups showed no 

significant differences 
 
Hematocrit 

 The overall mean hematocrits were similar between conversion and non-conversion groups 
in the period preceding time point 0 (32.9 ± 1.1 % vs. 31.4 ± 1.6%) and 6 months after time 
point 0 (31.5 ± 0.5% vs. 31.1 ± 0.9%) 

 Hematocrits were similar at each time point for both groups (p>0.05) 
 For the conversion group the hematocrit values at all time points compared to the moment of 

the switch showed no difference 
 In the non-conversion group hematocrit were lower at time points –6, -5 (- denoted before 

switch) and 2 months (p≤ 0.05) than time point 0 
 A similar pattern was seen for red blood cell counts 

 
Ferritin 

 The overall mean ferritin in the conversion group was 219 ± 49 ng/ml and 224 ± 25 before 
and after conversion (non-significant) 

 In the non-conversion group values of 230±83 ng/ml before and 236±52 ng/ml after time 
point 0 were observed 

 Monthly iron status parameters were not different between groups, except for isolated higher 
serum ferritin in conversion group 4 months after the switch 

 No differences in iron status parameters were observed in the conversion group compared 
to time 0 

 In the non-conversion group significance was observed for TIBC at time points –1,2 and 5 
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and for ferritin at time points –2 and –1 (p<0.05) 
 CRP, serum protein, albumin, PTH and vitamin B12, intracellular and extracellular folic acid 

and aluminium were not different in both groups 
 
Other: 

 Comparison of drug intake demonstrated a similar number of patients treated by ACE-
inhibitors (3 vs. 2); there were no patients treated with co-trimoxazole and theophylline 

 There was no significant difference in the number of infectious episodes between conversion 
and non-conversion groups during the entire study period (4 and 2 respectively) 

 Aluminium mobilisation tests with desferrioxamine were negative in all patients of the two 
groups 

 Mean aluminium levels before and 44h after desferrioxamine were comparable 
 
Withdrawals 

 Conversion group (4/15= 27%):  
 Reasons: death (n=2), major surgery (n=1), and transfer to another dialysis centre n=1) 
 Non-conversion group (8/15= 53%):  
 Reasons: renal transplantation (n=3), death (n=2), transfer to another centre (n=2), and 

major surgery (n=1) 
Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 61 
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Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Muirhead N, Churchill DN, Goldstein M, Nadler SP, Posen G, Wong C et al. Comparison of 

subcutaneous and intravenous recombinant human erythropoietin for anemia in hemodialysis 
patients with significant comorbid disease. American Journal of Nephrology  1992;12:303-10.  

Study type Randomised controlled trial 
Evidence level 1+  
Study objective To document the safety, efficacy and quality of life benefits associated with rHuEPO therapy 

in this patient population and to compare the effect of route of administration of rHuEPO 
(subcutaneous versus intravenous) on these outcomes. 

Number of patients N=128 patients 
N=64 subcutaneous group (SC) 
N=64 intravenous group (IV) 

 N=83 patients completed the study- 45 in SC group and 38 in IV group 
Location: Canada               sites: single 

Patient characteristics Inclusion criteria: 
 Age > 18 years and mean haemodialysis of <95 g/L in the 3 months prior to the study and 

presence of one or more comorbid conditions. All patients had been clinically stable on 
haemodialysis for a minimum of 3 months at study entry. 

 
Exclusion criteria: 

 Patients with anaemia from causes other than presumed EPO deficiency, those with 
uncontrolled hyperkalemia or hypertension (diastolic BP > 100 mmHg), acute illness within 
7 days of study entry and unwillingness to consent to subcutaneous injections. All patients 
had been ineligible for prior studies of rHuEPO in Canadian haemodialysis patients 
because of comorbid illness. 
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Characteristics Subcutaneous 

(n=64) 
Intravenous 
(n=64) 

Age, years 58.4 ± 15.8 57.6 ± 17.0 
Sex, M:F 30: 34 40 : 24 
Duration of ESRD 3.9 ± 3.9 4.5 ± 4.4 
Duration of dialysis, years 2.6 ± 2.7 3.3 ± 3.7 
Number transfused in prior 3 
months 

36 36 

 
There were no significant differences between the groups in mean age, height, body weight or 
race. There were no significant differences between the groups in the duration of ESRD or 
duration of haemodialysis. 

Intervention  RHuEPO starting at 50 U/kg 3x weekly by subcutaneous injection following haemodialysis. 
 

 Following collection of baseline data patients entered a 4-week single-blinded placebo 
“run-in” period, following which all of the baseline studies were repeated.  

 At the end of the placebo run-in period patients entered the active treatment phase where 
rHuEPO was given according to the randomly allocated route of administration.  

 During a period of 8-12 weeks the rHuEPO dose was titrated in increments of 25-
50U/kg/dose every 4-weeks to achieve a stable haemoglobin level between 105 and 125 
g/L with a minimum increase of 20g/L and a maximum increase of 50 g/L from baseline. 

 Once patients had maintained Hb target for 4 consecutive weeks, they entered the final 
24-week follow-up period 

Comparison RHuEPO starting at 50 U/kg 3x weekly by intravenous route of administration (for more 
details see above) 

Length of follow-up 8-24-week active treatment duration and 24-week follow-up period 
Outcome measures  Quality of life measured using a disease-specific questionnaire, the Kidney Disease 
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Questionnaire. Consists of 26 questions grouped in 5 dimensions (physical symptoms, 
fatigue, relationships with others, frustration and depression). Each question is scored on 
a 7-point Likert scale with 7 indicating no problem and 1 a severe problem.  

 RHuEPO dose requirements 
Effect size 

Withdrawals 
 83 patients completed the study- 45 in SC group and 38 in IV group 
 5 patients withdrew during the placebo run-in period so that 123 patients (61 SC and 62 

IV) entered the active phase 
 Main cause of withdrawal was failure to achieve target haemoglobin in 18 patients 

 
 
Reason for withdrawal Subcutaneous Intravenous
Failure to reach target 6* 12 
Died** 3 8 
Transplant 2 2 
Transfer to non-study hospital 2 1 
Transfer to CAPD 1 0 
Personal reasons 2 1 
Refused subcutaneous 
injections 

2 - 

Carcinoma of colon 1 0 
Non-compliance 0 1 
Leg swelling 1 0 
 * Includes one patient who was kept below target by physician 
 ** Includes 4 patients who died following cessation of therapy 
 11 patients died, 7 during the study proper and  4 after withdrawal from study 
 Causes of death during study: congestive heart failure (2), cardiac arrest (2), myocardial 

infarction (1), refeeding hypophosphatemia with cardiac arrest (1) and a perforated viscus 
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(1) 
 Causes of death after withdrawal: stroke (2), sepsis and gangrene following withdrawal of 

dialysis (1), pericardial effusion (1) 
 Both patients who died from stroke suffered from stoke during the placebo run-in period 

 
 
 
 
 
 

Haematologic response 
 Mean haemoglobin and hematocrit rose in both the subcutaneous and intravenous groups 

but did not differ significantly between groups at any time point 
 
 After run-in After stabilization 24-week follow-up 
 SC IV SC IV SC IV 
N 61 62 49 45 45 36 
Haemoglobin, 
g/L 

80.1 ± 
13.7 

77.4 ± 
15.3 

117.8 ± 8.1 114.8 ± 
7.7 

109.3 ± 
10.5 

111.6 ± 
11.4 

Hematocrit, 
% 

23.7 ± 4.2 23.2 ± 5.0 35.5 ± 2.6 34.5 ± 2.4 32.7 ± 3.0 33.6 ± 3.6 

Reticulocytes 47.4 ± 
28.2 

40.3 ± 
25.7 

81.0 ± 69.9 68.2 ± 
33.7 

71.1 ± 
44.2 

66.0 ± 
37.1 

RHuEPO 
dose, 
U/kg/week 

- - 205.9 ± 
135.4 

274.1 ± 
142.4 * 

147.1 ± 
113.5 

183.9 ± 
129.4 

 
*P=0.019 vs. subcutaneous 
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 Time to initial haemoglobin target was 9.9 ± 4.5 weeks for the sc group and 11.9± 4.9 
weeks for the IV group (p=0.037)  

 The duration of stabilisation period was shorter for the sc group at 14.9 ± 4.7 weeks 
compared to 17.3 ± 3.9 weeks for the IV group (0.006) 

 18 patients did not achieve or maintain their stable haemoglobin target 
 123 patients began active treatment and only 7 failed to respond 
 No significant effects of the presence of specific comorbid conditions (except on rHuEPO 

responsiveness amongst 26 diabetic patients who had a significant increase in rHuEPO 
dose  

 Requirements at all time points. 
 
Kidney Disease Questionnaire  

 Statistically significant improvements in physical and fatigue outcomes of the KDQ and 
global physical KDQ score were seen in both groups combined following rHuEPO therapy 

 There were no differences in quality of life scores between groups at any point in time 
 
 

After run-in After stabilization 24-week follow-up  
SC IV SC IV SC IV 

N 59 58 49 46 44 37 
Physical 4.3 ± 1.2 4.3 ± 1.1 5.0 ± 1.2 * 5.0 ± 1.0* 5.2 ± 1.2* 5.3 ± 1.1* 
Fatigue 4.5 ± 1.4 4.3 ± 1.4 5.1 ± 1.3 * 5.0 ± 1.4* 5.0 ± 1.4* 5.1 ± 1.3 * 
Relationships 5.2 ± 1.0 4.9 ± 1.2 5.3 ± 1.2 5.3 ± 1.1 5.4 ± 1.3 5.4 ± 1.2 
Depression  5.1 ± 1.4 5.0 ± 1.4 5.3 ± 1.3 5.5 ± 1.3 5.4 ± 1.3 5.3 ± 1.4 
Frustration 5.3 ± 1.3 4.9 ± 1.5 5.3 ± 1.3 5.3 ± 1.5 5.4 ± 1.3 5.2 ± 1.5 
Global 
physical 

4.5 ± 1.2 4.4 ± 1.2 5.1 ± 1.2 5.1 ± 1.1 5.1 ± 1.3 5.1 ± 1.1 

Global 5.2 ± 1.1 4.9 ± 1.2 5.3 ± 1.2 5.4 ± 1.1 5.4 ± 1.2 5.3 ± 1.2 
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emotional 
 
Adverse events 
Event SC (n=) IV (n=) 
Seizure   

Placebo run-
in 

0 0 

On therapy 4 1 
Serious hypertension   

Placebo run-
in 

4 1 

On therapy 18 22 
Thrombotic events   

Placebo run-
in 

4 4 

On therapy 24 30 
Subcutaneous pain   

Placebo run-
in 

20 0 

On therapy 11 0 
 
 

Source of funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 31 
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Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 

Bibliographic reference  Nasu T, Mitui H, Shinohara Y, Hayashida S, Ohtuka H. Effect of erythropoietin in continuous 
ambulatory peritoneal dialysis patients: comparison between intravenous and intraperitoneal 
administration.[see comment]. Peritoneal Dialysis International 1992;12:373-7.  

Study type RCT, open-label design 
Evidence level 1- 
Study objective To compare the benefits, safety and side effects of i.v. and i.p. routes of administration of 

EPO in CAPD patients 
Number of patients N=17 

 
 I.v. N=7 completed the study (N=9 started) 
 I.p. N=10 

Patient characteristics Inclusion criteria: 
 Hct <30% during the week before the study 
 Stable symptomatology  

 
Exclusion criteria: 

 Transfusions during the previous month 
 Iron deficiency anaemia 
 Pancytopenia 
 Hypermenorrhea 
 Amylodiosis 
 Liver dysfunction 
 Use of anabolic steroids 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 Pregnant or nursing 
 Idiosyncracy for drugs  

 
Intervention Epoetin i.v. three times a week, initial dose 6,000U (N=7) 

 If Hct did not increase by at least 3% in 6 weeks, the dose was increased to 12,000U, and 
increased further to 18,000U if the Hct did not increase by at least 5% within 12 weeks 

 Patients received iron to maintain serum iron levels >70 g/dl 
Comparison Epoetin i.p. three times a week—into the dialysis bag, initial dose 12,000U (N=10) 

 If Hct did not increase by at least 3% in 6 weeks, the dose was increased to 24,000U, and 
increased further to 36,000U if the Hct did not increase by at least 5% within 12 weeks 

 Patients received iron to maintain serum iron levels >70 g/dl 
Length of follow-up Study duration 18 weeks 

 The mean value of the week before the study and the day the study began was taken to 
be the baseline value, while the end of study value was the mean of values onweek 17 
and week 18. 

Outcome measures  Hct levels 
Effect size 

Hct levels 
 
 Pre-Tx Hct 

(%) 
Post-Tx Hct 
(%) 

P 

i.v. group (N=7) 23.27 32.6 <0.01 
i.p. group 
(N=10) 

25.04 33.3 <0.01 

 
 

Source of funding Not reported 
Additional comments  Randomisation method and allocation concealment not reported 

 Epoetin was manufactured by Kirin brewery, Japan (ESPO) 
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 Blood transfusions were administered if clinically indicated—the authors report no patients 
required RBC transfusions 

 No SD/SEM reported with the results 
Citation  
NCC CC ID (Ref Man) 1775 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Jensen JD, Madsen JK, Jensen LW. Comparison of dose requirement, serum erythropoietin 

and blood pressure following intravenous and subcutaneous erythropoietin treatment of 
dialysis patients. IV and SC erythropoietin. European Journal of Clinical Pharmacology 
1996;50:171-7.  

Study type Randomised cross over study  
Evidence level 1- 
Study objective To investigate the effect of route of administration of EPO on the dose requirements in 

dialysis patients after intravenous (IV) and subcutaneous (SC) therapy. 
Number of patients N=50 (N=32 completed period 1 until crossover and 22 completed period 2) 
Patient characteristics  Inclusion criteria: Age >18 years with end stage renal failure with renal anaemia and a 

transfusion requirement and/or untransfused Hgb level < 5.8mmol.1-1 
 
 

 Exclusion criteria: Patients with uncontrolled hypertension, cancer, abuse of medicine or 
alcohol, pregnancy, decompensated liver disease, cerebrovascular insults, epilepsy with 
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an attack in the last half year, acute illness and anaemia from causes other than presumed 
EPO deficiency. 

 
 Criteria for exclusion after study entry were death, renal transplantation, infectious 

diseases (including dialysis peritonitis) with duration more than 14 days or more than three 
days stay in hospital, active chronic inflammatory diseases requiring treatment, 
haemorrhage, change of dialysis modality, malignancy, apoplexy, target haemoglobin level 
not reached within 6 months and unwillingness to consent to the protocol. 

 
Demographic and laboratory data of those completing period 1: 
 
Parameter Group A Group B 
Sex (m/f) 10/5 9/8 
Age (yrs) 43 (24 to 67) 59 (39 to 71) 
Weight (kg) 62.1 (44.9 to 77.3) 55.7 (46.7 to 105.8) 
Systolic blood pressure (mm 
Hg) 

133 (107 to 189) 143 (95 to 185) 

Diastolic blood pressure (mm 
Hg) 

84 (60 to 104) 81 (53 to 97) 

Time on dialysis 1.4 (0.2 to 9.1) 1.6 (0 to 18) 
Transfusions during the last 
year 

11 (0 to 46) 10 (0 to 28) 

Initial haemoglobin (mmol.1-1) 5.4 (4.3 to 7.9) 5.2 (2.9 to 7.9) 
Initial serum ferritin (ug.1) 530 (91 to 12220) 361 (53 to 9430) 

 
 

Intervention Group A:  The initial dose of EPO was 40 U.kg-1  three times weekly for one month in all 
patients.  
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 After that the dose was adjusted by increments of 20 U.kg-1 dose-1 at monthly intervals.    
 The rate of increase in Hgb level was intended to be 1 mmol.1-1monthly (increase in Hct 

2%) until the target Hgb level of 6,5-7.5 mmol-1 in two consecutive measurements one 
week apart had been reached.   

 In the maintenance phase the patients were monitored at 2-week intervals and the dose of 
EPO was adjusted if two consecutive Hgb measurements were outside the target level.   

 The dose interval was kept at three weekly injections.   
 If the Hgb level was above target, treatment was stopped until the level was achieved, and 

then treatment was resumed at a 25% reduction from the last maintenance dose.   
 If the Hgb level was below target, the dose was increased by 20 U,kg-1 dose.   
 Four months after reaching the target level the treatment was switched from IV 

administration to SC.  The doses and dose intervals were not changed.   
 Iron treatment was given orally as 200 mg ferro-iron daily if the serum ferritin level was 

below 100 ug or if the transferrin saturation was less than 20%. 
Comparison Group B:  As “A” but route of administration reversed (SC to IV injections). 
Length of follow-up Not stated 
Outcome measures  
Effect size  No significant difference was found between the groups in the rate of Hgb increase (IV 0.7 

versus SC 0.5 mmol.1-1. month-1), time to reach target level (IV 43 versus SC 60 days) or 
total EPO dose per increase in haemoglobin to target level (IV 663 versus SC 946 U.kg-1) 
per (mmol Hgb.1-1). 

 
 The blood pressure did not change significantly from the base level after either route of 

administration; start 133/80 (IV) versus 143/80 mmHg (SC), target 127/78 (IV) versus 
154/85 mmHg (SC) and maintenance period 140/84 (IV) versus 142/85 mmHg (SC).  
Thirteen patients were on antihypertensive treatment on entrance to the study.  Ten 
patients continued unchanged, 3 stopped and 2 patients initiated antihypertensive 
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treatment. 

 
 The serum ferritin level in both groups fell compared to baseline.  At the end of period 2, 

serum ferritin was 247 (12 to 5000) in group A versus 112 (11 to 1419) in group B.  There 
were no significant differences in serum ferritin or transferrin saturation between the 
groups or administration routes at any time. 

Source of funding A national medical research council 
Citation  
NCC CC ID (Ref Man) 301 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  McClellan WM, Frankenfield DL, Wish JB, Rocco MV, Johnson CA, Owen WF, Jr. et al. 

Subcutaneous erythropoietin results in lower dose and equivalent hematocrit levels among 
adult hemodialysis patients: Results from the 1998 End-Stage Renal Disease Core Indicators 
Project. American Journal of Kidney Diseases 2001;37:E36.  

Study type Retrospective cross-sectional study 
Evidence level 3- 
Study objective To determine whether hematocrit levels in hemodialysis patients differed by route of Epoetin 

administration after controlling for demographic factors and iron status 
Number of patients N=7,092 
Patient characteristics Exclusion criteria: 
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 Receiving both s.c. and i.v. EPO  
 
 
 
 
 
 
 
 
 
Mean age  60.5 ± 15.3 

years 
Male 53% 
Race 
White 
Black 

 
52% 
37% 

Primary cause of ESRD 
Diabetes mellitus 

 
39% 

Mean urea reduction ratio 
(URR) 

68.0 ± 7.5% 

Mean Kt/V 1.39 ± 0.27 
Mean serum albumin 
concentration BCG method 
BCP method 

 
3.8 ± 0.42 g/dl 
3.6 ± 0.48 g/dl 

Mean transferrin saturation 29.1 ± 13.8% 
Mean serum ferritin  501 ± 457 ng/ml 
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Route of administration of Epoetin 
Alfa 

 

S.C. (N=659) I.V. (N=6,005) 
Gender 
Male 
Female 

 
364 (10%) 
294 (9%) 

 
3,107 (90%) 
2,890 (91%) 

Race 
White  
Black 
Other 

 
331 (10%) 
244 (10%) 
84 (10%) 

 
3,072 (90%) 
2,194 (90%) 
739 (90%) 

Age (years) 
Median 
Mean (SD) 

 
64 
61.3 (14.9) 

 
63 
60.6 (15.4) 

Primary diagnosis 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 

 
274 (10%) 
170 (9%) 
75 (9%) 

 
2,345 (90%) 
1,637 (90%) 
765 (90%) 

Years on dialysis    
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Median 
Mean (SD) 

1.9 
3.02 (3.2) 

2.2 
3.38 (3.75) 

Weight (kg) 
Predialysis 
Postdialysis 

 
76.3 (20.3) 
73.2 (19.5) 

 
74.3 (19.5) 
71.6 (19.1) 

Urea reduction ratio (%) (SD) 68.1 (7.9) 68.1 (7.4) 
Kt/V (SD) 1.40 (0.27) 1.39 (0.27) 
Serum albumin (g/dl) 
Bromcresol green (SD) (N=5,878) 
Bromcresol purple (SD) (N=1,169) 

 
3.82 (0.46) 
3.45 (0.38) 

 
3.82 (0.41) 
3.62 (0.49) 

Transferrin saturation (%) (SD) 28.6 (13.9) 29.2 (13.7) 
Serum ferritin (ng/ml) 482.7 (469.3) 511.0 (459.0) 

 
 

Intervention Epoetin Alfa 
Comparison N/A 
Length of follow-up 3 months 
Outcome measures A linear regression analysis model was used to examine the association between:  

1) route of administration (independent variable) and hematocrit (dependent variable) 
2) route of administration (independent variable) and Epoetin alfa dose (dependent variable), 
controlling for hematocrit and all other covariates (listed under additional comments section 

Effect size 
Mean Hct values and Epoetin dose 

 Mean prescribed Epoetin alfa dose was 192.7 ± 140.8 U/kg/week 
 Higher Epoetin alfa dose was associated with younger age, female gender and primary 

cause of ESRD not due to diabetes mellitus (error?  i.v. route of administration not 
mentioned by authors, although asterisk)  

 
 Hematocrit Epoetin dose (units/kg/week)
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(%) 
Gender 
Male 
Female 

 
33.1 (3.2)* 
32.8 (3.2) 

 
179.8 (134.2)* 
206.6 (146.4) 

Race 
White  
Black 
Other 

 
33.1 (3.1)* 
32.6 (3.4) 
33.2 (3.1) 

 
190.1 (138.1) 
196.0 (143.4) 
191.1 (141.6) 

Age (years) 
18-44 
45-64 
65+  

 
32.4 (3.6)* 
33.0 (3.3) 
33.2 (3.0) 

 
208.8 (150.1)* 
187.2 (138.7) 
190.1 (136.9) 

Primary diagnosis 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 
Other/unknown 

 
32.9 (3.1) 
33.0 (3.1) 
33.1 (3.2) 
32.8 (3.4) 

 
181.4 (128.0)* 
197.7 (143.8) 
196.3 (151.6) 
204.3 (151.2) 

Route Epoetin alfa 
i.v. 
s.c. 

 
33.0 (3.2) 
32.7 (3.4) 

 
195.1 (141.6)* 
167.6 (126.8) 

* P<0.001 
 

Characteristics of the study population by quartiles 
 Epoetin dose fell with greater postdialysis weight, URR, serum albumin, transferrin 

saturation and serum ferritin 
 
 Hematocrit (%) Epoetin dose 

(units/kg/week) 
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Years on dialysis   
Lowest 32.3 (3.6)* 202.7 (138.6)* 
Quartile 2 33.2 (3.0) 181.8 (132.1) 
Quartile 3 33.1 (3.0) 185.6  (136.9) 
Highest 33.1 (3.3) 201.0 (154.0) 
Postdialysis weight (kg)   
Lowest 33.0 (3.3) 245.9 (169.5)* 
Quartile 2 32.9 (3.1) 200.5 (1390.) 
Quartile 3 33.0 (3.2) 174.3 (122.8) 
Highest 32.8 (3.3) 149.1 (104.6) 
URR (%)   
Lowest 32.2 (3.6)* 201.1 (137.7)† 
Quartile 2 33.1 (3.1) 191.1 (140.9) 
Quartile 3 33.2 (3.1) 182.5 (136.8) 
Highest 33.2 (2.9) 192.6 (142.7) 
Serum albumin (g/dl)   
Lowest 32.0 (3.7)* 219.1 (154.0)* 
Quartile 2 32.9 (3.1) 192.0 (137.5) 
(3.6)Quartile 3 33.3 (2.9) 181.8 (135.8) 
Highest 33.6 (2.9) 177.1 (130.7) 
Transferrin saturation (%)   
Lowest 32.2 (3.4)* 209.4 (145.0)* 
Quartile 2 32.9 (3.1) 195.3 (137.5) 
Quartile 3 33.2 (3.0) 179.2 (131.8) 
Highest 33.4 (3.3) 185.4 (144.6) 
Serum ferritin (ng/ml)   
Lowest 32.8 (3.4) 203.5 (141.4)† 
Quartile 2 32.9 (3.2) 191.4 (136.9) 
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Quartile 3 33.0 (3.1) 187.5 (143.0) 
Highest 33.1 (3.1) 187.6 (141.5) 

*P<0.001 
†P<0.01 
 

Association between Epoetin alfa dose and route 
 EPO was administered i.v. in 90% and s.c. in 10% of patients 

 
 
 
Unadjusted 
Mean weekly dose by s.c. 
route 

167.6 ± 126.8 
units/kg/week 

Mean weekly dose by i.v. 
route 

195.1 ± 141.6 
units/kg/week 

P<0.001 

 
Adjusted for Hct, patients characteristics, dialysis adequacy, iron status, serum albumin, 
postdialysis weight and duration of dialysis 
Mean weekly dose by s.c 
route 

167.4 units/kg/week (95% CI 153.9 to 
180.8 units/kg/week) 

Mean weekly dose by i.v. 
route 

193.6 units/kg/week (95% CI 189.5 to 
197.8 units/kg/week) 

P<0.001 

 

Association between Epoetin alfa dose and other factors 
 Other than dosing route, other factors associated independently with EPO alfa dose were 

lower Hct, younger age, decreasing URR, decreasing postdialysis weight, lower serum 
albumin concentration and lower transferrin saturation 
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Mean Hct 32.9 ± 3.2% 
Mean Hct for s.c. route 32.7 ± 3.4% 
Mean Hct for i.v. route 33.0 ± 3.2% 

P<0.05 

 
 
 
 
 
 
 
 
Variable β (SE) P value 
Hematocrit (%) -7.31 (0.7) <0.001 
Route (i.v. = 1) 26.3 (7.2) <0.001 
Age (years) -0.64 (0.1) <0.001 
Race (black) 4.56 (4.3) 0.286 
Sex (female) 9.28 (4.4) 0.033 
Cause of ESRD (diabetes mellitus) -10.7 (4.4) 0.014 
URR (%) -120.4 (31.4) <0.001 
Postdialysis weight (kg) -1.96 (0.1) <0.001 
Duration (years) 0.298 (0.6) 0.612 
Serum albumin by BCG (g/dl) -25.3 (5.5) <0.001 
Transferrin saturation (%) -0.55 (0.2) 0.001 
Serum ferritin (ng/ml) -0.003 (0.005) 0.527 

 
 

Source of funding Not reported 
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Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Lui SF, Wong KC, Li PK, Lai KN. Once weekly versus twice weekly subcutaneous 

administration of recombinant human erythropoietin in haemodialysis patients. American 
Journal of Nephrology 1992;12:55-60.  

Study type RCT, open-label design 
Evidence level 1+ 
Study objective To compare the effects of administration of once weekly vs. twice weekly s.c. Epoetin 
Number of patients N=19 completed the study (N=20 started the study) 

 
 N=10, once-weekly 
 N=9, twice-weekly 

Patient characteristics Inclusion criteria: 
 HD for at least 6 months 
 Hb <8 g/dl 

 
Exclusion criteria: 
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 Uncontrolled hypertension  
 
 
 
 
 
 
 
 
 
Patient characteristics  
 
 Once weekly s.c. 

(N=10) 
Twice weekly s.c. 
(N=10) 

Age (years) 41 ± 8 38 ± 6 
Male/female ratio 6/4 7/3 
Duration of HD (months) 32 ± 28 27 ± 28 
Previous blood transfusions (U/12 
months) (range) 

4.9 ± 6.1 (0-20) 4.8 ± 6.6 (0-18) 

Baseline mean systolic BP (mmHg) 116 ± 14 117 ± 8 
Underlying disease 
IgA nephropathy 
Systemic lupus erythematosus 
Tuberculosis 
Small smooth kidneys 

 
3 
1 
1 
5 

 
2 
1 
1 
4 

Values are mean ± SD 
 
 

Intervention  Epoetin was given at a starting dose of 100 U/kg/week, once weekly and dose adjusted 
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to allow Hb to rise by about 1g/dl per month, to target Hb 10 g/dl (N=10) 
 Unless iron overload was detected (defined as serum ferritin >1,760 pmol/l), oral iron 

supplements were administered) 
Comparison  Epoetin was given at a starting dose of 100 U/kg/week, twice weekly and dose adjusted 

to allow Hb to rise by about 1g/dl per month, to target Hb 10 g/dl (N=9) 
 Unless iron overload was detected (defined as serum ferritin >1,760 pmol/l), oral iron 

supplements were administered) 
Length of follow-up Study duration 12 weeks 
Outcome measures  Hb levels  

 Dosage requirements 
 Side effects: hypertension  

Effect size 
Hb levels  
 

 There was no significant difference between baseline and absolute rise in Hb levels at 
different time points in the 2 groups 

 
 Once weekly s.c. 

(N=10) 
Twice weekly s.c. 
(N=10) 

P 

Hb (g/dl) at 
baseline 

6.9 ± 0.7 7.2 ± 1.0 NS 

Hb (g/dl) at 12 
weeks 

8.9 ± 1.3 9.3 ± 1.6 NS 

 P<0.001 P<0.001 - 
 

Dosage requirements 
 

 Mean EPO dose during the study period was 127 ± 6 U/kg/week for the once weekly 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

group and 115 ± 18 U/kg/week for the twice weekly group (P=0.8) 
 

Side effects: hypertension 
 Antihypertensive therapy was administered in 5 of 10 in the once weekly group and 3 of 9 

in the twice weekly group 
 Mean initial BP was similar for both groups: 116 ± 14 mmHg and 117 ± 8 mmHg in the 

once weekly group and twice weekly group respectively 
 Mean BP between the 2 groups was comparable at different time points during the course 

of the study, except at the end of the study, where the mean BP was higher in the once 
weekly group (125 ± 15 mmHg vs. 109 ± 14 mmHg, P=0.04) 

 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 156 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Frifelt JJ, Tvedegaard E, Bruun K, Steffensen G, Cintin C, Breddam M et al. Efficacy of 

recombinant human erythropoietin administered subcutaneously to CAPD patients once 
weekly. Peritoneal Dialysis International 1996;16:594-8. 

Study type RCT, open-label design 
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Evidence level 1+ 
Study objective To investigate if an EPO injection once a week would be as efficient as injections 3 times a 

week and whether dosage requirements would be higher 
Number of patients N=33 completed the study (N=73 started the study) 
Patient characteristics Inclusion criteria: 

 Over 18 years old 
 Hb < 97 g/l (6 mmol/l) 
 On CAPD for at least 3 months 

 
Exclusion criteria: 

 Immunosuppressive therapy 
 Moderate/severe hypertension (defined as >180/110 mmHg) 
 Anaemia due to other causes such as malignant disease, collagenosis, GI or 

gynaecological bleeding 
 

 No patients had severe hyperparathyroidism and none received androgens 
 In the event of peritonitis or other major incidents of infection during the study, patients 

were moved back by 2 months in the course of the study 
 Patients with serum ferritin within or below the normal range (15-300 mcg/l) received oral 

supplementation, and with suboptimal response to EPO and low ferritin levels, received i.v. 
iron therapy 

 
 No baseline characteristics were reported by the authors 

 
Intervention 1st part of the study: 

Epoetin was administered s.c. at a starting dose 60 U/kg/week and adjusted to target Hb 105-
121 g/l 2nd part of the study: 
Once achieved and maintained for 3 months, N=39 patients randomised to 3 injections per 
week (Group A) (N=17 completed the study) 
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Comparison 1st part of the study: 
Epoetin was administered s.c. at a starting dose 60 U/kg/week and adjusted to target Hb 105-
121 g/l 
2nd part of the study: 
Once achieved and maintained for 3 months, N=39 patients randomised to 1 injection per 
week (Group B) (N=16 completed the study) 

Length of follow-up 2nd part of the study: study duration 3 months 
Outcome measures  Hb levels 

 Blood pressure 
 EPO dosage requirements 

Effect size 
Hb levels 
 

 There was no difference between the 2 groups 
Time Group A 

EPO 3xweek (N=17) 
Hb, g/l 

Group B 
EPO 1xweek (N=16) 
Hb, g/l 

P 

At 
randomisation 

118 (109-119) 114 (108-119) 0.63 

End of study  113 (106-119) 114 (106-120) 0.96 
 P=0.13 P=0.50 - 

Values are representative of median; parantheses are upper and lower quartiles 
 

 Ferritin levels showed no statistically significant difference between the 2 groups 
 

Blood pressure 
 Systolic BP was comparable in both groups 

Time Group A Group B 
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EPO 3xweek (N=17) 
Systolic BP, mmHg 

EPO 1xweek (N=16) 
Systolic BP, mmHg 

At 
randomisation 

150 (130-170) 140 (133-158) 

End of study  150 (140-170) 143 (133-170) 
 P=0.47 P=0.38 

Values are representative of median; parantheses are upper and lower quartiles 
 
 

EPO dosage requirements 
 EPO doses were not different throughout the study period 

 
Time Group A 

EPO 3xweek (N=17) 
EPO dose, 
U/kg/week 

Group B 
EPO 1xweek (N=16) 
EPO dose, 
U/kg/week 

At 
randomisation 

65 (55-86) 60.3 (60.3-67.0) 

End of study  66.3 (55-95) 65.0 (65.0-66.2) 
 P=0.25 P=0.32 

Values are representative of median; parantheses are upper and lower quartiles 
 

 However, during the last 2 weeks of the study, a 22% increase in EPO dose when 
compared to the 1st week was seen (P=0.03); i.e. 60.2 (46-88) U/kg/week to 77 (60-90) 
U/kg/week 

 
Source of funding Pharmaceutical company  
Citation  
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NCC CC ID (Ref Man) 1760 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Paganini EP, Eschbach JW, Lazarus JM, Van Stone JC, Gimenez LF, Graber SE et al. Intravenous 

versus subcutaneous dosing of epoetin alfa in hemodialysis patients. American Journal of Kidney 
Diseases 1995;26:331-40.  

Study type RCT, open-label design 
Evidence level 1+ 
Study objective To compare s.c. dosing once per week with s.c. three times a week and s.c. three times a week with 

an anaesthetic containing diluent (benzyl alcohol) 
Number of patients N=71 completed the study (N=88 started the study) (2-part study; only relevant part to this question is 

reported here) 
 

 Multisite study from 6 centres in USA 
Patient characteristics No inclusion or exclusion criteria reported 

 
 Patients previously received Epoetin alpha 3 times a week in previous clinical trials and had stable 

Hct 32-38% 
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Age (years) 54 ± 15.9
Years on dialysis  6.5 ± 4.9 
Years on Epoetin alpha 2.7 ± 0.8 
Sex (%) 
Male 
Female  

 
54 (50%) 
54 (50%) 

Race (%) 
White  
Black  
Other  

 
61 (56%) 
45 (42%) 
2 (2%) 

Primary cause of ESRD  
Diabetes 
Hypertension  
Glomerulonephritis 
Other  

 
19 (18%) 
23 (21%) 
26 (24%) 
40 (37%) 

Values are mean ± SD 
 
 

Intervention Epoetin alpha s.c. once a week (N=28; N=20 completed the study; N=16 were evaluable ) 
Comparison  Epoetin alpha s.c. three times a week (N=36; N=28 completed the study: N=21 were evaluable) 

 Epoetin alpha s.c. three times a week with 1:2 dilution with benzyl alcohol (N=24; N=23 completed 
the study; N=23 were evaluable) 

Length of follow-up Study duration 9-12 weeks 
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 Target Hct 32-38%. If Hct decreased below 32% and iron stores replete (defined as serum TSAT 

>20%) the dose was increased 30-75 U/kg/week 
Outcome measures  Hct levels 

 Epoetin doses 
 Iron levels  

Effect size 
Hct levels 

 There were no significant differences between the 3 groups 
 
4-week 
period 

Group N Mean ± SD Hct 
(%) 

P value Median Hct change 
(%) 

9-12 weeks 1xweek 16 32.4 ± 3.9 NS -4.4 
 3xweek 21 33.6 ± 3.2 NS -5.6 
 3xweek, 1:2 23 34.2 ± 2.8 NS -0.2 
      
13-16 weeks 1xweek 12 32.2 ± 4.6 NS -7.9 
 3xweek 15 33.8 ± 3.6 NS -1.2 
 3xweek, 1:2 17 34.0 ± 2.4 NS -0.2 

 

Epoetin doses 
 

 There were no significant differences between the 3 groups 
 
4-week 
period 

Group N Mean dose 
(U/week) ± SD  

P value Mean dose change 
± SD (%) 

P value 

9-12 weeks 1xweek 16 10,759 ± 8,730 NS -18.0 ± 9.4 NS 
 3xweek 21 13,852 ± 17,601 NS 5.9 ± 9.4 NS 
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 3xweek, 1:2 23 10,663 ± 7,655 NS 0.6 ± 9.9 NS 
       
13-16 weeks 1xweek 12 13,756 ± 12,167 NS -2.9 ± 13.8 NS 
 3xweek 15 15,757 ± 20,053 NS 1.9 ± 9.2 NS 
 3xweek, 1:2 17 9,722 ± 6,640 NS -10.7 ± 14.0 NS 

 

Iron levels  
 Mean TSAT did not change during the study. At baseline it was 29.2 ± 18.2% (SD) and at 16 

weeks was 22.7 ± 11.1% for the once a week group, 29.5 ± 22.8 % for the three times a week 
group and 21.8 ± 8.0% for the three times a week 1:2 group 

Source of funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 97 
 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Eidemak I, Friedberg MO, Ladefoged SD, Lokkegaard H, Pedersen E, Skielboe M. 

Intravenous versus subcutaneous administration of recombinant human erythropoietin in 
patients on haemodialysis and CAPD. Nephrology Dialysis Transplantation 1992;7:526-9.  

Study type Non-randomised study 
Evidence level 2+ 
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Study objective To prospectively investigate and compare the clinical effect of intravenous (IV) and 
subcutaneous (SC) administration of EPO respectively and to compare the results in patients 
on haemodialysis (HD) and continuous ambulatory peritoneal dialysis (CAPD). 

Number of patients N=29 
Patient characteristics Inclusion criteria: 

 Patients with renal anaemia on maintenance HD or CAPD with the lowest haemoglobin 
and or the greatest need for blood transfusion in the hospital nephrology department. 

 
Exclusion criteria:  

 Patients with a history of epilepsy, uncontrolled hypertension, serum aluminium exceeding 
100 ug/l, active untreated infections, malignancies or anaemia for reasons other than end 
stage renal failure. 

 
Dialysis 
and route 

Number of 
patients 

Median age 
(years) 

Median pre-treatment 
Hb (g/dl) 

Median 
transfused 
units/12 months 

HD IV 11 (6M/5F) 46 (range 29-
76) 

9 (range 5.6-11) 5 (range 0-19) 

HD SC 9 (7M/2F) 46 (range 33-
64) 

9 (range 7.7-9.8) 11 (range 0-30) 

CAPD SC 9 (6M/3F) 47 (range 18-
64) 

8.5 (range 7.2-10.1) 6 (range 2-13) 

 
 

Intervention N=20 HD patients.  N=11 received IV EPO and N=9 received SC EPO to achieve and 
maintain haemoglobin at 11.3 g/dl. Starting dose 50 U/kg three times weekly.   

 Patients were put into these groups based on age, pre-treatment haemoglobin and 
transfusion requirements during the previous 12 months.   

 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 Patients in all three groups (intervention and comparison) initially received EPO 50 
units/kg three times weekly and this dose was maintained throughout the induction period 
of 8 weeks. The dose was reduced only if haemoglobin exceeded 11.3g/dl.   

 When EPO was given SC the patients were trained to administer thigh injections 
themselves.   

 IV injections were given at the end of HD.   
 Patients with serum ferritin less than 100ug/l were treated with iron orally. 

Comparison N=9 CAPD patients all treated with SC EPO to achieve and maintain haemoglobin at 11.3 
g/dl.  Starting dose 50 U/kg three times weekly.   

Length of follow-up  After an 8 week induction period, the total observation time after reaching target Hb was 
median 130 (114 to 246) days.  

 Time to target Hb: median 84 days in the IV group and median 42 days in the SC group 
Outcome measure  Time to target Hb 

 Maintenance dose of EPO 
 Iron status 

Effect size  
Results of induction period 
Dialysis and route Time to target Hb (days) Cumulative dose to target 

Hb (U/kg) 
HD IV 84 (42 to 98) 2066 (1840 to 2158) 
HD SC 42* (14 to 77) 924* (813 to 1013) 
CAPD SC 42* (28 to 56) 873* (800 to 1000) 
Results of maintenance period 
Dialysis and route Observation period from 

target Hb (weeks) 
Maintenance dose (U/kg per 
week) 

HD IV 20 (17 to 25) 125 (86 to 165) 
HD SC 22 (14 to 29) 63* (20 to 85) 
CAPD SC 17 (14 to 23) 72* (31 to 100) 
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Median (25 to 75 percentile) * p<0.05 (IV vs SC) 
 
 
Iron status as indicated by serum ferritin 
Dialysis and route Pre-treatment 

serum-ferritin 
Target serum ferritin Maintenance serum 

ferritin 
HD IV 2050 (300 to 5940) 1280 (184 to 2740) 1340 (123 to 3670) 
HD SC 3040 (351 to 5545) 2340 (113 to 5780) 3730 (120 to 7420) 
CAPD SC 416* (112 to 2350) 296* (23 to 2260) 238* (40 to 1960) 

Median (range) * p<0.05 (CAPD vs HD) 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1759 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Lai PC, Wu MS, Huang JY, Huang CC, Leu ML. Efficacy of intravenous and subcutaneous 

erythropoietin in patients on hemodialysis and continuous ambulatory peritoneal dialysis. 
Changgeng Yi Xue Za Zhi 1994;17:105-12.  

Study type Cohort study 
Evidence level 2+ 
Study objective To compare the effectiveness of EPO via the intravenous (IV) and subcutaneous (SC) routes 
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using low and intermediate dosages and to compare the results in haemodialysis (HD) and 
continuous ambulatory peritoneal dialysis (CAPD) patients. 

Number of patients N=65 in total study however only N=21 from 2 of the 5 groups studied are relevant to the 
question. 

Patient characteristics Inclusion criteria: 
 Chronic renal failure with regular haemodialysis or on continuous ambulatory peritoneal 

dialysis for a minimum of 2 months. 
 A pre-treatment haematocrit of less than 24%  
 No obvious haemolysis or blood loss. 

 
Exclusion criteria: 

 Patients with iron deficiency anaemia, severe hypertension, serum aluminium exceeding 
100 ng/1, active infections, malignancies, secondary hyperparthyroidism, thalassemia trait 
or anaemia for reasons other than end stage renal failure. 

All haemodialysis patients had dialysis three times a week. 
Characteristics HD Group (N=10) CAPD Group (N=11) 
Age (years) 50.2 ± 17.4 48.3 ± 14.3 
Male/female 5/5 5/6 
Body weight (kg) 51.3 ± 6.8 58.8 ± 5.6 
Pretreatment haematocrit 
(%) 

18.1 ± 1.5 18.2 ± 2.3 
  

Intervention  N=10 HD group patients were receiving EPO 4000 U SC once weekly.   
 The group received a low dose of EPO therapy ranging from 75 U/kg/wk to 90 U/kg/wk.  

These doses were maintained throughout the first 12 weeks.  The aim was to achieve and 
maintain the haematocrit at 30%.   

 The EPO in haemodialysis patients was given at the end of their haemodialysis by nurses.  
 In both groups, if the haematocrit had not increased by at least 5% above initial baseline 

value by the 12th week, the starting regimen was increased by 25U/kg/wk at the 12th week.  
The EPO dosage was reduced at the same schedule only if the haematocrit exceeded 
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30% 
Comparison  N=11 CAPD group patients were receiving EPO 4000 U SC once weekly.   

 The group received a low dose of EPO therapy ranging from 75 U/kg/wk to 90 U/kg/wk.  
These doses were maintained throughout the first 12 weeks.  The aim was to achieve and 
maintain the haematocrit at 30%.   

 The patients visited clinics once a week to have their EPO injected SC by nurses. 
Length of follow-up Study duration 24 weeks 
Outcome measures  Early response rate: the proportion of people that reached the target haematocrit (30%) 

during the first 12 weeks. 
 Late response rate: the proportion of people that reached the target haemocrit at the end 

of the study (24 weeks). 
 Time to reach target haematocrit: mean duration between the beginning of EPO therapy 

and the time that patients reached their target haematocrit. 
 Therapeutic cumulative dose: total dose administered to a patient between the beginning 

of the EPO therapy and the time that patient reached his target haematocrit. 
 Maintenance dose: the mean dose required to maintain the patient’s haematocrit near the 

target haematocrit from the time that target haematocrit was reached until the end of the 
study. 

Effect size  
Efficacy of SC EPO HD Group CAPD Group P value 
Initial dose (U/Kg/wk) 79.04 ± 10.5 68.6 ± 6.3 NS 
Early response rate 10% 46% P<0.05 
Late response rate 60% 64% NS 
Time to reach target Hct (wk) 16.8 ± 3.9 11.1 ± 5.9 NS 
Cumulative dose (U/kg) 1379.3 ± 479.9 789.7 ± 453.2 P<0.05 
Maintenance dose (U/Kg/wk) 80.7 ± 10.4 56.2 ± 18.2 P<0.05 

 
 In the HD group 20% of patients developed hypertension, 20% had headaches and 20% 

had iron deficiency.  These figures were 9.1%, 9.1% and 36.4% respectively in the CAPD 
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group.  
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1768 
 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Pais MJ, Gaspar A, Santana A, Bruges M, Simoes J. Subcutaneous recombinant human 

erythropoietin in hemodialysis and continuous ambulatory peritoneal dialysis. Peritoneal 
Dialysis International 1993;13:S541-S543.  

Study type Prospective cohort study 
Evidence level 2+ 
Study objective To compare the evolution of patients with severe anaemia undergoing haemodialysis (HD) 

and continuous ambulatory peritoneal dialysis (CAPD) patients treated with subcutaneous 
(SC) EPO. 

Number of patients N=15 (N=19 but a group of N=4 excluded as not relevant to the question).  
Patient characteristics Inclusion criteria: 

 Patients with end stage renal failure. 
 
Exclusion criteria: 
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 Not stated 
 
Group I patients: 6 male and 1 female whose ages ranged from 44 to 86 yers (mean 62.33 
years); mean time on HD: 36.12 months; mean haemoglobin (Hb) level: 7.87 g/dL. 
Group II patients: 3 male and 1 female (error by authors as does not total 8) whose ages 
ranged from 10 to 63 years (mean 62.33 years); mean time on HD: 36.12 months; mean 
haemoglobin (Hb) level: 7.87 g/dL. 
 

Intervention N=7 Group I, Haemodialysis patients.  
 

 Epoetin beta was given SC twice weekly to achieve target levels of haemoglobin greater 
than 10g/dL and haematocrit greater than 30%.    

 In both groups an initial dose of 80U/kg/week was kept constant for the first 4 weeks.  If 
there was no rise in the haemoglobin level by this time, then the dose was doubled.  When 
the target Hb/Hct level was reached, EPO dose was reduced to 50% with further 
reductions if needed.   

 Supplemental iron was given to maintain the ferritin level greater than 200mg/dL. 
Comparison N=8 Group II, CAPD patients. 
Length of follow-up Study duration 6 months 
Outcome measures  Haemoglobin and haemocrit levels 

 Mean time to correct anaemia 
 Mean EPO doses 
 Side effects of SC EPO. 

Effect size  In groups I and II there was a rise in haemoglobin and haemacrit and no significant 
differences were found between the mean levels of Hb and Hct over 6 months in both 
groups. 

 Baseline 6 months 
Haemoglobin (mg/dl) 
Group 1 HD group 7.87 10.93 
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Group 2 CAPD 
group 

7.38 10.55 

Haematocrit (HCT%) 
Group 1 HD group 24.3 34.8 
Group 2 CAPD 
group 

21.8 31.9 

 
 In CAPD patients the mean time to reach the target Hb/Hct level was 6.17 ± 3.6 weeks, 

and in HD patients it was 11.3 ± 4.7 weeks; the mean time to correction was significantly 
different between the two groups (p=0.032). 

 The mean doses of EPO were similar in both groups.  During the correction period a mean 
EPO dose of 84 U/kg/week was given to HD patients and CAPD patients required a dose 
of 80 U/kg/week.  In the maintenance period the doses in HD and CAPD patients required 
a dose of 80 U/kg/week.  In the maintenance period the doses in HD and CAPD patients 
were respectively 50 and 60 U/kg of body weight per week. 

 In group I, 3 of 7 HD patients (43%) had an increase in blood pressure, while in group II, 5 
of 8 CAPD patients (62%) required higher doses of antihypertensive drugs. 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1780 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Stegmayr BG. Better response to s.c. erythropoietin in CAPD than HD patients. Scandinavian 
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Journal of Urology & Nephrology 1997;31:183-7.  
Study type Cohort study  
Evidence level 2- 
Study objective To compare the efficacy of s.c. administered EPO once weekly in patients on peritoneal 

dialysis (PD) compared to patients on haemodialysis (HD) 
Number of patients N=32 

 
 PD (N=19) 
 HD (N=13) 

Patient characteristics Inclusion criteria: 
 Chronic dialysis for more than 6 months 
 Stable Hb and stable EPO dose during the preceeding 3 month period 

 
Exclusion criteria: 

 Overt clinical bleeding 
 Acute infections 

 
 PD HD 
Women (%) 38 46 
Age (years) 64 (40-81) 62 (32-80) 
Weight (kg) 65 (48-89) 65 (43-100) 
Hb start value (g/l) 81.7 (70-94) 79.9 (70-89)
Hb max on EPO (g/l) 110 (86-140) 94 (72-118) 

Values are median and range in parentheses 
 

Intervention  Epoetin s.c. once weekly in PD patients 
 Daily oral iron to patients with serum iron <10 µmol/l 

Comparison  Epoetin s.c. once weekly in HD patients 
 Daily oral iron to patients with serum iron <10 µmol/l 
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Length of follow-up Not reported ? cross-sectional study 
Outcome measures  Hb levels 

 EPO dose 
Effect size  

 PD HD P 
Baseline Hb (g/l) 81.7 ± 7.4 79.9 ± 6.4 NS 
Mean rise in Hb (%) 32.0 ± 21.3 21.0 ± 15.5 0.12 
Mean EPO dose (U/g Hb 
and kg)--?? 

11.1 ± 25.9 28.0 ± 49.0 0.20 

Serum iron (µmol/l) 11.7 ± 4.1 13.0 ± 4.8 NS 
Serum ferritin (µg/l) 298 ± 381 645 ± 493 0.038 
Total weekly dose (U/kg) 
who achieved Hb ≥100 g/l 

85 ± 45 112 ± 33 NS 

 
 

Source of funding Swedish kidney patients’ society 
Citation  
NCC CC ID (Ref Man) 75 
  
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Frenken LA, van Lier HJ, Gerlag PG, den Hartog M, Koene RA. Assessment of pain after 

subcutaneous injection of erythropoietin in patients receiving haemodialysis.[see comment]. 
BMJ 1991;303:288.  
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Study type Randomised, double-blind cross-sectional cross-over study 
Evidence level 3+ 
Study objective To assess the differences between pain experienced after s.c. injection of one of two different 

Epoetin preparations or saline 
Number of patients N=32 

 
 Conducted in 2 haemodialysis centres in The Netherlands 

Patient characteristics All patients in the 2 centres were invited to participate in the study 
 

Intervention  Eprex 
 Recormon  

 
At intervals of 1 hour, the 1ml injections were given s.c. in the outer part of the upper arm by 
an Nurse. The sequence of injections was randomised and blinded for both the Nurse and 
patient 

Comparison Saline 0.9% 
Length of follow-up N/A—cross-sectional study 
Outcome measures  Visual analogue scale (VAS) (15 cm vertical line ranging from “no pain at all” to “pain as 

bad as it can be”) 
 Verbal descriptive scale (VDS) (6-point scale ranging from “no pain” to “very severe pain”) 

Effect size  
 
 

 VAS was higher in patients when Eprex was administered vs. when Recormon or 0.9% 
saline was administered 

 The proportion of patients with very mild or no pain on the verbal scale was low with Eprex 
(0.31, 95% CI 0.84-0.99) when compared to Recormon (0.97, 95% CI  0.84-0.99) or saline 
(0.81, 95% CI 0.68-0.95) 
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 Eprex Recormon Saline 
Visual analogue scores (VAS) (%) 
Median (2nd and 3rd 
quartiles) 

35 
(13,51)* 

0 (0,1) 0 (0,7) 

Range 0-90 0-17 0-33 
Verbal descriptive scale (VDS) 
No. with very mild or no 
pain 

10* 31 26 

No. with mild to very severe 
pain  

22 1 6 

 
*P<0.0001 vs. saline 
 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 182 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Navarro JF, Teruel JL, Marcen R, Ortuno J. Improvement of erythropoietin-induced 

hypertension in hemodialysis patients changing the administration route. Scandinavian 
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Journal of Urology & Nephrology 1995;29:11-4. 
Study type Prospective observational, longitudinal study 
Evidence level 3+ 
Study objective To assess whether switching the mode of administration of Epoetin from the i.v. route to the 

s.c. route improves blood pressure (BP) control of haemodialysis patients with Epoetin-
induced hypertension 

Number of patients N=13 
Patient characteristics Inclusion criteria: 

 Remained hypertensive after more than 1 year of Epoetin treatment (defined as 
requirement of antihypertensive medication) 

 Stable Hct, EPO dose and BP levels  
 
Age (years) 40 ± 16 
Sex (males/females) 7/6 
Time on Epoetin i.v. 3xweekly Tx 
(months) 

22 ± 8 (range 12-35 
months) 

Time on HD (months) 68 ± 59 
Duration of hypertension (months) 28 ± 26 (8-90 months) 
Causes of renal failure 
Glomerulonephritis 
Interstitial nephropathy 
Unknown 
Alport’s syndrome 
Nephronophthisis  

 
6 
3 
2 
1 
1 

 
 

Intervention Epoetin s.c. three times weekly, starting dose 98 ± 53 IU/kg/week, which stabilised to 108 ± 
90 IU/kg/week at the end of the study 

 Epoetin dose was decreased to 2/3rd the previous i.v. dose 
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Comparison Epoetin i.v. three times weekly at a dose 149 ± 56 IU/kg/week (baseline values) 
Length of follow-up Study duration 6 months 
Outcome measures  Hct 

 Mean arterial pressure (MAP) 
 No. of hypertensive patients (No. HP) 
 Therapeutic score (Ts)—related to the antihypertensive power of each drug; 2.5 points 

were assigned to: nifedipine 100 mg, captopril 50 mg, propanolol 100 mg, hydralacine 50 
mg and minoxidil 1.25 mg 

Effect size  
 No significant changes were observed in Hct 
 Conversion to the s.c. route showed a statistically significant decrease of predialysis MAP 

from the 1st month 
 The reduction on Ts was significant from the 4th month of the study 

 
 Basal Month 1 Month 2  Month 3  Month 4 Month 5 Month 6 
Hct 30.7 ± 3 29 ± 3 29.6 ± 5 28.7 ± 4 30 ± 4.5 33 ± 3.5 31.8 ± 

3.6 
MAP 113 ± 7.8 108 ± 

9.8* 
108 ± 9* 109.6 ± 

8* 
105 ± 
8.5* 

105 ± 11* 105 ± 
9.2* 

Ts 8.7 ± 4.4 7.8 ± 5.3 7.7 ± 3 7.8 ± 3.6 5.9 ± 2.6* 5.3 ± 3.1* 5.3 ± 3.1*
No. HP 13 12 10 7 8 8 8 

*P<0.05 vs. basal values 
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1776 
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Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Locatelli F, Baldamus CA, Villa G, Ganea A, Martin de Francisco AL. Once-weekly compared 

with three-times-weekly subcutaneous epoetin beta: results from a randomized, multicenter, 
therapeutic-equivalence study. American Journal of Kidney Diseases 2002;40:119-25.  

Study type RCT, open-label design  
Evidence level 1++ 
Study objective To investigate the therapeutic equivalence of once weekly vs. thrice weekly Epoetin beta 

given SC  in maintaining Hb in stable HD patients  
Number of patients N=173 but N=146 completed the study 

 
 Multisite study in 19 dialysis centres 
 N=84, once weekly 
 N=89, thrice weekly 

Patient characteristics Inclusion criteria: 
 18+ years old 
 Regular HD Tx for last 3 months 
 Tx with SC Epoetin beta 3 times weekly over last 3 months (mean dose 30-240 IU/kg in 

last 2 weeks before study 
 Stable Hct 28-38% 
 Kt/V ≥1.2 
 Serum ferritin ≥100 ng/ml (≥225 pmol/l) and TSAT >20% 
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Exclusion criteria: 

 Haemoglobinopathy 
 Haemolysis 
 GI bleeding 
 Hypertension requiring interruption of EPO Tx in last 6 months 
 Acute infection or systemic inflammatory disease 
 Malignancy] 
 Epilepsy 
 Severe HPT (PTH >800 ng/ml) 
 Serum aluminium >50 ng/ml (1.9 µmol/l) 
 Vitamin B12 <200 pg/ml (<148 pmol/l) 
 Folic acid <2 ng/ml (<4.5 nmol/l) 
 Thrombocyte count >500,000/µl 
 Pregnancy or lactation 
 No RBC transfusion in last 3 months 
 No history of hypersensitivity to Epoetin beta 

 
 
 Once weekly group 

(N=69) 
Thrice weekly group 
(N=65) 

Sex (men/women) 38/31 32/33 
Mean age (years) 63.6 ± 14.8 62.0 ± 12.4 
Mean body weight (kg) 66.6 ± 13.8 66.3 ± 10.9 
Mean Hct (%) 33.1 ± 2.0 33.3 ±  1.8 
Mean EPO beta doe 
(IU/kg) 

81 (51-105) 78 (48-102) 

Median TSAT (%) 26 (20-30) 27 (21-31) 
Median serum ferritin 422 (308-698) 461 (354-661) 
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(ng/ml) 
Cause of ESRD 
Chronic glomerulonephritis 
Renal hypertension 
Diabetic nephropathy 
Interstitial nephritis 
Polycystic kidney disease 
Vascular disorders 
Other specific causes 
Uraemia of unknown cause 

 
20 
16 
7 
8 
3 
2 
3 
10 

 
10 
10 
7 
5 
8 
3 
9 
13 

 
 

Intervention Epoetin beta once weekly to Hct 30-35% 
Comparison Epoetin beta thrice weekly to Hct 30-35% 
Length of follow-up Study duration 24 weeks  
Outcome measures  Primary efficacy parameters: time adjusted area under the curve (AUC) for Hct weeks 13-

24 and mean weekly EOP beta dose/kg weeks 13-24 (corrected for baseline differences) 
 The first 12 weeks of the study were excluded from the analyses to avoid carry-over effect 

of EPO beta Tx before randomisation 
 Secondary outcome variables: changes in Hct and Hb levels from baseline, transfusion 

frequency, mean no. of transfusions per patient, adverse events (safety) 
Effect size 

Study withdrawal 
 N=9 from once weekly group 
 N=18 from thrice weekly group 
 All patients (N=163) were included in safety analysis  
 Efficacy ITT analysis N=81 once weekly and N=82 thrice weekly 
 N=134 were included in the pP analysis  
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Hct 
ITT analysis 

 The difference in mean time adjusted AUC for Hcts between the 2 Tx groups (-0.56% vol) 
and the 90% CI (-1.22 to 0.11) were within the prespecified range (+/-2 vol%) 

PP analysis  
 This was similar; mean time adjusted AUC for Hcts between the 2 Tx groups (-0.54 vol%) 

and the 90% CI (-1.27 to 0.19) were within the prespecified range(+/-2 vol%) 
 

EPO beta doses  
ITT analysis 

 Ratio of mean weekly EPO beta doses was 1.05 (90% CI 0.95-1.16) were within the 
prespecified range (0.8-1.25) 

PP analysis 
 Ratio of mean weekly EPO beta doses was 1.11 (90% CI 0.99-1.23) were within the 

prespecified range (0.8-1.25) 
 

 Median changes in EPO beta dose from baseline to week 24 was 1.0 IU/kg/week in the 
once-weekly group and 0.0 IU/kg/week in the thrice weekly group 

 
 75th and 90th percentile values for changes in EPO beta dose from baseline to week 13 

and to week 24 were calculated. The difference between the 2 groups were 6.4 and –1.5 
IU/kg/week respectively. The difference at week 24 between the once weekly and thrice 
weekly group was 16.0 and 16.9 IU/kg/week respectively 
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 Mean changes in Hb were similar in ITT and pP populations 

 
 

Serum ferritin levels 
 SF increased in both groups from baseline to week 24 
 From 415 ng/ml to 520 ng/ml in the once weekly group and from 466 to 510 ng/ml  in the 

thrice weekly group  
 Median changes in TSATs from baseline to week 24 were 1% in the once weekly and 2% 

in the thrice weekly 
 Similar percentages of patients were administered concomitant iron: 84% and 89% in 

once weekly and thrice weekly groups, respectively 
 

Blood transfusions 
 These were administered in N=6 in the once weekly and N=8 in the thrice weekly group 

 

Adverse events occurring in more than 5% of patients 
 
 
Adverse event  Once weekly group 

(N=84) 
Thrice weekly group 
(N=89) 

Hypotension  9 (11%) 6 (7%) 
Hypertension  7 (8%) 7 (8%) 
Pain in extremity 6 (7%) 4 (4%) 
Diarrhoea  5 (6%) 3 (3%) 
Cough  5 (6%) 1 (1%) 
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Muscle cramps 4 (5%) 6 (7%) 
Headache 4 (5%) 8 (9%) 
Pruritis  4 (5%) 6 (7%) 
Upper RTI 2 (2%) 6 (7%) 

 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1902 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Weiss LG, Clyne N, Divino FJ, Frisenette-Fich C, Kurkus J, Svensson B. The efficacy of once 

weekly compared with two or three times weekly subcutaneous epoetin beta: results from a 
randomized controlled multicentre trial. Swedish Study Group.[see comment]. Nephrology 
Dialysis Transplantation 2000;15:2014-9.  

Study type RCT, open-label design  
Evidence level 1++ 
Study objective To investigate SC Epoetin beta as a maintenance dose once weekly vs. three times weekly in 

chronic HD patients  
Number of patients N=158, N=118 analysed 

 
 N=118, once weekly 
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 N=40, two to three times weekly 
 Multisite study in 15 dialysis centres 

Patient characteristics Inclusion criteria: 
 18-80 years old 
 Regular HD 2-3 times weekly 
 Tx with SC Epoetin beta 2-3 times weekly 
 Stable Hb 10-12.5 g/dl in the 8 week pre-randomisation period 
 Serum ferritin >200 µg/l and/or TSAT >20% 
 Kt/V >1.0 

 
Exclusion criteria: 

 Uncontrolled hypertension (diastolic BP >100 mmHg) 
 Serum Al >100 µg/l 
 Vitamin B12 <100 ng/l 
 Folic acid <3.0 µg/l 
 Ongoing infection  
 Known epilepsy 
 Known HPT 
 Pregnancy or lactation 

 
 

 Patients were randomised to once weekly or to their original 2-3 times weekly in a 3:1 ratio
 
 

Once weekly group 2-3 times weekly (control) group  
ITT (N=118) pP (N=88) ITT (N=40) pP (N=30) 

No. of males 75 (63.5%)  27 (67.5%)  
Age (years) 66 ± 12  65 ± 13  
Bogy weight 71 ± 14  74 ± 15  
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(kg) 
Serum ferritin 
(µg/l) 

434 ± 259  498 ± 355  

TSAT (%) 29 ± 10  27 ± 9  
Plasma Al (µg/l) 12 ± 16  19 ± 22  
PTH (ng/l) 108 ± 156  178 ± 275  
Kt/V 1.33 ± 0.24  1.39 ± 0.35  

 
 

Intervention SC Epoetin beta two-three times weekly, to Hb 11.0-11.5 g/dl 
Comparison SC Epoetin beta once weekly, to Hb 11.0-11.5 g/dl 
Length of follow-up Study duration 24 weeks 
Outcome measures  Primary efficacy variable: proportion of patients who maintained stable Hb without 

requiring an increase in total weekly EPO dose 
 Secondary outcome variable: mean Hb level and EPO beta dose 

Effect size 
Withdrawals  

 N=30 in the once weekly and N=10 in the 2-3 times weekly  

Hb levels and EPO dose  
 No statistically significant difference between groups in no. of patients who maintained 

stable Hb without EPO dose increases (P=0.949) 
 There was no statistically significant difference in mean Hb at week 24 

 
Once weekly group (N=88)  
Week 0 Week 6 Week 16 Week 24  

EPO beta dose 
(IU/kg post-

102 ± 71 107 ± 70 103 ± 68 106 ± 74 
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dialysis) 
Hb (g/dl) 11.4 ± 0.6 11.1 ± 1.0 11.1 ± 1.1 11.1 ± 1.2 
     

2-3 times weekly group (N=30)  
Week 0 Week 6 Week 16 Week 24  

EPO beta dose 
(IU/kg post-
dialysis) 

109 ± 49 112 ± 54 109 ± 57 115 ± 58 

Hb (g/dl) 11.2 ± 0.6 11.3 ± 1.1 11.3 ± 0.9 11.2 ± 1.2 
 
 

 At week 24, the 95% CI for the difference in mean Hb levels was 0.35 ± 0.55 g/dl 
 Although not clinically significant, a statistically significant increase was found from 

baseline in mean Hb level at week 16 in the 2-3 times weekly group (P=0.02). This was no 
longer present at week 24 

 Changes in EPO beta dose were not significant between the 2 groups 
 

Iron levels  
 Differences in SF were not significant 
 Differences in TSAT were not significant 

 
Once weekly group (N=88)  
Week 0 Week 6 Week 16 Week 24  

Serum ferritin 
(µg/l) 

420 ± 327 490 ± 294 490 ± 225 490 ± 218 

TSAT (%) 29 ± 10 30 ± 11 29 ± 10 31 ± 18 
     
 2-3 times weekly group (N=30) 
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Week 0 Week 6 Week 16 Week 24  
Serum ferritin 
(µg/l) 

540 ± 355 480 ± 246 530 ± 276 540 ± 319 

TSAT (%) 28 ± 9 25 ± 9 28 ± 10 26 ± 12 

Adverse events 
 There was no difference in requirement for increase in antihypertensives between Tx 

groups 
 No reports of pain at the injection site 

 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1903 
 
 
 
Evidence Table 
 
ESAD2 
In patients with ACKD, what factors determine the route of administration of ESAs? 
 
Bibliographic reference  Cervelli MJ, Gray N, McDonald S, Gentgall MG, Disney AP. Randomized cross-over 

comparison of intravenous and subcutaneous darbepoetin dosing efficiency in haemodialysis 
patients. Nephrology 2005;10:129-35.  

Study type Single-blind RCT, cross-over design  
Evidence level 1+ 
Study objective (i) To quantify the differences in efficiency between SC and IV administration of Darbepoetin 
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and (ii) ascertain the degree of intrapatient variability in response to SC and IV administration 
(not addressed in this question) 

Number of patients N=24 completed the study (starting sample size, N=53) 
Patient characteristics Inclusion criteria: 

 18+ years old 
 1+ month haemodialysis 
 Current Tx with twice weekly or thrice weekly SC Epoetin alpha or once weekly 

Darbepoetin 
  Single pool Kt/V ≥1.2 
 Urea reduction ratio ≥65% 
 C-reactive protein <25 mg/l 
 B12 140-700 pmol/l 
 Folate 8.0-340. nmol/l 
 iPTH <50 pmol/l 
 Iron replete: TSAT ≥25% and ferritin ≥200 µg/l 

 
Exclusion criteria: 

 Home HD therapy 
 CAPD Tx 
 Malignancy 
 Uncontrolled hypertension 
 History of seizure activity 
 Sensitivity to Darbepoetin or iron therapy 
 Serum aluminium concentration >50 µg/l 
 Current or previous participation in another clinical trial <3 months prior to entry 

 
 Patients receiving Epoetin prior to study entry were converted to equivalent Darbepoetin 

dose based on conversion factor weekly DA dose (µg) = total current weekly Epoetin 
dose(U) /200 
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 All patients N=53 
Male:female 36 (68%): 17 

(32%) 
Age (years) 60.3 ± 16.3 
Weight (kg) 76.13 ± 17.9 
Hb (g/l) 124.1 ± 12.8 
Pre-study DA equivalent dose 
(µg) 

44.42 ± 23.7 

Ferritin (µg/l) 602 ± 395 
TSAT (%) 31.9 ± 8.75 
IPTH (pmol/l) 16.8 ± 12.3 
CRP (Mg/l) 10.6 ± 10.5 
Kt/V 1.53 ± 0.19 
URR (%) 72.4 ± 4.27 
Pre-study agent 
Epoetin  
Darbepoetin   

  
46 
7 

ACE inhibitor status 
Yes 
No  

 
17 (32%) 
36 (68%) 

Values are mean ± SD 
 
 

Intervention Darbepoetin SC once weekly then cross-over to “intervention” 
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 The first 4 months were dose-titration 
 The final 2 months were evaluation period 
 Target Hb 110-130 g/l during the first evaluation phase and maintenance ±10 g/l 
 IV iron was administered when iron indices fell below TSAT 25% and ferritin 200 µg/l 

Comparison Darbepoetin undiluted IV once weekly then cross-over to “comparison” 
 The first 4 months were dose-titration 
 The final 2 months were evaluation period 
 Target Hb 110-130 g/l during the first evaluation phase and maintenance ±10 g/l  
 IV iron was administered when iron indices fell below TSAT 25% and ferritin 200 µg/l 

Length of follow-up Study duration 6 months in each Tx limb 
Outcome measures Dosing efficiency  
Effect size Study withdrawals 

 N=15 were withdrawn and N=14 excluded from the analysis after not satisfying evaluation 
phase criteria (see additional comments section) 

 
 
Dosing efficiency 

 No significant differences were observed for measured parameters incl. URR, Kt/V, 
aluminium, iPTH, B12 and folate 

Evaluation period 
data (N=24) 

SC IV  P value  

Ferritin (µg/l) 705 (579-831) 593 (489-698) NS 
TSAT (%) 30.8 (28.2-33.4) 28.9 (26.2-31.7) NS 
Cumulative 6-month 
iron dose (mg) 

971 (679-1262) 1146 (775-1517) NS 

Darbeopetin dose 
(µg/week) 

42.53 (30.88-54.17) 40.83 (30.12-51.14) NS 

Hb (g/l) 120.9 (117.5-124.3) 123.6 (119.81-127.4) NS 
Weight normalised 0.5962 (0.408-0.784) 0.570 (0.394-0.746) NS 
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dose (µg/kg/week) 
Values are mean (95% CI) 
 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1906 
 
 
 
Evidence Table 
 
TXDF1 
In patients with ACKD, what factors determine the dose and frequency of ESA required to correct anaemia? 
 
Bibliographic reference  Barre P, Reichel H, Suranyi MG, Barth C. Efficacy of once-weekly epoetin alfa. Clinical 

Nephrology 2004;62:440-8.  
Study type Prospective cohort study  
Evidence level 2++ 
Study objective To investigate if successful management of anaemia (maintain Hb within ± 1 g/dl) could be 

achieved by changing Epoetin dosing from 2-3 times a week to once a week by both s.c. and 
i.v. route, in HD patients 

Number of patients N=358, but N=283 reported 
 
Multisite study, 41 centres in 8 countries (Europe, Australia and Canada) 

Patient characteristics Inclusion criteria: 
 HD for >12 months 
 Epoetin for at least 6 months 
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 Adequate iron stores (ferritin ≥100 µg/l, TSAT ≥20%) 
 Stable pre-study Hb 10-13 g/dl, with changes of ≤2 g/dl from the mean and at least 3 

available pre-study Hb values 
 Stable weekly Epoetin dose (change in dose ≤2,000 IU from the mean, with weekly dose 
≤10,000 IU) 

 
 
Exclusion criteria: 

 Major infection requiring i.v. antibiotics 
 Blood transfusion 
 Anaemia due to folic acid or vitamin B12 deficiency 
 Body mass index >30 kg/m2 
 Current malignancy 
 Presence of clinically significant disease (other than kidney disease) 
 Uncontrolled hypertension (diastolic BP >100 mmHg) 
 Use of androgens 
 Pregnant/lactating  
 History of hypersensitivity to Epoetin alpha or one of its components 

 
 

Route of administration Patient demographics 
i.v.  
(N=143) 

s.c.  
(N=140) 

All intention-to-treat 
patients*  
(N=283) 

Sex (male/female) 55.2/44.8 60.0/40.0 57.6/42.4 
 Age (years) 54.8 ± 15.3 62.5 ± 13.5 58.6 ± 14.9 
Ethnic origin (%) 
Caucasian 
Others 

 
97.0 
3.0 

 
81.5 
18.5 

 
90.0 
10.0 

Primary cause of ESRD (%)    
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Glomerulonephritis  
Pyelonephritis 
Interstitial nephritis 
Diabetic nephropathy 
Polycystic kidney disease 
Other  

28.7 
6.3 
12.6 
10.5 
11.9 
30.8 

24.3 
5.7 
10.7 
19.3 
3.6 
41.4 

26.5 
6.0 
11.7 
14.8 
7.8 
36.0 

Time since diagnosis of ESRD 
(months) 

137.4 ± 112.1 115.7 ± 103.3 127.3 ± 108.4 

Duration of HD (months) 63.3 ± 61.6 57.8 ± 47.4 60.6 ± 55.0 
Frequency of HD/week (%) 
3 
2 or 4 

 
95.8 
4.2 

 
95.7 
4.3 

 
95.8 
4.2 

Kt/V (if applicable) (%) 
<1.2 
>1.2 

1.35 ± 0.26 
19.3 
80.7 

1.63 ± 0.40 
8.3 
91.7 

1.45 ± 0.35 
15.2 
84.8 

Epoetin alpha dose (U/kg/week) 81.0 ± 35.5 90.4 ± 32.8 85.1 ± 34.6 
* Intention-to-treat patients had at least 1 Epoetin administration and at least 3 Hb values 
documented during Phases I and III of the study (irrespective of any other protocol violation) 
 

Intervention Epoetin alpha switched from 2-3 times a week to once-weekly, administered i.v. or s.c.  
 Pre-study phase: Epoetin alpha/beta 2-3 times a week, s.c. or i.v.  
 Phase I (4 weeks): Hb values and Epoetin (alpha or beta) doses during the 12-week pre-

study period were used to determine the individual target Hb concentrations (mean of 
minimum of 3 pre-study Hb values) and mean weekly dose of Epoetin—No dose 
adjustment was allowed during this phase  

 Phase II, titration phase (12 weeks): Epoetin alpha once-weekly s.c. or i.v. (i.e. route of 
administration was not changed). Dose titration to maintain individual target Hb within ± 1 
g/dl 

 Phase III, evaluation phase (4 weeks): Dose adjustments were not permitted  
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All patients received i.v. iron on a weekly basis to maintain serum ferritin 200-500 µg/l, TSAT 
30-40% 

Comparison N/A 
Length of follow-up Total study duration 20 weeks 
Outcome measures  Primary objective: To determine the proportion of patients whose individual Hb levels were 

maintained within ± 1 g/dl when Epoetin administration was switched from 2 or 3 times a 
week to once a week 

 Secondary objectives: To determine the mean weekly dose of Epoetin alpha needed to 
maintain individual target Hb levels before and after switching to the once-weekly regimen 
and to determine the safety of once-weekly administration of Epoetin alpha 

Effect size 
Study population 

 N=75 of which i.v. group N=30 and s.c. group N=45, were not suitable for analysis due to 
significant protocol violations (N=25), serious adverse events (N=14), blood transfusion 
(N=10), kidney transplantation (N=11), consent cancelled/holidays (N=7), infection treated 
with i.v. antibiotics (N=3), insufficient Hb documentation (N=3), change in dialysis policy 
(N=1), change in Epoetin route of administration (N=1) 

 Intention-to-treat (ITT) population, N=283 (i.v. N=143; s.c. N=140)—ITT patients had at 
least 1 Epoetin administration and at least 3 Hb values documented during Phases I and III 
of the study (irrespective of any other protocol violation) 

 Per-protocol (PP) population, N=203 (i.v. N=115; s.c. N=88)—PP patients included those 
from the ITT group who incurred no severe protocol violations (these include non-
compliance, violations of inclusion/exclusion criteria, administration of excluded 
concomitant therapies) 
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The proportion of patients whose individual Hb levels were maintained within ± 1 g/dl 
when Epoetin administration was switched from 2 or 3 times a week to once a week 
 
 

PP population, N=203 
i.v. group, N=115 s.c. group, N=88 

No. of patients who 
maintained individual target 
Hb levels 

67.0% 72.7% 

No. of patients who 
maintained a stable Hb level 
(defined as a decrease of ≤1 
g/dl) 

75.7% 84.1% 

Decrease in Hb 
concentration from Phase I to 
Phase III 

0.03 ± 0.93 g/dl (P<0.05)* 0.04 ± 0.96 g/dl (P=NS) 

*The authors report this decrease was clinically insignificant despite statistical significance 
 
 
The mean weekly dose of Epoetin alpha needed to maintain individual target Hb levels before 
and after switching to the once-weekly regimen and to determine the safety of once-weekly 
administration of Epoetin alpha 
 

PP population, N=203 
i.v. group, N=115 s.c. group, N=88 

Epoetin dose in Phase I 
(U/kg/week) 

85.1 ± 35.5 90.4 ± 32.8 

Epoetin dose in Phase II 89.1 ± 46.4 96.0 ± 43.3 
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(U/kg/week) 
P <0.05 NS 

 

Iron stores 
 

ITT population, 
N=283 

Start of Phase 
I (week 0) 

End of Phase 
III 
(week 20) 

Ferritin (µg/l) 416 ± 339 456 ± 311 
TSAT (%)  30.1 ± 14.6 27.1 ± 11.6 

 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 180 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Besarab A, Reyes CM, Hornberger J. Meta-analysis of subcutaneous versus intravenous 

epoetin in maintenance treatment of anemia in hemodialysis patients. American Journal of 
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Kidney Diseases 2002;40:439-46. 
Study type Meta analysis 
Evidence level 1- 
Study objective To assess s.c. vs. i.v. dosing of Epoetin in HD patients, including with respect to cost  
Number of patients N=916 

 
 N=614 parallel-design 
 N=302 cross-over design 

Patient characteristics Methodology 
 Search was conducted in Embase and Medline 1988-2001 
 Hand-searched references from NKF-KDOQI and EBPG recommendations for s.c. 

administration 
 Studies with the following criteria were included: (1) prospective design, (2) direct 

comparison of i.v. and s.c. administration (3) no statistically significant difference in Hb/Hct 
levels (4) laboratory data from individual patients collected and anlaysed and (5) mean or 
median Epoetin dose reported 

 27 studies met the inclusion criteria 
 

Intervention Epoetin s.c. 
Comparison Epoetin i.v. 
Length of follow-up N/A 
Outcome measures  Epoetin dose 

 Sub-group meta-analysis of parallel studies comparing i.v. vs. s.c. Epoetin 
Effect size 

Epoetin dose 
 The N-weighted average i.v. dose from all studies was 161 ± 46 IU/kg/week 
 The N-weighted average s.c. dose from all studies was 113 ± 43 IU/kg/week 

(P<0.001) 
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 The average dose difference was 49 ± 37 IU/kg/week in cross-over studies and 46 ± 43 
IU/kg/week in parallel studies. The effect of study design was not statistically significant 
(P=0.29) 

 
 

Sub-group meta-analysis of parallel studies comparing i.v. vs. s.c. Epoetin 
Comparison weekly dose s.c. vs. i.v. (IU/kg/week)—10 studies  
In favour of s.c. route of administration 
 
Study  s.c.  

(N) 
Mean ± SD i.v. 

(N) 
Mean ± SD Weight 

(%) 
WMD (95% CI 
random) 

Boran et al 18 86.0 ± 29.7 18 172.0 ± 29.7 11.9 -86.0 (-105.4 to -
66.6) 

Canaud et al 16 110.7 ± 91.2 18 129.6 ± 85.4 7.9 -18.9 (-78.51 to –
40.71) 

Castro et al 8 186.5 ± 
24.33 

6 189.58 ± 
20.75 

11.5 -3.08 (-26.74 to –
20.58) 

De 
Schoenmaker 
et al 

7 118.8 ± 21.0 11 138.2 ± 14.1 12.0 -17.4 (-35.05 to –
0.25) 

Kaufman et al 107 95.1 ± 75.0 101 140.3 ± 88.5 11.6 -45.2 (-67.56 to –
22.84) 

Morsli et al 10 104.0 ± 82.0 10 156.0 ± 112.0 5.6 -52.0 (-138.03 to –
34.03) 

Muirhead et 
al 

45 147.1 ± 
113.5 

36 183.9 ± 129.4 8.5 -36.8 (-90.53 to –
3.10) 

Parker et al 27 33.0 ± 25.98 27 132.0 ± 25.98 12.2 -99.0 (-112.86 to –
85.14) 
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Pelegri et al 16 97.2 ± 51.3 19 144.0 ± 79.5 9.5 -46.8 (-90.5 to –
3.1) 

Virut et al 24 84.0 ± 82.0 25 112.0 ± 95.0 9.4 -28.0 (-72.74 to –
18.74) 

Subtotal 
(95% CI) 

278  271  100.0 -44.57 (-71.76 to –
17.37) 

Test for heterogeneity Χ2 = 88.15, df=9, P<0.00001 
Test for overall effect z=3.21, P=0.01 
Total (95% 
CI) 

278  271  100.0 -44.57 (-71.78 to –
17.37) 

Test for heterogeneity Χ2 = 88.15, df=9, P<0.00001 
Test for overall effect z=3.21, P=0.01 

 
 

Source of funding Pharmaceutical company  
Additional comments  Quality criteria not explicitly described 

 Heterogeneity present and no sensitivity analysis conducted 
 Unclear as to if studies used within the meta-analysis were of the same design as parallel 

studies may include both RCTs and cohort studies  
Citation  
NCC CC ID (Ref Man) 1685 
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Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Faller B, Slingeneyer A, Waller M, Michel C, Grutzmacher P, Muller HP et al. Daily 

subcutaneous administration of recombinant human erythropoietin (rhEPO) in peritoneal 
dialysis patients: a European dose-response study. Clinical Nephrology 1993;40:168-75.  

Study type Multicentre randomised controlled trial 
Evidence level 1+ 
Study objective To establish a dose regimen for treatment of anaemia with subcutaneous EPO in peritoneal 

dialysis (PD) patients and to assess its clinical tolerance. 
Number of patients N=107 entered the study but only N=98 were eligible for analysis (3 did not meet the inclusion 

criteria and 6 were incorrectly randomised). 
N=72 Correction phase 
N=46 Maintenance phase 
 

 Multisite study: 10 European centres 
Patient characteristics Inclusion criteria: 

 A persistent anaemia with haematocrit (Hct) not greater than 28% in the absence of iron, 
vitamin B12 and folic acid deficiencies.   

 Patients were stable on PD for at least 6 months before study entry. 
 
Exclusion criteria: 

 Patients with poorly controlled hypertension or a history of seizures were excluded as 
were patients with proven aluminium intoxication.   
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 Diagnosed malignant diseases with or without cytostatic treatment, acute infections, 
thrombocytosis, skin alterations such as psoriasis or scleroderma were also considered 
exclusion criteria. 

 
 Of the N=107 patients, N=87 CAPD, N=18 IPD and N=2 CCPD 
 Most of the patients had concomitant disease: hypertension (68%), diabetes mellitus 

(31%), cardiac diseases (29%) and advanced peripheral ischaemic disease (27%) 
 The proportion of patients requiring at least 1 RBC transfusion in the last 6 months prior to 

study enrolment ranged from 7.1-12.2% 
 The pretreatment period was the same across all three groups.  This was a two week run-

in period without EPO treatment for recording baseline data.   
 In the correction period, patients were randomised to one of the three groups to receive 

different initial EPO daily doses s.c. 
 
 
                                                  5 U/kg                   10 U/kg                           20 U/kg 
Group                                        G5                         G10                                G20 
Age (years, median)                  63.0                       64.5                                60.0 
Sex (m/f)                                   17/16                     8/24                                16/17 
Body weight (kg, median)          64.4                      59.5                                65.2 
Pretreatment Hct                       23.6                       24.3                                23.0 
(volume %, median) 
 

 Intervention N=33 Group G5 
 

 The target Hct was defined as follows:  
→ baseline Hct < 20 vol %: target > 30 vol% 
→ baseline Hct 20 to 40 vol %: target at least 10 vol % increase 
→ baseline Hct 25 to 28 vol %: target 35 vol %.   
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 During the first 8 weeks the dose was kept constant unless the target Hct was achieved 
earlier (constant dose phase).   

 If after 8 weeks the Hct increase was less than 4% (i.e. <0.5 vol % per week) the daily 
dose was doubled.  Doubling could be repeated every 4 weeks if the mean weekly Hct 
increase was less than 0.5 vol % (correction phase) 

 The patient entered the maintenance period as soon as the target Hct (determined in 2 
consecutive weeks) was reached.   

 The EPO dose was then reduced to 50% of the last dose of the correction period.   
 Further dose adjustments were to be performed in steps of 5 U/kg in order to maintain the 

Hct between 30 and 35 vol %. 
Comparison N=32 Group G10.   

 As in the G5 (see “intervention”) but patients received an initial daily EPO dose of 10 U/kg 
 
N=33 Group G20.  

 As in the G5 (see “intervention”) but patients received an initial daily EPO dose of 20 U/kg 
Length of follow-up The mean observation period was 299 days (range 14 to 479). 
Outcome measures  Constant dose phase 

 Correction period 
 Maintenance period 
 Blood transfusions 
 Impaired response to EPO 
 Safety 

Effect size 
Constant dose phase = the first 8 weeks of EPO therapy 
 

 There was no significant change in Hct in the majority of the G5 patients.   
 In 50% of the patients in G10, the initial dose was sufficient to achieve a mean weekly Hct 

increase of >=0.5 vol %.   
 In G20, the maximum increase was very steep.   
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 The differences in the weekly change in Hct were statistically significant (p<0.05) between 
all three groups. 

 
Mean weekly Hct increase 
(vol%/week) 

G5 G10 G20 

Minimum -0.49 -0.11 -1.82 
Median +0.19 

(Q1=-0.04 
Q3=0.30) 

+0.50 
(Q1=0.17 
Q3=0.68) 

+0.94 
(Q1=0.62 
Q3=1.35) 

Maximum +1.03 +1.61 +2.72 
    
Median Hct at the end of the 
constant dosing phase (vol %) 

24.20 26.95 30.20 

 
 

Dose adjustment (correction) period (N=72) 
 Using the adjustment schedule proposed in the study it was calculated (Kaplan-Meier 

method) that the time to achieve the target Hct in 50% of the patients was 92 days starting 
with 20 U/kg EPO subcutaneously daily, 119 days starting with 10 U/kg and 154 days 
starting with 5 U/kg. 

 Median cumulative EPO doses to reach target Hct were calculated as 1494, 1523 and 
1678 U/kg for G5, 10 and 20 respectively 

 
 
Maintenance period (N=46) 

 At the end of the study, N=52 patients had been in the maintenance period for at least 6 
months 

 On achieving target Hct, median daily EPO dose was 19.9 U/kg 
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Blood transfusions 
 The monthly proportion of patients needing at least one blood transfusion dropped from 7 

to 12% to 0 to 3% after 2 months of EPO treatment.   
 All transfusions were prescribed for acute complications. 

 

 

Impaired response to EPO  
 7 patients did not reach the target Hct despite sufficient treatment duration at sufficiently 

high doses (>12 weeks treatment, final dose = 40 U/kg/day).   
 One or more clinical reasons diagnosed or developed during the study were assumed to 

be the cause e.g. recurrent blood loss or iron deficiency. 
 
 

Iron metabolism and supplementation 
 During the constant-dose phase, serum ferritin decreased slightly in groups G5 and G10, 

whereas there was a more pronounced decrease in G20 (P value not reported by the 
authors). 

 After the constant dose phase parameters of iron metabolism remained stable. 
 
 
Changes from 
baseline to the 
end of constant-

Ferritin % 
(mg/dl) 

Iron % (µmol/l) Transferrin % 
(mg/dl) 

TSAT % (%) 
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dose phase 
G5 -5.2 (297) -8.2 (13.5) -2.7 (224) -3.8 (25.0) 
G10 -4.3 (238) -17.0 (12.8) 0.0 (223) -17.8 (22.8) 
G20 -19.3 (300) -27.6 (12.5) 1.6 (228) -21.9 (23.9) 

 
 

Safety 

Local tolerance to injections was excellent.  Mean blood pressure values and the proportion of 
hypertensive patients remained unchanged throughout the study in all groups.  In the 77 
patients already treated with antihypertensive drugs at baseline, dose reductions and 
increases of antihypertensive drugs were equally frequent.  In terms of other clinical 
complications mortality was high (18.7%) with cardiac and vascular events being the most 
frequent causes of death.  The large majority of serious complications were related to 
previously existing diseases.  In none of the serious complications was there evidence for a 
causal relationship with EPO therapy however in some cases (transient aggravation of 
hypertension and or pre-existing peripheral ischaemia) a causal relationship to EPO therapy 
cannot be ruled out 
 

Dropouts 
26 patients dropped out of the study during the correction period and 26 during the 
maintenance period.  Of these 52 patients, 20 died and 8 were withdrawn due to adverse 
events.  Other reasons were kidney transplantation (N=12), transfer to HD (N=7), personal 
reasons not related to the study (N=4) and non-compliance (N=1) 
 

Source of funding Not reported 
Citation  
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NCC CC ID (Ref Man) 137 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to correct 
anaemia? 
 
Bibliographic reference  Damme-Lombaerts R, Broyer M, Businger J, Baldauf C, Stocker H. A study of recombinant human 

erythropoietin in the treatment of anaemia of chronic renal failure in children on haemodialysis. 
Pediatric Nephrology 1994;8:338-42.  

Study type Prospective longitudinal study 
Evidence level 3+ 
Study objective To investigate the benefits of EPO therapy in children undergoing haemodialysis  
Number of patients N=115, but N=92 (80%) at 1 year and N=65 (57%) after 1 year  

 
 Multisite study  

Patient characteristics No inclusion/exclusion criteria given 
 
 
Sex (male/female) 69/47 
Median age (years) 11.6 (range 6 months to 20 

years) 
Median duration of renal disease (years) 5 (range 11 days to 17 years) 
No. with hypertension  40 (34%) 
Mean Hb (± SD) (g/dl) 6.7 ± 1.1 (range 3.4 to 9.5 g/dl) 
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Mean transfusion requirement 
(U/patient/year) 

8.9 

 
 

Intervention Epoetin starting dose 75 U/kg/week in 2-3 doses, i.v. 
 Aim was to achieve a rise in Hb of 1 g/dl per 4 weeks in order to attain target Hb 9.6-11.2 g/dl 
 If the response was judged inadequate, the dose was increased in steps of 75 U/kg/week at 4-

weekly intervals 
 Iron status as determined by ferritin levels, transferrin and serum iron was monitored monthly and 

iron supplements given as necessary to maintain serum ferritin within the normal range (“normal” 
not specified by the authors) 

Comparison N/A 
Length of follow-up Up to 1 year after target Hb was achieved and provided there were no side effects 
Outcome measures  Number achieving target Hb and rate of Hb rise-The patients were divided into 2 groups, 

depending on baseline Hb levels 
 Adverse events 
 Quality of life was assessed at baseline and every 6 months. The patients and parents for children 

<8 years old filled out a questionnaire addressing sleep, activity (in school, at home, social 
activity), alertness and feelings—the authors acknowledge this was not a validated questionnaire; 
can not rule out bias, therefore not reported herein 

Effect size 
Number achieving target Hb and rate of Hb rise 
 

 Target Hb was reached by 81% of patients; median time to target was 11 weeks at a median dose 
of 150 U/kg/week 

 A similar proportion of each group reached the target, (81% vs. 80%) despite severity of anaemia 
at baseline 

 
Pt N No. Mean week of Median  Mean weekly Median (range) 
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population achieving 
target Hb 

achieving 
target (±SD) 

(range)b dose at target 
Hb (± SD) (U/kg) 

Total 115a 93 
(80.9%) 

13 ± 8.5 11 (1 to 
50) 

190 ± 103.5 150 (50 to 600) 

Hb <6.8 g/dl 53 43 
(81.1%) 

15 ± 7.2 13 (1 to 
29) 

196± 110.1 175 (50 to 600) 

Hb ≥6.8 g/dl 60 48 
(80.0%) 

11 ± 9.5 9 (1 to 50) 184± 100.1 150 (75 to 450) 

a N=2 did not have baseline Hb values recorded 
b N=1 in each Hb group showed an unusually short response time—it is assumed they received RBC 
transfusions 
 

 The mean rate of Hb rise was 0.5 g/dl per 4 weeks in patients receiving the starting dose of 75 
U/kg/week and 0.8 g/dl per 4 weeks in those whose dose had been increased to 150 U/kg/week (P 
value not reported by the authors) 

 Rate of transfusions fell from 8.9 units/patient/year to 0.7 units/patient/year during EPO treatment. 
N=27 patients received RBC transfusions prior to achieving target Hb. Of these, N=23 did not 
require further transfusions to maintain Hb within target range 

 
 N=92 (80%) were still receiving EPO at 1 year and N=65 (57%) after 1 year 
 Median EPO dose at week 52 was 200 U/k/week 

 
Mean Hb at week 
26 

9.3 g/dl 

Mean Hb at week 
52 

9.7 g/dl 

 

Adverse events 
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 Of the 60 children receiving antihypertensive medication at the beginning of the study, N=20 

needed an increase in treatment during the first 16 weeks, and N=4 other children started 
antihypertensive treatment for the first time 

 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1564 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Albertazzi A, Di Liberato L, Daniele F, Battistel V, Colombi L. Efficacy and tolerability of 

recombinant human erythropoietin treatment in pre-dialysis patients: results of a multicenter 
study. International Journal of Artificial Organs 1998;21:12-8.  

Study type Prospective observational longitudinal study 
Evidence level 3+ 
Study objective 1) To evaluate the efficacy and tolerability of EPO administered subcutaneously (SC) twice 

weekly to pre-dialysis outpatients 
2) To identify the EPO doses necessary to keep Hb levels between 10 and 11g% 
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3) To evaluate the use of a simplified therapeutic schedule and its effects on the progression 
of chronic renal failure. 

Number of patients N=84  
 

 Multisite study: 12 Italian nephrology centres 
Patient characteristics Inclusion criteria: 

 
 Age between 18 to 75 years, serum creatinine between 3 to 9 mg%, Hb pretreatment 

between 6 to 9g%, at least 6 serum creatinine results in the 8 months prior to enrolment. 
 
Exclusion criteria: 

 Patients previously treated with EPO, cytostatics and or immunosuppressors and patients 
affected by accelerated hypertension and or severe hyperparathyroidism (alkaline 
phosphate >300 U/L) and or who had received blood transfusion in the 2 months prior to 
enrolment. 

 
46 females and 38 males were included in the study.   
Mean age was 61.7 ± 13.9 years 
Duration of CRF 5.5 ± 4.2 years  
Mean serum creatinine 5.17 ± 1.42mg% 
Reciprocal of serum creatinine 0.21 ± 0.05 1/mg%. 

Intervention  Patients received 2000 U of EPO subcutaneously twice weekly for 6 weeks.   
 If at the end of the 6th week if  Hb had not increased by 1g%, the dosage was increased by 

1000 U per administration (i.e. 3000 U twice weekly) for a further 6 weeks.   
 Further increases of 1000 U per administration were given if necessary, by reducing 

treatment time to 4 weeks.  
 When Hb levels were stable, between 10 to 11g% doses were reduced by 50% and 

patients received a single weekly dose.   
 When serum creatinine increased by >30% as compared to previous results, therapy was 
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suspended.   
Comparison N/A 
Length of follow-up All patients (N=84) were followed up to 6 months and N=25 for 12 months. 
Outcome measures  Hb and Hct value changes 

 Blood pressure changes 
 Adverse events 

Effect size 
Haematologic parameters and EPO doses 
The patients showed a significant rise in Hb and Hct values (p<0.001*; basal vs. treatment 
period) after 3 months.   
 
 Pre-treatment 3 months 6 months 12 months  
Hb (g%) 8.00 ± 0.77 9.35 ± 1.0* 10.06 ± 1.04* 10.25 ± 0.62* 
Hct (%) 24.9 ± 3.0 29.7 ± 3.5* 31.5 ± 3.2* 32.51 ± 2.52* 
EPO doses 
(U/week) 

4000 4784 ± 1535 3592 ± 1685 2840 ± 1178 

P values for EPO doses not reported by the authors 
Values are mean ± SD 
 
 

Blood pressure 
Systolic and diastolic blood pressure failed to show a significant increase during therapy: 
 
Blood pressure         Basal                   3rd month               6th month               12th month 
Systolic mmHg          146 ± 19.2           152 ± 19.8            151 ± 21.7            151 ± 19.3 
Diastolic mmHg         81 ± 8.6                85 ± 9.5                86 ± 9.2                87 ± 13.5 
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Adverse events 
In terms of adverse events, in particular 13 patients showed increases in blood pressure, 3 in 
serum creatinine and 9 started dialysis treatment. 
Therapy was suspended in 9 patients who underwent dialysis, 7 with increased blood 
pressure and 3 who had interrupted treatment due to increases in serum creatinine, angina-
cardiac failure and phlebitis. 

Source of funding Not stated 
Citation  
NCC CC ID (Ref Man) 1785 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Aufricht C, Marik JL, Ettenger RB. Subcutaneous recombinant human erythropoietin in 

chronic renal allograft dysfunction. Pediatric Nephrology 1998;12:10-3.  
Study type Retrospective observational longitudinal study 
Evidence level 3+ 
Study objective To investigate whether EPO is effective in correcting anaemia due to chronic transplant failure 

and to evaluate any deleterious influence upon graft function in children. 
Number of patients N=25 
Patient characteristics Inclusion criteria: 
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 All children with chronic renal transplant dysfunction who were treated with subcutaneous 
EPO at the University of California, LA for longer than 4 weeks between October 1989 and 
April 1995. 

 
Exclusion criteria: 

 None stated. 
 

 The study included 13 girls and 12 boys of a mean age 15.8 ± 4.2 (range 6 to 21 years).  
 19 children had received their first, 4 their second and 2 their third graft at a median time 

of 40 (range 2.6 to 131) months before the EPO treatment. 
 All children were anaemic (haematocrit 23.2 ± 3.1; range 16.4% to 28.4%) and exhibited 

progressive renal failure (creatinine 3.3 ± 1.2; range 1.4 to 5.3 mg/dl, increasing at a rate 
of 0.16 mg/dl per month) with biopsy proof of chronic graft rejection. 

 Immunosuppression consisted of triple therapy with cyclosporin A, prednisolone and 
azathioprine in all but 2 children who received only cylosporin and prednisolone. 

 
Intervention EPO was administered as a buffered solution by subcutaneous injection.   

 
 Over the 6 year observation period, 3 children started with a dose of 270 ± 28 U/kg per 

week in three injections weekly, 6 children twice weekly at a dose of 175 ±  70 U/kg per 
week and 16 children at a single dose of 105 ±  25 U/kg per week.   

 If the haematocrit exceeded 36%, dosing intervals were increased and this reduced the 
weekly EPO dose in steps of 33% to 50%.   

 Subsequent dose adjustments were also primarily performed by changing dosing 
intervals. 

 Before the start of EPO therapy none of the children exhibited iron deficiency although 16 
(64%) children were on iron supplementation.   

 During EPO therapy, iron status was controlled monthly until 1991 and thereafter only if 
clinically indicated. 
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Comparison N/A 
Length of follow-up The children were treated for 9 to 162 weeks (median 43). 
Outcome measures  Effect of EPO treatment on haematocrit 

 Side effects 
Effect size 

Hct 
 Before treatment with EPO, patients showed a decrease in Hct of 0.86%/week 
 After initiation of EPO, the Hct increased in 21 (84%) children from 23.2% ± 3.1% to 33% 
± 3.1% within 7.2 ± 4.9 weeks at a mean rate of 1.98%/week.   

 The haematocrit increase and EPO starting dose were linearly related (delta 
haematocrit/week =0.8 +0.08 U/kg per week, r=0.44, p<0.05). 

 The maintenance EPO dose was 74 ± 23 (43 to 114) U/kg per week (based on 12 children 
studied long enough to assess maintenance needs). 

 Four children (16%) failed to reach the target haematocrit level of 30%.  It was likely that 
this was due to non-compliance. 

 Seventeen occurrences of anaemic episodes during EPO therapy were identified in 12 
children, mostly associated with acute or insidious deterioration in graft function.  In most 
episodes several factors were simultaneously present thus the importance of individual 
factors was difficult to assess in this retrospective design. 

 
 

Blood pressure 
 Systolic blood pressures increased from 124 ± 18 to 137 ± 20 mmHg (p<0.05), diastolic 

from 76 ± 14 to 81 ± 15 mmHg (NS) during the observation period.   
 Before the start of EPO therapy, systolic and /or diastolic pressures were above the 95th 

percentile in 39% of children, and 80% of children received one to five antihypertensive 
drugs.   

 At the end of the observation period, in 67% of children maximal systokic or diastolic 
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pressures exceeded the 95th percentile (p=0.068, NS vs baseline).   
 Antihypertensive therapy ws increased in 6 and decreased in 2 children (NS vs baseline). 

Source of funding Supported in part by a private foundation 
Citation  
NCC CC ID (Ref Man) 1788 
 
 
 
Evidence Table 
 
TXDF1 
In patients with ACKD, what factors determine the dose and frequency of ESA required to correct anaemia? 
 
Bibliographic reference  Beshara S, Barany P, Gutierrez A, Wikstrom B, Swedish Investigators Group. Varying intervals of 

subcutaneous epoetin alfa in hemodialysis patients. Journal of Nephrology 2004;17:525-30.  
Study type Prospective cohort study 
Evidence level 2+ 
Study objective To assess whether HD patients with varying Epoetin alpha dose requirements can maintain target 

Hb >110 g/l when the doses are administered at prolonged intervals 
Number of patients N=153 (N=137 completed the study) 

 
 N=51 
 N=102 

 
Multisite study 

Patient characteristics Inclusion criteria: 
 Regular HD for at least 1 month 
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 Maintenance Tx with EPO alpha s.c. 1-3 times a week 
 Total weekly dose <10,000 U 

 
 
Gender 78 males, 75 females 
Mean age 
(years) 

66 ± 12.9 (range 23-
87) 

 
Patients were divided into 2 groups: 
4,000 U as complete injections 
10,000 U at appropriate intervals 
 
 
 
 
 
 Group I, 4,000 U  

(N=51) 
Group II, 10,000 U 
(N=102) 

Age (years) 65 ± 13 66 ± 13 
Gender (M/F0 31/20 47/55 
Duration of dialysis 
(months) 

26 ± 40 24 ± 27 

Duration of EPO (months) 17 ± 14 19 ± 14 
Dose interval (days) 5.4 ± 1.9 3.8 ± 1.8 

 
 

Intervention EPO alpha 4,000 U as complete injections, s.c. 
Comparison EPO alpha 10,000 U at appropriate intervals, s.c. (i.e. same weekly EPO dose) 
Length of follow-up Study duration 23 ± 3.3 weeks (initial phase: 8.6 ± 1.6 weeks; adjustment phase: 8 ±1.3 weeks; 
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maintenance phase: 7 ± 1.3 weeks) 
Outcome measures  Efficacy in varying dose intervals 

 Serum aluminium and parathyroid hormone levels 
 The effect of prolonged intervals on maintaining target Hb 

Effect size 
Target Hb >110 g/l (i.e. >11 g/dl) 
 
 
 
 
 
 
 
 
 

Efficacy in varying dose intervals 
Group I (N=48) 
4,000 U 

Group II (N=89) 
10,000 U  

 

Initial  
phase 

Adjustment
phase 

Maintenance 
phase 

Initial 
phase 

Adjustment 
phase 

Maintenance 
phase 

Hb (g/l) 119 ± 12 115 ± 10.3 111 ± 11.8 112 ± 10 111 ± 11.6 108 ± 11.9 
EPO dose 
(U/kg/week) 

55 ± 21(1) 53 ± 18.1(1) 58 ± 21.7(1) 108 ± 35.5 
(3) 

117 ± 37.6(3) 136 ± 42(3) 

Interval 
(days) 

5.4 ± 1.9 
(2) 

(4.9-5.9) 

8.6 ± 2.9(2) 

(7.8-9.5) 
7.8 ± 3.1(2) 

(6.9-8.7) 
3.8 ± 1.8 (4) 

(3.9-4.3) 
8.5 ± 2.6(4) 

(8.6-9.2) 
7.3 ± 2.1(4) 

(7.3-7.7) 

Values are mean  ± SD; values in parentheses are 95% CI 
(1) NS, for comparisons within the group 
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(2) P=0.01, for comparisons within the group 
(3) P=0.002, for comparisons within the group 
(4) P=0.0001, for comparisons within the group 

The effect of prolonged intervals on maintaining target Hb 
 
Interval between 
injections 

Target Hb with 4,000 
U 

Target Hb with 10,000 
U 

<1 week 15 (31%) 27 (30%) 
≥1 week, <2 weeks 14 (29%) 38 (43%) 
≥2 weeks, <3 weeks 1 (2%) - 
≥3 weeks 2 (4%) - 

 
 

Serum aluminium and parathyroid hormone levels 
 Serum Al and PTH levels did not differ from baseline at the end of the study in either group 

 
Group I Group II  
Baseline End of study Baseline End of study

Al (µg/l) 32 ± 18 15 ± 20 19 ± 37 25 ± 70 
PTH 64 ± 63 85 ± 74 101 ± 194 96 ± 162 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 300 
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Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required 
to correct anaemia? 
 
Bibliographic reference  Walter J, Gal J, Taraba I. The beneficial effect of low initial dose and gradual increase of 

erythropoietin treatment in hemodialysis patients. Artificial Organs 1995;19 :76-80.  
Study type Prospective observational, longitudinal study  
Evidence level 3- 
Study objective To analyse the haematologic parameters and blood pressure response in haemodialysis 

patients treated with low initial and gradually increasing EPO. 
Number of patients N=16 
Patient characteristics Inclusion criteria: 

 Patients on maintenance haemodialysis who had been receiving it for at least 6 months 3 
times a week for a duration of 4 to 5 hours.  Prior to EPO administration the patient’s blood 
counts had been managed by transfusions. 

 
Exclusion criteria: 

 Malignancies. Iron, B12 and folic acid deficiencies. 
 
There were 12 females and 4 males with an average age of 45.6 years (25 to 65 years). 
No more baseline characteristics are provided by the authors 

Intervention  There was a control period of 2 weeks prior to starting EPO treatment, after which EPO 
was administered subcutaneously 3 times/week 15 minutes before starting dialysis. 

 The initial dose was 3 x 20 U/kg weekly, which was left unchanged during the first 4 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

weeks. 
 On week 5 the dose of EPO was modified depending on the changes of the hematocrit 

level.   
 If Hct did not increase by at least 2% the dose was increased by additional 3x20 U/kg. 
 If the increase in Hct was 2% or more the weekly EPO dose was not changed. 
 Similar action was taken after each fourth week. 
 The target haematocrit level was 30%.   

Comparison N/A 
Length of follow-up Up to 46 weeks. 
Outcome measures  Haematocrit levels 

 Time required to achieve the 30% target haematocrit level  
 Blood pressure 

Effect size Hct  
A significant increase in the hematocrit level was noted in the first week from pre-treatment 
(20 ± 2.8% to 22 ± 1.8%, p<0.005).  A similar significant increase was seen for haemoglobin. 
 
 
Time to achieve target Hct 
 
Time  No. of patients who achieved the 30% target Hct 

level 
weeks 2 to 8  25% 
weeks 12 to 20 50% 
weeks 21 to 28 19% 
end of 4 
months 

43.7% 

end of 6 
months 

81.2% 

 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 
EPO dose required to achieve the 30% target Hct level 
 

 Mean EPO dose to achieve target Hb was 56.3 U/kg 
 
Time  EPO dose (U/kg) 3 times a week 
Week 0 20  
Week 9 42.8 ± 13.24  
Week 15 60.0 ± 14.1 

 
 
Blood pressure 
Dialysis patients had elevated pre-treatment mean arterial pressures in the control period 
(112 ± 8.5 mmHg).  This value did show some change from week to week but there was no 
significant increase or decrease.  The maximal value appeared on week 17 (122 ± 5.1 mmHg, 
NS) and the minimum value appeared on week 7 (100 ± 3.0 mmHg, NS).  There was no 
significant change in the diastolic values with the maximal value appeared on week 17 (100 ± 
4.0 mmHg, NS) and the minimum value appeared on week 7 (92 ± 2.8 mmHg, NS). 
 
   

  
Source of funding Not stated 
Additional comments  No baseline characteristics are provided by the authors. 

 Small sample size  
 The authors concluded “in haemodialyised patients, EPO treatment should be started with 

a low initial dose and then increased slowly.  With such a regimen the patients’ blood 
counts improve so much that they do not need transfusions.  In addition side effects are 
less likely to develop.  Special attention should be paid to the stage of adjustment when 
the haematocrit achieves the level of around 25% because in these cases increasing the 
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antihypertensive drug doses may become necessary”. 
Citation  
NCC CC ID (Ref Man) 433 
 
 
 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Barany P, Clyne N, Hylander B, Johansson AC, Simonsen O, Larsson R et al. Subcutaneous 

epoetin beta in renal anemia: an open multicenter dose titration study of patients on 
continuous peritoneal dialysis. Peritoneal Dialysis International 1995;15:54-60. 

Study type Prospective longitudinal study 
Evidence level 3+ 
Study objective To establish dose requirements and safety of s.c. administered Epoetin beta in CAPD 

patients 
Number of patients N=45 started, but N=38 completed 6 months and N=21 completed 12 months 
Patient characteristics Inclusion criteria: 

 Hb <90 g/l 
 CAPD 3 months 
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Exclusion criteria: 
 Malignancy 
 Epilepsy 
 Poorly controlled hypertension 
 Recent MI 
 Acute infection 

 
 
Age  43 
Sex (male/female) 24/21 
No. of diabetics 7 
No. of transfusions 
(units/year)* 

2.9 ± 0.6 

No. with residual renal 
function  

16 (CCr 2.4 ± 0.4 ml/min; range 0.5-6.0 
ml/min) 

Time on CAPD (months) 23 ± 5 
Correction time (months) 4.9 ± 0.5 

Values are mean ± SEM 
* 1 year prior to study entry 
 

Intervention  After a 2-week pre-treatment period (details not given by the authors), Epoetin beta 60 
IU/kg/week s.c. in 3 divided doses 

 The dose was increased by 60 IU/kg/week after 10 weeks, and when necessary every 4th 
week in patients with Hb <100 g/l. The dose was increased earlier if the patients required 
RBC transfusion. Target Hb was 100-120 g/l 

 The maintenance phase started when patients reached Hb >100 g/l for 2 successive 
weeks. In this phase, dose was adjusted according to the respective investigator’s 
judgement, to maintain stable Hb levels at 100-120 g/l 

 If the Hb exceeded 130 g/l, the dose was reduced by 30 IU/kg/week 
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 Oral iron substitution was recommended to patients with low or normal serum ferritin 
concentrations (low or normal not defined by the authors) 

Comparison N/A 
Length of follow-up  Study duration 6 months for N=38 

 Study duration 12 months for N=21 
Outcome measures  Hb response and Epoetin requirements 
Effect size Withdrawal 

 Within the first 6 months, 7 withdrawals were due to suspect minor stroke (N=1); 
psychiatric illness and non-compliance (N=1); received kidney graft (N=2); switched to 
haemodialysis (N=2); bladder cancer diagnosis (N=1) 

 During the second 6-month period, 17 withdrawals were due to received kidney graft 
(N=5), switched to haemodialysis (N=7), died due to MI (N=2), oesophageal cancer 
diagnosis (N=1), nausea and vomiting (N=1), lost to follow-up (N=1) 

 
 
Hb response and Epoetin requirements 
 

 Target Hb was achieved by 26 of 43 patients in the first 6 months and 8 of 38 during the 
second 6-month period 

 Average period of time to achieve target Hb was 21 ± 2 weeks 
 N=9 required blood transfusions during the study period, N=2 during the first month and 

N=7 due to intercurrent illness 
 N=13 (30%) had a poor response to EPO; defined as change in Hb concentration <10 g/l 

during the first 6 months of the study—these results have been evaluated in a separate 
analysis 
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 Patients without 

infection/haemorrhage 
N=20 

Patients with 
infection/haemorrhage
N=23 

P 

Hb (g/l) at 3 months 100 ± 4 87 ± 2 <0.01 
Hb (g/dl) at 6 months 102 ± 4 96 ± 4 NS 
EPO dose at 3 
months (IU/kg/week) 

Unclear ~90 Unclear ~90 NS 

EPO dose at 6 
months (IU/kg/week) 

93 ± 14 143 ± 12 <0.01 

N.B. at 6 months N=17 vs. N=20 respectively  
 
 
 
Patients were divided according to Hb level at baseline 
 
 Hb ≤75 g/l 

N=21 
Hb >75 g/l 
N=22 

P 

Correction time 
(months) 

6.7 ± 0.6 3.7 ± 0.5 <0.001 

Correction time=time to target Hb  
 The rate of Hb increase within the 2 groups was similar 
 EPO dose was only significantly different at 12 months (P<0.01), N=10 vs. N=11 

respectively  
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Blood pressure and Iron levels 
 
 N T=baseline N T=3 

months 
N T=6 

months
N T=12 

months
Systolic 
BP 
(mmHg) 

36 150 ± 3 33 151 ± 
4 

28 147 ± 
5 

14 151 ± 
5 

Diastolic 
BP 
(mmHg) 

36 83 ± 2 33 85 ± 2 28 82 ± 2 14 88 ± 3 

Serum 
ferritin 
(μg/l) 

40 482 ± 110 37 255.0 
± 5.6** 

27 266 ± 
56 

16 319 ± 
116 

TSAT 
(%) 

34 24 ± 3 29 16.0 ± 
1** 

28 19 ± 2 14 25 ± 3 

Values are mean ± SEM 
**P<0.01, 3 months vs. time 0 
 
 

Source of funding Pharmaceutical company 
Additional comments  N=9 required blood transfusions during the study period 

 Iron levels during month 3 dropped when compared to baseline 
Citation  
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NCC CC ID (Ref Man) 1789 
 
 
 
 
 
 
 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 
correct anaemia? 
 
Bibliographic reference  Conlon PJ, Kovalik E, Schumm D, Minda S, Schwab SJ. Normalization of hematocrit in 

hemodialysis patients with cardiac disease does not increase blood pressure. Renal Failure 
2000;22:435-44.  

Study type Randomised controlled trial 
Evidence level 2+ 
Study objective To determine if the correction of anaemia in end-stage renal disease (ESRD) patients with 

cardiac disease from a hematocrit of 30±3% to 42±3% with the use of Epoetin alfa would 
result in increased blood pressure. 

 This was a sub-study of the Normal Haematocrit study 
Number of patients N=35 patients with end-stage renal disease 
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Location: USA                    sites: single 

Patient characteristics Inclusion criteria: 
 Clinical evidence of congestive heart failure or ischemic heart disease, pre-dialysis systolic 

blood pressure below 160 mmHg and a pre-dialysis diastolic blood pressure below 100 
mmHg during the 4 weeks prior to enrolment, a stable hematocrit of 30±3% for 4 weeks 
prior to enrolment. 

Exclusion criteria:  
 None stated 

 
60 patients were recruited, 35 were enrolled into the study. 26 patients were on anti-
hypertensive medications at the time of the study. 
Characteristics Group A (n=15) Group B (N=16) 
Age 53.1 ± 12 56.2 ± 13 
Male 56 % 53 % 
Black 85 % 71 % 
Time on dialysis (months) 18 ± 3 14.6 ± 8 

 
 
 

Intervention Group A: hematocrit was increased with use of slowly escalating doses of epoetin alfa to 
42±3%.  
 

 Frequent assessment of iron stores and use of intravenous iron preparation in order to 
maintain adequate iron supply.  

 Adjustment of antihypertensive medications was performed according to individual patient 
needs. 

Comparison Group B: hematocrit was maintained at 30±3% throughout study 
Length of follow-up 28 weeks study duration 
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Outcome measures  Hematocrit levels, EPO dose, blood pressure, and medication alterations 
Effect size At entry: 

 Group A: hematocrit 29.1 ± 2.4% and receiving 4800 ± 1176 U of EPO after dialysis 
 Group B: hematocrit 29.1 ± 2.1 g/dL and receiving 3365 ± 2800 U of EPO per treatment 
 Neither the hematocrit nor EPO dose were significantly different between groups at entry 

 
At 28 weeks: 

 The mean hematocrit in group A was 40.8 ± 5.2% and patients were receiving a mean of 
14400 ± 5883 U EPO per treatment 

 Group B: mean hematocrit of 30 ± 4.3 and were receiving 6100 ± 5000 U of EPO per 
treatment 

(P value not provided by the authors) 
 

 There were no significant differences between mean daytime systolic or diastolic BP and 
mean nighttime systolic or diastolic BP between Group A and Group B either at baseline or 
follow-up 

 
 N=10 patients in group A and N=11 patients in group B completed the study without 

changes to their antihypertensive medications 
 4 patients in each group required increases in their antihypertensive regimen 
 1 patient in each group required decreases in their antihypertensive regimen 

 
Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1792 
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Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 

correct anaemia? 
 
Bibliographic reference  Kaufman JS, Reda DJ, Fye CL, Goldfarb DS, Henderson WG, Kleinman JG et al. 

Subcutaneous compared with intravenous epoetin in patients receiving hemodialysis. 
Department of Veterans Affairs Cooperative Study Group on Erythropoietin in Hemodialysis 
Patients.[see comment]. New England Journal of Medicine 1998;339:578-83.  

Study type Randomised Controlled Trial, open-label design 
Evidence level 1++ 
Study objective To compare the intravenous (IV) route of administration of EPO with the subcutaneous (SC) 

route in terms of the dose required to maintain a target haematocrit value 30 to 33% for 26 
weeks in HD patients, administered 3 times weekly. 

Number of patients N=208, but N=138 completed the study  
 

 N= 101 IV, but N=63 completed the study 
 N= 107 SC, but N=75 completed the study 

 
 Multisite study in 24 HD units in USA 

Patient characteristics Inclusion criteria: 
 Patients with end-stage renal disease treated by haemodialysis for at least 6 months 

and who had received EPO for at least 3 months before entry.   All patients were 
required to have a haemotocrit of 30 to 33 percent while receiving EPO 
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subcutaneously or intravenously thrice weekly during the week before randomisation.  
If a patient’s haemocrit value was outside the target range at the initial screening or the 
patient was receiving EPO fewer than three times per week, the dose was adjusted 
before randomisation.  The patients were also required to have a serum ferritin 
concentration of more than 100ng/ml and a transferrin-saturation value of more than 
20%.   

 
 
 
Exclusion criteria: 

 Patients in whom EPO therapy might be unsafe(e.g. uncontrolled hypertension) and 
those who might not have a response to the usual doses (e.g. acute inflammatory 
disease or infection, known haematologic disorder or GI bleeding).  Also those who 
were unusually sensitive or resistant to EPO – those requiring a dose of less than 30 U 
per kg of body weight per week or more than 500 U per kg per week respectively. 

 
Characteristic SC Group (N=107) IV Group (N=101) P Value 
Age (yr) 60 ± 13 61 ± 13 0.48 
Male sex (no) 105 100 1.00 
Weight (kg) 78.6 ± 15.4 73.5 ± 15.6 0.02 
Duration of dialysis 
(yr) 

3.0 ± 2.6 4.4 ± 4.9 0.01 

Duration of EPO (yr) 2.0 ± 1.5 2.4 ± 1.5 0.09 
SC EPO therapy (%) 71 70 1.0 
Dose of EPO 
(U/kg/wk) 

117 ± 84 122 ± 79 0.62 

Haematocrit (%) 31.6 ± 1.0 31.7 ± 1.2 0.53 
Serum ferritin (ng/ml) 297 ± 196 305 ± 250 0.78 
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Intervention N=107 SC Group  EPO three times weekly SC.   
 
Epoetin Regimen: 

 After randomisation all patients had their EPO doses reduced by 50% but by no more than 
60 U/kg/week, every 6 weeks until the haematocrit was below 30% for two consecutive 
weeks. 

 The dose was then increased by 30 U/kg/week every 4 weeks until the haematocrit was at 
least 30% for two consecutive weeks.   

 The patients then entered the 26 week maintenance phase in which the dose of EPO was 
adjusted according to a specific algorithm to maintain the haematocrit in the range of 30 to 
33%. 

 Haematocrit was measured weekly and if 2 consecutive values were outside the target 
range, the dose was modified by 30 U/kg/week, being increased if Hct <30% and 
increased if Hct >33% 

 Patients were kept iron replete: serum ferritin <100 ng/ml alone or in combination with 
TSAT <20% received parenteral iron 

 
Comparison N=101 IV Group EPO three times weekly IV.   

 See “intervention” above for details on Epoetin regimen. 
Length of follow-up See “intervention”.  The mean length of time in the study was 48 ± 20 weeks in the IV group 

and 46 ± 17 weeks in the SC group (p=0.46). 
Outcome measures  Dose of EPO.  A meaningful change in the dose of EPO was defined as an increase or a 

decrease of more than 30 U per kg per week because this value corresponded to one 
dose change in the dosing algorithm. 

 Assessment of discomfort.  The patients rated the level of discomfort using a visual 
analogue scale consisting of a 100mm line on which 0mm indicated the absence of pain 
and 100mm severe pain.  The patients also rated pain using a 7 category descriptive scale 
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(non pain, very mild pain, mild pain, not very severe pain, quite severe pain, very severe 
pain, almost unbearable pain). 

Effect size Study withdrawal 
 32 patients were withdrawn from the SC group and 38 from the IV group.  Main reasons 

for withdrawal were study terminated before patient completed maintenance phase [N=3 
(SC) and N=9 (IV)], death [N=11 (SC) and N=8 (IV)] and no need for further EPO therapy 
[N=7 (SC) and N=5 (IV)]. 

 
Hb/Hct levels and EPO dose 

 During the maintenance phase the average Hb and Hct were similar in both groups 
(p=NS) 

 The average weekly dose of EPO, however, was 32% lower in the SC therapy group than 
in the IV group. 

 When the analysis was restricted to the 138 patients who completed the 26-week 
maintenance phase, the average dose in the SC group (104 ± 60 U per kg/wk; 75 patients) 
was 27% less (p<0.001) than that in the intravenous-therapy group  (142 ± 72 U per 
kg/wk; 63 patients). 

 
 
 
 
 
 
 
Results during the maintenance phase 
Variable SC therapy 

(N=107) 
IV therapy 
(N=101) 

P value 

Weekly maintenance dose of    
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EPO 
Average (U/kg/wk) 
Average (U/wk) 

95.1 ± 75.0 
7397 ± 6139 

140.3 ± 88.5 
10,068 ± 6334 

<0.001 
0.002 

Average haemocrit (%) 31.3 ± 2.9 31.1 ± 2.5 0.6 
Average haemoglobin (g/dl) 10.4 ± 1.0 10.3 ± 0.9 0.21 

Values are mean ± SD 
 
 
RBC transfusions 

 During the maintenance phase, nine patients in the IV group (12%) received a total of 78 
units of packed red cells and seven patients in the SC therapy group (9%) received a total 
of 79 units (p=0.61). 

 
Iron administration 

 84% of the patients in the IV group and 83% in the SC group received at least one course 
(1000mg) of intravenous iron dextran.  The average total amounts of iron administered 
during all phases of the study were not significantly different between the two groups 
(1683 ± 1280 mg per patient in the IV group and 1765 ± 1342 mg per patient in the SC 
group, p=0.65). 

 
Sub-analyses 

 Of the patients who switched from IV to SC therapy, 58% had a reduction in the EPO dose 
during the study and 23% an increase.  The corresponding values for the patients who 
switched from SC to IV therapy were 28% and 49%.   

 Of the patients who received EPO SC before and during the study, 34% had a reduction in 
the dose during the study and 20% an increase.  The respective numbers for the patients 
who received EPO IV before and during the study were 30% and 23% 
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Assessment of discomfort 

 All the patients in the IV group and half the patients in the SC group assessed the 
level of discomfort during the entire dialysis procedure.   

 The scores were similar in the 2 groups (visual analogue score 25 ± 21 in the IV group 
and 22 ± 22 in the SC group, p=0.2); percentage with verbal descriptive score of quite 
severe or worse, 8% in each group, p=0.27).  Of the patients in the SC group who 
assessed the level of discomfort associated with SC injection, most (86%) gave a rating of 
no pain, very mild pain or mild pain.  Only one patient withdrew from the study because of 
discomfort from SC injection. 

 
Source of funding Pharmaceutical companies 
Citation  
NCC CC ID (Ref Man) 1687 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 

correct anaemia? 
 
Bibliographic reference  Virot JS, Janin G, Guillaumie J, Michel P, Dubot P, Chevet D et al. Must erythropoietin be 

injected by the subcutaneous route for every hemodialyzed patient? American Journal of 
Kidney Diseases 1996;28:400-8.  

Study type Randomised Controlled Trial 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Evidence level 1++ 
Study objective To evaluate the efficacy and tolerance of routes of EPO administration in haemodialysed 

patients on maintenance phase of treatment, to determine the usefulness of replacing the IV 
route with the SC route in all of them 

Number of patients N=49 
Patient characteristics Inclusion criteria: 

 Chronic maintenance haemodialysis three times a week in hospital and treatment by EPO 
for at least 6 months by the IV route.  Stabilisation of anaemia had to be obtained at 
inclusion with a stabilization of EPO needs over more than 4 weeks. 

 
Exclusion criteria: 

 Evolutive newplasias, uncontrolled hypertension, uncontrolled comitiality, bone marrow 
dysfunction, chronic ethylism, pregnancy, hemoglobinopathy, acute or chronic hepatitis, 
acquired immune deficiency syndrome (AIDS) chronic inflammatory syndrome, androgen 
therapy, immunosuppressive therapy. 

 
 
 
 
 
 
 
 
 
Parameter SC group IV group 
Sex (m/f) 15/9 12/13 
Mean age, years (range) 65 (23 to 84) 16 (28 to 79) 
Previous hypertension (%) 12 (50%) 14 (56%) 
Mean weekly dialysis 11.4 ± 1.85  12 ± 1.63  
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duration (h/wk) 
Haemoglobin concentration 
(g/dL) 

9.9 ± 0.86 9.6 ± 0.73 

Haematocrit (%) 29.2 ± 2.52 29.1 ± 2.51 
Ferritin (ug/L) 478 ± 393 525 ± 542 

 
 
 

Intervention Changed to SC Group N=24.   
 Patients were divided into three strata (N=4 >150 U/kg/wk, N=7 100 to 150 U/kg/week and 

N=13 <100 U/kg/week) according to their preliminary consumption of EPO by the IV route 
to ensure approximately equal numbers in each group.  

 In both groups the objective was to maintain a stable haemoglobin level, ranging from 9 to 
10 g/dL. 

Comparison Stayed in IV Group N=25.  
Patients were divided into three strata (N=4 >150 U/kg/wk, N=5 100 to 150 U/kg/week and 
N=16 <100 U/kg/week) 

Length of follow-up Study duration 4 months 
Outcome measures Haemoglobin level evolution and EPO needs 

Hypertension 
Effect size Haemoglobin level evolution and EPO needs 

 
 Mean Hb levels were stable and remained equivalent in both groups at the end of the 

study: 9.9 ± 1.2 g/dl in the IV group vs. 9.7 ± 1.2 g/dl in the SC group 
 For an identical efficacy, EPO needs were lesser using SC route (84 U/Kg/week) than the 

IV route (112 U/kg/ week) (p=0.02).  However when the strata were studied it transpired 
that this benefit existed only for consumers having the highest needs (>150 U/kg/wk) and 
not for the others. 
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Stratum Time SC group (mean 

consumption) 
IV group 
(mean 
consumption) 

Statistical 
difference

>150 U/kg/wk Day 0 N=4 
217 ± 55 

N=4 
253 ± 112 

NS 

 Day 120 N=4 
138 ± 105 

N=4 
255 ± 131 

P<0.01 

100 to 150 U/kg/week Day 0 N=5 
115 ± 16 

N=7 
114 ± 21 

NS 

 Day 120 N=5 
104 ± 34 

N=7 
127 ± 55 

NS 

<100 U/kg/week Day 0 N=16 
52 ± 26 

N=13 
64 ± 7 

NS 

 Day 120 N=16 
58 ± 43 

N=13 
69 ± 45 

NS 

Whole group Day 0 N=25 
98 ± 68 

N=24 
106 ± 84 

NS 

 Day 120 N=25 
84 ± 62 

N=24 
112 ± 95 

P=0.02 

 
 Two patients in the IV group versus one in the SC group (NS) were treated first for 

hypertension.  Their blood pressure increased during the study.  In every case the authors 
were able to control high blood pressure easily by increasing antihypertensive drug doses. 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1686 
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Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 

correct anaemia? 
 
Bibliographic reference  Muirhead N, Churchill DN, Goldstein M, Nadler SP, Posen G, Wong C et al. Comparison of 

subcutaneous and intravenous recombinant human erythropoietin for anemia in hemodialysis 
patients with significant comorbid disease. American Journal of Nephrology  1992;12:303-10.  

Study type Randomised controlled trial 
Evidence level 1+  
Study objective To document the safety, efficacy and quality of life benefits associated with rHuEPO therapy 

in this patient population and to compare the effect of route of administration of rHuEPO 
(subcutaneous versus intravenous) on these outcomes. 

Number of patients N=128 patients 
N=64 subcutaneous group (SC) 
N=64 intravenous group (IV) 

 N=83 patients completed the study- 45 in SC group and 38 in IV group 
Location: Canada               sites: single 

Patient characteristics Inclusion criteria: 
 Age > 18 years and mean haemodialysis of <95 g/L in the 3 months prior to the study and 

presence of one or more comorbid conditions. All patients had been clinically stable on 
haemodialysis for a minimum of 3 months at study entry. 

 
Exclusion criteria: 
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 Patients with anaemia from causes other than presumed EPO deficiency, those with 
uncontrolled hyperkalemia or hypertension (diastolic BP > 100 mmHg), acute illness within 
7 days of study entry and unwillingness to consent to subcutaneous injections. All patients 
had been ineligible for prior studies of rHuEPO in Canadian haemodialysis patients 
because of comorbid illness. 

 
 
 
 
Characteristics Subcutaneous 

(n=64) 
Intravenous 
(n=64) 

Age, years 58.4 ± 15.8 57.6 ± 17.0 
Sex, M:F 30: 34 40 : 24 
Duration of ESRD 3.9 ± 3.9 4.5 ± 4.4 
Duration of dialysis, years 2.6 ± 2.7 3.3 ± 3.7 
Number transfused in prior 3 
months 

36 36 

 
There were no significant differences between the groups in mean age, height, body weight or 
race. There were no significant differences between the groups in the duration of ESRD or 
duration of haemodialysis. 

Intervention  RHuEPO starting at 50 U/kg 3x weekly by subcutaneous injection following haemodialysis. 
 

 Following collection of baseline data patients entered a 4-week single-blinded placebo 
“run-in” period, following which all of the baseline studies were repeated.  

 At the end of the placebo run-in period patients entered the active treatment phase where 
rHuEPO was given according to the randomly allocated route of administration.  

 During a period of 8-12 weeks the rHuEPO dose was titrated in increments of 25-
50U/kg/dose every 4-weeks to achieve a stable haemoglobin level between 105 and 125 
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g/L with a minimum increase of 20g/L and a maximum increase of 50 g/L from baseline. 
 Once patients had maintained Hb target for 4 consecutive weeks, they entered the final 

24-week follow-up period 
Comparison RHuEPO starting at 50 U/kg 3x weekly by intravenous route of administration (for more 

details see above) 
Length of follow-up 8-24-week active treatment duration and 24-week follow-up period 
Outcome measures  Quality of life measured using a disease-specific questionnaire, the Kidney Disease 

Questionnaire. Consists of 26 questions grouped in 5 dimensions (physical symptoms, 
fatigue, relationships with others, frustration and depression). Each question is scored on 
a 7-point Likert scale with 7 indicating no problem and 1 a severe problem.  

 RHuEPO dose requirements 
Effect size 

Withdrawals 
 83 patients completed the study- 45 in SC group and 38 in IV group 
 5 patients withdrew during the placebo run-in period so that 123 patients (61 SC and 62 

IV) entered the active phase 
 Main cause of withdrawal was failure to achieve target haemoglobin in 18 patients 

 
 
Reason for withdrawal Subcutaneous Intravenous
Failure to reach target 6* 12 
Died** 3 8 
Transplant 2 2 
Transfer to non-study hospital 2 1 
Transfer to CAPD 1 0 
Personal reasons 2 1 
Refused subcutaneous 
injections 

2 - 

Carcinoma of colon 1 0 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Non-compliance 0 1 
Leg swelling 1 0 
 * Includes one patient who was kept below target by physician 
 ** Includes 4 patients who died following cessation of therapy 
 11 patients died, 7 during the study proper and  4 after withdrawal from study 
 Causes of death during study: congestive heart failure (2), cardiac arrest (2), myocardial 

infarction (1), refeeding hypophosphatemia with cardiac arrest (1) and a perforated viscus 
(1) 

 Causes of death after withdrawal: stroke (2), sepsis and gangrene following withdrawal of 
dialysis (1), pericardial effusion (1) 

 Both patients who died from stroke suffered from stoke during the placebo run-in period 
 
 
 
 
 
 
 

Haematologic response 
 Mean haemoglobin and hematocrit rose in both the subcutaneous and intravenous groups 

but did not differ significantly between groups at any time point 
 
 After run-in After stabilization 24-week follow-up 
 SC IV SC IV SC IV 
N 61 62 49 45 45 36 
Haemoglobin, 
g/L 

80.1 ± 
13.7 

77.4 ± 
15.3 

117.8 ± 8.1 114.8 ± 
7.7 

109.3 ± 
10.5 

111.6 ± 
11.4 

Hematocrit, 23.7 ± 4.2 23.2 ± 5.0 35.5 ± 2.6 34.5 ± 2.4 32.7 ± 3.0 33.6 ± 3.6 
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% 
Reticulocytes 47.4 ± 

28.2 
40.3 ± 
25.7 

81.0 ± 69.9 68.2 ± 
33.7 

71.1 ± 
44.2 

66.0 ± 
37.1 

RHuEPO 
dose, 
U/kg/week 

- - 205.9 ± 
135.4 

274.1 ± 
142.4 * 

147.1 ± 
113.5 

183.9 ± 
129.4 

 
*P=0.019 vs. subcutaneous 

 Time to initial haemoglobin target was 9.9 ± 4.5 weeks for the sc group and 11.9± 4.9 
weeks for the IV group (p=0.037)  

 The duration of stabilisation period was shorter for the sc group at 14.9 ± 4.7 weeks 
compared to 17.3 ± 3.9 weeks for the IV group (0.006) 

 18 patients did not achieve or maintain their stable haemoglobin target 
 123 patients began active treatment and only 7 failed to respond 
 No significant effects of the presence of specific comorbid conditions (except on rHuEPO 

responsiveness amongst 26 diabetic patients who had a significant increase in rHuEPO 
dose  

 Requirements at all time points. 
 
Kidney Disease Questionnaire  

 Statistically significant improvements in physical and fatigue outcomes of the KDQ and 
global physical KDQ score were seen in both groups combined following rHuEPO therapy 

 There were no differences in quality of life scores between groups at any point in time 
 
 

After run-in After stabilization 24-week follow-up  
SC IV SC IV SC IV 

N 59 58 49 46 44 37 
Physical 4.3 ± 1.2 4.3 ± 1.1 5.0 ± 1.2 * 5.0 ± 1.0* 5.2 ± 1.2* 5.3 ± 1.1* 
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Fatigue 4.5 ± 1.4 4.3 ± 1.4 5.1 ± 1.3 * 5.0 ± 1.4* 5.0 ± 1.4* 5.1 ± 1.3 * 
Relationships 5.2 ± 1.0 4.9 ± 1.2 5.3 ± 1.2 5.3 ± 1.1 5.4 ± 1.3 5.4 ± 1.2 
Depression  5.1 ± 1.4 5.0 ± 1.4 5.3 ± 1.3 5.5 ± 1.3 5.4 ± 1.3 5.3 ± 1.4 
Frustration 5.3 ± 1.3 4.9 ± 1.5 5.3 ± 1.3 5.3 ± 1.5 5.4 ± 1.3 5.2 ± 1.5 
Global 
physical 

4.5 ± 1.2 4.4 ± 1.2 5.1 ± 1.2 5.1 ± 1.1 5.1 ± 1.3 5.1 ± 1.1 

Global 
emotional 

5.2 ± 1.1 4.9 ± 1.2 5.3 ± 1.2 5.4 ± 1.1 5.4 ± 1.2 5.3 ± 1.2 

 
Adverse events 
Event SC (n=) IV (n=) 
Seizure   

Placebo run-
in 

0 0 

On therapy 4 1 
Serious hypertension   

Placebo run-
in 

4 1 

On therapy 18 22 
Thrombotic events   

Placebo run-
in 

4 4 

On therapy 24 30 
Subcutaneous pain   

Placebo run-
in 

20 0 

On therapy 11 0 
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Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 31 
 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to correct 

anaemia? 
 

Bibliographic reference  De Schoenmakere G, Lameire N, Dhondt A, Van Loo A, Van der GJ, Duym P et al. The 
haematopoietic effect of recombinant human erythropoietin in haemodialysis is independent of 
the mode of administration (i.v. or s.c.). Nephrology Dialysis Transplantation 1998;13:1770-5.  

Study type Randomised controlled trial, open-label, parallel design 
Evidence level 1+ 
Study objective To examine prospectively whether the conversion from subcutaneous (s.c.) to intravenous (i.v.) 

rHuEpo administration influences the haematological parameters and rHuEpo dosage, provided 
adequate iron status was maintained.  

Number of patients N=18 patients completed the study (N=30 started)  
 N=11 converted from s.c. to i.v. group  
 N=7 non-conversion group (s.c.)  

 
Location: Belgium         sites: single 
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Patient characteristics Inclusion criteria: 
 Patients older than 18 years, on a regular haemodialysis schedule, treated with s.c. rHuEpo 

and with a stable hematocrit between 28 and 36% for at least 3 months. 
 
Exclusion criteria: 

 Patients with polycystic kidney disease, chronic inflammatory disease, bleeding disorders 
and chronic drug therapy interfering with coagulation. 

 
From all patients under treatment in the University haemodialysis unit (n=60) 30 conformed to 
these criteria. 
 
 

Characteristics Conversion group (n=11) Non-conversion group (n=7) 
Male/ female 5/6 3 / 4 
Age (years) 61 ± 17.4 65 ±  11.5 
Time on haemodialysis (years) 1.1 ± 0.87 2.1 ± 2.96 
PCR (mg/(kg.24)) 0.9 ± 0.25 1.0 ± 0.24 
Ratio of total urea clearance 
over its distribution volume 
(Kt/V ) 

1.1 ± 0.21 1.3 ± 0.22 

Residual creatinine clearance 
(ml/min) 

0.2 ± 0.31 2.2 ± 2.72 

Primary diagnosis of studied 
patients 

Chronic interstitial nephritis 
(5), renovascular disease (3) 
IgA neuropathy (2) Chronic 
glomerulonephritis 

Chronic interstitial nephritis 
(3), renovascular disease (3) 
Chronic glomerulonephritis 
(1) 

Drop-out criteria were defined as: death, renal transplantation, transition to continuous 
ambulatory peritoneal dialysis (CAPD), major surgery necessitating hospitalization > 1 week, 
and transfer to another dialysis centre. Acute infectious episodes were not considered a reason 
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for withdrawal. 
Intervention Conversion to i.v: received 6 months rHuEpo s.c. therapy before being converted to 6 months of 

i.v rHuEpo.  
 

 Both s.c. and i.v. rHuEpo were administered 3x weekly, at the end of the dialysis session.  
 Doses were revised monthly to attempt to pursue the hematocrit levels between 28 and 

36%. 
Comparison No conversion: received 12 months of rHuEpo s.c. 
Length of follow-up 12 month trial duration 
Outcome measures Mean dose, hematocrit levels, red blood cell counts, total iron binding capacity (TIBC), serum 

ferritin, and transferrin saturation (TS) 
Effect size  There were no significant differences in gender, age, time since start of haemodialysis, PCR, 

Kt/V and Ccrea between both groups when considering only patients who completed the 
study. 

 
Mean dose: 

 Overall mean doses per injection in conversion group before and after time point 0 (point of 
conversion) were 44.0 ± 1.8 and 45.4 ± 4.7 U/kg/injection respectively (P=NS) 

 In the non-conversion group these average were: 32.9 ± 4.2 and 39.6 ± 7.0 U/kg/injection 
respectively (P=NS) 

 The weight-standardised rHuEpo doses at monthly intervals showed no differences between 
groups at similar time points 

 When compared to time 0 (point of conversion), all other time points in conversion group 
showed no significant differences 

 In the non-conversion group the dose was significantly higher at 3 and 4 months after time 
point 0 (p≤0.05) 

 The cumulative rHuEpo doses over the whole study period for both groups showed no 
significant differences 
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Hematocrit 
 The overall mean hematocrits were similar between conversion and non-conversion groups 

in the period preceding time point 0 (32.9 ± 1.1 % vs. 31.4 ± 1.6%) and 6 months after time 
point 0 (31.5 ± 0.5% vs. 31.1 ± 0.9%) 

 Hematocrits were similar at each time point for both groups (p>0.05) 
 For the conversion group the hematocrit values at all time points compared to the moment of 

the switch showed no difference 
 In the non-conversion group hematocrit were lower at time points –6, -5 (- denoted before 

switch) and 2 months (p≤ 0.05) than time point 0 
 A similar pattern was seen for red blood cell counts 

 
Ferritin 

 The overall mean ferritin in the conversion group was 219 ± 49 ng/ml and 224 ± 25 before 
and after conversion (non-significant) 

 In the non-conversion group values of 230±83 ng/ml before and 236±52 ng/ml after time 
point 0 were observed 

 Monthly iron status parameters were not different between groups, except for isolated higher 
serum ferritin in conversion group 4 months after the switch 

 No differences in iron status parameters were observed in the conversion group compared 
to time 0 

 In the non-conversion group significance was observed for TIBC at time points –1,2 and 5 
and for ferritin at time points –2 and –1 (p<0.05) 

 CRP, serum protein, albumin, PTH and vitamin B12, intracellular and extracellular folic acid 
and aluminium were not different in both groups 

 
Other: 

 Comparison of drug intake demonstrated a similar number of patients treated by ACE-
inhibitors (3 vs. 2); there were no patients treated with co-trimoxazole and theophylline 

 There was no significant difference in the number of infectious episodes between conversion 
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and non-conversion groups during the entire study period (4 and 2 respectively) 
 Aluminium mobilisation tests with desferrioxamine were negative in all patients of the two 

groups 
 Mean aluminium levels before and 44h after desferrioxamine were comparable 

 
Withdrawals 

 Conversion group (4/15= 27%):  
 Reasons: death (n=2), major surgery (n=1), and transfer to another dialysis centre n=1) 
 Non-conversion group (8/15= 53%):  
 Reasons: renal transplantation (n=3), death (n=2), transfer to another centre (n=2), and 

major surgery (n=1) 
Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 61 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors determine the dose and frequency of ESA required to correct anaemia? 

 
Bibliographic reference  Parker KP, Mitch WE, Stivelman JC, Macon EJ, Bailey JL, Sands JM. Safety and efficacy of 

low-dose subcutaneous erythropoietin in hemodialysis patients. Journal of the American 
Society of Nephrology 1997;8:288-93.  

Study type Cohort study  
Evidence level 2+ 
Study objective To determine if once-weekly s.c. EPO would maintain Hct levels as well as therapy with i.v. 
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EPO, but with a substantial reduction in the amount (and thus cost) of EPO 
Number of patients  Experimental group: N=44 entered the study but N=27 completed the study 

 Control group: N=27 matched for age, gender and primary nephrologic diagnosis but not 
for haematological values 

Patient characteristics Inclusion criteria: 
 >18 years old 
 HD 3 times a week for at least 6 months 
 Stable Hct 
 Willing to change to therapy by the s.c. route 
 Predialysis serum urea nitrogen (SUN) <100 mg/dl 
 Diastolic BP <95 mmHg (measured at dry weight)  

 
Exclusion criteria: 

 Disorders known to affect the physiological response to EPO e.g. active lupus 
erythematosus, malignancy, persistent infection, sickle cell disease, hyperparathyroidism 
(iPTH >1,500 pg/ml), aluminium toxicity requiring desferoxamine therapy 

 
 
 
 
 
 Experimental  Control  
Age (mean ± SEM) 55.0 ± 2.5 56.3 ± 2.5 
Gender 
Male  
Female  

 
18 
9 

 
18 
9 

Nephrologic diagnosis 
Hypertension 
Diabetes mellitus 

 
12 
12 

 
15 
11 
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14 Other diagnoses  3 1 
 
 
 
 

Intervention The study was divided into 3 phases: 
 Phase I (6 months): standard i.v. at each dialysis (3 times a week) 
 Phase II (12 months): weekly s.c. at 1/3rd the weekly i.v. dose, determined during Phase I 
 Phase III (6 months): standard i.v. at each dialysis (3 times a week) 

 
EPO doses were calculated as follows in both the experimental and comparator groups: 

 Phase I: a sliding scale based on Hct level with increased doses given at Hct <34% 
 Phase II: any increase or decrease in EPO dose was given only once a week s.c. at 

roughly a third of the weekly i.v. dose. No EPO was admninistered if Hct ≥35% 
 

 I.v. iron dextran was adminstered to maintain TSAT ≥20% 
Comparison Standard i.v. at each dialysis (3 times a week) 

 
 These patients were matched during Phase II of the study for age, gender and primary 

renal diagnosis, but not for haematological values 
Length of follow-up Study duration 22 months 
Outcome measures  EPO dose 

 Hct 
 Iron levels 
 Mean arterial BP 

Effect size Withdrawal from the study 
Dissatisfaction with the Tx, primarily due to stinging at the injection site (N=7); died or 
transplanted (N=4); clerical error (N=2); Tx failure (N=1); not accounted for by the authors 
(N=11) 
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Hct 
 
 
Experimental group, 
N=27 

Phase I (6 
months) 
i.v. 

Phase II (10 
months) 
s.c. at 1/3rd the 
dose 

Phase III (6 
months) 
i.v. 

Hct/EPO    
Hct (%) 30.5 ± 0.6 31.0 ± 0.9 33.4 ± 0.9b 
EPO dose 
(U/kg/week) 

103 ± 4 33 ± 5b 115 ± 5 

EPO doses/month 7.2 ± 0.8 2.4 ± 0.3b 9.3 ± 0.8 
EPO dose/month 
(U/kg) 

246  79b 356 

    
Iron     
i.v. iron dose 
(mg/month) 

135 ± 23 85 ± 14 113 ± 24 

TSAT (%) 22.2 ± 1.1 24.3 ± 1.1 23.5 ± 1.0 
Ferritin (ng/ml) 359 ± 68 328 ± 82 236 ± 48 
    
Blood pressure     
Systolic  154 ± 4 156 ± 4 158 ± 4 
Diastolic  83 ± 2 82 ± 2 84 ± 3 
MAP 106 ± 3 107 ± 3 108 ± 3 

Values are mean ± SEM 
bP<0.05 vs. Phase I 
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Control group, N=27 Phase I (6 months) 
i.v. 

Phase II (10 months) 
s.c. at 1/3rd the dose 

Phase III (6 
months) 
i.v. 

Hct/EPO    
Hct (%) 28.8 ± 0.7 28.9 ± 0.9 30.5 ± 1.1 
EPO dose 
(U/kg/week) 

132 ± 4 132 ± 5b 163 ± 7 

EPO doses/month 8.4 ± 0.8 8.1 ± 0.9b 9.9 ± 0.7 
EPO dose/month 
(U/kg) 

370 354b 536 

    
Iron     
i.v. iron dose 
(mg/month) 

107 ± 23 93 ± 14 135 ± 25 

TSAT (%) 22.1 ± 1.1 24.8 ± 1.2C 24.7 ± 1.4 
Ferritin (ng/ml) 341 ± 79 283 ± 64 272 ± 52 
    
Blood pressure     
Systolic  152 ± 4 155 ± 3 158 ± 3 
Diastolic  84 ± 2 83 ± 2 85 ± 3 
MAP 106 ± 3 107 ± 2 109 ± 3  

Values are mean ± SEM 
bP<0.05 vs. Experimental Group  
cP<0.05 vs. Phase I 
 

 No significant differences were detected between the 2 groups in Hct, TSAT or ferritin 
 There was a small but significant increase in Hct (P<0.001) in both groups duringthe last 2 

phases of the study 
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 No significant difference was detected in systolic, diastolic or mean arterial blood pressure 
(MAP) between the experimental group and control group 

 No significant difference were detected between the experimental group and control group 
in serum chemistries or dialysis adequacy 

 
To identify factors associated with response to s.c. vs. i.v. EPO therapy, correlational 
analyses were conducted between Hct level and each of the mentioned variables 
No significant relationships were detected across the study period in the experimental group, 
control group or both groups considered together 
 
 

Source of funding Academia grant and American Heart Association 
Citation  
NCC CC ID (Ref Man) 1781 
 
 
 
Evidence Table 
 

TXDF1 
In patients with ACKD, what factors (including patient factors) determine the dose and frequency of ESA required to 

correct anaemia? 
 
Bibliographic reference  Aronoff GR, Duff DR, Sloan RS, Brier ME, Maurice B, Erickson B et al. The treatment of 

anemia with low-dose recombinant human erythropoietin. American Journal of Nephrology 
1990;10:40-3.  

Study type Before and after study 
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Evidence level 3+ 
Study objective To test the hypothesis that low-dose erythropoietin is effective and safe. 
Number of patients N=37 chronic haemodialysis patients 

 
Location: USA                                                             sites: single 

Patient characteristics Inclusion criteria: 
 All had end-stage renal disease and required chronic haemodialysis 3x weekly.  

Hematocrit less than 30% and a serum ferritin level higher than 100 ug/l.  
 
 
Exclusion criteria: 

 Uncontrolled hypertension, seizure disorder, aluminium toxicity, severe metabolic bone 
disease, active infection, or known chronic blood loss. 

 
21 male and 16 female patients. The mean age was 54.3 years and the mean time since 
dialysis treatment began was 4.7 years. These patients suffered from a variety of renal 
diseases, including hypertension, diabetes mellitus, polycystic kidney disease, and 
glomerulonephritis. 

Intervention 3000 units of rHuEPO after each of 3 weekly dialysis treatments. The drug was administered 
IV. 

Comparison Pre-treatment evaluations 
Length of follow-up 6 month study duration: patients were studied for 3 months before receiving erythropoietin 

and for 3 months after the first dose.  
Outcome measures  Haemoglobin concentration, hematocrit levels, need for blood transfusions, adverse 

events 
Effect size  Significant increase from pre-treatment to post-treatment haemoglobin concentration at 

months 5 and 6 (p<0.05) 
 Significant increase from pre-treatment to post-treatment hematocrit levels at months 5 

and 6 p<0.05 
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 All but 5 patients demonstrated an increase in haemoglobin concentration at the end of 3 

months 
 3 of these patients underwent surgery during the study period 
 4th patient suffered blood loss during one haemodialysis treatment 
 5th patient experienced unexplained lack of response to therapy 

 
 

 Need for blood transfusions decreased during treatment 
 The 37 patients required an average total of 24 blood transfusions each month before 

starting treatment- this decreased after 2 months of therapy- during the 3rd month post-
treatment, none of the patients required blood transfusions 

 
 

 24 patients had required treatment for hypertension before therapy- after beginning 
treatment no patients required the initiation of anti-hypertensive therapy 

 3 treated hypertensive patients required an increased dose of antihypertensive medication 
after treatment 

 No change in mean systolic and diastolic blood pressures, which were measured before 
and after each dialysis treatment for 3 months before and after rHuEPO therapy was 
initiated 

 
 

 The 37 patients averaged 4.3 thrombosed haemodialysis access devised each month 
before treatment- which remained constant during the 3 months of treatment 

 2 dialysers clotted in 3 months prior to treatment and 3 clotted during treatment 
 One patient experienced a seizure before beginning treatment- 2 additional patients each 

had a single seizure during the 2nd month of treatment 
Source of funding Not reported 
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic reference  McMahon LP, Johns JA, McKenzie A, Austin M, Fowler R, Dawborn JK. Haemodynamic 

changes and physical performance at comparative levels of haemoglobin after long-term 
treatment with recombinant erythropoietin. Nephrology Dialysis Transplantation 1992;7:1199-
206 

Study type RCT crossover design 
Evidence level 1+ 
Study objective To assess the long-term (4 months) changes in haemodynamic parameters at rest and during 

exercise at two Hb levels (9 and 12 g/dl), as well as to confirm an enhanced performance 
compared to pre-treatment levels 

Number of patients N=12 
 

 N=6 Group A: 9 and then 12 g/dl 
 N =6 Group B: 12 and then 9 g/dl 

Patient characteristics  
 
 
 

Characteristic Group A 
N=6 

Group B 
N=6 
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No. of males 3 3 
Age 
Mean ± SEM 

47 ± 6 49 ± 6 

Weight (kg) 
Mean ± SEM 

61 ± 3 70 ± 7 

Haemoglobin level (g/dl) 
Mean ± SEM 

6.3 ± 0.5 6.4 ± 0.9 

Haemodialysis (years) 
Mean ± SEM 

3.5 ± 0.7 4.8 ± 1.6 

Transplantation (years) 
Mean ± SEM 

2.7 ± 2.0 0.8 ± 0.7 

Cause of renal failure 
Glomerulonephritis 
Reflux nephropathy 
SLE 
Renovascular 

 
3 
2 
1 
0 

 
3 
2 
0 
1 

 
 

Intervention Epoetin  
Comparison N/A 
Length of follow-up Study duration 4 months 
Outcome measures Exercise radionuclide ventriculogram - measures the heart's pumping function.  

Doppler echocardiogram - measures the speed and direction of the blood flow within the 
heart. 
Maximal incremental exercise testing 

Effect size Four readings (including baseline) were taken over the course of the study. After the third 
reading, patients were swapped into the different target Hb group  
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Blood pressure 

 Over the 4 months, diastolic blood pressure averaged to 86.4 ± 4 and 81 ± 3 (P<0.05) for 
Hb 12g/dl and 9 g/dl respectively 

 
Echocardiogram 

 Progressive reduction in left ventricular mass (P<0.001) and mass index (P<0.001) was 
observed between baseline and Hb 9g/dl as well as between baseline and Hb 12 g/dl. 
However, no significant difference was seen between the two Hb targets 

 
 
 1st 

assessment-
Baseline 

4th 
assessment

After 4 
months 
Hb 9 g/dl 
N=8 

After 4 
months  
Hb 12 g/dl 
N=7 

Left ventricular mass 
(g) 

334 ± 17 248 ± 31 270 ± 24 
 

256 ± 24 

Mass index (g/m2) 189 ± 11 140 ± 14 157 ± 13 147 ± 11 
 

 Left ventricular mass chamber determinants – posterior wall, LVPW, interventricular 
septum, IVS and end-diastolic internal diameters, LVED (D) and LVED (S) reflected the 
changes in mass and mass index 

 
 
 
 
 

 Baseline After 4 months  After 4 
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Hb 9 g/dl months  
Hb 12 g/dl 

LVPW 1.25 ± 0.05 1.19 ± 0.06 1.17± 0.06 
IVS 1.26  ± 0.05 1.18  ± 0.07 1.16 ± 0.08 
LVED (D) 5.19 ± 0.16 4.74 ± 0.16 4.85 ± 0.29 
LVED (S) 3.17 ± 0.07 2.90 ± 0.20 3.0 ± 0.18 

 
 

 After 4 months, cardiac index and cardiac output were less for Hb 12 g/dl (N=5) than Hb 9 
g/dl (N=10) 

CO 5.8 ± 0.2 vs 6.9 ± 0.4 (P<0.01) 
CI 3.3 ± 0.1 vs 3.9 ± 0.2 (P<0.01) 
 

 A significant difference in heart rate was observed between baseline and at target Hb 
levels (P<0.05) as well as between both targets (P<0.05) 

 Baseline After 4 months Hb 9 g/dl After 4 months Hb 12 g/dl 
HR 79 ± 3 74± 3 64± 3 

 
 No significant difference was observed between in the increase of stroke volume 
 A correlation was found between SV and LV mass index (r=0.596; P<0.001) 

 
Exercise RVG 
 

 Significant reductions in pulse rate (P<0.001) and serum lactate (P<0.01) were observed 
for the same degree of exercise when pre-treatment values were compared to those after 
4 months. However, this was not the case between both target Hb levels 

 Baseline Hb 9 g/dl Hb 12 g/dl 
Pulse rate 133 ± 7 131 ± 10 130 ± 9 
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Serum lactate 6.3 ± 0.7 6.8 ± 1.0 6.9 ± 0.4 
 

 Work done showed a marked increase (P<0.001) between baseline (388 ± 71 watts) and 
the second assessment (657 ± 120 watts). However this was thereafter non-incremental 

 Ejection fraction changed little with treatment 
 
 
Maximal incremental exercise testing 
 

 The only significant difference at the two target Hb levels was for the amount of work 
achieved during the tests 

Test Hb 9 g/dl 
N=10 

Hb 12 g/dl 
N=8 

Peak pulse rate 136 ± 11 137 ± 8 
Work performed (Watts) 420 ± 69† 464 ± 56† 
Max work level (Watt-minutes) 88 ± 15 89 ± 9 
Max oxygen consumption (VO2) per 
kg, A  

17.4 ± 2.6 17.5 ± 1.1 

Actual A as % of predicted A** 63 ± 5 71 ± 4 
Anaerobic threshold (VO2/VCO2)  
(VO2 ml/min) 

739 ± 101 848 ± 116 

 
** Values predicted for normal sedentary adults (Wasserman et al, 1987) 
†P<0.001 

 Significant correlations were found between  
 work done during maximal incremental exercise testing and that performed at RVG 

(r=0.922; P<0.001) 
 work done (RFET) and peak pulse rate (RFET) (r=0.621; P=0.003) 
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 peak pulse rate achieved at the two different tests (r=0.941; P<0.001) 
  

Source of funding Australian Kidney Foundation; Pharmaceutical company provided the Epoetin 
Citation  
NCC CC ID (Ref Man) 10 
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic reference  Conlon PJ, Kovalik E, Schumm D, Minda S, Schwab SJ. Normalization of hematocrit in 

hemodialysis patients does not affect silent ischemia. Renal Failure 2000;22:205-11. 
Study type RCT 
Evidence level 1- 
Study objective To determine if correction of anaemia with Epoetin alfa would decrease silent ischaemia in 

end stage renal disease patients receiving haemodialysis with evident congestive heart failure 
or ischaemic heart disease 

Number of patients N=31, out of 60 patients recruited into a larger study (Besarab et al ,1998) 
 

 N=15 Group A, Hct 42±3 % 
 N=16 Group B,  Hct 30±3 % 

Patient characteristics Inclusion criteria 
 Stable Hct of 30±3 % 4 weeks prior to enrolment 
 Pre-dialysis systolic blood pressure <160 mmHg and pre-dialysis diastolic blood pressure 

<100 mmHg 4 weeks prior to enrolment 
 Congestive heart failure was considered present if the patient required at least 1 

hospitalisation for congestive heart failure and/or required a non-routine ultrafiltration in the 
2 years prior to enrolment 

 Patients were considered to have ischaemic heart disease if they had angina pectoris 
requiring medication in the 24months prior to enrolment, documented coronary artery 
disease by cardiac catherisation or had a history of myocardial infarction 
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Characteristics Group A 

Hct 42±3 % 
N=15 

Group B 
Hct 30±3 % 
N=16 

Age (years) 53.1± 12 56.2 ± 13 
Male (%) 37 53 
Black (%) 78 67 
Hct (%) 29.1 ± 2.4 29.1 ± 2.1 
Time on dialysis 
(months) 

18.0 ± 3 14.6 ± 8 

 
 

Intervention Epoetin alfa 
Hct was checked weekly and Epoetin alfa dose adjusted biweekly 

Comparison N/A 
Length of follow-up Study duration 28 weeks  
Outcome measures ST segment analysis 

 ST segment abnormality indicating ischaemia on ambulatory ECG monitoring was defined 
as ≥1mm ST segment depression below the baseline ST position measured at 80 msec 
beyond the J point, persisting for at least 60 seconds and separated from a preceeding 
episode by at least 1 minute 

 The number of episodes and cumulative duration of all episodes were recorded by each 
channel 

 To allow for variation during total duration of monitoring, the no. of episodes and total 
duration of ST segment depression was assessed over a 24 hour period 

Effect size  
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 Baseline Follow-up  
Group A: Hct 42 ± 3% 
Mean Hct 29.1 ± 2.4 % 40.8 ± 5.2 % 

Number with SI 5 4 
Mean no. of SI episodes 1.6 ± 4.6 0.6 ± 1.2 
Total no. of minutes of SI 7.2 ± 24 1.7 ± 4.89 
   
Group B: Hct 30 ± 3% 
Mean Hct 29.1 ± 2.1 % 30 ± 4.3 % 
Number with SI 5 3 
Mean no. of SI episodes 0.8 ± 2.6 0.4 ± 1.2 
Total no. of minutes of SI 2.5 ± 8.8 1.1 ± 3.4 

 
 

Source of funding Pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 1551 
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic 
reference  

Strippoli GFM. Hemoglobin Targets for the Anemia of Chronic Kidney Disease: A Meta-analysis of Randomized, Controlled 
Trials. Journal of the American Society of Nephrology 2004;15:3154-65. 

Study type Meta-analysis of 19 RCTs 
Evidence 
level 

1++ 

Study 
objective 

To evaluate the benefits and harms of different hemoglobin targets in pre- and post-dialysis patients with ACKD  

Number of 
patients 

Total N=2,696 
 

 N=638 EPO (95-133 g/L) vs. no treatment (75-104 g/L) (12 trials) 
 N=2058 Higher (119-150 g/L) vs. lower (90-120 g/L) Hb targets (7 trials) 

Patient 
characteristics

Pre- and post-dialysis patients with ACKD 
 
 

Patient characteristics 
 

Low target group High target group Study ID Treatment 
modality 

Randomised 
intervention 

Follow-
up 
(months) 

No. of 
patients

Target 
Hb 
(g/L) 

Achieved 
Hb (g/L) 

No. of 
patients

Target 
Hb (g/L) 

Achieved 
Hb (g/L) 
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Low Hb (~100 g/L) vs. high Hb (~140 g/L) 
Berns et al Hemodialysis♣ EPO vs. 

EPO 
12 17 100.00± 

10.0 
101.0 ± 
3.3 

14 140.0± 
10.0 

140.0± 
3.6 

Besarab et al Hemodialysis♣ EPO vs. 
EPO 

29 618 100.00± 
10.0 

100.00± 
10.0 

618 140.0± 
10.0 

140.0± 
10.0 

Brandt et al† Pre-dialysis 
Peritoneal 
dialysis 
Hemodialysis 

EPO vs. 
EPO 

20 22 100.00± 
10.0 

100.00± 
10.0 

21 140.0± 
10.0 

140.0± 
10.0 

Conlon et al Hemodialysis♣ EPO vs. 
EPO 

6 16 100.00± 
10.0 

100.00± 
14.3 

15 140.0± 
10.0 

136.0± 
17.0 

Foley et al Hemodialysis♣ EPO vs. 
EPO 

12 73 95.0-
105.0 

102.0-
106.0 

73 130.0-
140.0 

119.0-
125.0 

Furuland et al Pre-dialysis 
Peritoneal 
dialysis 
Hemodialysis 

EPO vs. 
EPO or no 
treatment 

12-19 200 90.0-
120.0 

113.0 ± 
13.0 

216 130.0-
150.0 

143± 11.0 

Roger et al Pre-dialysis EPO vs. 
EPO or no 
treatment 

24 80 90.0-
100.0 

110.0 ± 
10.0 

75 120.0-
130.0 

122.0 ± 
7.0 

No EPO (Hb <95 g/L) vs. EPO (Hb >100 g/L) 
Abraham and 
Macres 

Pre-dialysis EPO vs. no 
treatment or 
blood 
transfusion 

3 4 NA 96.0 ± 10 4 133.0 123.0 ± 
6.6 

Bahlmann et 
al 

Hemodialysis EPO vs. no 
treatment or 
blood 
transfusion 

3 66 NA <100 63 100.0-
116.0 

100.0-
116.6 
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Canadian 
Erythropoietin 
Study Group 

Hemodialysis EPO vs. 
placebo 

6 40 NA <90 38 95.0-
110.0 

95.0-
110.0 

Clyne and 
Jogestrand† 

Pre-dialysis EPO vs. no 
treatment or 
blood 
transfusion 

3 10 NA 84.0-104.0 12 >100.0 106.0-
117.0 

Kleinman et 
al 

Pre-dialysis EPO vs. 
placebo 

3 7 NA 94.0 7 126.0-
133.0 

119.3 

Kuriyama et 
al 

Pre-dialysis EPO vs. no 
treatment 

9 31 NA 84.3 ± 6.3 42 NA 118.3± 
13.3 

Lim et al Pre-dialysis EPO vs. 
placebo 

2 3 NA 80-93.0 11 NA 126.6 

Morris et al Peritoneal 
dialysis 

EPO vs. 
placebo 

6 5 NA <100.0 6 105.0-
120.0 

115.0 

Revicki et al Pre-dialysis EPO vs. no 
treatment 

12 40 NA 89.3 ± 
12.0 

43 116.0-
120.0 

120.0 

Sikole et al Hemodialysis EPO vs. no 
treatment 

12 19 NA <100.0 19 NA 100-
116.6 

Teehan et al Pre-dialysis EPO vs. 
placebo 

6 31 NA 100.0 86 123.0-
133.0 

128.0-
133.3 

Watson et al  Pre-dialysis EPO vs. 
placebo 

3 6 NA 86.6 ± 6.6 5 NA 116.6± 
6.6 

 
♣ Known cardiovascular abnormality 
 †Enrolled children 
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Intervention EPO (alpha or beta) or Darbepoetin alpha or blood transfusion 
Comparison Placebo or no treatment or blood transfusion 
Length of 
follow-up 

Study duration at least 2 months 

Outcome 
measures 

All-cause mortality, left ventricular hypertrophy, cardiovascular mortality (myocardial infarction, stroke), adverse events 
(patients with hypertension requiring exclusion from study or administration of additional antihypertensive medication, 
seizures, access thrombosis, hyperkalaemia), hospitalisation rates and days of hospitalisation, renal function, blood pressure 
and quality of life 

Effect size 
All-cause mortality 
High vs. low Hb (4 trials, N=1949) 

 Lower risk of death in lower Hb group (RR 0.84, 95% CI 0.71-1.00, P=0.05) 
N.B.  Analysis was dominated by Besarab et al study (86.2% weight) 
 
EPO vs. no treatment (3 trials, N=255) 

 No statistically significant difference between the 2 arms (RR 1.83, 95% CI 0.48-7.06, P=0.38) 
 

Seizures 
High vs. low Hb trials 

 No published data available. However, Besarab et al gave a personal communication 
There was no significant difference in the risk of seizures between the 2 treatment groups 
(N=1233, RR 1.14, 95% CI 0.66-1.97) 
 
EPO vs. no treatment (4 trials, N=219) 

 There was a higher risk of seizures in the no EPO (lower Hb) group (RR5.25, 95% CI 1.13-24.34, P=0.03) 
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Hypertension- Assessed as the number of patients who required additional antihypertensive medication or exclusion from 
the study due to hypertension 
 
High vs low Hb (2 trials, N=1277) 

 No significant differences between the 2 groups (RR 0.92, 95% CI 0.59-1.45) 
 
EPO vs. no treatment (6 trials, N=387) 

 A significantly lower risk of hypertension was found in the EPO treatment (high Hb) arm (RR0.50, 95% CI 0.33-0.76, 
P=0.001) 

 

Quality of life- It was not possible to perform a pooled analysis. Summary data for all other relevant patient outcomes 
(myocardial infarction, serious cardiovascular events including stroke, hypertension, access thrombosis, hospitalisation rates 
and days of hospitalisation, left ventricular hypertrophy, systolic BP, diastolic BP and mean arterial BP) were also analysed 
from the minimal data available 
 
High vs. low Hb 

 No significant differences were found 
 Significant improvement on creatinine clearance in the lower Hb treatment arm (2 trials, N=167; weighted mean 

difference –2.10 to -0.05) 
 
EPO vs. no treatment  

 No significant differences were found 
 No significant effect of EPO on creatinine (4 trials, N=77; weighted mean difference 0.01, 95% CI -1.21 to 1.22 

Source of 
funding 

Various branches of academia 

Citation  
NCC CC ID 1587 
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic reference  Besarab, A. et al. "The effects of normal as compared with low hematocrit values in patients with cardiac disease 

who are receiving hemodialysis and epoetin." New England Journal of Medicine 339.9 (1998): 584-90. 

Study type RCT, open-label design 
Evidence level 1+ 
Study objective To assess risks and benefits of normalising Hct in ESRD patients with cardiac disease 

undergoing hemodialysis 
Number of patients N = 1233  

Patients with congestive heart failure (CHF) or ischaemic heart disease (IHD) undergoing 
hemodialysis 
 

 N = 618  Hct 39 to 45% (“normal”) 
 N = 615  Hct 27 to 33% (“low”) 

 
Multisite study in 51 hemodialysis centers in USA  

Patient characteristics Inclusion criteria:  
 ESRD patients undergoing long-term haemodialysis 
 Receiving EPO 4 weeks prior to enrolment into the study 
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 Hct 27 to 33% 
 CHF (defined as the need for hospitalisation or non-routine ultrafiltration for congestive 

heart failure in the preceding 2 years) or IHD (defined as angina pectoris requiring 
medication in the preceding 2 years, coronary heart disease documented by 
catheterisation or prior myocardial infarction) 

 Serum transferrin saturation ≥20%.  
 
Exclusion criteria:  

 Diastolic blood pressure ≥100 mmHg 
 Life expectancy <6 months 
 Severe cardiac disability (defined as New York Heart Association Class IV) 
 Myocardial infarction, percutaneous transluminal coronary angioplasty or coronary-artery 

bypass grafting in the 3 months prior to the study 
 Pericardial disease 
 Cardiac valvular disease likely to require surgery 
 Cardiac amyloidosis 
 Androgen therapy 

 
 

Characteristics Normal Hct 
 (N = 618) 
Mean ± SD 

Low Hct  
(N = 615) 
Mean ± SD 

Age 65 ± 12  64 ± 12  
Female sex (%) 50 52 
Race (%) 
White 
Black 
Hispanic 
Other 

 
45 
41 
8 
6 

 
42 
44 
9 
5 
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Duration of dialysis (yrs) 3.2 ± 3.6  3.1 ± 3.3  
Hct (%) 30.5 ± 3.0  30.5 ± 2.9  
EPO dose (U/kg/wk) 146 ± 103  153 ± 119  
Cause of renal failure (%) 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 
Other 

 
42 
28 
7 
23 

 
46 
27 
8 
19 

Hypertension (%) 71 69 
Diabetes mellitus (%) 54 58 
Type of vascular access (%) 
Graft 
Natural fistula 
Catheter 
Not specified 

 
66 
23 
10 
2 

 
67 
23 
10 
0 

Cardiac-related hospitalisation (%) 
Angina pectoris 
Congestive heart failure 
Myocardial infraction 
Coronary-artery bypass graft 
Percutaneous transluminal coronary angioplasty 

 
32 
44 
25 
20 
10 

 
28* 
47 
23 
19 
9 

New York Heart Association class (%) 
I 
II 
III 

 
29 
51 
19 

 
31 
52 
15 

* P=0.04 
  
 

Intervention Epoetin alfa to Hct 42 ± 3 % 
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Dose was adjusted at 2-week intervals and administered i.v. or s.c and at the same frequency 
as prior to entry into the study (90% received EPO i.v. and of these, frequency was three 
times weekly in 88%) 

Comparison Epoetin alfa to Hct 30 ± 3% 
 
Dose was adjusted at 2-week intervals and administered i.v. or s.c and at the same frequency 
as prior to entry into the study 

Length of follow-up 3 years after enrollment of last participant was intended. However, the study was stopped 
after 29 months for ethical reasons 

Outcome measures  1° end point: Death or first non-fatal MI (pre-defined criteria) 
 2° end points: Blood transfusion; hospitalisation for all causes; CHF/angina pectoris 

requiring hospitalisation; coronary-artery bypass grafting; percutaneous transluminal 
coronary angioplasty; change in CVD drugs; changes in QoL scores 

 
 
Adverse events; hospitalisations for all causes; coronary-artery bypass graft or percutaneous 
transluminal coronary angioplasty procedures; thromboses/procedure/any change or 
procedure at vascular sites; red cell transfusions; death and non-fatal MI; QoL (36-item short-
form health survey, SF-36); haemodialysis regimen, blood pressure; cerebrovascular 
accidents, TIAs, seizures; serum haematologic, chemical & coagulation profiles; serum 
ferritin; serum transferrin saturation; adequacy of haemodialysis; concomitant drug therapy; 

Effect size 
Death and non-fatal MI 
 

 More deaths were observed in the normal Hct group 29 months after beginning of study 
(183 deaths; 19 non-fatal MI) vs the low Hct group (150 deaths; 14 non-fatal MI) when 
adjusted for increasing age, presence of peripheral vascular disease, NY Heart 
Association Class III cardiac disability, absence of hypertension at baseline, gender, race, 
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type of vascular access, dialysis adequacy (Kt/V), presence of congestive heart failure, 
ischemic heart disease and diabetes mellitus (Relative risk 1.3; 95% CI 0.9 to 1.8)  

 Causes of death in both treatment arms were similar, most being down to cardiovascular 
events (normal Hct group 64% and low Hct group 70%) 

 Hct levels fell for many patients who died in the normal Hct group, but data were 
analysed in the normal Hct group in an intention-to-treat analysis  

 
Hct category 
(%) 

Normal Hct (39 to 
45%) 
Total N=598 

Low Hct (27 to 33%) 
Total N=587 

270. to 29.9 36 132 
30.0 to 32.9 68 389 
33.0 to 35.9 106 66 
36.0 to 38.9 187 0 
39.0 to 41.9 201 0 

i.e. 397 out of 598 patients were out of Hct range of 42 ± 3%. Only 201 participants 
maintained the target range 

 Mortality was found to decrease with increasing Hct for patients in both the normal Hct and 
low Hct categories as depicted in a histogram. However, the mortality rate in the normal 
Hct group was higher in comparison to the low Hct group, for all the Hct ranges (27.0 to 
29.9; 30.0 to 32.9; 33.0 to 35.9; 36.0 to 38.9; 39.0 to 41.9)  

 Using average Hct in a Cox regression analysis of prespecified covariates found a 30% 
decrease in risk of death or non-fatal MI per 10-point% increase in Hct for all study 
participants. I.e. relative risk 0.7, 95% CI 0.6 to 0.8. In addition, the mortality rates in each 
group decreased at higher Hct values when data for the last 4 weeks before death or 
censoring were averaged 

 Pre-specified sub-group analysis of participants in the normal Hct group in the lower 
boundary of the target range (Hct ≥39%) (N=443) vs all the participants of the low Hct 
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group (N=615) for 4 consecutive weeks found no difference in mortality between the two 
treatment groups 
 

 
Secondary end-points 

 Only red-cell transfusions reached significance 
 
 
Secondary end-point Normal Hct 

N=618 
Low Hct 
N=615 

P value 

Red –cell transfusions 129 (21%) 192 (31%) <0.001 
All-cause hospitalisations 445 (72%) 425 (69%) 0.29 
Congestive heart failure requiring hospitalisation 80 (13%) 90 (15%) 0.41 
Angina pectoris requiring hospitalisation 78 (13%) 76 (12%) 0.93 
Coronary-artery bypass grafting 20 (3%) 21 (3%) 0.88 
Non-fatal MI 19 (3%) 14 (2%) 0.48 
Percutaneous transluminal coronary angioplasty 17 (3%) 15 (2%) 0.86 

 

Use of cardiovascular medication 
 No differences were found between the two groups in the use of ACE inhibitors, 

antiarrthyhmic drugs, β-adrenergic antagonists, calcium channel blockers, digoxin and 
nitrates at baseline, 6 months or 12 months into the study 

 

Quality of Life – using the SF-36 questionnaire 
 Physical function at 12 months increased by 0.6 points for each % increase in Hct 

(P=0.03) 
 No changes in quality of life were observed in the other 7 scales of the SF-36 
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Cardiovascular Events  
 Blood pressure - No differences were observed between the treatment groups 
 Incidence of thrombosis at vascular access sites was higher in the normal Hct group (243 

partcipants) vs the low Hct group (176 participants) (P=0.001) 
 No differences were observed between the treatment arms in the incidence of 

cerebrovascular accidents, transient ischaemic attacks, peripheral gangrene, intestinal 
ischaemia or seizures 

 

Blood Tests 
 Biochemical tests – No differences were observed in routine serum chemical values, 

nonerythroid haematological values or coagulation tests at baseline or 6 months 
 Serum ferritin was lower in the normal Hct group at baseline (P=0.002) and at 12 months 

(P=0.005) 
 

Serum ferritin Normal Hct Low Hct P value 
Baseline (ng/ml) 334 ± 313 403 ± 436 0.002 
12 months (ng/ml) 391 ± 424 503 ± 442 0.005 

 
 

 Serum transferrin saturation levels were similar for both treatment arms at baseline and 
during treatment 

 Haemodialysis adequacy (Kt/V) was similar for both treatment arms at baseline, but at 1 
year had decreased in the normal Hct group to 1.35 ± 0.36 and increased in the low Hct 
group to 1.44 ± 0.36 (P<0.001) 
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Iron 

 More patients required i.v. iron in the normal Hct target group (N=526)  in comparison to 
the low Hct target group (N=464) (P<0.001) 

 Using regression analysis, study participants in the normal Hct group who were in the 
study for 6 months or more had an odds ratio of mortality of 2.4 (P<0.001) for participants 
receiving i.v. iron 6 months before death in comparison to those who did not receiving 
supplemental i.v. iron 

 Patients in the normal Hct group received more iron: 6 months before the end of the study 
or death patients in the normal Hct group who survived received 152 ± 150 mg of iron 
dextran per 4-week period, whilst those who died received 214 ± 190 mg per 4-week 
period (P<0.001). In the low Hct group patients received 119 ± 133 and 145 ±  179 mg 
(P=0.36) 

 Haemorrhaging was ruled out as a marker for use of i.v. iron as bleeding episodes were 
similar in both treatment groups  

 
Source of funding Pharmaceutical company 

Citation  
NCC CC ID (Ref Man) 213 
 
 
 
Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic 
reference  

McMahon LP,.Dawborn JK. Subjective quality of life assessment in hemodialysis patients at 
different levels of hemoglobin following use of recombinant human erythropoietin. American 
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Journal of Nephrology 1992;12:162-9. 
Study type RCT cross-over design 
Evidence level 1+ 
Study objective To assess the quality of life in hemodialysis patients before and after treatment with EPO to two 

different haemoglobin levels by means of an interviewer-based questionnaire 
Number of patients N=12 

 
 N=6 Group A: 9 and then 12 g/dl 
 N =6 Group B: 12 and then 9 g/dl 

Patient 
characteristics 

 
Characteristic Group A 

N=6 
Group B 
N=6 

Age 
Mean ± SEM 

47 ± 6 49 ± 6 

Weight (kg) 
Mean ± SEM 

61 ± 3 70 ± 7 

Haemoglobin level (g/dl) 
Mean ± SEM 

6.3 ± 0.5 6.4 ± 0.9 

Transplantation (years) 
Mean ± SEM 

2.7 ± 2.0 0.8 ± 0.7 

Haemodialysis (years) 
Mean ± SEM 

3.5 ± 0.7 4.8 ± 1.6 

Cause of renal failure 
Glomerulonephritis 
Reflux nephropathy 
SLE 
Renovascular 

 
3 
2 
1 
0 

 
3 
2 
0 
1  

Intervention Epoietin to target Hb 9g/dl or Hb 12 g/dl 
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Comparison N/A 
Length of follow-up 8 months (including cross over) 
Outcome measures  Quality of Life was assessed by means of the Sickness Impact Profile (SIP) interview-based 

questionnaire 
SIP is standardised, contains 136 statements related to health-based dysfunction, which are 
weighted according to severity of dysfunction (range 0 to 100). These are grouped into 12 
categories: ambulation, mobility, body care and movement, social interaction, communication, 
alertness and behaviour, emotional behaviour, sleep and rest, eating, work, home management, 
recreation and pastimes. Some of these may be further grouped into physical dimension 
(ambulation, mobility and body care & movement) and psychosocial dimension (social interaction, 
communication, alterness behaviour and emotional behaviour). 

Effect size Results were analysed as  
 Pooled data for both Hb targets at different time points vs. baseline –not reported here 
 Combined data for Hb 9 g/dl at the end of the study vs. baseline 
 Combined data for Hb 12 g/dl at the end of the study vs. baseline  
 Combined data for Hb 9 g/dl vs. combined data for Hb 12 g/dl at the end of the study 

 

Results stratified into categories 
 Similar changes were observed in all 12 categories when respective Hb targets were compared 
 8/12 of the SIP categories showed a significant reduction in score (P<0.05 to P<0.001) when 

compared to the assessment at baseline 
 Only 1 category (body care and movement) showed an increased score at Hb 9 g/dl in 

comparision to baseline (NS). However, the authors attributed two incidents in patients to be 
non-treatment related 
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SIP category Baseline 
(N=12) 

X 

Hb target 9 
g/dll (N=11) 

Y 

Hb target 12 
g/dl (N=8) 

Z 

P value 
X vs.Y 

P value 
Y vs. Z 

Sleep and rest 27.6 ± 7.5 9.3 ± 2.5 7.6 ± 3.2 <0.001 NS 
Emotional behaviour 16.7 ± 4.6 10.8 ± 2.7 10.1 ± 3.1 NS NS 
Body care and 
movement 

4.1 ± 1.6 5.6 ± 2.3 0.8 ± 0.3 NS NS 

Home management 21.4 ± 3.8 14.7 ± 5.4 3.7 ± 2.0 <0.05 NS 
Mobility 8.5 ± 3.2 0.8 ± 0.8 2.1 ± 2.1 <0.01 NS 
Social interaction 16.5 ± 3.4 6.2 ± 2.0 3.7 ± 1.5 <0.01 NS 
Ambulation 20.7 ± 2.3 10.9 ± 4.2 7.2 ± 4.8 <0.001 NS 
Alertness and 
behaviour 

16.4 ± 7.8 5.1 ± 2.9 1.3 ± 1.3 NS NS 

Communication 8.2 ± 3.0 2.7 ± 1.9 1.2 ± 1.2 NS NS 
Work 42.4 ± 10.0 20.7 ± 9.7 26.3 ± 12.8 <0.01 NS 
Recreation and 
pastimes 

38.6 ± 7.1 8.5 ± 4.4 2.4 ± 1.6 <0.001 NS 

Eating 13.4 ± 1.8 9.9 ± 0.7 9.8 ± 1.4 <0.05 NS 
 
Results stratified into dimensional and total scores 

 After 4 months there was significant fall in scores between baseline and both target Hb groups 
(Hb 9 and 12 g/dl): physical dimension (P<0.01), psychosocial dimension (P<0.01) and total 
score (P<0.001) 

 Study participants in the higher Hb target level, 12g/dl scored marginally and consistently lower 
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than those in the lower Hb target level group, 9 g/dl. This, however, was not statistically 
significant in physical and psychosocial dimensions or total scores. Exclusion of 2 patients in 
group B with unrelated physical limitations in from the assessment did not alter significance and 
the authors stated this to better reflect the scores 

 
Grouping Hb 9 g/dl 

N=11 
uncorrected

Hb 9 g/dl 
N=9 
corrected 

Hb 12 g/dl 
N=8 

P value 

Physical dimension 
Mean ± SEM 

5.9 ± 2.3 3.7 ± 1.9 3.1 ± 1.5 NS 

Psychosocial dimension 
Mean ± SEM 

6.2 ± 1.6 3.8 ± 1.1 4.0 ± 1.0 NS 

Total score 
Mean ± SEM 

7.9 ± 2.1 6.0± 1.6 5.3± 1.4 NS 

 
 After 4 months at respective target Hb levels, score differences in the other categories not 

included in physical or psychosocial dimensions were also significant for majority of the 
categories when baseline scores were compared to the combined scores at Hb 9 g/dl or Hb 12 
g/dl. Sleep and rest (P<0.0001), eating (NS), work (P<0.01), home management (P<0.05), 
recreation & pastimes (P<0.0001) 

 
Source of funding Private research grant. A pharmaceutical company provided the EPO 
Citation  
NCC CC ID (Ref 
Man) 

169 
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic reference  Frank H, Heusser K, Hoffken B, Huber P, Schmieder RE, Schobel HP. Effect of erythropoietin 

on cardiovascular prognosis parameters in hemodialysis patients. Kidney International 
2004;66:832-40.  

Study type Prospective longitudinal study (before and after study) 
Evidence level 3+ 
Study objective To investigate the effects of a long term treatment with EPO on important cardiovascular 

prognosis parameters in haemodialysis patients  
Number of patients N=23 

 
 Multisite study in 3 HD centres  

Patient characteristics Inclusion criteria: 
 Presence of renal anaemia (defined as pre-dialysis Hb ≤10.5 g/dl) 
 LVH, echocardiographically proved thickening of interventricular septum (IVS) and left 

ventricular posterior wall (PW) >12 mm 
 
 
Exclusion criteria: 

 Iron deficiency and other causes of anaemia  
 Peripheral polyneuropathy 
 Occlusive arterial disease 
 History of malignant tumour  
 Thrombosis  
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Age (years) 52.3 ± 14.7 
Gender (male/female) 17/6 
BMI (kg/m2) 24.6 ± 3.8 
Smoker/non-smoker 8/15 
Duration of RSRD (months) 42.6 ± 19.8 
Dialysis dose (hours/week) 12.9 ± 0.4 
EPO dose before study (N=20) 
(U/week) 

3,600 ± 650 

EPO dose during study (U/week) 6,474 ± 2,294
Duration of Tx with EPO (months) 7.9 ± 2.6 

Values are mean ± SD 
 

Intervention  Epoetin beta (N=14 IV; N=9 SC) starting dose 50-150 U/kg/week, 3 times weekly to Hb 
≥12.5 g/dl 

 Iron if indicated  
Comparison N/A 
Length of follow-up Study duration at least 5 months maintained correction of anaemia  
Outcome measures See below  
Effect size  

 N=20 of N=23 were already receiving EPO prior to study entry 
 After enrolment, EPO administration was stopped for 14 days during which baseline 

readings were taken  
 Before  After  P 
Hb (g/dl) 10.5 ± 0.9 13.4 ± 3.1 <0.001 
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Serum erythropoietin 
(U/l) 

9.9 ± 6.3 29.9 ± 23 <0.05 

 
 Concomitant antihypertensive intake was similar before and after correction of anaemia 
 24-hour systolic and diastolic BP were normotensive at the beginning of the study and 

remained so throughout the study duration. The no. and doses of antihypertensives did not 
significantly change during the course of the study. Also heart rate, peripheral blood flow, 
forearm vascular resistance, serum creatinine did not change after correction of anaemia  

 Muscle sympathetic nerve activity did not change after correction of anaemia  
 Hb normalisation also did not change the cardiopulmonary baroreflex response during the 

LBNP test 
 LVH and enhanced LVMI was present in all patients at baseline. During Tx with EPO, Left 

ventricular septal (IVS) and PW thickness signficantly decreased, as did LVMI (all 
P<0.001) 

 
 Before EPO After EPO  P 
IVS (mm) 15.4 ± 2.8 11.9 ± 2.8 <0.001 
PW (mm) 14.1 ± 2.5 11.1 ± 1.6 <0.001 
LVMI (g/m2) 134 ± 26 97 ± 25 <0.001 

 
 Left ventricular ESD and EDD were not enlarged at the beginning of the study and did not 

change with EPO Tx 
 The RWT parameter for left ventricular geometry decreased after EPO Tx from 0.58 to 

0.43 (P<0.001), indicating a remodelling of the eccentric LVH into a symmetric 
configuration  

 
 
 

Source of funding Academia and pharmaceutical company grants  
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Evidence Table 
 
MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 
 
Bibliographic reference  Parfrey PS, Foley RN, Wittreich BH, Sullivan DJ, Zagari MJ, Frei D. Double-Blind Comparison of Full and Partial 

Anemia Correction in Incident Hemodialysis Patients without Symptomatic Heart Disease. Journal of the 
American Society of Nephrology 2005;16:2180-9. 

Study type Double-blind RCT  
Evidence level 1++ 
Study objective To compare the impact of higher (13.5-14.5 g/dl) versus lower (9.5-11.5 g/dl) Hb targets with 

Epoetin alpha on left ventricular size in incident HD patients without symptomatic cardiac 
disease  

Number of patients N=596 (N=324 completed the study) 
 

 Multisite study: 95 sites in Canada and 10 European countries 
Patient characteristics Inclusion criteria:  

 Predialysis Hb 8-12 g/dl 
 Haemodialysis started in the preceding 3-18 months (early intervention) 
 Left ventricular volume index (LVVI) <100 ml/m2 (normal defined as <90 ml/m2) 
 Predialysis diastolic BP <100 mmHg 

 
Exclusion criteria:  

 Symptomatic ischaemic heart disease or heart failure 
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 Angiographic critical coronary artery disease 
 Current treatment ≥10 mg prednisolone daily for a failed renal transplant 
 Surgery for pericardial or valvular disease within the last 2 years 
 Medical conditions likely to reduce response to Epoetin alpha, including uncorrected iron 

deficiency 
 Concurrent malignancy 
 Blood transfusion within the preceding month 
 Therapy with cytotoxic agents 
 Seizure within the previous year 
 Hypersensitivity to intravenous iron  
 Current pregnancy or breast feeding 

 
 
 Lower Hb group (9.5-11.5 

g/dl) 
N=300 

Higher Hb group (13.5-14.5 
g/dl) 
N=296 

Age (years) 49.4 ± 15.2 52.2 ± 15.6 
Duration of dialysis 
(months) 

10.2 ± 5.1 10.0 ± 4.9 

Weight (kg) 74 ± 17 75 ± 16 
Hb (g/dl) 11.0 ± 1.2 11.0 ± 1.2 
TSAT (%) 36.8 ± 17.8 35.7 ± 16.7 
URR (%) 66.0 ± 11.3 65.7 ± 10.1 
Male 60 60 
Previous EPO use 91 93 
Race  
White  
Black  

 
88 
6 

 
91 
4 

Primary cause of renal   
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failure 
Glomerulonephritis 
Diabetic nephropathy 
Polycystic kidney disease 
Hypertension 
Unknown  
Other  

29 
17 
8 
9 
10 
27 

28 
19 
10 
7 
9 
27 

Dialysis access 
Fistula 
Graft  
Catheter  

 
83 
5 
12 

 
86 
6 
8 

Values are mean ± SD  
P>0.05 for all comparisons between the 2 groups except for age (P=0.02) 
 
 
Besides Hb treatment targets, the following were sought 

 Predialysis diastolic BP 70-90 mmHg 
 Urea reduction ratio (URR) >67% 
 TSAT ≥20% 

 
 

Intervention Epoetin alpha SC or IV to Hb target 13.5-14.5 g/dl 
 Increments of 0.5-1.0 g/dl biweekly  

Comparison Epoetin alpha SC or IV to Hb target 9.5-11.5 g/dl 
Length of follow-up 24 week titration period followed by a 72 week maintenance phase (total 96 weeks duration)  

 Mean time in the study was 73.4 ± 31.1 weeks for the higher Hb group and 74.0 ± 31.8 
weeks for the lower Hb group 

Outcome measures  Primary outcome: left ventricular volume index (LVVI) 
 Secondary outcomes: left ventricular mass index (LVMI); incidence of de novo congestive 
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heart failure; quality of life as revealed by vitality; fatigue and quality of social interaction 
scores; 6-min walking test performance  

Effect size 
Study withdrawal 

 N=160 in the higher Hb group and N=164 in the lower Hb group completed the 96 week 
study 

 Reasons for withdrawal, renal transplantation (N=133); adverse events (N=76); patient 
choice (N=28); loss to follow-up (N=2) and other (N=36) were similar in the 2 groups 

Hb levels 
 Higher Hb group (g/dl) Lower Hb group (g/dl) 
T=24 weeks (titration) 13.3 ± 1.5 10.9 ± 1.2 
T=24-96 weeks 
(maintenance)  

13.1 ± 0.9 10.8 ± 0.7 

Pre-dialysis Hb for entire 
study  

12.6 ± 1.0 10.9 ± 0.7 

Post-dialysis Hb for entire 
study  

13.5 ± 1.2 11.8 ± 1.1 

 

Clinical indicators 
 Values observed were similar between the 2 groups, except for a higher proportion 

received IV iron, no. of antihypertensive drugs and lower URRs in the higher target group 
(all P<0.05) 

 

Cardiac outcomes  
 LVVI did not change significantly in the overall study population and changes in LVVI were 
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similar in both groups 
 LVMI increased in the overall study population (P<0.001). However, the changes were 

unaffected by target Hb group 
 These findings were unchanged when only those with echocardiogram performed after 

week 80 were included in the analysis  
 Rates of de novo heat failure were similar in both Hb target groups 
 Changes in the 6-min walking distance were similar in both Hb target groups 

 
 

Between group  Lower Hb group 
(9.5-11.5 g/dl) 
N=300 

Higher Hb 
group 
 (13.5-14.5 g/dl)
N=296 

Estimated 
difference 

P 

LVVI, % change 
from baselinec 
(Est±SE) 

8.3 ± 4.7 
N=256 
 

7.6 ± 4.7 
N=264 

-0.7 0.8726 

LVMI, % change 
from baselinec 
(Est±SE) 

16.8 ± 3.5 
N=256 

14.2 ± 3.5 
N=260 

-2.6 0.4353 

6-min walking test 
change from 
baselined 
(Est±SE) 

26 ± 9 
N=237 

32 ± 9 
N=249 

6.6 0.4462 

CHF (N) (%) 12 (4%) 
N=300 

11 (4%) 
N=296 

 0.8687 

ccompared with analysis of covariance, adjusted for baseline LVH, gender and Epoetin alpha 
usage at randomisation 
dcompared with analysis of covariance, adjusted for baseline gender and Epoetin alpha usage 
at randomisation 
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Quality of life outcomes  
 SF-36 Vitality scores improved more in the higher Hb group overall (P=0.036) and also at 

weeks 24 (P=0.007), 36 (P=0.008), 48 (P=0.014), 60 (P=0.035) and 72 (P=0.096) 
 No significant difference was observed for FACIT Fatigue scores and KDQOL Quality of 

Social Interaction scores throughout the study  
 
 

Lower (9.5-11.5 
g/dl) 

Higher (13.5-14.5 
g/dl) 

Between group Mean 
follow-up 
minus 
baseline  

N Est ± 
SE 

N Est ± 
SE 

Est ± 
SE 

Pb Pc 

FACIT-
fatigue 

291 -3.21 ± 
1.0 

291 -1.0 ± 
1.0 

2.3 ± 
1.3 

0.08 0.16 

SF-36 
Vitality  

282 -2.31 ± 
1.08 

282 1.21 ± 
1.08 

3.5 ± 
1.4 

0.012 0.036 

KDQOL 
Quality of 
Social 
Interaction 

282 0.03 ± 
1.0 

282 0.8 ± 
1.0 

0.8 ± 
1.30 

0.56 0.56 

 
 
Deaths and adverse events 

 N=20 died in the lower Hb group and N=13 in the higher Hb group (P=NS) 
 The proportions with at least 1 Tx-emergent adverse event was similar between the 2 

groups 
 More patients in the lower target group experienced skeletal pain (P=0.009), surgery 

(P=0.013) and dizziness (P=0.001), whereas more patients in the higher target group 
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experienced headache (P=0.03) and cerebrovascular events (P=0.045) 
 
 

Source of funding Pharmaceutical company 

Citation  
NCC CC ID (Ref Man) 1825 
 
 
 
 
Evidence Table 
 
Paed MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD in children? 
 
Bibliographic reference  Brandt JR, Avner ED, Hickman RO, Watkins SL. Safety and efficacy of erythropoietin in 

children with chronic renal failure. Pediatric Nephrology 1999;13:143-7.  
Study type RCT  
Evidence level 1+ 
Study objective To assess dosing requirements and side effects of EPO Tx in children with chronic renal 

disease 
Number of patients N=44 

 
 N=25, pre-dialysis  
 N=10, peritoneal dialysis (PD) 
 N=9, haemodialysis (HD) 

Patient characteristics Inclusion criteria: 
 Age <21 years 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 CRF (defined as eGFR <60 ml/min/1.73 m2 using the Schwartz equation) 
 Hb <-2 SD below the mean Hb for age 

 
 
Exclusion criteria: 

 Poorly controlled hypertension (BP >95th percentile for age despite therapy 
 Poorly controlled seizure disorder (seizure within the last 2 months) 
 Severe iron deficiency (TSAT <5%) 
 Pregnancy  

 
 
 Overall  PD (N=10) HD (N=9) Pre-dialysis 

(N=25) 
Mean age 
(years) 

9.3 ± 6.25  
(range 4 months 
to 20 years) 

6.2 ± 6.9 13.9 ± 4.4 8.6 ± 5.8 

Sex 
(male/female) 

28/16 - - - 

 
 
 PD (N) HD (N) Pre-dialysis (N) 
Low dose group 
(N=23) 

4 6 13 

High dose group 
(N=21) 

6 3 12 

 
 

Intervention  Low dose EPO, 150 U/kg/week (IV in HD and SC in pre-dialysis and PD patients) divided 
thrice weekly for 12 weeks or until target Hb was achieved, Hb >-2 SD below mean for 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

age, but ≤mean Hb for age 
 Dose was then adjusted to maintain a normal Hb  
 If target Hb was not attained within 12 weeks, the dose was increased by 150 U/kg/week 
 EPO was withheld if severe hypertension, seizures or hyperkalaemia occurred 
 Iron Tx was initiated for ferritin <100 ng/ml or TSAT <20%  
 Iron 3 mg elemental iron/kg/day orally or IV Fe dextran 2 mg/kg thrice weekly x 10 

Comparison  High dose EPO, 450 U/kg/week (IV in HD and SC in pre-dialysis and PD patients) divided 
thrice weekly for 12 weeks or until target Hb, >-2 SD below mean for age, but ≤mean Hb 
for age was achieved 

 Dose was then adjusted to maintain a normal Hb 
 If target Hb was not attained within 12 weeks, the dose was increased by 150 U/kg/week 
 EPO was withheld if severe hypertension, seizures or hyperkalaemia occurred 
 Iron Tx was initiated for ferritin <100 ng/ml or TSAT <20%  
 Iron 3 mg elemental iron/kg/day orally or IV Fe dextran 2 mg/kg thrice weekly x 10  

Length of follow-up Study duration 12 weeks 
Outcome measures  Primary variables: changes in Hb and EPO dose from 1st to 12th week, time to target Hb 

and final EPO requirements at target Hb 
 Secondary variables: changes over 12 weeks in clearance studies and creatinine, 

transfusion requirements and incidence of side effects 
Effect size  

Time to target Hb 
 
Target time (weeks) 
N=36 

Low dose  High dose All  

HD (N=1/3) 15.0 ± 0.0 8.0 ± 2.7 9.8 ± 4.1 
PD (N=3/6) 14.7 ± 9.5 4.2 ± 1.6 7.7 ± 7.2 
Pre-dialysis (N=12/11) 9.3 ± 6.7 6.0 ± 2.9 7.7 ± 5.4 
Total (N=16/20) 10.7 ± 7.2 5.8 ± 2.8 7.9 ± 5.7 
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 For those who reached and maintained target Hb (N=36), mean EPO dose was 157 ± 107 
U/kg/week (median 150 U/kg/week) 

 
 
Hb  

 Hb significantly increased in all groups, except for the low dose PD group 
 Hb increase was greater and faster in the high dose (from ~8 g/dl in week 0 to ~12 g/dl in 

week 12) vs. (from ~8 g/dl in week 0 to ~10 g/dl in week 12) low dose group (P=0.03)—
see figure 1 

 In a linear regression, Hb increase was significantly associated with higher EPO dose, but 
not age, sex, dialysis type or iron deficiency  

 
Hb (g/dl)  Mean age 

(years) N Week 1 Week 12 Increase  
P 

HD low 15.5 ± 4.3 6 6.78 ± 1.0 8.4 ± 1.0 1.61 ± 1.0 0.03 
HD high 10.5 ± 2.2 3 7.23 ± 1.4 12.9 ± 0.7 5.73 ± 2.0 0.04 
PD low 9.7 ± 8.6 4 7.68 ± 1.3 10 ± 2.04 2.33 ± 2.0 0.14 
PD high 3.8 ± 5.1 6 9.18 ± 1.1 11.9 ± 1.6 2.68 ± 2.0 0.02 
Pre-dialysis low 7.2 ± 5.6 12 8.68 ± 0.9 11.9 ± 1.8 3.23 ± 1.6 <0.001
Pre-dialysis high 10.1 ± 5.8 13 8.35 ± 1.1 12.7 ± 2.0 4.36 ± 2.3 <0.001

Data are mean ± SD 
 
 
Change in clearance studies and creatinine (Cr) 

 There was no significant change in Kt/v in HD patients between low dose and high dose 
groups 

 Change in Cr during the study was insignificant between the groups and within CRF 
groups 
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Transfusion requirement 

 5 transfusions were given overall, 1 each in N=3 patients in the low dose HD group and 
another 2 in N=1 in the high dose predialysis group 

 
Side effects (counts) 
 
 HD PD Pre-dialysis Low dose High dose 
N 9 10 25 23 21 
Fe deficiency  4 6 10 14 9 
Flu symptoms  2 0 0 1 1 
Hypertension  6 3 4 5 8 
Hyperkalaemia 3 0 0 2 1 
Seizure 0 0 0 0 0 

 
 New or worsening hypertension was found in 13 (30%) of patients, with increase in 

diastolic BP from 68 ± 17 mm Hg at week 1 to 88 ± 6.7 at week 12 (P=0.01) 
 No significant increase was found in systolic or diastolic BP over the course of the study 

for all patients (P=0.2) 
 No significant difference was observed in occurrence of hypertension between low and 

high dose EPO groups 
 Iron deficiency was present in 13 (30%) patients by the end of the study, despite 

administration of 3 mg elemental Fe/day if ferritin <100 ng/ml or TSAT <20% 
 Drop in ferritin over the study in all patients was not significant 
 TSAT did not change from week 1 to week 12 (P=0.47) 
 Fe status was not a predictor of patient response to therapy (target time or final EPO 

dose) 
 

Source of funding Not reported  
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Citation  
NCC CC ID (Ref Man) 226 
 
 
 
Evidence Table 
 
Paed MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD in children? 
 
Bibliographic reference  Morris KP, Sharp J, Watson S, Coulthard MG. Non-cardiac benefits of human recombinant 

erythropoietin in end stage renal failure and anaemia. Archives of Disease in Childhood 
1993;69:580-6.  

Study type RCT, cross-over, single-blind  
Evidence level 1+, downgrade to 2+ due to small sample size 
Study objective To assess the effects of correction of anaemia with EPO on quality of life, diet, exercise 

tolerance and peritoneal dialysis efficiency in children with ESRF on long term peritoneal 
dialysis  

Number of patients N=11, but N=7 completed both 24 week limbs of the study 
 

 N=6 
 N=5  

Patient characteristics No inclusion or exclusion criteria reported 
 
 

 9 male, 2 female 
 Median age 6.7 years (range 2.3-12.3) 
 Median Hb 73 g/l (range 42-81) 
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 N=10 were on dialysis at the start of the study: peritoneal rapid overnight dialysis (N=9) 
and HD (N=1) 

 
Intervention  EPO SC commenced at 50 U/kg/week and increased step-wise to maximum 400 

U/kg/week by week 12 and thereafter adjusted to target Hb 105-120 g/dl for 24 weeks 
(N=6) 

 Volume of all injections was fixed at 0.5 ml 
 Then cross-over to “comparison” 

Comparison  Placebo SC for 24 weeks (N=5) 
 Volume of all injections was fixed at 0.5 ml 
 Then cross-over to “intervention” 

Length of follow-up Total study duration 48 weeks  
Outcome measures  Exercise tolerance was assessed by (i) 2 minute walking distance (N=7) (ii) older children 

underwent formal treadmill exercise testing using a Bruce protocol (N=3) or a modified 
Bruce protocol (N=3). Duration of exercise and total workload was calculated and heart 
rate response and electrocardiogram waveform analysed for evidence of ischaemia or 
arrhythmia 

 Quality of life by means of a 25-part parental questionnaire. Questions covered various 
aspects of the child’s well-being and behaviour, including mood and psychological 
behaviour, social interaction, somatic complaints and general health, sleep, diet, school 
functioning and physical performance. A visual analogue scale (10 cm) was used to score 
each question, with best and worst possible responses at the end of the scale  

 Anthropometric measurements  
 Peritoneal dialysis efficiency using a 30 minute equilibration study at the end of each limb 

of the study  
 Blood pressure  
 Serum Epo concentration 

Effect size  N=10 completed 36 weeks of the study and N=7 completed both 24 week limbs of the 
study  
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 N=3 withdrew due to renal transplant, N=1 died of hepatic fibrosis related to underlying 
polycystic disease 

Haematological response   
 Median Hb rose from 73 g/l (range 42-81 g/l) at baseline to 112 g/l (range 95-142 g/l) after 

24 weeks of EPO Tx (N=11) (P<0.001)  
 N=5 developed iron deficiency which responded to iron supplementation  
 At the end of the 24-week EPO Limb, mean weekly EPO dose was 196 U/kg 
 No significant change in platelet count, white cell count or plasma viscosity was found 

during EPO Tx 

 

Exercise testing 
 2 minute walking distance increased during the EPO limb (N=7) (P=0.06) 
 Treadmill exercise testing showed an increase in workload during EPO Tx (N=3) (P=0.07) 
 A change in heart rate was seen after EPO, with a reduction in heart rate at rest (P=0.02) 

and at each successive stage of the exercise test 
 No arrythmias or ischaemic changes were seen during either limb 

 

Quality of life 
 N=4 of 23 individual questions scored significantly better during EPO (P<0.05) 
 After grouping the questions, an improvement was found in questions related to physical 

performance and general health, including a better school attendance (P<0.02) 
 No significant change was found in other areas 
 The global score, incorporating all questions (N=10) did not show a significant increase 

(P=0.18) 
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Dietary intake 
 No significant change was seen (P=0.19) 

 

Anthropometric measurements 
 No significant increase in weight (P=0.21) or height velocity (P=0.21) was seen during 

EPO Tx  
 

Peritoneal dialysis study  
 No change was observed during EPO Tx 

 

Blood pressure 
 Complete profiles were only available in N=7 children  
 Mean values were calculated from 10 consecutive readings at the end of each limb, or in 3 

cases, from the last 10 readings before withdrawing from the study  
 Of the 4 children already on antihypertensive Tx during the study, 1 required an increase 

and 1 a reduction in therapy. Of the remaining 5 children, 3 of whom were not on 
hypertensive Tx during the study, showed an increase in systolic BP during EPO (P<0.05). 
However, this was a small increase (maximum 6.4%) and did not require any change in Tx 

 Mean diastolic BP also increased slightly in the 3 children in whom it was recorded  
 

Serum Epo concentration  
 Over the course of the 24 weeks of EPO Tx, there was a progressive increase in Serum 

Epo concentration (N=9) (P values not reported) 
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 Serum Epo concentration remained fairly constant during the placebo limb (N=9) 
 

Source of funding  Pharmaceutical company supplied the Epoetin and carried out assays 
 Newcastle District Research Committee and Child Kidney Fund 

Citation  
NCC CC ID (Ref Man) 230 
 
 
 
Evidence Table 
 
Paed MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD in children? 
 
Bibliographic reference  Morris KP, Skinner JR, Hunter S, Coulthard MG. Short term correction of anaemia with 

recombinant human erythropoietin and reduction of cardiac output in end stage renal failure. 
Archives of Disease in Childhood 1993;68:644-8.  

Study type RCT, cross-over design, single-blind 
Evidence level 1+, downgrade to 2+ due to small sample size 
Study objective To assess the cardiovascular effects of reversing anaemia with EPO administered SC in 

children with ESRF, majority of whom are on peritoneal dialysis 
Number of patients N=11, but N=7 completed both parts of the study  
Patient characteristics No inclusion or exclusion criteria reported 

 
Sex (male, female) 9, 2 
Median age (years) 6.7 (range 2.3-12.3 years) 
Median Hb concentration (g/l) 73 (range 42-81) 
Dialysis type and No.  
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Peritoneal rapid overnight 
dialysis  
Haemodialysis  
None  

5 of 6 in Group 1 and 4 of 5 in 
Group 2 
1 in Group 1 only 
1 in Group 2 only 

No. on antihypertensive 
medication (but normotensive)  

3 of 6 in Group 1 and 2 of 5 in 
Group 2 

 
 

Intervention  EPO for 24 weeks (N=6) 
 EPO SC commenced at 50 U/kg/week and increased step-wise to maximum 400 

U/kg/week by week 12 and thereafter adjusted to target Hb 105-120 g/l for 24 weeks (N=6) 
 Volume of all injections was fixed at 0.5 ml 
 Then cross-over to “comparison” 

Comparison  Placebo for 24 weeks (N=5) SC 
 Volume of all injections was fixed at 0.5 ml 
 Then cross-over to “intervention” 

Length of follow-up Total study duration 48 weeks 
Outcome measures  Chest radiography 

 Electrocardiography 
 Echocardiography 
 Systolic and diastolic BP 

Effect size  N=9 of 11 completed a 24 week period of EPO Tx, but only N=7 completed both limbs of 
the study 

 N=3 underwent renal transplantation and N=1 died, related to his primary disease 
 
 

 EPO Tx produced a significant rise in mean Hb 69 g/l to 115 g/l after 24 weeks Tx 
(P=0.0001) 

 In association with this, there was a significant fall in cardiac index as a result of fall in both 
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ventricular stroke index and heart rate 
 These findings were further supported by a fall in aortic stroke distance and minute 

distance  
 LVEDD fell after EPO Tx, but was insignificant fall for shortening fraction  
 Interventricular septum and left ventricular posterior wall thickness did not change after 24 

weeks of EPO Tx 
 Significant changes in the electrocardiogram after 24 weeks EPO Tx were: 

→ Increase in height of the T wave in V5 (P=0.002) 
→ Prolongation of QT interval (P=0.05), appropriate in relation to heart rate 

 Mean cardiothoracic ratio fell from 51.6% to 48.9% (P=NS) 
 N=3 on antihypertensive Tx completed a limb with EPO Tx; N=1 required an increase, N=1 

a reduction and N=1 no change 
 Overall there was no significant change in systolic, diastolic or mean BP related to EPO Tx 
 As mean BP did not change, the fall in cardiac output was balanced by an appropriate rise 

in peripheral vascular resistance  
 
 
Echocardiographic, radiographic and BP changes at different stages in both limbs of the study  

Group 1: EPO/placebo 
(N=4) 

Group 2: Placebo/ 
EPO (N=3) 

 

After 24 
weeks 
EPO 

After 24 weeks 
Placebo  

After 24 
weeks 
Placebo 

After 24 
weeks 
EPO  

Overall 
mean effect 
(% change) 
of EPO 
minus effect 
of placebo  

P 

Cardiac index 
(l/min/m2) 

6.71 ± 
1.94 

9.92 ± 0.77 6.65 ± 
0.41 

5.58 ± 
1.56 

-2.29 (-27) 0.01 

Heart rate 
(beats/min) 

94 ± 14.4 118.3 ± 19.7 106 ± 6.6 82.3 ± 
12.2 

-24.0 (-21) 0.002

Stroke index 66.7 ± 84 ± 19.4 67.1 ± 7.5 55 ± 8.7 -15.1 (-20) 0.03 
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(ml/m3) 23.7 
LVEDD (cm) 3.72 ± 

0.85 
3.88 ± 0.64 3.52 ± 

0.07 
3.02 ± 
0.12 

-0.31 (-8) 0.04 

LVESD (cm) 2.52 ± 
0.52 

2.46 ± 0.64 2.16 ± 
0.06 

1.98 ± 
0.17 

-0.04 (-2) 0.52 

Interventricular 
septum (cm) 

0.84 ± 
0.19 

0.90 ± 0.22 0.73 ± 
0.10 

0.72 ± 
0.26 

-0.04 (-5) 0.26 

LVPW (cm) 0.66 ± 
0.20 

0.75 ± 0.15 0.74 ± 
0.10 

0.72 ± 
0.26 

-0.06 (-8) 0.57 

LVMI (g/m2) 101.2 ± 
41.9 

120 ± 48.6 87.6 ± 
16.5 

62.9 ± 
11.8 

-21.3 (-20) 0.16 

Mean BP (mm 
Hg) 

73.5 ± 
13.6 

65.3 ± 8.4 67.3 ± 
11.2 

59.3 ± 
11.8 

+1.3 (+2) 0.96 

PVR (mm 
Hg/min/l) 

16.8 ± 7.8 9.2 ± 2.9 13.9 ± 3.8 15.8 ± 8.6 + 5.2 (+46) 0.07 

Shortening 
fraction (%) 

32 ± 2.8 37.3 ± 6.7 38.3 ± 2.5 34.3 ± 5.9 -4.7 (-12) 0.11 

Cardiothoracic 
ratio (%)  

53.5 ± 3.7 55 ± 1.8 47 ± 3.6 42.7 ± 5.5 -2.7 (-5) 0.21 

Aortic stroke 
distance  

22.5 ± 6.7 26.3 ± 3.5 25.7 ± 0.5 20.4 ± 3.4 -4.4 (-17) 0.01 

Minute 
distance  

2240 ± 
440 

3154 ± 357 2580 ± 
447 

2074 ± 
634 

-739 (-25) 0.03 

LVEDD = left ventricular end diastolic diameter  
LVESD = left ventricular end systolic diameter 
LVPW = left ventricular posterior wall 
LVMI = left ventricular mass index 
PVR = peripheral vascular resistance 
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Source of funding  
Citation  
NCC CC ID (Ref Man) 1724 
 
 
 
Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Coladonato JA, Frankenfield DL, Reddan DN, Klassen PS, Szczech LA, Johnson CA et al. 

Trends in anemia management among US hemodialysis patients. Journal of the American 
Society of Nephrology 2002;13:1288-95.  

Study type Retrospective database analysis (American health insurance company) 
Evidence level 3+ 
Study objective To describe the relationship between Hct and changes in EPO dose as well as selected 

patient and process care measures across annual national sample of hemodialysis patients 
from 1994 to 1998 

Number of patients N=33,080 
Patient characteristics  All Medicare-eligible patients receiving in-center hemodialysis were eligible for inclusion 

 A new, random sample of patients was selected each calendar year 
 Only patients with sufficient data on Hct and EPO were included in the study 
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Parameter 1994 1995 1996 1997 1998 
N 6181 6241 6364 6634 7660 
Age (years) 
Mean ± SD 

59.7 ± 15.5 60.1 ± 15.3 59.9 ± 15.3 60.5 ± 15.3 60.2 ± 15.1

White (%) 
 

59.6 58.2 58.4 58.4 57 

Male (%) 
 

51.3 51.9 52.4 53 53.4 

Weight (kg)* 
Mean ± SD 

71.3 ± 20.1 72.4 ± 18.9 71.7 ± 18.9 72.0 ± 19.3 72.9 ± 19.6

Diabetes (%)* 
 

34.4 36.2 38.2 39.2 41.3 

URR (%)* 
Mean ± SD 

63.9 ± 8.4 65.5 ± 8.0 66.9 ± 7.6 68.0 ± 7.5 68.3 ± 7.8 

Time on dialysis 
(years) 
Mean ± SD 

3.4 ± 3.7 3.4 ± 3.8 3.5 ± 3.8 3.4 ± 3.7 3.3 ± 3.7 

* significant across the years (P=0.001) 
 

Intervention N/A 
Comparison N/A 
Length of follow-up 1 year 
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Outcome measures  Prescribed EPO dose (U/kg predialysis body weight per dose) 
 Hct 
 Urea reduction ratio (URR) 
 Predialysis and postdialysis body weight 
 Dialysis session length 

Information collected from 1996 to 1998: 
 Route of iron administration 
 Route of EPO administration 
 Transferrin saturation (TSAT) 
 Serum ferritin concentration 
 EPO Resistance Index (ERI) was calculated = average prescribed weekly EPO dose ÷ 

mean Hct (for every individual within each year). A low ERI would indicate a lower weekly 
dose of EPO and/or a higher achieved Hct 

Effect size 
Mean and median Hct and prescribed EPO dose per year 
 

 Mean and median Hct, prescribed EPO dose (not adjusted for prescribed route of 
administration) and % of patients prescribed s.c. EPO increased for each successive year 
(P<0.001) 

 Median Hct rose from 31 to 34% from 1994 to 1998 (P=0.0001) 
 Median EPO dose (including s.c. and i.v.) increased from 49 to 54 U/kg from 1994 to 1998  

(P=0.0001) 
 During 1996, 1997 and 1998, the number of patients receiving s.c EPO were 7.7%, 11.2% 

and 11.7% respectively 
 Although there was no significant difference in the mean Hct by route of administration, 

patients prescribed i.v. EPO received significantly higher doses than those prescribed 
EPO by the s.c. route (67.6 U/kg vs. 59.9 U/kg; P=0.0001) 
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Parameter 1994 1995 1996 1997 1998 
Mean Hctb 
(%) 
 

31.1 ± 5.2 31.7 ± 3.7 32.6 ± 3.6 32.9 ± 3.2 34.1 ± 3.7 

Median Hct 
(%) 

31 32 33 33 34 

Mean EPO 
doseb (U/kg) 

58.2 ± 41.8 61.8 ± 43.7 67.2 ± 45.8 64.22 ± 46.9 68.2 ± 55.0 

Median EPO 
dosec (U/kg) 

49 52 58 54 54 

No. 
prescribed 
i.v. ironb (%) 

Not collected Not collected 50.5 57.2 59.3 

No. 
prescribed 
i.v. EPOb (%) 

Not collected Not collected 92.3 88.8 88.3 

 bSignificant across the years, P<0.01 
 cSignificant across the years, P<0.001 
 Values are mean ± SD 

Proportion of patients reaching benchmark Hct ≥33% 
 
No. of 
patients  

1994 1995 1996 1997 1998 

Hct ≥33% 35.6% 42.3% 56.4% 62.0% 72.7% 
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EPO dose 
≥58.2 U/kg 

35.2% 39.6% 45.8% 42.4% 42.0% 

Trends in EPO Resistance Index 
 EPO resistance index was calculated for patients from 1994 to 1998 as an aggregate and 

patients stratified by quartiles of Hct 
 The EPO resistance index significantly increased across the years (P<0.0001) 
 When examined by Hct quartiles within each year, the ERI was significantly higher in the 

lowest Hct quartile, suggesting that the increase in EPO dose was disproportionate to the 
rise in Hct 

 
 

EPO Resistance Index Score  
1994 1995 1996 1997 1998 

Overall 366.8 ± 
272.3 

412 ± 330.1 450.5 ± 
313.8 

425.5 ± 
311.8 

447.2 ± 
368.9 

Hct      
Quartile 1 494.0 ± 

343.2 
570.0 ± 
475.8 

631.8 ± 
386.5 

601.0 ± 
379.6 

671.7 ± 
470.3 

Quartile 2 373.7 ± 
242.1 

412.9 ± 
269.0 

447.0 ± 
283.8 

420.3 ± 
288.1 

434.5 ± 
361.2 

Quartile 3 312.8 ± 
222.9 

348.8 ± 
229.9 

379.6 ± 
241.5 

364.5 ± 
251.6 

361.2 ± 
281.9 

Quartile 4 288.1 ± 
214.3 

318.2 ± 
216.2 

346.1 ± 
239.9 

318.9 ± 
232.2 

325.2 ± 
255.9 
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Prescribed EPO dose per Hct category 
 Patients were stratified into Hct levels, <28, 28-32.9, 33-36 and >36% 
 The prescribed EPO dose was inversely associated with Hct, but tended to reach a 

plateau at Hct values ≥33% 
 Patients with a Hct <28% were prescribed a significantly higher mean EPO dose over the 

5-year period when compared to those with a Hct ≥28% 
 
Hct EPO dose over the 5-year 

period 
P value 

<28% 79.6 U/kg 
≥28% 62.3 U/kg 

0.001 

 
 

Relationship between EPO Dose, Hct and Iron stores 
 Patients with TSAT <20% and serum ferritin <100 ng/ml were 8.3%, 5.9% and 8.5% in 

1996, 1997 and 1998 respectively 
 At lower Hct categories, the percentage of patients with TSAT <20% increased 

significantly (P=0.0001) 
 Patients with TSAT <20% had significantly higher EPO doses (P=0.0001) and lower Hct 

values (P=0.0001) (data not provided by the authors) 
 Serum ferritin was not associated with Hct or EPO dose 
 I.v. iron was prescribed to 50.5%, 57.2% and 59.3% of patients in 1996, 1997 and 1998 

respectively 
 Of the subset with TSAT <20%, only 47.7%, 55.3% and 58.8% were prescribed i.v. iron in 

1996, 1997 and 1998 respectively 
 

 When i.v. iron-prescribing patterns were examined as a function on TSAT and serum 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

ferritin concentration, patients with TSAT <20% and serum ferritin <100 ng/ml were 
prescribed i.v. iron less often that patients with TSAT ≥20% and serum ferritin ≥100 ng/ml 

 Patients prescribed with i.v. iron had significantly higher EPO doses (F value 11.77; 
P=0.0006) 

 Female gender was associated with lower Hct levels, but higher EPO doses (F value 
51.98, P=0.0001 and Fvalue 343.25, P=0.0001 respectively) 

 There was no significant difference in EPO dose by race, but black patients were more 
likely to have a lower mean Hct than white patients (32.2% vs. 23.6% respectively, 
P<0.001) 

 
Using a bivariate analysis to compare variables of interest with Hct and EPO dose: 

 Hct was inversely correlated with EPO dose (U/kg), black race and female gender (all 
P<0.0001) 

 The mean URR was directly associated with the mean Hct (P<0.0001) and mean EPO 
dose (U/kg) (P<0.0001) 

 I.v. iron therapy was associated with higher EPO doses and Hct levels (P values not given 
by the authors) 

 

Associations with Hct and EPO dose 
Using a linear regression model (multivariate analysis) for predictors of EPO dose, that 
included patterns of iron and EPO administration over 1996, 1997 and 1998 (N=14,803): 

 Male gender, diabetes mellitus as the cause of ESRD, increasing age, weight, Hct, TSAT, 
URR and EPO administration by the s.c. route were associated with lower EPO doses 

 I.v. iron administration was associated with higher EPO doses 
 Race, ferritin and duration of dialysis were found to be NS 

 
 
Variable Parameter P value F value Type III SSQ 
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Hct % -2.5610 <0.0001 536.64 
Weight (kg) -0.6554 <0.0001 927.62 
Gender (male) -6.3516 <0.0001 61.72 
Age (years) -0.1882 <0.0001 50.80 
TSAT % -0.1901 <0.0001 45.00 
URR % -36.9342 <0.0001 43.81 
I.v. iron therapy 5.0614 <0.0001 43.74 
I.v. EPO 6.9300 <0.0001 29.61 
Diabetes as cause of 
ESRD 

-2.4013 0.003 8.73 

 
 
Multivariate analyses using quartiles of Hct for each sample year, rather than treating Hct as a 
continuous variable were performed because the processes of care had been modified over 
the years of observation, and also to prevent over-representation of patients with lower Hct 
levels from the earlier years: 

 The associations described above remained unchanged, only the lowest 2 Hct quartiles 
were significantly associated with increasing EPO dose (P<0.0001) 

 
To maximise the cohort years included, the predictors of EPO were re-examined in separate 
models using linear regression in a model excluding prescribed routes of iron and EPO 
(N=27,540): 

 With EPO dose as the dependent variable, the direction of the significant parameters 
remained unchanged and the F values were not substantially different (P=0.0001) (data 
not provided by the authors) 

 However, the years on dialysis were positively associated with EPO dose (F value 8.61, 
P=0.003) (data not provided by the authors) 
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 Diabetes mellitus as cause of ESRD was found to be NS 

 Race was not a significant predictor for EPO dose 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Bunke M, Bartlett DK, Brier ME, Golper TA. Infrequent dosing of subcutaneous erythropoietin 

for the treatment of anemia in patients on CAPD. Advances in Peritoneal Dialysis 1993;9:331-
5. 

Study type Retrospective cohort database analysis 
Evidence level 2- 
Study objective To compare patients receiving continuous ambulatory peritoneal dialysis who require frequent 

EPO dosing, defined as greater than once per week, to those who require infrequent dosing 
Number of patients N=21 
Patient characteristics Out of 46 patients, 25 were excluded 
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Inclusion criteria: 
 CAPD for at least 3 months 
 Receiving EPO for at least 3 months (all was s.c.) 

 
Exclusion criteria: 

 Children 
 HIV positive 
 Long hospitalisation 

 
Intervention N/A 
Comparison N/A 
Length of follow-up Unclear 
Outcome measures  Demographic data 

 Frequency of s.c. EPO dosing 
 Iron status 
 Biochemical and nutritional parameters 

Effect size 
Demographic data 
 
Variable EPO dosing 

once a week or less 
(infrequent group) 

EPO dosing 
more than once a 
week 
(frequent group) 

N 12 9 
Age (years)* 42.8 ± 13.2 55.8 ± 11.9 
Gender (M/F) 6/6 6/3 
Females with active menses 3 0 
Race 
White 

 
5 

 
6 
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Black 
Hispanic 

6 
1 

3 
0 

Time on CAPD (months) 23.7 ± 15.8 19.8 ± 14.9 
CAPD infection past 90 days 
(Yes/No) 

4/8 4/5 

History of GI bleed (Yes/No) 2/10 3/6 
ACE inhibitors (Yes/No) 7/5 3/6 

* P<0.05 

Frequency of s.c. EPO dosing 
 3 of 12 patients in the infrequent EPO dosing group received EPO less than once every 2 

weeks 
 The mean interval between injections was 13.66 ± 7.4 days in the infrequent group and 

3.11 ± 0.58 days in the frequent group 
 The average dose per injection was not significantly different between the 2 groups: 5325 
± 2888 U/injection in the infrequent group vs. 4778 ± 1986 U/injection in the frequent group

 
 
Amount of EPO normalised to U/kg/week: 
 
 EPO dosing 

once a week or less 
(infrequent group) 

EPO dosing 
more than once a 
week 
(frequent group) 

P value 

EPO dose (U/kg/week)  47.7 ± 43.1 135.7 ± 66.6 <0.005 
Hemoglobin (g/dl) 11.3 ± 0.82 9.8 ± 1.4 <0.02 
Hematocrit (%) 34.3 ± 2.5 30.6 ± 4.4 <0.05 
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Iron status 
 There was no difference in iron status between the 2 groups 

 
 EPO dosing 

once a week or less 
(infrequent group) 

EPO dosing 
more than once a 
week 
(frequent group) 

Serum iron (μg/dl)  68 ± 35 52 ± 22 
TIBC (μg/dl) 246 ± 35 244 ± 59 
% Saturation 29 ± 12.1 22.6 ± 7.8 
Ferritin (ng/ml) 282 ± 256 375 ± 360 

TIBC = total iron binding capacity 
 
 

Biochemical and nutritional parameters 
 

 There were no differences between the 2 groups 
 
 EPO dosing 

once a week or less 
(infrequent group) 

EPO dosing 
more than once a 
week 
(frequent group) 

Dialysate per day (L/day) 9.5 ± 2.5 9.1  ± 2.5 
No. of exchanges per 
day 

4.67  ± 0.9 4.5  ± 0.7 

BUN (mg/dl) 54.6 ± 14.1 57.1± 14.3 
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Creatinine (mg/dl) 12.5 ± 2.8 11.8 ± 2.7 
BUN/creatinine 4.48 ± 1.19 5.05 ± 1.47 
Albumin (g/dl) 3.46 ± 0.68 3.53 ± 0.69 
Total protein (g/dl) 6.64 ± 0.98 5.99 ± 1.11 
PTH (pg/ml) 210  ± 282 202 ± 165 
Aluminium (μg/l) 19.3  ± 19.7 29.8 ± 12.9 

 
 

Source of funding Not reported 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Cohen D,.Raja RM. Erythropoietin (EPO) requirements remain high in EPO resistant patients 

after iron repletion. ASAIO Journal 1998;44:M596-M597.  
Study type Prospective cohort study (open design) 
Evidence level 2- 
Study objective To assess the effect of iron repletion on EPO requirements in patients receiving hemodialysis 
Number of patients N=58 
Patient characteristics Inclusion criteria: 
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 Thrice weekly hemodialysis 
 Maintenance EPO and i.v. iron dextran 
 Dialysed with high flux hemodialyser 

 
 Group 1 

EPO <70 
U/kg/HD 

Group 2 
EPO >70 
U/kg/HD 

N  25 (43.1%) 33 (56.9%) 
Age (years)* 56.5 ± 2.8 64.1 ± 2.0 
Gender (M/F) 20/5 16/17 
Race (Black/white) 16/9 22/11 

* P=0.028 
 

Intervention N/A 
Comparison N/A 
Length of follow-up Measurements at baseline and at 2 years 
Outcome measures  Hematologic indices at 2 years  

 Factors associated with EPO resistance at 2 years 
Effect size 

Hematologic indices at 2 years 
 
 Group 1 

EPO <70 
U/kg/HD 

Group 2 
EPO >70 
U/kg/HD 

Mean EPO (U/kg/HD)* 30.1 ± 4.4 148.7 ± 54 
Ferritin (ng/ml) 805.0 ± 101.3 666.8 ± 80.0
TIBC (U/dl) 226.4 ± 7.3 207.2 ± 6.9 
Hct (%)† 36.5 ± 0.6 32.7 ± 0.6 
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FeSat (%) 45 ± 4.4 41.3 ± 2.2 
  * P<0.01 
 † P<0.001 
 

Factors associated with EPO resistance at 2 years 
 
 Group 1 

EPO <70 
U/kg/HD 

Group 2 
EPO >70 
U/kg/HD 

FeSat (%) 45 ± 4.4 41.3  ± 2.2 
URR 64.6  ± 1.3 64.5  ± 1.9 
PTH 667.8  ± 

153.1 
313.6  ± 
79.3 

Aluminuim 14.2  ± 2.3 12.9  ± 2.5 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Coronel F, Herrero JA, Montenegro J, Fernandez C, Gandara A, Conesa J et al. 

Erythropoietin requirements: a comparative multicenter study between peritoneal dialysis and 
hemodialysis. Journal of Nephrology 2003;16:697-702.  

Study type Prospective observational study 
Evidence level 3- 
Study objective To  compare EPO action administered by the s.c. route in stable hemodialysis vs. stable 

peritoneal dialysis patients 
Number of patients N=132 

 
Multisite study in 6 dialysis centers in Spain 

Patient characteristics Inclusion criteria: 
 Clinically stable (no infections, no hospitalisation, hemodynamically stable, good clinical 

condition) 
 Chronic dialysis 
 S.c. Epoetin α for at least 3 months prior to study entry 
 Kt/V >1.3 in HD patients 
 Weekly Kt/V >1.8 in PD patients 

 
Exclusion criteria: 

 Peritonitis episode in PD patients at least 3 months prior to study entry 
 Haematological disorders 
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Characeteristics Hemodialysis Peritoneal dialysis P value 
Gender (M/F) 58/42 51/49 0.48 
Age (years) 65 ± 15 56 ± 15 0.001 
Time on dialysis 
(months) 

64 ± 69 26 ± 26 <0.001 

% diabetics 18.8 23.8 0.16 
% polycystic kidney 
disease 

8.7 6.1 0.42 

Hypertensive (%) 56 71 0.10 
Systolic BP (mmHg) 137 ± 20 140 ± 19 0.29 
Diastolic BP (mmHg) 74 ± 12 81 ± 9 0.01 
Patients on 
angiotensin-
converting enzyme 
inhibitors 

14 19 0.49 

Patients on 
angiotensin II 
receptor antagonists  

24 19 0.52 

Values are mean ± SD 
 

Intervention S.c. Epoetin α 
Comparison N/A 
Length of follow-up Not clear 
Outcome measures See below 
Effect size 

Kt/V  
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Average Kt/V in HD patients was 1.49 ± 0.15 (range 1.3 to 1.9) 
Weekly Kt/V in PD patients was 2.3 ± 0.5 (range 1.8 to 3.6) 
 
 
 

Hematologic values, Fe-EPO dosing, comorbidities 
 There was no difference in transferrin saturation between HD and PD patients, but within 

acceptable limits  
 Serum ferritin levels were higher in HD patients, with higher number of HD patients 

receiving i.v. iron treatment 
 Serum albumin levels were lower in PD patients, but within acceptable limits 
 Higher iPTH levels were found in HD patients, but %patients with iPTH >250 pg/ml and 

>500 pg/ml were similar in both groups 
 The calculated erythropoietin resistance index (ERI) (i.e. weekly EPO doses/kg/Hb) was 

higher in HD patients 
 
 Hemodialysis Peritoneal dialysis P value 
Hemoglobin (g/dl) 11.6 ± 1.3 11.4 ± 1.4 0.31 
Ferritin (ng/ml) 338 ± 167 218 ± 214 <0.001 
Transferrin saturation index (%) 23.1 ± 7.7 26.2 ± 10.8 0.06 
Serum albumin (g/l) 4.1 ± 0.3 3.7 ± 0.4 <0.001 
Intact parathyroid hormone (pg/ml) 412 ± 438 272 ± 290 0.04 
Intact parathyroid hormone >250 
pg/ml (% of patients) 

43.4 47 NS 

Intact parathyroid hormone >500 
pg/ml (% of patients) 

17.3 14.2 0.49 

EPO dose (U/kg/week) 131 ± 68 75 ± 36 <0.001 
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EPO ≥3 doses/week (% of patients) 65 19 <0.001 
I.v. iron treatment (% of patients) 77 49 <0.001 
Erythropoietin resistance index 
(ERI) 

11.8 ± 6.6 6.9 ± 3.2 <0.001 

Comorbidities (%) 
Chronic obstructive pulmonary 
disease  
Diabetes 

 
15.9 
21.8 

 
0 
21.8 

 
0.01 
NS 

Values are mean ± SD 
 
 

Multivariate linear regression model 
 A difference of 64.3 U/kg/week less EPO dose was required in PD patients, adjusted for 

albumin, Hb and i.v. iron (P=0.001, 95% CI 42.6 to 86.0) 
 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 325 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels 
within the maintenance range? 
 
Bibliographic reference  Kalantar-Zadeh K, McAllister CJ, Lehn RS, Lee GH, Nissenson AR, Kopple JD. Effect of 

malnutrition-inflammation complex syndrome on EPO hyporesponsiveness in maintenance 
hemodialysis patients. American Journal of Kidney Diseases 2003;42:761-73.  

Study type Prospective observational study 
Evidence level 3++ 
Study objective To investigate the association between prescribed EPO dose and some markers of inflammation 

and nutrition in hemodialysis patients 
Number of patients N=339 

 
Multisite study in 8 dialysis centers in USA 

Patient characteristics Inclusion criteria: 
 Maintenance hemodialysis for at least 8 weeks prior to study entry 
 18 years+ 

 
Exclusion criteria: 

 life expectancy <6 months e.g. metastatic malignancy, terminal HIV disease 
 
 
Male/female 181/158 
Ethnicity  
Hispanic (%) 

 
47 
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Black (%) 30 
Diabetes (%) 55 
S.c. EPO (%) 19 
History of cardiac disease (%) 51 
ACE inhibitor or ARB (%) 33 
Age (years) 54.7 ± 14.5 
Dialysis vintage (months) 36.3 ± 33.2 
Post-HD weight (kg) 72.5 ± 18.3 
Body mass index (kg/m2) 26.7 ± 6.4 
Kt/V (single pool) 1.56 ± 0.28 
NPNA (nPCR) (g/kg/d) 1.05 ± 0.22 
Hct (%) 35.4 ± 3.1 
Hb (g/dl) 11.9 ± 1.0 
Peripheral lymphocyte count (%) 22.3 ± 8.2 
Serum ferritin (ng/ml) 635 ± 461 
Iron saturation ratio (%) 32 ± 11.5 
TIBC (mg/dl) 199.7 ±  37.2 
Albumin (g/dl) 3.86 ± 0.33 
Prealbumin (mg/dl) 28.7 ± 9.4 
Total cholesterol (mg/dl) 144 ± 48.2 
Total homocysteine (mg/l) 24.6 ± 12.3 
CRP (mg/l) 6.52 ± 8.0 
IL-6 (pg/ml) 21.85 ± 87.82 
TNF-α (pg/ml) 8.5 ± 6.46 

 
continued… 
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LDH (u/dl) 165.8 ± 40.8 
Aluminium (pg/dl) 18 ± 8.0 
Intact PTH (mu/l) 357 ± 380 
Charlson comorbidity score  2.1 ± 1.5 
Malnutrition-Inflammation Score 
(MIS)♦ 

6.26 ± 3.8 

EPO dose (U/week) 15,220 ± 13,514 
EPO doe per weight (U/kg/week) 217 ± 187 
EPO responsiveness index 1,329 ± 1,281 
EPO responsiveness index per 
weight  

3.28 ± 3.12 

Average i.v. iron dose (mg/week) 39.5 ± 47.52 
 
♦ The Malnutrition-Inflammation Score (MIS) uses the 7 components of the subjective global 
assessment of nutrition and combines it with 3 new elements--body mass index, serum albumin 
and total iron binding capacity (TIBC) to represent serum transferrin. The MIS assesses 10 
components, each scored from 0 (normal) to 3 (very severe). The sum of all 10 components, from 
0 to 30, therefore denotes the increasing degree of severity 
 

Intervention N/A 
Comparison N/A 
Length of follow-up Study duration 13 weeks 
Outcome measures  Correlation between average EPO dose, EPO dose per kg body weight, EPO responsiveness 

index and relevant nutritional and inflammatory values 
 Variables in 3 tertiles of EPO dose per week per kg 
 Odds ratio of EPO hyporesponsiveness 

Effect size Correlation between average EPO dose, EPO dose per kg body weight, EPO responsiveness 
index and relevant nutritional and inflammatory values 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 
 Correlations were based on mul;tivariate regression analysis adjusted for case-mix features 

(i.e. age, sex, race, presence of diabetes), route of administration, dialysis center, zip code, 
insurance status (fully Medicaid vs. others), Kt/V (single pool), Hct, serum iron saturation ratio, 
administered i.v.  iron dose, use of angiotensin pathway blocking medication, Charlson 
comorbidity score and dialysis vintage 

 
 
 

 Inverse correlation between EPO dose and  
 serum iron saturation ratio 
 nutrition and inflammation markers, iron markers, serum TIBC, peralbumin, total cholesterol 

concentrations  
 Hct  

 
 Direct correlation between EPO dose and 

 malnutrition-inflammation score (MIS) 
 administered i.v. iron dose  
 serum intact PTH and LDH concentrations 

 
 Inverse correlation between % peripheral blood lymphocytes and EPO hyporesponsiveness  

 
 Positive correlation between inflammatory markers including serum proinflammatory cytokines 

with EPO dose and EPO index 
 

 Positive correlation between serum IL-6 concentration and EPO responsiveness index 
 
 
 EPO dose (total per EPO dose per kg EPO responsiveness 
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week) index 
Age -0.07 (P=0.19) -0.07 (P=0.18) -0.06 (P=0.26) 
Dialysis vintage  +0.5 (P=0.41) +0.6 (P=0.30) +0.04 (P=0.49) 
Kt/V (single pool) -0.08 (P=0.12) +0.04 (P=0.48) +0.09 (P=0.15) 
Iron saturation ratio -0.16 (P=0.003) -0.11 (P=0.04) -0.14 (P=0.01) 
Administered i.v. iron 
dose 

+0.16 (P=0.003) +0.15 (P=0.007) +0.14 (P=0.01) 

Modified Charlson 
comorbidity score 

+0.09 (P=0.09) +0.07 (P=23) +0.10 (P=0.07) 

Hct -0.27 (P<0.001) -0.29 (P<0.001) -0.35 (P<0.001) 
% lymphocytes -0.17 (P<0.002) -0.21 (P<0.001) -0.17 (P=0.002) 
MIS +0.13 (P=0.03) +0.23 (P<0.001) +0.13 (P=0.02) 
NPNA (nPCR) -0.03 (P=0.55) +0.06 (P=0.30)  -0.02 (P=0.65) 
Serum albumin  -0.05 (P=0.39) -0.11 (P=0.07)  -0.07 (P=0.24) 
Ferritin +0.04 (P=0.45) +0.04 (P=0.48)  +0.06 (P=0.28) 
TIBC -0.15 (P=0.006) -0.21(P<0.001)  -0.15 (P=0.006) 
Total cholesterol -0.19 (P<0.001) -0.22 (P<0.001) -0.18 (P<0.001) 
Prealbumin -0.15 (P=0.006) -0.20 (P<0.001) -0.15 (P=0.004) 
CRP +0.18 (P<0.001) +0.19 (P<0.001)  +0.17 (P<0.001) 
Log of CRP +0.18 (P<0.001) +0.15 (P=0.007) +0.17 (P=0.001) 
IL-6 +0.14 (P=0.007) +0.12 (P=0.02) +0.14 (P<0.005) 
Log of IL-6 +0.31 (P<0.001) +0.30 (P<0.001) +0.31 (P<0.001) 
TNF-α +0.18 (P=0.001) +0.20 (P<0.001) +0.18 (P=0.002) 
Log of TNF-α +0.18 (P=0.001) +0.19 (P<0.001) +0.18 (P=0.001) 
Aluminium  -0.13 (P=0.05) +0.02 (P=0.70) -0.12 (P=0.05) 
Intact PTH +0.11 (P=0.05) +0.09 (P=0.12) +0.11 (P=0.05) 
LDH +0.19 (P<0.001) +0.24 (P<0.001) +0.20 (P<0.001) 
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Variables in 3 tertiles of EPO dose per week per kg 
 All patients were divided into 3 equal groups (tertiles) of 113 patients each, according to 

ascending magnitude of administered EPO dose per kilogram body weight and relevant 
variables re-examined and compared 

 Patients in the highest tertile had a higher proportion of women and received s.c. EPO more 
often than in the other tertiles 

 The MIS was similar in the lowest and middle tertile, but significantly higher in the highest 
tertile 

 Hct level and lymphocyte count were progressively lower across increasing tertiles. Also for 
iron saturation ratio and nutritional markers (serum TIBC, prealbumin and total cholesterol but 
not albumin concentration) 

 Inflammatory markers were progressively higher across increasing EPO tertile, except for 
serum TNF-α 

 
 Lowest EPO/kg 

Tertile 
Middle EPO/kg 
Tertile 

Highest 
EPO/kg Tertile

P value 

Men (%) 63 54 43 0.01 
Ethnicity 
Hispanics (%) 
Blacks (%) 

 
39 
26 

 
53 
29 

 
49 
36 

0.10 

Diabetes (%) 54 53 57 0.21 
S.c. EPO (%) 11 26 20 0.86 
EPO dose (U/week) 4,954 ± 3,331 13,209 ± 4,581 27,495 ± 

16,020 
0.01 

EPO dose per weight 64 ± 36 178 ± 37 408 ± 202 <0.001 
EPO responsiveness 
index (EPO/Hb) 

415 ± 286 1,117 ± 418 2,456 ± 1,590 <0.001 

EPO responsiveness 0.88 ± 0.51 2.55 ± 0.84 6.41 ± 3.49 <0.001 
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index per weight 
(EPO/Hb/kg) 
MIS 5.8 ± 3.4 5.6 ± 3.8 7.5 ± 4.0 <0.001 
Hct (%) 36.0 ± 2.7 35.6 ± 2.9 34.6 ± 3.4 0.001 

* P values of log transformations of parameters 
 
 
continued… 
 
 Lowest EPO/kg 

Tertile 
Middle EPO/kg 
Tertile 

Highest 
EPO/kg 
Tertile 

P value 

Lymphocytes (%) 23.8 ± 8.1 23.3 ± 8.7 19.7 ± 7.3 <0.001 
Serum ferritin (ng/ml) 625 ± 378 600 ± 480 678 ± 515 0.43 
Iron saturation ratio (%) 33.8 ± 10.9 32.5 ± 11.4 29.9 ± 11.9 0.03 
TIBC (mg/dl) 205.4 ± 36.9 202.8 ± 36.3 191.1 ± 37.0 0.008 
Albumin (g/dl) 3.88 ± 0.32 3.89 ± 0.32 3.81 ± 0.34 0.14 
Prealbumin (mg/dl) 30.7 ± 9.8 28.8 ± 8.8 26.5 ± 9.1 0.003 
Cholesterol (mg/dl) 152.3 ± 43.4 143.5 ± 51.7 135.9 ± 48.2 0.04 
CRP (ng/ml) 6.26 ± 8.18 5.31 ± 4.92 8.00 ± 9.91 0.03 

(0.04*) 
IL-6 (ng/ml) 12.26 ± 19.09 23.64 ± 75.73 29.66 ± 61.92 0.07 

(<0.001*) 
TNF-α (ng/ml) 7.63 ± 6.78 8.77 ± 6.15 9.09 ± 6.41 0.20 

(0.08*) 
LDH (mg/dl) 153.6 ± 32.3 159.3 ± 31.5 184.6 ± 49.4 <0.001 
Aluminium (ng/ml) 18.0 ± 8.0 16.9 ± 6.1 19.2 ± 9.8 0.17 
Intact PTH (mcu/l) 337 ± 354 350 ± 345 385 ± 437 0.61 
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I.v. iron dose (mg/mo) 25.4 ± 31.2 45.7 ± 48.3 47.4 ± 56.6 <0.001 
BMI (kg/m2) 27.7 ± 7.6 27.0 ± 5.8 25.3 ± 5.5 0.01 
Charlson comorbidity 
score 

1.9 ± 1.5 2.0 ± 1.6 2.2 ± 1.5 0.31 

Age (years) 55.2 ± 14.6 53.3 ± 14.2 55.6 ± 14.6 0.42 
Dialysis vintage (mo) 36.6 ± 32.6 33.6 ± 32.6 38.7 ± 34.6 0.52 

* P values of log transformations of parameters 
 
 
 
 
 

Odds ratio of EPO hyporesponsiveness (lowest vs. highest tertile) 
 Associations were similar as above 
 Each 5-unit increase in MIS increased the risk of EPO hyporesponsiveness by 64% 
 Similar associations were found between inflammatory markers and refractory anaemia 
 Again, most nutritional markers including serum concentrations of prealbumin, TIBC and total 

cholesterol, and lymphocyte count had a negative association with EPO dose (i.e. their 
decrease led to higher risk of EPO hyopresponsiveness) 

 
 

 Odds 
ratio 

95% CI P value 

MIS (for each 5 unit increase) 1.64 1.02 to 2.65 0.04 
Serum CRP (for each 10mg/ml increase) 1.25 0.88 to 1.78 0.21 
Log CRP (for each 1 unit increase) 1.44 0.75 to 2.81 0.27 
IL-6 (for each 10pg/ml increase) 1.20 1.02 to 1.42 0.03 
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Log IL-6 (for each 1 unit increase) 4.45 1.94 to 10.20 <0.001 
TNF-α (pg/ml) 1.66 1.03 to 2.69 0.04 
Log TNF-α (for each 1 unit increase) 4.91 1.05 to 22.82 0.04 
Albumin (for each 0.5 g/dl decrease) 1.12 0.65 to 1.94 0.67 
Prealbumin (for each 10mg/dl decrease) 1.65 1.13 to 2.42 0.01 
TIBC (for each 50 mg/dl decrease) 2.15 1.30 to 3.56 0.003 
Cholesterol (for each 50 mg/dl decrease) 2.22 1.49 to 3.30 <0.001 
LDH (for each 50 mg/dl increase) 3.06 1.75 to 5.38 <0.001 
Ferritin (for each 500 ng/ml increase) 1.42 0.95 to 2.13 0.09 
Blood lymphocyte count (for each 10% 
decrease) 

2.74 1.56 to 4.82 <0.001 

 
 
 

Source of funding Dialysis centre 
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in hemodialysis patients. Risks of Cardiac Disease in Dialysis Patients Study Group. Nephron 
1997;77:164-8.  

Study type Retrospective cohort study 
Evidence level 2+ 
Study objective To examine clinical parameters (including angiotensin converting enzyme inhibitors) which 

affect EPO maintenance doses in hemodialysis patients 
Number of patients N=108 
Patient characteristics Exclusion criteria: 

 Malignancy 
 Infectious disease 
 Polycystic kidney disease 
 Ferritin levels >500 ng/ml 

 
Mean age 61.2 ± 12.6 years, range 25 to 84 years 
Mean time on dialysis 7.0 ± 5.7 years, range 1 to 22 years 
Mean EPO dose 89.4 ± 45.8 U/kg/week 
 
Variable ACEI-treated 

group 
Non-treated 
group 

P value 

Male/female 33/16 22/37 NS 
Age (years) 58.8 ± 14.6 63.2 ± 10.3 NS 
Body weight (kg) 52.2 ± 9.1 49.5 ± 9.3 NS 
Duration of hemodialysis 
(years) 

6.5 ± 4.9 7.5 ± 6.3 NS 

EPO dose (U/kg/week) 101.7 ± 51.7 79.2 ± 37.8  <0.05 
Hct (%) 26.7 ± 3.1 27.1 ± 3.0 NS 
S-UN (mg/dl) 73.3 ± 16.7 73.7 ± 15.6 NS 
S-Cr (mg/dl) 11.2 ± 3.0 10.7 ± 2.2 NS 
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Serum iron (μg/dl) 53.1 ± 20.4 57.0 ± 22.9 NS 
Ferritin (ng/ml) 129.4 ± 111.6 94.0 ± 94.4 NS 
Aluminium (μg/dl) 22.6 ± 21.4 25.5 ± 20.8 NS 
Parathyroid hormone (ng/ml) 3.1 ± 4.1 4.4 ± 6.0 NS 
Pcr (g/kg/day) 0.83 ± 0.23 0.81 ± 0.22 NS 

 
 

Intervention N/A 
Comparison N/A 
Length of follow-up  
Outcome measures Influence of clinical parameters on EPO maintenance doses 
Effect size 

Influence of ACEI therapy on EPO maintenance dose 
 
 ACEI-treated 

group 
Non-treated 
group 

P value 

EPO dose (U/kg/week) 101.7 ± 51.7 79.2 ± 37.8  <0.05 
Hct (%) 26.7 ± 3.1 27.1 ± 3.0 NS 

 

Influence of gender on EPO maintenance dose 
 Males Females P value 
EPO dose (U/kg/week) 77.0 ± 37.2 102.3± 50.6  <0.005 
Serum transferrin saturation 
(%) 

24.0± 10.0 19.8 ± 6.5 <0.05 

Body weight (kg) 56.4 ± 7.1 44.6 ± 7.2 <0.0001
ACEI therapy  33 (60%) 16 (30%) <0.005 
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Influence of TIBC, free carnitine and iron status on EPO maintenance dose 
 EPO maintenance doses weakly correlated with TIBC levels (r=0.27, P<0.01) and serum 

free carnitine levels (r=0.28, P<0.005), but not with serum iron, ferritin levels or serum 
transferrin saturation 

 
 
 

Step-wise regression analysis 
 The calculated parameters were gender, age, duration of dialysis, diabetes, ACEI 

administration, serum albumin, serum iron, ferritin, TIBC, serum transferrin saturation, 
aluminium, parathyroid hormone, free carnitine, acyl carnitine and pcr levels 

 The parameters that increased EPO doses significantly were female gender, ACEI 
administration, low TIBC and low free carnitine levels 

 
 Coefficient t F P value 
Gender (male=0, female=1) 31.69 3.92 15.35 <0.0005
ACEI administration (yes=1, no=0) 27.75 3.42 11.67 <0.001 
TIBC -0.21 2.74 7.5 <0.01 
Free carnitine -1.57 2.48 6.14 <0.05 

 
 
 

Source of funding Private funding 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  McClellan WM, Frankenfield DL, Wish JB, Rocco MV, Johnson CA, Owen WF, Jr. et al. 

Subcutaneous erythropoietin results in lower dose and equivalent hematocrit levels among 
adult hemodialysis patients: Results from the 1998 End-Stage Renal Disease Core Indicators 
Project. American Journal of Kidney Diseases 2001;37:E36.  

Study type Retrospective database analysis 
Evidence level 3- 
Study objective To determine whether hematocrit levels in hemodialysis patients differed by route of Epoetin 

administration after controlling for demographic factors and iron status 
Number of patients N=7,092 
Patient characteristics Exclusion criteria: 

 Receiving both s.c. and i.v. EPO  
 
 
Mean age  60.5 ± 15.3 

years 
Male 53% 
Race 
White 
Black 

 
52% 
37% 
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Primary cause of ESRD 
Diabetes mellitus 

 
39% 

Mean urea reduction ratio 
(URR) 

68.0 ± 7.5% 

Mean Kt/V 1.39 ± 0.27 
Mean serum albumin 
concentration BCG method 
BCP method 

 
3.8 ± 0.42 g/dl 
3.6 ± 0.48 g/dl 

Mean transferrin saturation 29.1 ± 13.8% 
Mean serum ferritin  501 ± 457 ng/ml 

 
 
 

Route of administration of Epoetin 
Alfa 

 

S.C. (N=659) I.V. (N=6,005) 
Gender 
Male 
Female 

 
364 (10%) 
294 (9%) 

 
3,107 (90%) 
2,890 (91%) 

Race 
White  
Black 
Other 

 
331 (10%) 
244 (10%) 
84 (10%) 

 
3,072 (90%) 
2,194 (90%) 
739 (90%) 

Age (years) 
Median 
Mean (SD) 

 
64 
61.3 (14.9) 

 
63 
60.6 (15.4) 

Primary diagnosis 
Diabetes mellitus 

 
274 (10%) 

 
2,345 (90%) 
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Hypertension 
Glomerulonephritis 

170 (9%) 
75 (9%) 

1,637 (90%) 
765 (90%) 

Years on dialysis  
Median 
Mean (SD) 

 
1.9 
3.02 (3.2) 

 
2.2 
3.38 (3.75) 

Weight (kg) 
Predialysis 
Postdialysis 

 
76.3 (20.3) 
73.2 (19.5) 

 
74.3 (19.5) 
71.6 (19.1) 

Urea reduction ratio (%) (SD) 68.1 (7.9) 68.1 (7.4) 
Kt/V (SD) 1.40 (0.27) 1.39 (0.27) 
Serum albumin (g/dl) 
Bromcresol green (SD) (N=5,878) 
Bromcresol purple (SD) (N=1,169) 

 
3.82 (0.46) 
3.45 (0.38) 

 
3.82 (0.41) 
3.62 (0.49) 

Transferrin saturation (%) (SD) 28.6 (13.9) 29.2 (13.7) 
Serum ferritin (ng/ml) 482.7 (469.3) 511.0 (459.0)  

Intervention Epoetin Alfa 
Comparison N/A 
Length of follow-up 3 months 
Outcome measures A linear regression analysis model was used to examine the association between:  

1) route of administration (independent variable) and hematocrit (dependent variable) 
2) route of administration (independent variable) and Epoetin alfa dose (dependent variable), 
controlling for hematocrit and all other covariates (listed under additional comments section 

Effect size 
Mean Hct values and Epoetin dose 

 Mean prescribed Epoetin alfa dose was 192.7 ± 140.8 U/kg/week 
 Higher Epoetin alfa dose was associated with younger age, female gender and primary 

cause of ESRD not due to diabetes mellitus 
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 Hematocrit 
(%) 

Epoetin dose (units/kg/week)

Gender 
Male 
Female 

 
33.1 (3.2)* 
32.8 (3.2) 

 
179.8 (134.2)* 
206.6 (146.4) 

Race 
White  
Black 
Other 

 
33.1 (3.1)* 
32.6 (3.4) 
33.2 (3.1) 

 
190.1 (138.1) 
196.0 (143.4) 
191.1 (141.6) 

Age (years) 
18-44 
45-64 
65+  

 
32.4 (3.6)* 
33.0 (3.3) 
33.2 (3.0) 

 
208.8 (150.1)* 
187.2 (138.7) 
190.1 (136.9) 

Primary diagnosis 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 
Other/unknown 

 
32.9 (3.1) 
33.0 (3.1) 
33.1 (3.2) 
32.8 (3.4) 

 
181.4 (128.0)* 
197.7 (143.8) 
196.3 (151.6) 
204.3 (151.2) 

Route Epoetin alfa 
i.v. 
s.c. 

 
33.0 (3.2) 
32.7 (3.4) 

 
195.1 (141.6)* 
167.6 (126.8) 

* P<0.001 
 

Characteristics of the study population by quartiles 
 Epoetin dose fell with greater postdialysis weight, URR, serum albumin, transferrin 

saturation and serum ferritin 
 
 Hematocrit (%) Epoetin dose 
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(units/kg/week) 
Years on dialysis   
Lowest 32.3 (3.6)* 202.7 (138.6)* 
Quartile 2 33.2 (3.0) 181.8 (132.1) 
Quartile 3 33.1 (3.0) 185.6  (136.9) 
Highest 33.1 (3.3) 201.0 (154.0) 
Postdialysis weight (kg)   
Lowest 33.0 (3.3) 245.9 (169.5)* 
Quartile 2 32.9 (3.1) 200.5 (1390.) 
Quartile 3 33.0 (3.2) 174.3 (122.8) 
Highest 32.8 (3.3) 149.1 (104.6) 
URR (%)   
Lowest 32.2 (3.6)* 201.1 (137.7)† 
Quartile 2 33.1 (3.1) 191.1 (140.9) 
Quartile 3 33.2 (3.1) 182.5 (136.8) 
Highest 33.2 (2.9) 192.6 (142.7) 
Serum albumin (g/dl)   
Lowest 32.0 (3.7)* 219.1 (154.0)* 
Quartile 2 32.9 (3.1) 192.0 (137.5) 
(3.6)Quartile 3 33.3 (2.9) 181.8 (135.8) 
Highest 33.6 (2.9) 177.1 (130.7) 
Transferrin saturation (%)   
Lowest 32.2 (3.4)* 209.4 (145.0)* 
Quartile 2 32.9 (3.1) 195.3 (137.5) 
Quartile 3 33.2 (3.0) 179.2 (131.8) 
Highest 33.4 (3.3) 185.4 (144.6) 
Serum ferritin (ng/ml)   
Lowest 32.8 (3.4) 203.5 (141.4)† 
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Quartile 2 32.9 (3.2) 191.4 (136.9) 
Quartile 3 33.0 (3.1) 187.5 (143.0) 
Highest 33.1 (3.1) 187.6 (141.5) 

*P<0.001 
†P<0.01 
 

Association between Epoetin alfa dose and route 
 EPO was administered i.v. in 90% and s.c. in 10% of patients 

 
Unadjusted 
Mean weekly dose by s.c. 
route 

167.6 ± 126.8 
units/kg/week 

Mean weekly dose by i.v. 
route 

195.1 ± 141.6 
units/kg/week 

P<0.001 

 
Adjusted for Hct, patients characteristics, dialysis adequacy, iron status, serum albumin, 
postdialysis weight and duration of dialysis 
Mean weekly dose by s.c 
route 

167.4 units/kg/week (95% CI 153.9 to 
180.8 units/kg/week) 

Mean weekly dose by i.v. 
route 

193.6 units/kg/week (95% CI 189.5 to 
197.8 units/kg/week) 

P<0.001 

 

Association between Epoetin alfa dose and other factors 
 Other than dosing route, other factors associated independently with EPO alfa dose were 

lower Hct, younger age, decreasing URR, decreasing postdialysis weight, lower serum 
albumin concentration and lower transferrin saturation 

Mean Hct 32.9 ± 3.2% 
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Mean Hct for s.c. route 32.7 ± 3.4% 
Mean Hct for i.v. route 33.0 ± 3.2% 

P<0.05 

 
 
 
 
Variable β (SE) P value 
Hematocrit (%) -7.31 (0.7) <0.001 
Route (i.v. = 1) 26.3 (7.2) <0.001 
Age (years) -0.64 (0.1) <0.001 
Race (black) 4.56 (4.3) 0.286 
Sex (female) 9.28 (4.4) 0.033 
Cause of ESRD (diabetes mellitus) -10.7 (4.4) 0.014 
URR (%) -120.4 (31.4) <0.001 
Postdialysis weight (kg) -1.96 (0.1) <0.001 
Duration (years) 0.298 (0.6) 0.612 
Serum albumin by BCG (g/dl) -25.3 (5.5) <0.001 
Transferrin saturation (%) -0.55 (0.2) 0.001 
Serum ferritin (ng/ml) -0.003 (0.005) 0.527 

 
 

Source of funding Not reported 
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Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Movilli E, Cancarini GC, Zani R, Camerini C, Sandrini M, Maiorca R. Adequacy of dialysis 

reduces the doses of recombinant erythropoietin independently from the use of biocompatible 
membranes in haemodialysis patients. Nephrology Dialysis Transplantation 2001;16:111-4.  

Study type Observational study 
Evidence level 3- 
Study objective To investigate the relationship between EPO dose and dialysis dose in haemodialysis 

patients with adequate iron stores, treated with bicarbonate dialysis and unsubstituted 
cellulosic membranes 

Number of patients N=68 
Patient characteristics Selected from 167 patients 

 
Inclusion criteria: 

 Chronic haemodialysis for at least 6 months 
 S.c. EPO for at least 4 months 
 Transferrin saturation ≥20% 
 Serum ferritin ≥100 ng/ml 
 Stable Hct between 32 and 36% for at least 3 months 

 
Exclusion criteria: 

 Known blood dyscrasia or haemoglobinopathy 
 Micro or macrocytosis (mean corpuscular volume <80 or >100 μm3 
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 HIV and HbsAg positive 
 Treatment for any infection with drugs known to affect erythropoiesis 
 Androgens 
 ACE inhibitors 
 Systemic disease 
 Neoplasia 
 Cachexia 
 The following events in the 3 months preceding the study: blood loss (GI Bleeding &/or 

blood loss from vascular access); blood transfusions; hospitalisations; infection (fever and 
leukocytosis) 

 
Mean age (years) 65 ± 15 (range 20 to 89 years) 
Time on dialysis (months) Median 67 (range 6 to 343 months) 
Duration of dialysis 180 to 270 min (median 240 min) 
Dialysis dose and membrane Thrice weekly; 1.3-1.8 m2 unsubstituted 

cellulosic membranes 
Blood flow rate (ml/min) 250 to 350 (median 300 ml/min) 
Dialysate flow rate (ml/min) 500 
Dialysate fluid composition 
Sodium 
Potassium 
Calcium 
Bicarbonate 
Acetate 
Glucose 

 
140 mmol/l 
2-3 mmol/l 
1.5-1.75 mmol/l 
35 mmol/l 
4 mmol/l 
1 g/l 

Renal disease 
Chronic glomerulonephritis 
Tubulointerstitial nephritis 
Diabetic nephropathy 

 
11 
14 
5 
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Nephroangiosclerosis 
Polycystic kidney disease 
Undiagnosed nephropathy 

13 
9 
16 

Mean iron dose in N=65 out of 
68 

75 ± 15 mg/week (at the end of 
haemodialysis)  

Intervention N/A 
Comparison N/A 
Length of follow-up Study duration 4 weeks 
Outcome measures  Haemoglobin 

 Heamtocrit 
 Transferrin saturation (TSAT) 
 Serum ferritin 
 Kt/V 
 Normalised protein catabolic rate (PCRn) 
 Serum albumin 
 C-reactive protein  
 Serum intact parathyroid hormone (iPTH) 
 Weekly EPO dose/body weight 

Effect size  Hct was maintained at 35% (Hb 12 g/dl) (evaluated post-dialysis in order to minimise 
differences due to hyperhydration) 

 During the course of the study, no changes were made to EPO dose or dialytic schedule 
 
Kt/V 1.33 ± 0.19 (range 1.02 to 1.81) 
Hb 12 ± 0.6 g/dl 
Hct  35 ± 1.2 % (range 31 to 39%) 
TSAT 29 ± 10% 
Serum ferritin 204 ± 98 ng/ml 
PCRn 1.11 ± 0.28 g/kg BW/day 
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Serum albumin 4.1 ± 0.3 g/dl 
CRP 7 ± 2 mg/l 
Serum iPTH 189 ± 142 pg/ml (range 11 to 490 pg/ml) 
Mean weekly EPO 
dose 

123 ± 76 U/kg/week (range 34 to 354 
U/kg/week) 

 
 
 
 

 Kt/V did not correlate with Hct (P=NS), but it showed inverse correlation with EPO dose 
(P<0.0001) 

 

Multiple regression analysis using EPO dose as a dependent variable 
 Only Kt/V correlated with EPO dose 

 
Variable Coefficient t statistic P value 
Kt/V 308.85 1.76 0.002 
PCRn -165.30 -3.28 0.194 
Age 0.16 0.24 0.81 
Dialysis age 0.00 -0.02 0.98 
Serum albumin 22.6 0.81 0.42 
iPTH -0.02 -0.37 0.71 
CRP -0.80 -0.22 0.83 

 

Comparison between Hct and weekly EPO dose after division of patients according to 
Kt/V 
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 Weekly EPO dose was higher in patients with Kt/V ≤1.2 
 No significant difference in Hct between the 2 groups 

 
 Group A 

Kt/V ≤1.2 
(N=21) 

P value Group B 
Kt/V ≥1.4 
(N=18) 

Hct (%) 35 ± 1.5 NS 35 ± 1.4 
EPO dose 
(U/kg/week) 

183 ± 95 0.0001 86 ± 33 

 
 

Source of funding Not indicated 
Additional comments All study participants were iron replete and no known causes of EPO resistance 
Citation  
NCC CC ID (Ref Man) 453 
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Study type Cohort 
Evidence level 2- 
Study objective To investigate the relationship between Kt/V and weekly epoetin dose in stable hemodialysis 

patients 
Number of patients N=85 
Patient characteristics Selected from a pool of 210 patients 

 
Inclusion criteria: 

 Chronic HD treatment for at least 6 months before study 
 S.c. EPO for at least 4 months before study 
 Transferrin saturation (TSAT) ≥20% 
 Serum ferritin ≥100 ng/ml 
 Stable Hb ~ 12g/dl for at least 3 months before study 

 
Exclusion criteria: 

 Known blood dyscrasia or hemoglobinopathy 
 Micro or macrocytosis (mean corpuscular volume <80 or >100 μm3 
 HIV+ 
 HbsAg+ 
 Treatement with drugs known to affect erythropoiesis (androgens and ACE-inhibitors) 
 Neoplasia and cachexia 
 Any of the following events 3 months prior to the study: blood loss (GI bleeding, from 

vascular access), blood transfusion, hospitalisation and infection 
 
 
Gender (M/F) 51/34 
Mean age (years)  63 ± 16 (range 19-89 years)
Time on HD (months) 6 – 338 (median 70 

months) 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Duration of dialysis (min) 180-270 (median 240 min) 
Blood flow rate (ml/min) 250-350 (median 300 

ml/min) 
Dialysate flow rate (ml/min) 500 
Dialysate fluid composition  
Sodium (mmol/l) 
Potassium (mmol/l) 
Calcium (mmol/l) 
Bicarbonate (mmol/l) 
Acetate (mmol/l) 
Glucose (g/l) 

 
140 
2-3 
1.5-1.75 
35 
4 
1 

 
 

Intervention Epoetin  
Comparison N/A 
Length of follow-up 3 weeks 
Outcome measures See below 
Effect size  

 
Kt/V 1.33 ± 0.17 
Hb (g/dl) 0.12 ± 0.7 
Hct (%) 36 ± 2 
TSAT (%) 28 ± 7 
Serum ferritin (ng/ml) 234 ± 171 
PCRn (g/kgBW/day 1.15 ± 0.28 
Serum albumin (g/dl) 4.2 ± 0.4 
CRP (mg/l) 8 ± 3 
iPTH (pg/ml) 198 ± 142 
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Weekly EPO dose (U/kg/week) 117 ± 74 
 
Regression analysis  

 Hb did not correlate with Kt/V (P=NS) 
 Weekly EPO dose inversely correlated with Kt/V (P=0.0001) 

 
 To identify whether the correlation between EPO dose and Kt/V disappeared after a 

certain point, a step-wise regression analysis was carried out. The cut-off was detected at 
Kt/V 1.33 and patients divided according to Kt/V values 

 
 In the 52 patients with Kt/V <1.33 the inverse correlation between EPO dose and Kt/V was 

confirmed (r=0.563, P=0.0001), whilst there was no correlation between the 2 parameters 
in the 33 patients with Kt/V ≥1.33 (P=NS) 

 Out of the biochemical parameters tested, only epoetin dose reached significance 
 
 Group A 

Kt/V <1.33 
Group B 
Kt/V ≥1.33 

P value 

N 52 33  
Epoetin dose (U/kg/week) 147 ± 86 92  ± 52 <0.05 
Hb (g/dl) 11.7 ± 0.5 12.0 ± 0.7 NS 
PCRn (g/kg/day) 1.07 ± 0.21 1.15 ± 0.26 NS 
Age (years) 65 ± 11 60 ± 18 NS 
Time on HD (months) 77 ± 75 95 ± 90 NS 
Serum albumin (g/dl) 4.1 ± 0.5 4.2 ± 0.4 NS 
iPTH (ng/ml) 192 ± 140 187 ± 143 NS 
CRP (mg/dl) 5.4 ± 2.0 6.0 ± 2.0 NS 
TSAT (%) 30 ± 15 28 ± 8.0 NS 
Serum ferritin (ng/ml) 185 ± 96 202 ± 115 NS 
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Multiple regression analysis for Kt/V ≥1.33 (N=33) using weekly EPO dose as the 
dependent variable  
 

 Kt/V was a non-significant factor 
 
Variable Coefficient Std error t 

statistic 
P value 

Kt/V 44.28 175.38 0.25 0.80 
PCRn 55.19 36.53 1.51 0.15 
Age 0.85 0.65 1.30 0.21 
Serum ferritin 0.30 1.10 2.86 0.09 
Serum albumin -8.61 37.70 -0.22 0.82 
iPTH -0.02 0.07 -0.22 0.82 
CRP -7.97 5.47 -1.45 0.16 

 
 

Multiple regression analysis for Kt/V <1.33 (N=52) using weekly EPO dose as the 
dependent variable  
 

 Kt/V was the only significant factor 
 
Variable Coefficient Std error t statistic P value 
Kt/V -263.9 98.35 -2.68 0.01 
PCRn -636.9 425.42 -1.49 0.15 
Age -1.51 1.69 -0.89 0.38 
Serum ferritin -0.09 0.23 -0.41 0.68 
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Serum albumin 102.6 62.44 1.64 0.12 
iPTH 0.14 0.13 1.10 0.28 
CRP 13.6 10.11 1.35 0.20 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 454 
 
 
 
 
Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 
the maintenance range? 
 
Bibliographic reference  Ortiz F, Guirado L, Diaz J, Garcia-Trabanino R, Garra N, Sainz Z et al. Use of recombinant 

human erythropoietin in kidney transplant patients with stable graft function. Transplantation 
Proceedings 2003;35:1767-8.  

Study type Cohort study 
Evidence level 2- 
Study objective To assess the necessity of EPO in patients with stable graft function, according to degree of 

renal function 
Number of patients N=50 
Patient characteristics  No inclusion/exclusion criteria given 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 No patient demographics given 
 
Patients were divided into: 
 
 Plasma creatinine 
Group A <150 μmol/l 
Group B 151 to 250 μmol/l 
Group C >250 μmol/l 

 
 

Intervention Epoetin 
Comparison N/A 
Length of follow-up Study duration 1 year 
Outcome measures See below 
Effect size  Mean renal function  

 
Serum creatinine (μmol/l)  
Baseline 6 months 12 months 

Group A 106 107 122 
Group B 190 210 220 
Group C 351 389 315 

 
 There was no significant variation in proteinuria in each group (P=0.08) 
 The number of hypertensive drugs remained the same in all groups 
 The time required to obtain a target Hb >12 g/dl was 2 months in group A, 3 months in 

group B and 6 months in group C 
 Mean s.c. EPO dose was 3000, 4000 and 7500 IU respectively 
 A major EPO requirement was observed in patients taking ACE inhibitors or angiotensin 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

receptor blockers (no data given by the authors) 
Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 463 
 
 
 
Evidence Table 
 
TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 
maintenance range? 
 
Bibliographic reference  Seeherunvong W, Rubio L, Abitbol CL, Montane B, Strauss J, Diaz R et al. Identification of poor 

responders to erythropoietin among children undergoing hemodialysis. Journal of Pediatrics 
2001;138:710-4.  

Study type Retrospective cohort study (database analysis) 
Evidence level 2- 
Study objective To identify variables that characterise requirement for high dose vs. average dose Epoetin in 

children on maintenance hemodialysis 
Number of patients N=23 
Patient characteristics Inclusion criteria: 

 >6 months hemodialysis  
 
Mean age 13 ± 5 years 
No. of girls 14 
Total dialysis time  35 ± 5 years (range 8 to 97 months) 
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Mean EPO dose  368 ± 190 U/kg/week 
Mean Hb level 10.6 ± 1.4 g/dl 
Race 
African-American 
Hispanic 
White 

 
15 
6 
2 

Vascular access  
Native arteriovenous fistula 
Cuffed double-lumen catheter 

 
7 
16 

Hemoglobinopathies 
Sickle cell trait 

 
1 

Etiology of ESRD 
Glomerulosclerosis 
Reflux nephropath 
Lupus nephritis 
Alport syndrome 
Renal hypoplasia 
Rrenal vein thrombosis 
Membranous nephropathy 
IgA nephropathy  

 
9 
5 
2 
1 
1 
1 
1 
1 

Anephric 10 
Chronic viral infections 
HIV 
Hepatitis B 
Hepatitis C 

 
3 
2 
2 

 
 

Intervention Epoetin i.v. 3 times weekly after hemodialysis to maintain a target pre-hemodialysis Hb 10 to 12 
g/dl or Hct 30 to 36% 
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Comparison N/A 
Length of follow-up Not indicated 
Outcome measures See table below 
Effect size  

 
Variable High EPO dose 

≥450 U/kg/week 
(N=4) 

Average EPO 
dose 
<450 U/kg/week 
(N=19) 

P value 

EPO dose (U/kg/week) 714 ± 153 295 ± 92 0.002 
Age (years) 6.6 ± 1.4 14.4 ± 4.4 0.005 
Body weight (kg) 17.1 ± 3.7 41.9 ± 15.3 0.003 
Hemoglobin (g/dl) 9.7 ± 1.0 10.9 ± 1.4 0.06 
Transferrin saturation (%) 33.9 ± 10.1 31.4 ± 16.5 0.37 
Serum ferritin (ng/ml) 811 ± 555 206 ± 277 0.01 
Serum intact parathyroid hormone (ng/l) 1616 ± 520 728 ± 864 0.03 
Serum alkaline phosphatase (U/l) 440 ± 162 275 ± 172 0.03 
No. of bacteremia episodes  4.0 ± 1.6 1.4 ± 1.8 0.02 

 
 
Iron deficiency 

 2 patients in the high EPO dose group were iron deficient initially. However, they aerceived iron 
treatment and no iron deficiency was documented at the end of the study 

 13 patients were iron deficient in the average EPO dose group initially. 3 did not receive i.v. 
iron dextran. At the end of the study, 6 patients continued to be iron deficient 

 
Relationship between EPO dose and serum ferritin and serum intact parathyroid hormone (iPTH) 
levels 
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Serum ferritin  r = +0.75 P<0.001 
Serum iPTH r = +0.5 P=0.01 

 
 

Source of funding Not indicated 
Additional comments  All patients received folate and multivitamin supplements 

 I.v. iron dextran, 50 to 100 mg, was administered for 10 consecutive treatments when 
transferrin saturation <20% or serum ferritn <200 μg/l and maintenance iron continued in most 
patients, 50 to 100 mg per week 

 An optimal dose of 1,25 dihydroxychloecalciferol was given  
 1 patient in the high EPO dose group and 5 patients in the average EPO dose group received 

blood transfusions due to symptomatic anemia after GI bleeding or surgical procedures 
 the authors acknowledge confounders, especially the number of patients in the high EPO dose 

group undermines the power of the study 
Citation  
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hospitalization in end-stage renal disease patients. American Journal of Nephrology 
2001;21:390-6.  

Study type Retrospective observational study 
Evidence level 3+ 
Study objective To evaluate if ESRD patients receiving haemodialysis treatment require an increased EPO 

dose to maintain a stable Hb levels during hospitalisation and following discharge 
Number of patients N=65 
Patient characteristics Inclusion criteria: 

 Admitted for more than 48 hour and did not have multiple admissions in the 4 month 
period (i.e. 2 months before and 2 months after the study) 

 
Exclusion criteria: 

 Multiple admissions in a 4-month period 
 Admitted for less than 48 hours 
 Access surgery admissions 
 Malignancy 
 Hemoglobinopathy 
 Prisoners 
 Pregnancy 
 Chemotherapy 
 HIV-positive 

 
 
 
 
 
Mean age ± SEM (years) 57.9 ± 2.2 
Females 41 (63%) 
Black 48 (74%) 
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Diabetes mellitus 34 (52%) 
Hypertension 62 (92%) 
Years on hemodialysis ± 
SEM 

5.8 ± 0.8 

Days in hospital ± SEM 5.5 ± 0.7 
 
 

Intervention N/A 
Comparison N/A 
Length of follow-up Study duration 4 months 
Outcome measures  Haemoglobin levels and EPO dose pre- and post-hospitalisation  

 Factors affecting Hb levels and EPO dose 
Effect size 

Haemoglobin levels and EPO dose pre- and post-hospitalisation 
 
Mean Hb 2 month pre-hospitalisation 11.43 ± 0.24 g/dl 
Mean Hb 1 month prior to hospitalisation 11.46 ± 0.24 g/dl  
Mean Hb at the time of admission 11.42 ± 0.22 g/dl  

P value = NS 

 
 A mean of all 3 readings was therefore used,  

Mean Hb pre-hospitalisation 11.4 ± 0.25 g/dl 
 

 Hb levels decreased following hospitalisation 
 
Mean Hb 1 month post-hospitalisation 10.7 ± 0.22 g/dl P<0.001 
Mean Hb 2 month post-hospitalisation 10.8 ± 0.23 g/dl  P<0.01 
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 EPO dose progressively increased 
 
EPO dose 1 month pre-hospitalisation 128 ± 014.6 

U/kg/week 
 

EPO dose 1 month post-hospitalisation 168 ± 19 U/kg/week P<0.0001 
EPO dose 2 months post-hospitalisation 185 ± 21 U/kg/week P<0.0001 

 
 EPO efficiency index (units/kg/week ÷ Hb) increased  

 
EPO efficiency index pre-hospitalisation 11.2 
EPO efficiency index 1 month post-hospitalisation 15.7 
EPO efficiency index 2 months post-hospitalisation 17.1 

 
 

Factors affecting Hb levels and EPO dose 
 

 To determine factors involved in decreased Hb despite an increased EPO dose, comorbid 
conditions including diabetes mellitus, coronary artery disease, ESRD diagnosis and 
hypertension were investigated. None predicted a future decrease in Hb or rise in EPO 
dose 

 
 When iron status was investigated, there was no significant difference in serum iron, 

transferrin saturation, total iron binding capacity or ferritin between pre- and post-
hospitalisation 

 
 Before After P value 
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hospitalisation hospitalisation 
Serum iron (μg/dl) 54 ± 5.1 57 ± 4.9 >0.05 
Saturation (%) 21 ± 1.7 23 ± 2.1 >0.05 
TIBC (μg/dl) 258 ± 9.1 255 ± 10 >0.05 
Ferritin (ng/dl) 634 ± 67 521 ± 70 >0.05 

Values are mean ± SEM 
 

 There was no significant difference in parathyroid hormone, before and after 
hospitalisation 

 
 Patients were divided into groups: 

 
Received at least 1 blood transfusion during hospitalisation 
 Transfusion during 

hospitalisation 
No transfusion 
during hospitalisation

P value 

N 25 41  
Hb (g/dl) 
Before  
1 month post 
2 months post 

 
10.7 ± 0.26 
10.4 ± 0.25 
10.3 ± 0.20 

 
11.8 ± 0.28 
10.9 ± 0.20 
11.1 ± 0.26 

 
<0.005 
NS 
<0.05 

EPO dose 
(U/kg/week) 
Before 
1 month post 
2 months post 

 
160 ± 16 
204 ± 21 
225 ± 24 

 
107 ± 12 
145 ± 17 
160 ± 19 

 
<0.01 
<0.05 
<0.05 

Values are mean ± SEM 
 
Discharge diagnosis 
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 Inflammatory Non-inflammatory P value 
N 27 38  
Hb (g/dl) 
Before  
1 month post 
2 months post 

 
11.6 ± 0.25 
10.8 ± 0.23 
not given 

 
11.3 ± 0.23 
10.6 ± 0.22 
not given 

 
NS 
NS 
NS 

EPO dose 
(U/kg/week) 
Before 
1 month post 
2 months post 

 
120 ± 14 
160 ± 18 
177 ± 19 

 
132 ± 15 
170 ± 18 
188 ± 21 

 
NS 
NS 
NS 

 
Inflammatory= sepsis, infected wounds, pneumonia, pancreatitis and positive blood cultures 
without obvious sepsis 
 
Surgery 
 Surgery No surgery P value 
N 13 (6 male/7 female) 38  
Hb (g/dl) 
Before  
1 month post 
2 months post 

 
11.3 ± 0.23 
10.5 ± 0.20 
10.8 ± 0.21 

 
11.6 ± 0.24 
10.7 ± 0.21 
10.9 ± 0.23 

 
NS 
NS 
NS 

EPO dose 
(U/kg/week) 
Before 
1 month post 
2 months post 

 
128 ± 16 
172 ± 18 
192 ± 22 

 
132 ± 14 
166 ± 17 
182 ± 20 

 
NS 
NS 
NS 

 
Gender 
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 Male Female P value 
N 24 41  
Weight (kg) 81 ± 17 69 ± 16  
Hb (g/dl) 
Before  
1 month post 
2 months post 

 
11.7 ± 0.30 
11.2 ± 0.25 
11.1 ± 0.28 

 
11.2 ± 0.23 
10.4 ± 0.19 
10.7 ± 0.21 

 
NS 
<0.05 
NS 

EPO dose 
(U/kg/week) 
Before 
1 month post 
2 months post 

 
100 ± 16 
129 ± 20 
215 ± 18 

 
145 ± 13 
191 ± 16 
134 ± 22 

 
<0.05 
<0.05 
<0.01 

 
 

Source of funding Not indicated 
Citation  
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renal anaemia treatment is related to the degree of impairment in erythrocyte deformability. 
Nephrology Dialysis Transplantation 1997;12:2375-9.  

Study type Observational (non-analytic) study 
Evidence level 3+ 
Study objective To identify factors which have an impact on required EPO doses in haemodialysis patients 

with a special reference to erythrocyte deformability  
Number of patients N=25 
Patient characteristics Inclusion criteria: 

 Age 18 years+ 
 Haemodialysis and s.c. EPO for at least 6 months 
 Unaltered EPO dose during last 2 months 
 Stable Hb during 2 months (i.e. no Hb value checked every 2nd week deviated from the 

previous one by more than 5%) 
 Serum ferritin concentration >50 μg/l 
 Vitamin B12 and folic acid within normal ranges 
 Serum calcium and alkaline phosphatase within normal ranges 
 No blood transfusions within the last 6 months 

 
Male/female 17/8 
Mean age  66 years, range 31 to 88 

years 
Primary renal disease 
Nephrosclerosis 
Diabetic nephropathy 
Chronic glomerulonephritis 
Congential renal hyperplasia 
Renal artery stenosis 
Polycystic kidney disease 
Nephrectomia due to 

 
9 
5 
3 
2 
1 
1 
2 
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carcinoma 
Unknown 

2 

Dialysis  
Haemodiafiltration 
Bicarbonate haemodialysis 

 
9 
16 

Dialysis frequency 
Twice weekly 
Thrice weekly 

 
9 
16 

Iron supplementation i.v. 8 
 
 

Intervention Epoetin 
Comparison N/A 
Length of follow-up One-off measurements 
Outcome measures See below 
Effect size  Required EPO dose was 186 ± 93 U/kg/week, range 56 to 370 U/kg 

 
 
 
 

Regression analysis between required EPO dose and variables 
 
 Mean ± SD R P 
Haemoglobin (g/dl) 12.0 ± 1.5 0.03 NS 
Reticulocytes (%) 1.7 ± 0.7 0.69 0.0001 
Serum albumin (g/l) 37 ± 4 0.14 NS 
Serum ferritin (μg/l) 412 ± 427 0.27 NS 
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Serum aluminium (μg/l) 9.7 ± 12 0.19 NS 
Serum parathyroid hormone (ng/l) 189 ± 297 0.29 NS 
Dialysis time (hours/week) 9.0 ± 2.2 0.21 NS 
Serum urea (mmol/l) 27 ±  5 0.09 NS 
Kt/V/week 3.3 ± 1.1 0.08 NS 
Plasma viscosity (mPa.s) 1.36 ± 0.09 0.42 0.035 
Erythrocyte fluidity (1/Pa.s) 85 ± 11 0.48 0.014 

 

Stepwise regression analysis between required EPO dose and variables 
 

 When EPO dose was used as a dependent variable and Hb, serum albumin, ferritin, 
aluminium, parathyroid hormone, urea, Kt/v/week, erythrocyte deformability and plasma 
viscosity were used as independent variables in a stepwise regression analysis, only 
erythrocyte fluidity remained significant (data not provided by the authors) 

 
 
 
 

C-reactive protein (CRP) 
 Majority of patients had a CRP concentration (marker for inflammation) of ≤10 mg/l, and 

therefore not suitable for a regression analysis 
 Patients were divided into 2 groups, with a CRP value lower or higher than 20 mg/l  

 
 CRP <20 

mg/l 
CRP >20 mg/l P value 

N 16 9  
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Serum CRP (mg/l) 11 ± 1 38 ± 17 <0.001 
EPO dose (U/kg/week) 166 ± 73 221 ± 118 NS 
Heamoglobin (g/dl) 12.5 ± 1.3 11.1 ± 1.3 <0.05 
Reticuloctyes (%) 1.5 ± 0.6 2.0 ± 0.6 <0.05 
Serum albumin (g/l) 39 ± 3 34 ± 3 0.01 
Serum ferritin (μg/l) 310 ± 287 595 ± 586 NS 
Plasma viscosity (mPa.s) 1.33 ± 0.08 1.40 ± 0.08 NS 
Erythrocyte fluidity (1/Pa.s) 88 ± 11 81 ± 11 NS 

 
 

Source of funding Grants from a society of medicine and a private foundation 
Citation  
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ambulatory peritoneal dialysis. Advances in Peritoneal Dialysis 2004;20:111-6.  
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Study type RCT  
Evidence level 1+ 
Study objective To investigate the effect on EPO maintenance dose of CAPD patients concurrently receiving ACE-

inhibitors, angiotensin type I receptor blockers (ARBs) and calcium channel blockers 
Number of patients N=36 

 N=12 benazepril 2.5-10 mg or enalapril 2.5-10 mg daily (ACE-inhibitors) 
 N=12 valsartan 20-80 mg or candesartan 4-12 mg daily (ARBs) 
 N=12 amlodipine 2.5-10 mg daily (calcium channel blocker) 

Patient characteristics Inclusion criteria: 
Not given 
 
Exclusion criteria: 

 Overt heart failure 
 History of heart failure 
 Myocardial infarction or cerebral accident in the preceeding 6 months 
 Pregnancy 
 Illness requiring hospitalisation 
 Peritonitis in the preceeding 6 months 
 Possible malignancy 
 Active infection 
 Immunological disease 
 Diabetic nephropathy 

 
 
 
Causes of renal failure: glomerulonephritis N=28;nephrosclerosis N=3; unknown N=5  
 
 Calcium channel blocker 

group (N=12) 
ACE-I group 
(N=12) 

ARB group (N=12) 
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Age (years) 58 ± 3 60 ± 3 56 ± 3 
CAPD duration (years) 3.4 ± 0.4 3.9 ± 0.3 3.6 ± 0.5 
Total protein (g/dl) 6.8 ± 0.2 6.6 ± 0.2 6.8 ± 0.2 
Albumin (g/dl) 3.8 ± 0.1 3.7 ± 0.2 3.8 ± 0.1 
Total cholesterol 
(mg/dl) 

182 ± 5 175 ± 4  188 ± 5 

BUN (mg/dl) 58 ± 4 66 ± 5 62 ± 3 
Creatinine (mg/dl) 8.4 ± 0.4 8.9 ± 0.5 7.9 ± 0.7 
Serum iron (µg/dl) 66 ± 4 58 ± 8 68 ± 9 
Serum ferritn (ng/ml) 168 ± 21 196 ± 26 172 ± 24 
Serum EPO (mIU/ml) 76 ± 8 74 ± 8 74 ± 7 

 
 

Intervention  EPO + ACE-inhibitor                  (EPO s.c. every week or every other week to maintain Hct 
>30%) 

 EPO + ARB 
 EPO + Calcium channel blocker 

Comparison The 3 treatment groups were compared against each other 
Length of follow-up Study duration 12 weeks 
Outcome measures  Blood pressure 

 EPO maintenance dose to maintain Hct >30% 
 Plasma EPO concentration 

Effect size  Blood pressure before and after treatment with antihypertensive drugs 
Systolic and diastolic BP were the same for all 3 groups at baseline  
Calcium channel blockers, ACE-Is and ARBs significantly reduced SBP and DBP by the end of the 
study (P values not provided by the authors). However, no significant differences were observed 
between the 3 groups 
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 EPO maintenance dose to maintain Hct >30% before and after treatment with antihypertensive 
drugs 

 
Tx group Weekly EPO dose 

at baseline (U/kg) 
Weekly EPO dose at 
12 weeks (U/kg) 

P value for baseline vs. 
12 weeks 

Calcium channel 
blocker 

76 ± 8 74 ± 7 NS 

ACE-Is 74 ± 8 89 ± 9 <0.01 
ARBs 76 ± 8 82 ± 10 <0.05 

 
The weekly EPO dose was significantly higher in the ACE-I-treated group vs. the ARB-treated 
group (P <0.05) and in the ACE-I-treated group vs. the calcium channel blocker (P<0.01) 
 

 Plasma EPO concentration before and after treatment with antihypertensive drugs 
No changes were observed in the calcium channel blocker group  before and after treatment at 12 
weeks 
 
 
 
 
Tx group Plasma EPO 

concentration at 
baseline (mIU/ml) 

Plasma EPO 
concentration at 12 
weeks (mIU/ml)  

P value for baseline vs. 
12 weeks 

ACE-Is 17.4 ± 2.2 22.8 ± 1.8 <0.05 
ARBs 18.2 ± 2.4 19.9 ± 1.8 NS 

 
Plasma EPO concentration was significantly higher in the ACE-I-treated group vs. the calcium 
channel blocker-treated group (P <0.05)  
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Source of funding Not indicated 
Citation  
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TXDF2 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 
maintenance range? 
 
Bibliographic reference  Richardson D, Bartlett C, Goutcher E, Jones CH, Davison AM, Will EJ. Erythropoietin resistance due 

to dialysate chloramine: the two-way traffic of solutes in haemodialysis. Nephrology Dialysis 
Transplantation 1999;14:2625-7. 

Study type Cohort  study 
Evidence level 2+ 
Study objective To investigate declining haemoglobin concentrations despite adequate iron therapy and steadily 

increasing doses of epoietin in haemodialysis patients 
Number of patients N=236 

 
 Main unit, N=137 
 4 satellite units, N=99 

Patient characteristics  No inclusion / exclusion criteria reported by the authors  
 Patient characteristics not reported by the authors 

Intervention EPO  
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Comparison N/A 
Length of follow-up 14 months 
Outcome measures See below 
Effect size  Following the introduction of a computer-aided algorithm to optimise EPO and i.v. iron 

supplementation, EPO doses and Hb values increased 
 
 Month 0 Month 14 P 
Median Haemoglobin (g/dl) 10.0 (IQR 8.8-

11.4) 
11.7 (10.3-
12.7)* 

<0.001 

Median EPO dose 
(IU/kg/week) 

82 (IQR 44-120) 105 (IQR 48-
173) 

0.001 

IQR = interquartile range 
* achieved by adjustment of iron and EPO therapy 

 EPO dose was greater in satellite unit 2 at month 10 when compared to the other 4 units, 
however, the Hb remained lower 

 
 Satellite unit 2 

(N=18) 
Other dialysis units 
(N=81) 

P 

Median EPO dose 
(IU/kg/week) at Month 10 

204 (IQR 145-269) 128 (IQR 70-201) 0.04 

Median Haemoglobin (g/dl) 
At Month 10 

10.4 (IQR 9.2-
11.3) 

11.6 (IQR 10.4-12.7) <0.01 

Median Haemoglobin (g/dl) 
At Month 11 

9.0 (IQR 8.3-10.6) 11.8 (IQR 10.5-12.9) <0.01 

 
 Analysis of the mains water supply revealed a high water chlorine content and evidence of 

haemolysis (high ferritin and low haptoglobin) 
 
 Satellite unit 2 Normal P 
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(N=18) range/desirable limit 
Water chlorine content (mg/l) 0.7  <0.1  Not given 
Median Ferritin (ng/ml) 607 (IQR 369-777 226 (149-326) <0.01 
Median Haptoglobin (g/l) 
At Month 10 

0.63 (IQR 0.3-1.4) 
 

0.64-2.56  Not given 

 
 Installation of an activated charcoal filter to pre-treat the water decresed the chlorine concentration 

to <0.02 mg/l. Subsequently there was an increase in haemoglobin [12.8 g/dl (10.7-14.4)] and a 
reduction in EPO requirement [median 165 IU/kg/week (50-276)] over the next 3 months 

Source of funding Not reported 
Additional comments  
Citation  
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maintenance range? 
 
Bibliographic reference  Odabas AR, Cetinkaya R, Selcuk Y, Keles S, Bilen H. The effect of high dose losartan on 

erythropoietin resistance in patients undergoing haemodialysis. Panminerva Medica 2003;45:59-
62.  

Study type Prospective cohort study 
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Evidence level 2+ 
Study objective To investigate if hypertensive EPO-treated patients treated with angiotensin II receptor antagonist 

or amlodipine require a higher EPO dose to maintain Hb levels, when compared to normotensive 
EPO-treated patients (all on haemodialysis) 

Number of patients N=60 
 N=20 EPO + losartan 100mg (angiotensin II receptor antagonist) 
 N=20 EPO + amlodipine 10mg (calcium channel blocker) 
 N=20 EPO only (control) 

 
Multisite study in 3 haemodialysis centres 

Patient characteristics Inclusion criteria: 
 Haemodialysis for >12 months 
 Hb >8g/dl with EPO treatment 

 
Exclusion criteria: 

 Folate or vitamin B12 deficiency 
 Serum ferritin <200 µg/l 
 Intact parathyroid hormone (iPTH) 
 Active bleeding lesions 
 Haematological disease 
 Active infections 
 Malignancies 
 Any other causes of inflammation 

 
Parameters Losartan group 

(N=20) 
Amlodipine group 
(N=20) 

Control group 
(N=20) 

Age (years) 43.6 ± 7.5 44.4 ± 8.7 45.2 ± 5.17 
Gender (M/F) 12/8 11/9 10/10 
Aetiology of renal    
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failure 
Amyloidiosis 
Diabetes mellitus 
Glomerulonephritis 
Hypertension 
Interstitial nephritis 
Unknown 

6 
3 
5 
3 
2 
1 

5 
4 
4 
3 
3 
1 

8 
3 
5 
1 
2 
1 

Duration of HD 
(months) 

25.5 ± 8.5 24.3 ± 8.9 20.9 ± 6.01 

Pre-trial SBP (mmHg) 
12 month SBP (mmHg)

153 ± 8.3 
135.7 ± 4.6 

154 ± 10.7 
129 ± 27.4 

125 ± 7.2 
130 ± 5.7 

Pre-trial DBP (mmHg) 
12 month DBP (mmHg)

94.7 ± 3.7 
83.2 ± 4.0 

95 ± 3.6 
83.7 ± 3.9 

83.7 ± 3.9 
86.4 ± 5.7 

 
 

Intervention  EPO + losartan (angiotensin II receptor antagonist)    EPO adjusted to maintain Hb >10 g/dl 
 EPO + amlodipine (calcium channel blocker) 

Comparison EPO only; adjusted to maintain Hb >10 g/dl 
Length of follow-up 12 months  
Outcome measures See below 
Effect size  

 Biological data and dialysis parameters (mean ± SD) 
Only high dose losartan showed increase in EPO requirements 
There was no difference in iron administered between the 3 groups 
 
Parameters Losartan group 

(N=20) 
Amlodipine group 
(N=20) 

Control group 
(N=20) 

Pre-trial Hb (g/dl) 
12-month Hb (g/dl) 

8.8 ± 0.4 
10.1 ± 0.5 

8.7 ± 0.4 
10.0 ± 0.3 

8.6 ± 0.3 
10.1 ± 0.3 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Pre-trial serum ferritin (µg/l) 
12-month serum ferritin (µg/l) 

489 ± 42 
609 ± 60 

489 ± 64 
569 ± 51  

415 ± 50 
565 ± 62 

Pre-trial TSAT (%) 
12-month TSAT (%) 

33.1 ± 6.9 
30.2 ± 8.5 

32.6 ± 7.9 
30.4 ± 7.6 

32.3 ± 7.1 
29.8 ± 8.8 

Pre-trial PTH (pg/ml) 
12-month PTH (pg/ml) 

111 ± 24 
117 ± 47 

112 ± 27 
110 ± 47 

113 ± 28 
111 ± 27 

Pre-trial Kt/V (urea) 
12-month Kt/V (urea) 

1.28 ± 0.24 
1.31 ± 0.18 

1.27 ± 0.29 
1.28 ± 0.31 

1.23 ± 0.18 
1.32 ± 0.27 

Pre-trial EPO dose (U/kg/week)
12-month EPO dose 
(U/kg/week) 

90 ± 3.4 
129.5 ± 9.56* 

91.25 ± 5.7 
88.25 ± 4.77‡ 

89.65 ± 2.23 
88.0 ± 4.05‡ 

Mean monthly i.v. iron dose 
(mg) 

212 ± 61 194 ± 53 197 ± 47 

*P<0.0001 for pre-study vs. at 12 months 
 ‡P<0.0001 for amlodipine at 12 months vs. losartan at 12 months 
 ‡P<0.0001 for control at 12 months vs. losartan at 12 months 
 P=NS for amlodipine vs. control group 
 
 

Source of funding Not indicated  
Citation  
NCC CC ID (Ref Man) 153 
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Evidence Table 
 

TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 

the maintenance range? 
 
Bibliographic reference  Neves PL, Trivino J, Casaubon F, Romao P, Mendes P, Bexiga I et al. Elderly patients on 

chronic hemodialysis: effect of the secondary hyperparathyroidism on the hemoglobin level. 
International Urology & Nephrology 2002;34:147-9.  

Study type Prospective cross-over study 
Evidence level 2+ 
Study objective To evaluate the influence of hyperparathyroidism on haematological parameters in a 

population of elderly chronic hemodialysis patients 
Number of patients N=86 

 
 Multisite study in the Algarve region, Portugal 

Patient characteristics Inclusion criteria: 
 Age 65+ years 

 
Exclusion criteria: 

 <3 months dialysis 
 
 
Gender (M/F) 54/32 
Mean age (years) 74.8 ± 0.7 (range 65-92 years) 
Mean time on HD (months) 50.5 ± 5.0 (range 3-182 months) 
Original disease  
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Unknown 
Chronic interstitial disease 
Hypertensive renal disease 
Glomerulonephritis 
Diabetes 

34 (39.5%) 
20 (23.3%) 
16 (18.6%) 
6 (7.0%) 
5 (5.8%) 

Vitamin D therapy 
Calcitriol (i.v.; 2.2 mcg/pt/week) 
Calcitriol (oral; 1.5 mcg/pt/week) 

 
22 
18 

 
 
 PTH >250 pg/ml 

N=31 
PTH <250 
pg/ml 
N=55 

P value 

Age (years) 73.6 ± 1.2 75.4 ± 0.8 NS 
Sex (F/M) 13/18 18/36 NS 
Time on HD 
(months) 

61.6 ± 8.7 44.1 ± 5.8 NS 

EPO dose 
(U/kg/week) 

88 ± 8 85 ± 7 NS 

 
 
 

Intervention N/A 
Comparison Patients were divided into 2 groups: PTH >250 pg/ml and PTH <250 pg/ml 
Length of follow-up N/A - One-off measurements 
Outcome measures See below 
Effect size Laboratory data 

 
 Hyperparathyroid patients had higher levels of alkaline phosphatase, phosphorus and 
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calcium x phosphorus product 
 Despite similar EPO doses and serum iron and ferritin levels, the Hb and Hct levels were 

significantly lower in the group of patients with hyperparathyroidism 
 
 PTH >250 pg/ml  

N=31 
PTH <250 
pg/ml 
N=55 

P value 

BUN (mg/dl) 70.4 ± 2.6 66.5 ± 2.4 NS 
Creatinine (mg/dl) 8.2 ± 0.3 8.3 ± 0.3 NS 
Albumin (g/dl) 3.5 ± 0.06 3.6 ± 0.05 NS 
Calcium (mg/dl) 9.9 ± 0.2  10.0 ± 0.1 NS 
Phosphorous (mg/dl) 5.4 ± 0.3 4.3 ± 0.2 0.001 
Ca x Pi product  53.5 ± 2.7 43.7 ± 2.2 0.009 
Alkaline phosphatase 
(IU/l) 

376 ± 68 247 ± 5 0.023 

PTH (pg/ml) 538 ± 65 93 ± 9 0.0001 
Aluminium (µg/l) 20.3 ± 3 19.8 ± 2 NS 
Hct (%) 31 ± 0.7 33.5 ± 0.6 0.008 
Hb (g/dl) 10.4 ± 0.2 11.2 ± 0.2 0.009 
Serum iron (µg/dl) 77 ± 6 76 ± 5 NS 
Ferritin (ng/ml) 651 ± 86 744 ± 56 NS 

Values are mean ± SEM 
 

Source of funding Not indicated 
Citation  
NCC CC ID (Ref Man) 1641 
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Evidence Table 
 

TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 

the maintenance range? 
 
Bibliographic reference  Abu-Alfa AK, Cruz D, Perazella MA, Mahnensmith RL, Simon D, Bia MJ. ACE inhibitors do not 

induce recombinant human erythropoietin resistance in hemodialysis patients.[see comment]. 
American Journal of Kidney Diseases 2000;35:1076-82.  

Study type Non-randomised prospective cross-over study 
Evidence level 2+ 
Study objective To examine whether treatment of hypertension with ACE-inhibitors was associated with 

Epoetin resistance that would require an increased dosage of Epoetin to maintain Hb in the 
target range 

Number of patients N=51 
Patient characteristics Inclusion criteria: 

 Thrice-weekly dialysis 
 Dialysis for at least 3 months 
 Baseline Hct ≥30% 
 Treatment with EPO and at least 1 antihypertensive 

 
Exclusion criteria: 

 Intolerance to ACE-inhibitors 
 Active infection 
 HIV+ 
 Malignancy 
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 Recurrent or active GI bleeding 
 Iron deficiency, defined as TSAT <20% 
 Aluminium overload, defined as Al >100 µg/l 
 Severe hyperparathyroidism, intact PTH level >600 pg/ml 
 Severe symptomatic or radiologic bone disease 
 Recurrent hyperkalaemia, predialysis serum potassium >6.5 mEq/l 
 Gross non-compliance 

 
Drop-out criteria: 

 Transfusion with more than 3 units packed red blood cells 
 An acute event requiring hospitalisation for longer than 3 weeks 
 Non-compliance with medication or protocol 
 Missed EPO doses for more than 3 weeks 
 Identification of a process leading to significant blood loss or acute inflammation 
 Inability to tolerate new antihypertensive medications 
 Change of modality to peritoneal dialysis, transplantation or death 

 
 
Age (years) 53.2 ± 13.3
Women (%) 61 
Black (%) 64 
ESDR from diabetes (%) 46 
Time on HD (months) 38.0 ± 44.5
Iron dextran use (%) 94 
ACE-inhibitors months 1-4 
(%) 

54.5 

 
 

Intervention Patients entering the study on ACE-inhibitor therapy remained on the same drug for 4 months, 
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after which it was switched to another antihypertensive, usually amlodipine and followed up for 
another 4 months + EPO to Hct 30-36% 

Comparison Patients not initially administered ACE-inhibitors remained on their medication for 4 months, 
after which they were switched to an ACE-inhibitor, usually lisinopril and followed up for 
another 4 months+ EPO to Hct 30-36% 

Length of follow-up 8 months total 
Outcome measures See below 
Effect size  Hct values and EPO dose were similar between the 2 study periods 

 
 
 
 ACE-inhibitor No ACE-

inhibitor 
P value 

Average Hct (%) 32.7 ± 1.9 33.1 ± 2.1 0.217 
EPO dose per Tx (U)  3,500 ± 1,549 3,312 ± 1,492 0.300 
EPO dose per week (U/week) 11,345 ± 

4,647 
10,967 ± 
4,929 

0.514 

EPO dose post-dialysis weight per Tx (U/kg) 50.0 ± 24.1 48.0 ± 26.6 0.294 
EPO dose per Tx/weekly Hct ratio 107.7 ± 49.8 102.4 ± 47.2 0.439 

 
 Blood pressure control was similar between the 2 groups 

 
 ACE-inhibitor No ACE-inhibitor Difference P value 
Systolic BP 
(mmHg) 

154 ± 13 152 ± 14 2 ± 13 0.450 

Diastolic BP 
(mmHg) 

89 ± 11 87 ± 12 1 ± 8 0.475 

Mean BP (mmHg) 110 ± 10 109 ± 11 1 ± 9 0.426 
Cumulative i.v. 939 ± 558 984 ± 775 -45 ± 761 0.743 
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iron dextran dose 
(mg) 
Total PRBC 
transfusion (units)* 

5 9 -0.12 ± 0.86 0.423 

Total 
hospitalisation 
(days)* 

132 121 0.67 ± 8.93 0.671 

Total duration of 
infection (days)* 

292 279 0.45 ± 19.8 0.896 

* values shown for hospitalisations, infections and transfusions reflect the total for all patients 
in each of the study periods. Durations of individual hospitalisations were less than 3 weeks 
 

 Other laboratory parameters that could potentially affect erythropoiesis were not 
significantly different  

 
 
 
 
 ACE-inhibitor  No ACE-inhibitor Difference P value 
Reticulocyte count 
(%) 

1.0 ± 0.4 1.1 ± 0.3 -0.1 ± 0.4 0.250 

Ferritin (ng/ml) 708 ± 441 693 ± 478 15 ± 335 0.800 
TSAT (%) 34.2 ± 10.7 32.0 ± 11.3 2.18 ± 9.7 0.205 
Intact PTH (pg/ml) 215 ± 156 232 ± 167 -17 ± 109 0.385 
Aluminium (µg/l) 11.7 ± 10.1 19.1 ± 38.7 -8.86 ± 40.3 0.264 
Potassium (mEq/l) 4.8 ± 0.6 4.8 ± 0.5 0.0 ± 0.5 0.655 
Albumin (g/dl) 4.0 ± 0.3 4.0 ± 0.3 0.0 ± 0.2 0.646 
Kt/V (single pool) 1.50 ± 0.26 1.46 ± 0.27 0.04 ± 0.18 0.202 
Haptoglobin (mg/dl) 111.6 ± 68.1 145.6 ± 80.5 -30.8 ± 73.8 0.027 
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Serum EPO† 
(mU/ml) 

7.26 ± 8.07 15.5 ± 22.6 -8.20 ± 21.7 0.038 

† Detectable for N=26 (79%) for 1 or more of the 8 monthly determinations. However, levels 
were detectable in only 30% and 32.5% of the overall determinations for on and off ACE-
inhibitor therapy respectively 
 

Source of funding  
Citation  
NCC CC ID (Ref Man) 181 
 
 
 
Evidence Table 
 

TXDF2 
 

In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 
maintenance range? 

 
Bibliographic reference  Gunnell J, Yeun JY, Depner TA, Kaysen GA. Acute-phase response predicts erythropoietin resistance in 

hemodialysis and peritoneal dialysis patients. American Journal of Kidney Diseases 1999;33:63-72. 
Study type Prospective cross-sectional study 
Evidence level 3+ 
Study objective To determine the impact of iron indices, acute phase C-reactive protein levels and other factors on EPO 

resistance in hemodialysis and peritoneal dialysis patients 
Number of patients N=128 
Patient characteristics No inclusion / exclusion criteria given by the authors 
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 HD 

N=92 
PD 
N=36 

Sex (women) 38 (41%) 16 (44%) 
Age (years) 53 ± 18 51 ± 17 
Dialysis duration 
(years) 

3.7 ± 3.0 4.4 ± 4.1 

Ethnicity 
Black 
White 
Hispanic 
Asian 

 
33 (36%) 
20 (22%) 
19 (21%) 
17 (18%) 

 
8 (22%) 
20 (56%) 
6 (17%) 
2 (5%) 

Cause of renal failure 
Hypertension 
Diabetes mellitus 
Glomerulonephritis 
Other 

 
23 (25%) 
25 (27%) 
18 (20%) 
26 (28%) 

 
6 (17%) 
6 (17%) 
13 (36%) 
11 (30%)  

Intervention EPO to maintain target Hct 31-36% 
Comparison N/A 
Length of follow-up Study duration 1 month for HD patients and 6 months for PD patients 
Outcome measures HD patients 

 HD patients--Forward step-wise linear regression for multiple-factor variables and linear regression for 
2 variables using EPO/Hct as the dependent variable and the other parameters as the independent 
variables 

 Relationship between EPO/Hct and other factors in HD patients 

 Comparison of HD patients with EPO/Hct levels in the highest quartile with those in the lowest quartile 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

PD patients 
 PD patients--Forward step-wise linear regression for multiple-factor variables and linear regression for 

2 variables using EPO/Hct as the dependent variable and the other parameters as the independent 
variables 

 Relationship between EPO/Hct and other factors in PD patients 
 

 HD vs. PD 
Effect size HD patients--Forward step-wise linear regression for multiple-factor variables and linear 

regression for 2 variables using EPO/Hct as the dependent variable and the other parameters as 
the independent variables 

 In HD patients, low serum albumin levels and age were the only independent variables that predicted 
EPO/Hct, with albumin being the stronger predictor 

 When albumin was excluded from the regression analysis, only CRP and ferritin predicted EPO/Hct 
 Transferrin level, TSAT, aluminium, iPTH, Kt/V, PCRn and duration of dialysis did not predict EPO/Hct 

 
 

Albumin included Albumin removed 
Independent 
variable 

Coefficient F-to-
remove

∆R2 P  

Independent 
variable 

Coefficient F-to-
remove

∆R2 P  

In model In model 
Albumin -238.053 16.212 0.219 <0.001 CRP 2.899 9.085 0.105 0.003 
Age -3.045 4.339 0.040 0.040 Ferritin 0.146 5.363 0.051 0.023 
Not in model Not in model 
CRP - - - 0.090 Age - - - 0.072 
Ferritin - - - 0.284 Transferrin - - - 0.309 
Transferrin - - - 0.218 TSAT - - - 0.778 
TSAT - - - 0.771 Aluminium - - - 0.888 
Aluminium - - - 0.782 IPTH - - - 0.392 
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IPTH - - - 0.475 Kt/V - - - 0.622 
Kt/V - - - 0.646 PCRn - - - 0.570 
PCRn - - - 0.718 Dialysis 

duration 
- - - 0.779 

Dialysis 
duration 

- - - 0.838      

 
 If both albumin and CRP levels were excluded from the analysis, only transferrin level predicted 

EPO/Hct (coefficient –1.642; ∆R2 =0.070; P=0.011)  
 

Relationship between EPO/Hct and other factors in HD patients 
 
 R P 
Albumin (g/dl) -0.359 <0.001 
Log CRP* (µg/ml) 0.337 0.001 
Log Ferritin* 
(ng/ml) 

0.240 0.021 

Transferrin (mg/dl) -0.264 0.011 
*Log values to adjust for non-normal distribution 
 
 

Comparison of HD patients with EPO/Hct levels in the highest quartile with those in the lowest quartile 
 N in each group not provided by the authors 
 Only median CRP showed statistical significance 

 
Characteristic Lowest quartile 

(N?) 
Highest quartile 
(N?) 

P 

EPO/Hct 179 (121-199) 760 (626-959) - 
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EPO dose (x103 
U/week) 

6 (4.2-6.0) 24 (18-24) <0.001 

Hct (%) 32.9 ± 3.8 27.2 ± 4.0 <0.001 
Albumin (g/dl) 4.0 (3.8-4.1) 3.7 (3.3-4.0) 0.022 
CRP (µg/ml) 3.9 (2.5-9.6) 10.6 (4.8-23.5) 0.009 
Ferritin (ng/ml) 78 (32-160) 137 (60-320) 0.067 
Transferrin (mg/dl) 212 (190-228) 182 (165-227) 0.076 
TSAT (%) 24 (21-27) 24 (17-35) NS 
Age (years) 54 ± 18 51 ± 17 NS 
Duration of HD (years) 3.0 (2.1-4.8) 2.8 (1.2-4.9) NS 
PCRn (g/kg/d) 0.996 ± 0.256 0.944 ± 0.139 NS 
Kt/V 1.38 (1.28-1.46) 1.30 (1.18-1.51) NS 
Aluminium (µg/l) 21 ± 12 22 ± 13 NS 
iPTH (pg/ml) 86 (69-205) 106 (50-349) NS 

 
PD patients--Forward step-wise linear regression for multiple-factor variables and linear 
regression for 2 variables using EPO/Hct as the dependent variable and the other parameters as 
the independent variables 
 

 In PD patients, low serum albumin levels and elevated ferritin were the only independent variables that 
predicted EPO/Hct, with albumin being the stronger predictor 

 When albumin was excluded from the regression analysis, only CRP predicted EPO/Hct 
 Unlike the HD patients, age and transferring levels did not predict EPO/Hct even after CRP was 

excluded from the analysis 
 
 
Independent 
variable Albumin included 

Independent 
variable Albumin removed 
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Coefficient F-to-
remove

∆R2 P  Coefficient F-to-
remove

∆R2 P  

In model In model 
Albumin -126.387 11.984 0.205 0.002 CRP 2.462 5.567 0.141 0.024 
Ferritin 0.249 6.601 0.132 0.015      
Not in model Not in model 
CRP - - - 0.735 Ferritin - - - 0.245 
Transferrin - - - 0.257 Transferrin - - - 0.854 
TSAT - - - 0.937 TSAT - - - 0.957 
Aluminium - - - 0.226 Aluminium - - - 0.111 
iPTH - - - 0.479 iPTH - - - 0.991 
Kt/V - - - 0.497 Kt/V - - - 0.924 
PCRn - - - 0.424 PCRn - - - 0.338 
Age - - - 0.488 Age - - - 0.602 
Dialysis 
duration 

- - - 0.991 Dialysis 
duration 

- - - 0.804 

 

Relationship between EPO/Hct and other factors in PD patients 
 
 R P 
Albumin (g/dl) -0.453 0.006 
CRP (µg/ml) 0.375 0.024 
Ferritin (ng/ml) 0.312 0.064 (NS)

 

HD vs. PD 
 The median EPO/Hct ratio was greater in HD than PD patients 
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 HD patients received more EPO yet had a lower median Hct 
 Median ferritin, average transferrin level and median TSAT were lower in HD patients 
 IPTH levels were similar in both groups, whereas aluminium was greater in HD patients, although 

within acceptable limits for dialysis patients 
 
 HD (N=92) PD (N=36) Normal 

values 
P 

Albumin (g/dl) 3.8 (3.5-4.0) 3.8 (3.5-4.2) 3.2-5.2 NS 
CRP (µg/ml) 5.4 (2.5-11.8) 23.5 (5.6-37.8) <5.0 <0.001 
EPO/Hct 380 (209-503)  174 (102-296) Not given <0.001 
EPO (x103 U/week) 12.0 (6.0-15.0) 5.8 (4.0-10.0) Not given <0.001 
Hct (%) 29.8 (26.6-32.4) 33.4 (27.9-34.8) 37-54 0.002 
Ferritin (ng/ml) 78 (44-149) 173 (88-334) 5-371 <0.001 
Transferrin (mg/dl) 201 ± 43 233 ± 42 200-400 <0.001 
TSAT (%) 22.4 (17.1-28.2) 25.6 (21.0-34.2) >20 0.047 
iPTH (pg/ml) 128 (77-284) 202 (80-378) 10-55 NS 
Aluminium (µg/l) 20 (12-28) 10 (4-18) 20-40 <0.001 
Kt/V (per Tx v 
weekly) 

1.36 ± 0.25 2.39 ± 0.61 Not given Not given 

PCRn (g/kg/d) 1.00 ± 0.21 0.95 ± 0.26 Not given NS 
 
 
 

Source of funding Not indicated 
Citation  
NCC CC ID (Ref Man) 188 
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Evidence Table 
 

TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 

maintenance range? 
 
Bibliographic reference  Albitar S, Genin R, Fen-Chong M, Serveaux MO, Bourgeon B. High dose enalapril impairs the 

response to erythropoietin treatment in haemodialysis patients. Nephrology Dialysis 
Transplantation 1998;13:1206-10.  

Study type Prospective cohort study 
Evidence level 2+ 
Study objective To evaluate if patients treated with ACE-inhibitors require a higher EPO dose to maintain HCt 

levels 
Number of patients N=60 

 N=20 EPO + enalapril (ACE-inhibitor) 
 N=20 EPO + nifedipine (Calcium channel blocker) 
 N=20 EPO only (Control) 

 
Multisite study in 5 hemodialysis centres 

Patient characteristics Inclusion criteria: 
 Haemodialysis for more than 6 months 
 Treated with antihypertensive drugs and EPO for more than 2 months 
 Hb ≥10 g/dl 

 
Exclusion criteria: 

 Folate or vitamin B12 deficiency 
 Serum Aluminium >40 µg/l 
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 Serum ferritin <200 µg/l 
 iPTH >300 pg/ml 
 Active bleeding kesions 
 Haematological diseases 
 Active untreated infections 
 Malignancies or any other causes of inflammation 
 Bone-marrow suppression medication 

 
 
 
 

 Enalapril group 
(N=20) 

Nifedipine group 
(N=20) 

Control group 
(N=20) 

Age (years) 46.3 ± 21.7 48.2 ± 23.1 52.1 ± 14.7 
Gender (M/F) 11/9 10/10 10/10 
Cause of renal failure 
Diabetes mellitus 
Hypertension 
Glomerulonephritis 
Unknown 

 
9 
8 
1 
2 

 
8 
7 
2 
3 

 
10 
3 
2 
5 

Duration on HD (months) 34 ±29 36 ± 27 29 ± 41 
Pre-trial weight (kg) 
12-month weight (kg) 

56.9 ± 31.2 
56.4 ± 31.3 

55.3 ± 25.1 
55.1 ± 25.6 

57.3 ± 35.8 
57.8 ± 31.9 

Pre-trial SBP (mmHg) 
12-month SBP (mmHg) 

177 ± 14 
132 ± 19 

172 ± 16 
130 ± 17 

125 ± 13 
124 ± 8 

Pre-trial DBP (mmHg) 
12-month DBP (mmHg) 

91 ± 15 
80 ± 13 

92 ± 14 
78 ± 14 

77 ± 5  
78 ± 4 
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Intervention  EPO + enalapril (ACE-inhibitor)                         EPO was given s.c. to maintain Hb >10 g/dl 
 EPO + amlodipine (Calcium channel blocker) 

Comparison EPO only (EPO was given s.c. to maintain Hb >10 g/dl) 
Length of follow-up Study duration 12 months 
Outcome measures See below 
Effect size  

 
 
 
 
 

 Biological data and dialysis parameters (mean ± SD) 
Only high-dose enalapril showed increase in EPO requirements 
There was no difference in iron administered between the 3 groups 
 
 
 Enalapril group 

(N=20) 
Nifedipine group 
(N=20) 

Control group 
(N=20) 

Pre-trial Hb (g/dl) 
12-month Hb (g/dl) 

10.6 ± 0.4 
10.5 ± 0.3 

10.7 ± 0.2 
10.4 ± 0.2 

10.8 ± 0.3 
10.3 ± 0.2 

Pre-trial serum ferritin (µg/l) 
12-month serum ferritin (µg/l) 

480 ± 356 
671 ± 381 

457 ± 321 
680 ± 346 

386 ± 184 
450 ± 178 

Pre-trial transferrin saturation (%) 
12-month transferrin saturation (%) 

32.1 ± 6.2 
31.4 ± 9.5 

33.2 ± 9.5 
29.7 ± 5.6 

30.7 ± 8.3 
29.1 ± 6.3 

Pre-trial parathyroid hormone (pg/ml) 
12-month parathyroid hormone 
(pg/ml) 

245 ± 147 
234 ± 121 

286 ± 110 
216 ± 132 

296 ± 137 
245 ± 178 

Pre-trial serum albumin (g/l) 
12-month serum albumin (g/l) 

41.1 ± 3.2 
42.3 ± 5.4 

40.2 ± 3.4 
41.4 ± 4.1 

42.4 ± 5.1 
42.3 ± 6.2 
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Pre-trial Kt/V (urea) 
12-month Kt/V 

1.31 ± 0.24 
1.32 ± 0.29 

1.39 ± 0.21 
1.35 ± 0.23 

1.28 ± 0.19 
1.29 ± 0.23 

Pre-trial protein catabolic rate (g/kg) 
12-month protein catabolic rate (g/kg)

1.29 ± 0.19 
1.26 ± 0.21 

1.24 ± 0.21 
1.23 ± 0.18 

1.19 ± 0.11 
1.17 ± 0.02 

Pre-trial EPO dose (U/kg/week) 
12-month EPO dose (U/kg./week) 

84 ± 14 
138 ± 10* 

86 ± 7 
77 ± 5‡ 

79 ±11 
80 ± 9‡ 

Mean monthly i.v. iron dose (mg) 212 ± 61 194 ± 53 197 ± 47 
 
*P<0.0001 for enalapril pre-trial vs. at 12 months 
‡P<0.0001 for nifedipine at 12 months vs. enalapril at 12 months 
‡P<0.0001 for control at 12 months vs. enalapril at 12 months 
P=NS for nifedipine vs. control group 
 
 
 

Source of funding Not indicated 
Citation  
NCC CC ID (Ref Man) 193 
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Evidence Table 

TXDF2 
 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within 

the maintenance range? 
 
Bibliographic reference  Cruz DN, Perazella MA, Abu-Alfa AK, Mahnensmith RL. Angiotensin-converting enzyme 

inhibitor therapy in chronic hemodialysis patients: any evidence of erythropoietin resistance? 
American Journal of Kidney Diseases 1996;28:535-40.  

Study type Retrospective cohort study 
Evidence level 2+ 
Study objective To evaluate if patients treated with ACE-inhibitor required a higher EPO dose to maintain the 

same HCt level as patients without concurrent ACE-inhibitor treatment  
Number of patients N=48 
Patient characteristics Inclusion criteria: 

 Hemodialysis for at least 4 months 
 Laboratory data available for review for at least 4 months 
 Non ACE-inhibitor group: no ACE-I treatment for at least 4 months 
 ACE-inhibitor group: ACE-I treatment for at least 4 consecutive months 

 
Exclusion criteria (other possible causes of EPO resistance): 

 Transferrin saturation <20% 
 Ferritin <100 ng/ml 
 Intact PTH >600 pg/ml 
 Serum Aluminium >60 µg/l or a positive results for a desferroxamine challenge 
 Serum folate <2.8 ng/ml (normal 2.8-15.6 ng/ml) 
 Hospitalisation for GI bleeding during study period 
 Severe infection during study period 
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 HIV+ or active malignancy 
 Known pre-exisiting hematologic disorder 
 Concomitant treatment with drugs known to cause bone marrow suppression—

azathioprine, cyclophosphamide and theophylline 
 
Variable Control 

Group 1 (N=24) 
ACE-I 
Group 2 (N=24) 

P value 

Age (years) 63.0 ± 13.2 59.7 ± 15.2 0.42 
Female (%) 42 50  0.56 
African-American (%) 46 67 0.15 
Weight (kg) 67.9 ± 16.1 69.9 ± 30.8 0.78 
Duration on hemodialysis 
(months) 

38.4 ± 48.3 33.4 ± 34.8 0.69 

Kt/V 1.41 ± 0.27 1.46 ± 0.25 0.57 
ESRD from DM and/or HTN (%) 75.0 87.5  0.46 
No. of hospital days  3.4 ± 6.3 3.8 ± 6.7 0.83 
Iron dextran use (%) 87.5 83.3 0.68 
No. of blood transfusions 0.3 ± 0.7 0.2 ± 0.6 0.50 

DM=diabetes mellitus 
HTN=hypertension 
 

Intervention EPO, administered i.v. at the end of each dialysis session, based on a weekly pre-dialysis Hct 
as per a sliding scale protocol + concurrent ACE-inhibitor 

Comparison EPO, administered i.v. at the end of each dialysis session, based on a weekly pre-dialysis Hct 
as per a sliding scale protocol without concurrent ACE-inhibitor 

Length of follow-up 4 months 
Outcome measures See below 
Effect size  

 Laboratory data 
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Variable Control 
Group 1 (N=24) 

ACE-I 
Group 2 (N=24) 

P value 

Hct (%) 33.2 ± 3.7 32.3 ± 1.8 0.28 
Reticulocyte count (%) 1.2 ± 0.4 1.3 ± 0.5 0.63 
Albumin (g/dl) 3.6 ± 0.8 3.7 ± 0.3 0.28 
Transferrin saturation (%) 32.6 ± 170. 34.7 ± 13.5 0.64 
Ferritin (ng/ml) 481.9 ± 716.6 483.7 ± 254.3 0.99 
Folate (ng/ml) 178.3 ± 43.1 163.2 ± 54.2 0.29 
iPTH (pg/ml) 153.0 ± 123.9 173.0 ± 163.7 0.63 
Aluminium (µg/l) 13.8 ± 7.1 12.4 ± 7.3 0.50 
Average EPO dose 
(IU/treatment) 

3,272 ± 1,532 3,401 ± 1,009 0.73 

Average EPO dose 
(IU/kg/treatment) 

50.69 ± 26.94 52.87 ± 19.38 0.75 

Average iron dose (mg/month) 95.83 ± 46.43 100.00 ± 58.98 0.77 
 

 High dose (defined as greater than half the maximum recommended dose) (N=8) vs. Low 
dose ACE-inhibitor (N=16) 

There was no statistically significant difference between the 2 groups for Hct and average 
EPO dose  
 

 Average EPO dose to average Hct ratio was calculated for all patients as an estimate of 
the dose-response relationship.  

Group 1: 104 ± 54 IU/treatment/% Hct 
Group 2: 107 ± 36 IU/treatment/% Hct 
P=0.80 
 

Source of funding Not reported 
Citation  
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NCC CC ID (Ref Man) 204 
 
 
Evidence Table 
 

TxFe1 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
with functional iron deficiency prior to ESA treatment? 
 
Bibliographic reference  Silverberg DS, Iaina A, Peer G, Kaplan E, Levi BA, Frank N et al. Intravenous iron 

supplementation for the treatment of the anemia of moderate to severe chronic renal failure 
patients not receiving dialysis. American Journal of Kidney Diseases 1996;27:234-8.  

Study type Before and after study  
Evidence level 3+ 
Study objective To investigate the role of iron deficiency in the anaemia of predialysis CRF 
Number of patients N=33 

 
Single site study, Israel 

Patient characteristics  No inclusion or exclusion criteria given 
 All patients had moderate to severe CRF (Creatinine clearance 10-40 ml/min) and Hb <11 

g/dl 
 All patients had been followed up in the outpatient clinic for at least 6 months 
 All patients were receiving a slow-release oral iron preparation 160 mg ferrous sulphate 

twice a day (50 mg elemental iron/tablet = 100 mg elemental iron/day) 
 No patient had any clinical evidence of GI bleeding or significant weight loss 
 All patients had normal serum levels of folic acid and vitamin B12 
 No patient had been previously on Epoetin therapy 
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Age (years) 27-74 
Male/female 18/15 
Aetiologies of renal 
failure 
Chronic 
glomerulonephritis 
Diabetes mellitus 
Reflux nephropathy  
Polycystic kidneys 
Essential hypertension 
Others  

 
11 
9 
3 
3 
2 
5 

Hypertensive  32 
 
 

Intervention 2x100 mg elemental iron/5ml ampoules of Ferric saccharate (Veno-Ferrum, Vifor 
International, Switzerland), administered i.v. in 150 ml saline over 2 hours, once monthly for 5 
months. The total IV Fe dose 1,000 mg per patient 
 

 Before the 1st full iron dose was given, an i.v. test dose of 25 mg ferric saccharate in 100 
ml saline over 60 minutes was given and if no reactions, the patient included in the study. 
1 patient developed sweating and nausea during this preliminary test and was therefore 
excluded from the study 

Comparison N/A 
Length of follow-up Study duration was 6 months (i.e. 1 month after the last iron dose) 
Outcome measures See below 
Effect size  Responders were defined as having an increase in Hct levels at the end of the study 

compared to the initial value 
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 Non-responders were defined as having a decrease in Hct levels at the end of the study 
compared to the initial value 

 At 3 months of IV Fe the mean Hct and Hb values did not attain statistical significance. By 
the end of the study, however, the mean Hct and Hb had increased by 1.9 ± 3.8% 
(P=0.035) and 0.6 ± 1.2 g/dl (P=0.008), respectively 

 In 22 of 33 patients (66.7%) (consisted of 13 men and 9 women), there was an increase in 
Hct from 0.1 to 10.7% and in Hb from 0.4 to 3.6 g/dl 

 In the remaining 11 patients (consisted of 5 men and 6 women) the Hct decreased by 0.2 
to 4.2% and Hb by 0.2 to 2 g/dl 

 There were no statistically significant differences in responder and non-responder groups 
in any of the other parameters (serum creatinine, creatinine clearance, systolic and 
diastolic BP) either before or after onset of IV Fe therapy 

 None of the patients reported side effects during the study period 
 No correlation was found between Hb/Hct and any other of the studies parameters in the 

responders and non-responders 
 
 -6 months -3 months Initial  +3 months + 6 months 
Hct  
All patients 29.8 ± 2.4 29.7 ± 2.3 29.6 ± 2.8 31.4 ± 2.6 31.5 ± 3.1* 
Responders 29.5 ± 2.7 29.3 ± 3.1 29.4 ± 3.2 31.8 ± 2.4 32.4 ± 2.2* 
Non-
responders  

29.8 ± 2.2 29.8 ± 2.3 30.6 ± 2.3 30.4 ± 2.9 28.1 ± 2.7* 

Hb 
All patients 10.2 ± 0.9 10.1 ± 0.8 10.0 ± 1.1 10.5 ± 0.9 10.6 ± 1.1* 
Responders 10.1 ± 0.9 10.1 ± 0.7 9.9 ± 1.0 10.7 ± 0.7 11.1 ± 0.9* 
Non-
responders  

10.3 ± 0.8 10.2 ± 0.7 10.4 ± 0.9 10.5 ± 1.1 9.6 ± 1.0 

Serum ferritin  
All patients - - 106 ± 95 190.4 ± 297 ± 192* 
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108.0* 
Responders - - 94 ± 81 184 ± 91* 296 ± 172* 
Non-
responders  

- - 116 ± 119 201 ± 118* 301 ± 235* 

Data are mean ± SD 
All patients, N=33; responders, N=22; non-responders N=11 
*P<0.05 vs. initial value 
 

Source of funding Pharmaceutical company provided the ferritin saccharate 
Citation  
NCC CC ID (Ref Man) 17 
 
 
 
Evidence Table 
 

TxFe1 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
with functional iron deficiency prior to ESA treatment? 
 
Bibliographic reference  Anuradha S, Singh NP, Agarwal SK. Total dose infusion iron dextran therapy in predialysis 

chronic renal failure patients. Renal Failure 2002;24:307-13.  
Study type Before and after study  
Evidence level 3+ 
Study objective To assess the safety and efficacy of IV iron dextran as a total dose infusion in iron deficient 

predialysis patients not receiving Epoetin therapy 
Number of patients N=56 
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Single site study, India  

Patient characteristics Inclusion criteria: 
 Attending outpatient clinic  
 Baseline serum ferritin <100 ng/ml 

 
 
Exclusion criteria: 

 Known hypersensitivity  
 
 

 None of the patients received Epoetin prior to the study  
 All patients were receiving iron supplements for at least 3 months prior to the study  

Age (years)  42.3 ± 8.6 (range 18-62 
years) 

Sex (male/female) 34/22 
Aetiology of CRF 
Diabetes mellitus 
Chronic glomerulonephritis  
Autosomal polycystic kidney 
Obstructive uropathy 
Hypertension 
Systemic lupus erythematosus 
Membranous glomerulonephritis 
Focal segmental 
glomerulosclerosis 

 
24 
16 
6 
4 
3 
1 
1 
1 

CCr (ml/min) 20.4 ± 6.8 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Intervention  After a standard test dose of 25 mg IV iron dextran diluted 100 ml saline infused over 60 
min with monitoring for side effects, 1g iron dextran in 500 ml normal saline IV as a total 
dose infusion over 6  hours.  

 Patients were discharged the following day 
Comparison N/A 
Length of follow-up Evaluation was after 12 weeks and in some patients after 1 year (N=21) 
Outcome measures  Hb  

 Serum ferritin  
 Adverse events 

Effect size  
 
Time  Hb (g/dl ) Serum ferritin (ng/ml) 
Baseline (N=56) 8.28 ± 0.57 29.73 ± 9.38 
12 weeks 
(N=56) 

9.22 ± 0.44 
(P<0.001) 

218.43 ± 15.66 
(P<0.0001) 

1 year (N=21) 8.75 ± 0.32 136.5 ± 23.4 (P<0.01) 
 
 

 There were no significant changes in mean CCr and systolic and diastolic BP at 12 weeks 
 There were no major adverse events 

 
 
No major adverse event  (%) 
Flushing, nausea and 
vomiting  

3.5 

Arthralgias, myalgias 1.8 
Fever chills, headache 1.8 
Dyspnoea, bronchospasm  1.8 
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Source of funding Council of Scientific and Industrial Research  
Citation  
NCC CC ID (Ref Man) 1847 
 
 
 
Evidence Table 
 

TxFe1 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
with functional iron deficiency prior to ESA treatment? 
 
Bibliographic reference  Bhowmik D, Modi G, Ray D, Gupta S, Agarwal SK, Tiwari SC et al. Total dose iron infusion: 

safety and efficacy in predialysis patients. Renal Failure 2000;22:39-43.  
Study type Before and after study  
Evidence level 3- 
Study objective To assess the safety and efficacy of IV iron dextran as a total dose infusion in iron deficient 

predialysis patients not receiving Epoetin therapy 
Number of patients N=11 

 
Single site study, India 

Patient characteristics Inclusion criteria: 
 Anaemic predialysis patients on follow-up 
 Hb <7 g/dl 
 Serum ferritin <200 ng/ml 
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Exclusion criteria: 

 Active bleeding 
 Acute liver disease 
 Chronic inflammatory disease 
 Drug use e.g. androgens or chelating agents  

 
 

 All patients were on oral iron 100 mg/day for at least 3 months prior to the study 
 None of the patients were on Epoetin therapy prior to the study 

 
 
Age (years)  45.9 ± 15 (range 28-70 

years) 
Sex (male/female) 6/5 

 
 
 

Intervention  After a test dose of 25 mg IV iron dextran diluted 100 ml saline infused over 1 hour, the 
total calculated dose of iron was diluted in 300 ml normal saline and administered IV over 
3 hours on the following day 

 The total amount to be administered was estimated by the formula: 0.047 x weight x (11-
Hb) + 14 for males and 0.047 x weight x (11-Hb) + 7 for females 

 Mean total dose infusion administered was 900 ± 316.2 mg (range 600-1,600 mg) 
 Patients were discharged 1 hour after the procedure 

Comparison N/A 
Length of follow-up Evaluation was after 1 month  
Outcome measures  Hb  
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 Serum ferritin  
 Adverse events  

Effect size  
 N=1 had fever and chills when the test dose was administered and therefore excluded 

from the rest of the study, although not from the analysis (intention to treat analysis) 
 After the TDI, N=1 who received 1,600 mg iron developed arthralgia and myalgia after 24 

hours. He was therefore treated with steroids and analgesics. N=1 had thrombophlebitis 
which was treated 

 Renal functions and BP remained stable over the next month  
 
Time  Hb (g/dl ) Serum ferritin (pg/ml) 
Baseline (N=10) 5.9 ± 1 89.5 ± 50 
1 month (N=10) 8 ± 1 362.5 ± 212.5 (N=6)* 
1-tailed, paired 
T-test P value‡ 

0.0015 0.015 

*N=4 did not have serum ferritin assessed after 1 month (reason not provided by the authors) 
and SD calculated by myself  
‡ No statistics calculated by the authors, T-test calculated by myself using Microsoft Excel 
2000 software 
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1849 
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Evidence Table 
 

TxFe1 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
with functional iron deficiency prior to ESA treatment? 
 
Bibliographic reference  Van Wyck D, Roppolo M, Martinez C, Mazey RM, McMurray S. A randomized, controlled trial 

comparing IV iron sucrose to oral iron in anemic patients with nondialysis-dependent CKD. 
Kidney International 2005;68:2846-56.  

Study type RCT, open-label design 
Multisite study in 35 centres 

Evidence level 1++ 
Study objective To compare the efficacy of oral vs. IV iron in pre-dialysis patients with or without concurrent 

ESA therapy 
Number of patients N=188, 182 completed 

 
 IV iron, N=95, 91 evaluable 
 Oral iron, N=93, 91 evaluable 

Patient characteristics Inclusion criteria: 
 Hb ≤11.0 g/dl 
 TSAT ≤ 25% 
 Ferritin ≤ 300 ng/ml 
 Either no ESA or ESA dose unchanged for 8 weeks 
 No IV iron for 6 months (oral iron was permitted prior to study enrolment) 
 Aged 18+ years 
 CKD stage 3 to 5 
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Exclusion criteria: 

 History of sensitivity to any component of ferrous sulphate or iron sucrose 
 Chronic or serious infection 
 Malignancy 
 Major surgery in the month prior to enrolment  
 Blood transfusion within 2 months prior to enrolment 
 Clinically significant bleeding within 3 months prior to enrolment 
 Concomitant severe diseases of the liver, cardiovascular system, severe psychiatric 

disorders or other condition deemed unacceptable by investigator  
 Pregnancy and lactation  
 Current treatment for asthma 
 Anticipated surgery requiring hospitalisation, other than vascular access or peritoneal 

catheter placement 
 Anticipated dialysis or renal transplantation during the study  
 Chronic alcoholism or drug abuse within past 6 months 
 Known haemochromatosis or haemosiderosis 

 
Baseline characteristics 
 
 IV iron (N=79) Oral iron (N=82) P value  
Age (years) 62.3 63.9 0.2 
Race 
(Caucasian/black/other)

44/30/5 40/38/4 0.6 

Gender (M/F) 26/53 26/56 1.0 
ESA (user/non-user) 32/47 31/51 0.7 
Weight (kg) 85.6 83.4 0.3 
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Hb (g/dl) 10.2 10.1 0.6 
TSAT (%) 16.4 16.7 0.9 
Ferritin (ng/ml) 92.6 103.8 0.9 
TSAT <20% and ferritin 
<100 ng/ml (N) 

30 33 0.9 

eGFR (ml/min/1.73 m2) 30.4 28.5 0.8 
 
 
 

Intervention IV iron sucrose 1,000mg in divided doses over 14 days, as either 500mg infusion in 250 ml 
normal saline, over 3.5-4 hours, on days 0 and 14 or 200 mg injections on 5 different days on 
days 0 to day 14 

Comparison Oral ferrous sulphate 325 mg three times daily (≡ 195 mg ferrous iron per day) for 56 days 
Length of follow-up  Study duration was 56 days 

 Safety was assessed throughout the study and 30 days upon completion  
Outcome measures  Primary measure of efficacy was an increase in Hb of at least 1.0 g/dl at any time between 

baseline and end of study/withdrawal 
 Secondary end-points included increases in Hb, TSAT, ferritin and CHr 
 Adherence to prescribed treatment was determined by recording time and date of IV iron 

administration and by counting pills from blister packs returned at 2-week intervals 
 Quality of Life using SF-36 instrument 
 Safety (adverse events)  

Effect size Adherence  
 Mean adherence of 97.3 (95% CI 94.3-100.0) in the IV Tx group was greater than in the 

oral Tx group mean 88.5 (95% CI 84.8-92.3) 
 
Hb response 

 The proportion of patients who achieved the primary end point (i.e. rise in Hb ≥1.0 g/dl) 
was greater in the IV group (44.3% vs. 28.0%, P=0.0344) and the mean increase in Hb 
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was higher by day 42 (0.7 vs. 0.4 g/dl, P=0.0298) 
 The use of ESA in achieving primary end point in the IV and oral group was not found to 

be significant  
 
IV group, ESA  53.1% vs. no ESA 38.3% 
Oral group, ESA 32.2% vs. no ESA 25.5% 
 

 Patients in the IV group were more likely to achieve a minimum K-DOQI-recommended Hb 
level (≥11.0 g/dl) than those in the oral Tx group (47/79 = 59.5% vs. 35/81 = 43.2%, 
P=0.0165) 

 The proportion of patients achieving Hb ≥11.0 g/dl was unaffected by use/non-use of ESA: 
60.0% vs. 59.4% IV group and 45.2 vs. 41.2% oral group) 

 
 
Iron stores 

 Serum ferritin increased significantly from baseline for both groups, but the rise in the IV 
group was much greater than that in the oral Tx group (P<0.0001 from days 14 to 56) 

 Differences in TSAT and changes in CHr between groups did not achieve statistical 
significance 

 
Quality of life 

 No statistically significant changes between oral and IV Tx groups were found from 
baseline to day 56 in the physical functioning, role-physical, bodily pain, general health, 
vitality, social functioning, role-emotional and mental health  

 
Safety - Extent of exposure 

 Mean cumulative per patient dose of iron administered was IV 973.4 mg (95% CI 943.1-
1,003.7 mg) and oral 9,031.0 mg (95% CI 8,446.5-9,615.6 mg) 

 N=61 received 280 doses of IV iron sucrose as 200 mg over 2-5 minutes and N=30 
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received 58 doses of IV iron sucrose as 500 mg over 3.5-4 hours 
 
Safety- Adverse events  

 N=70 in the IV group and N=72 in the oral group completed the study  
 N=3 in the IV group discontinued due to adverse events attributed to the study drug; N=2 

due to hypotension that was not treated and resolved spontaneously in one and treated 
with IV solumedrol in another; N=1 due to nausea 

 No serious adverse event was seen in patients receiving 200 mg doses of IV iron sucrose 
or oral iron  

 During the study, 22% (20/91) IV group and 19% (17/91) oral group patients reported at 
least 1 non-serious ADE 

 Transient taste disturbance (dysgeusia) was the most prominent GI complaint associated 
with IV iron administration  

 Constipation, diarrhoea, nausea, vomiting and dyspepsia were associated prominently 
with oral iron therapy 

 Headache, myalgia and hypotension were exclusively associated with IV iron 
administration  

 
Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1918 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Macdougall IC TB. A randomized controlled study of iron supplementation in patients treated 
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with erythropoietin. Kidney International 1996;50:1694-9.  
Study type RCT 
Evidence level 1+ 
Study objective To investigate the optimum rote of administration for iron supplementation for patients starting 

Epoetin therapy  
Number of patients N=37 
Patient characteristics Inclusion criteria: 

 Any patients with renal anaemia starting EPO therapy 
 Regular HD (stable for more than or equal to 3 months) 
 Approaching ESRD but not yet commenced renal replacement therapy 
 Hb ≤8.5 g/dl for 3 successive occasions 
 Normal serum B12 and red cell folate levels 
 Serum ferritin 100-800 µg/l  
 Serum C-reactive protein <10 mg/l 
 Adequate BP control prior to Tx (<140/90 mmHg) 

 
 
Exclusion criteria: 

 Other causes of anaemia such as SLE, rheumatoid arthritis, myeloma 
 Infection, malignancy or surgery in the last 3 months 
 Evidence of severe hyperparathyroidism (i.e. PTH < 100 pmol/l) or aluminium toxicity 

(plasma Al ≤ 0.4 µmol/l 
 
 
 
 
 IVFe Oral Fe No Fe 
No. of patients  12 13 12 
Sex 6M, 6F 8M, 5F 7M, 5F 
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Age (years)  47 ± 15 58 ± 16 54 ± 10 
Mode of RRT  4 HD 

7 CAPD  
6 HD 
5 CAPD 

5 HD 
7 CAPD 

Pre-Tx Hb (g/dl) 7.3 ± 0.8 7.2 ± 1.1 7.3 ± 0.8 
Pre-Tx Ferritin (µg/l) 345 ± 273 

(range 119-790) 
309 ± 218 
(range 140-760) 

458 ± 206 
(range 120-750) 

N.B. 
Group 1: 11 of 12 on RRT 
Group 2: 11 of 13 on RRT 
Group 3: 12 of 12 on RRT 
 
 

Intervention  All patients: Epoetin initial dose 25 U/kg 3 times weekly, SC. This dose was maintained for 
at least 8 weeks unless Hb was >12 g/dl. If so, Epoetin dose was reduced by one-third. If 
no significant rise in Hb (<1 g/dl) by 8 weeks, Epoetin dose was doubled 

 Group 1: Iron dextran IV infusion, 5 ml in 100 ml 0.9% NaCl every 2 weeks (≡250 mg 
elemental iron) over 40 minutes (1st dose) and then over 25-30 minutes thereafter, after a 
test dose of no more than 20 ml infusion over 5 minutes 

 Group 2: Ferrous sulphate 200 mg tds with meals 
 Group 3: No iron supplementation  

Comparison See above  
Length of follow-up Study duration 16 weeks 
Outcome measures  Epoetin dose adjustment 

 Hb response 
 Iron levels-TSAT, ferritin 
 Epoetin dosage requirements 

Effect size 
Epoetin dose adjustment 
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 IVFe 
N=12 

Oral Fe 
N=13 

No Fe 
N=12 

Increased dose  1 
(8 weeks) 

3 
(8,8,10 weeks) 

6 
(8,8,8,10,10,14 
weeks) 

No change  6 6 6 
Decreased dose  5 

(6,10,10,14,16 
weeks) 

4 
(8,10,12,12 weeks) 

0 

 

Hb response 
 Hb response in Group 1 was greater than in Groups 2 (P<0.05) and 3 (P<0.005) at 8 

weeks and persisted until 16 weeks  
 There was no significant difference in Hb response between Groups 2 and 3 at any time 

point  
 

Iron levels-TSAT and ferritin 
Serum ferritin (SF) 

 SF was maintained at 300-400 µg/l in Group 1. In contrast, SF fell to 100-200 µg/l in 
Group 2 and 3 

 Mean SF in Group 2 was significantly lower than in Group 1 (P<0.05) and remained so in 
the remainder of the study (P<0.0005) for week 12 and week 16 

 Mean SF in Group 3 was significantly lower than in Group 1 at week 12 and week 16 
(P<0.005) 

 There was no significant difference in SF levels between Groups 2 and 3 at any time point 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

TSAT  
 TSAT fell in all 3 groups after start of Epoetin tx 

 

Epoetin dosage requirements 
 Mean weekly EPO dose was significantly higher in Group 3 vs. Groups 1 and 2 at 12 

(P<0.05) and 16 (P<0.005) weeks 
 Amount of EPO used by patients 

Group 1: 1,202 ± 229 U/kg/16 weeks 
Group 2: 1,294 ± 314 U/kg/16 weeks 
Group 3: 1,475 ± 311 U/kg/16 weeks (P<0.05 vs. Group 1) 

 
 

Source of funding  
Citation  
NCC CC ID (Ref Man) 389 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Warady BA, Kausz A, Lerner G, Brewer ED, Chadha V, Brugnara C et al. Iron therapy in the 

pediatric hemodialysis population. Pediatric Nephrology 2004;19:655-61.  
Study type RCT 
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Evidence level 1+ 
Study objective To compare the safety and efficacy of maintenance IV iron vs. oral iron supplementation in 

paediatric patients with ESRD receiving chronic HD and EPO therapy 
Number of patients N=35 

 
 N=17 IV iron  
 N=18 Oral iron  

 
 Multisite study in 5 paediatric centres, USA 

Patient characteristics Inclusion criteria: 
 >1 year and <20 years 
 Chronic HD for >2 months 
 Baseline TSAT >20% 
 Receiving maintenance EPO by SC or IV route, with a stable dose for >4 weeks prior to 

study entry 
 Single pool Kt/Vurea >1.2 or urea reduction ratio (URR) >60% 

 
 
Exclusion criteria: 

 Anaemia of non-renal aetiology 
 Active infection or inflammation (including sepsis, bacteremia, graft/line infection within 4 

weeks of enrolment 
 HIV infection 
 Malignancy 
 History of serious adverse reaction to IV iron  
 Iron overload (serum ferritin >800 ng/ml) at study initiation 
 Severe hyperparathyroidism (iPTH >1,000 pg/ml) 
 Uncontrolled hypertension (defined as repeated systolic and/or diastolic BP >95th 

percentile for age post dialysis, despite use of antihypertensive medications 
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 Oral iron supplements during IV therapy were not allowed 
 Patients may have received IV iron therapy prior to study entry 

 
 
Patient characteristics 
 All patients 

(N=35) 
IV iron group 
(N=17) 

Oral iron group 
(N=18) 

P 

Age (months) 178.6 ± 47.9 
183 (51-264) 

181.4 ± 54.8 
183 (88-264) 

175.9 ± 41.9 
184 (51-220) 

0.74 

Sex  
Male 
Female 

 
16 (45.7%) 
19 (54.3%) 

 
7 (41.2%) 
10 (58.8%) 

 
9 (50.0%) 
9 (50.0%) 

0.6 

Dialysis duration 
(months) 

18.17 ± 20.44 15.9 ± 20.7 20.3 ± 20.5 0.5 

Primary renal disorder
Obstructive uropathy 
Hyopplastic/dysplastic
Reflux nephropathy 
FSGS and other GN 
Other 
Unknown  

 
6 (17.1%) 
9 (25.7%) 
1 (2.9%) 
4 (11.4%) 
13 (37.1%) 
2 (5.7%) 

 
1 (5.9%) 
4 (23.5%) 
1 (5.9%) 
2 (11.8%) 
8 (47.1%) 
1 (5.9%) 

 
5 (27.8%) 
5 (27.8%) 
0  
2 (11.1%) 
5 (27.8%) 
1 (5.6%) 

0.69 

Race 
Caucasian  
African-American 
Hispanic 
Asian/Pacific 
Other  

 
10 (28.6%) 
5 (14.3%) 
15 (42.9%) 
2 (5.7%) 
3 (8.6%) 

 
7 (41.2%) 
3 (17.6%) 
7 (41.2%) 
0 
0 

 
3 (16.7%) 
2 (11.1%) 
8 (44.4%) 
2 (11.1%) 
3 (16.7%) 

0.15 
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Clinical baseline characteristics 
 
 All patients 

(N=35) 
IV iron group 
(N=17) 

Oral iron group 
(N=18) 

P 

Hb (g/dl) 11.49 ± 1.87 
11.5 (6.7-16.2) 

11.35 ± 2.09 
11.6 (6.7-14.4) 

11.61 ± 1.70 
11.4 (8.4-16.2) 

0.68 

Hct (%) 35.42 ± 5.63 
35.5 (22.3-
50.3) 

34.96 ± 6.27 
36.2 (22.3-
43.9) 

35.85 ± 5.11 
35.5 (27.5-
50.3) 

0.65 

Ferritin (ng/ml) 138.66 ± 
134.28 
94.0 (17.1-
651.9) 
(N=34) 

138.49 ± 
100.54 
116.8 (17.1-
403.0) 
(N=16) 

138.80 ± 
161.51 
76.6 (21.3-
651.9) 

0.99 

TSAT (%) 38.06 ± 12.83 
39.0 (19.8-
68.1) 
(N=33) 

42.25 ± 13.53 
44.0 (21.9-
68.1) 
(N=16) 

34.11 ± 11.11 
34.4 (19.8-
56.6) 
(N=17) 

0.07 

EPO dose 
(U/kg/week) 

211.1 ± 148.1 
178.4 (42.6-
750.0) 
(N=34) 

234.0 ± 194.2 
186.6 (42.6-
750.0) 
(N=16) 

190.8 ± 91.4 
176.8 (55.1-
385.9) 

0.40 

 
 

Intervention Following a test-dose of iron dextran (weight-based dosing <40 kg, 12.5 mg; ≥40 kg, 25 mg),  
12 doses of weekly IV iron dextran infused over 30-60 min for 6 weeks (weight-based dosing 
<20kg, 25 mg/week; 20-40 kg, 50 mg/week; >40 kg, 100 mg/week) 
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 Tx was discontinued for 2 weeks for laboratory analyses and then continued for an 

additional 6 weeks 
 See under “comparison” for more details  

Comparison Daily oral ferrous fumarate 4-6 mg/kg/day elemental iron  
 

 If TSAT <20% unresponsive to ≥4 weeks therapy in the oral iron group and patients in the 
IV group with TSAT <20% at any point during the study received repletion therapy with IV 
iron dextran (weight-based dosing <20kg, 25 mg/session; 20-40 kg, 50 mg/ session; >40 
kg, 100 mg/ session at each HD session for 5 sessions, repeating the regimen (i.e. 5 
doses) as needed to maintain TSAT >20% 

 If serum ferritin rose to >800 ng/ml during the study, IV iron was withheld and SF level 
evaluated every 4 weeks until it was <600 ng/ml at which time IV iron therapy was re-
initiated  

 Patients unresponsive to iron therapy were considered eligible for transfusion if Hct was 
<20% and not rising 

 EPO doses were adjusted every 2 weeks to maintain target Hb and Hct as below: 
 
 
 
 
 
Hct level  EPO dose adjustment  
<30% Increase by 25%, continue to increase by 10% every 2 weeks until Hct 

33-36% 
30-32% Increase by 10%, continue to increase by 10% every 2 weeks until Hct 

33-36% 
37-40% Decrease by 10%, continue to increase by 10% every 2 weeks until Hct 

33-36% 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

>40% Hold until Hct <40%, then resume at 50% dose reduction  
 

 All patients in the IV group received EPO IV. 5 patients in the oral group received EPO SC 
 

Length of follow-up Study duration 16 weeks 
Outcome measures  Efficacy was evaluated by maintenance of target Hct 33-36% (Hb 11-12 g/dl), reduction in 

EPO dose and prevention of iron deficiency  
 Safety 

Effect size Efficacy was evaluated by maintenance of target Hct 33-36% (Hb 11-12 g/dl), reduction 
in EPO dose and prevention of iron deficiency  

 In the IV group, N=17 received 12 doses and N=1 received 5 repletion doses 
 A significant increase in SF from baseline was found in the IV Fe group (P=0.003), in 

contrast to the oral Fe group (P=0.46) 
 Change in SF between IV and oral Fe was significant (P=0.001) 
 Neither group had a significant change in TSAT 
 Decrease in EPO dose was not significant between the 2 groups  
 The authors report that the results were not different when 5 patients from the oral Fe 

group who received EPO SC were excluded from the data analyses  
 No patients had TSAT <20% 

 
  Change  P value for change 
Hb (g/dl) IV Fe group  -0.15 ± 2.55 

-1.1 (-2.8-5.1) 
0.81 

 Oral Fe group  -0.17 ± 1.89 
0.1 (-5.9-2.7) 

0.70 

P Value for group 
comparison  

 0.98  

    
Hct (%) IV Fe group  -0.48 ± 7.71 0.80 
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-3.5 (-8.7-14.9) 
 Oral Fe group  -0.81 ± 5.98 

-0.9 (-19.4-8.2) 
0.58 

P Value for group 
comparison 

 0.89  

    
Ferritin (ng/ml) IV Fe group  120.6 ±v 133.7 

68.8 (-35.1-413.5) 
0.003 

 Oral Fe group  -16.7 ± 94.3 
-8.2 (-230.8-136.2) 

0.46 

P Value for group 
comparison 

 0.0014  

    
TSAT (%) IV Fe group  1.83 ± 19.49 

9.7 (-52.1-21.3) 
0.71 

 Oral Fe group  -2.76 ± 17.14 
-3.7 (-32.7-36.0) 

0.52 

P Value for group 
comparison 

 0.48  

    
EPO dose (U/kg/wk) IV Fe group  -76.3 ± 140.7 

-58.0 (-390.0-150.0) 
0.046 

 Oral Fe group  -30.9 ± 77.7 
-17.6 (-211.3-95.2) 

0.11 

P Value for group 
comparison 

 0.25  
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Safety  
 

 Of the 209 infusions of IV iron dextran there were 8 episodes of pruritis (all in the same 
patient), 1 episode of myalgia and 1 episode of diarrhoea 

 No adverse events were found in the oral Fe group 
 No patient in either group received a transfusion or recorded a SF >800 ng/ml during the 

study 
 

Source of funding  
Citation  
NCC CC ID (Ref Man) 742 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Fishbane S, Frei GL, Maesaka J. Reduction in recombinant human erythropoietin doses by 

the use of chronic intravenous iron supplementation. American Journal of Kidney Diseases 
1995;26:41-6.  

Study type RCT 
Evidence level 1+ 
Study objective To compare the efficacy and safety of IV iron dextran to oral iron for maintenance iron therapy 

in HD patients 
Number of patients N=75, but N=52 completed the study  
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 N=25 IV iron dextran, but N= 20 completed the study 
 N=50 oral iron, but N= 32 completed the study 

 
 Single site study, USA 

Patient characteristics Inclusion criteria: 
 HD for at least 3 months 
 Receiving EPO and oral iron Tx for at least 3 months 
 Baseline serum ferritin >100 ng/ml 
 TSAT >15% 

 
 
Exclusion criteria: 

 Recent bleeding episodes 
 Transfusion 
 Haematological disease other than anaemia 
 Treated with IV iron dextran for at least 6 months 

 
Baseline characteristics 
 
 IV Fe group Oral Fe 

group 
P  

N 20 32  
Mean age (years) 48.7 ± 8.7 50.2 ± 9.9 >0.05 
Sex (M/F) 13/7 18/14  
No of months of 
dialysis  

35.6 ± 3.6 32.9 ± 2.2 >0.05 

Data is presented as mean ± SEM 
 

Intervention IV iron dextran 100 mg twice weekly during HD Tx by IV push over 2 minutes 
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 EPO dose was adjusted biweekly to maintain Hct 30-34% using the following strategy: if 

Hct increased >35%, EPO dose was decreased by 2,000 U/Tx; if Hct decreased <30%, 
EPO dose was increased by 2,000 U/Tx 

Comparison Oral iron 
 Ferrous sulphate 325 mg three times a day (N=21) 
 Iron polysaccharide 150 mg twice a day (N=11) 

 
 Compliance was assessed by spot pill counts 
 N=4 patients in the oral iron group were treated with IV iron dextran 1,000 mg over 10 HD 

sessions when their serum ferritin decreased to <50 ng/ml or if the TSAT decreased to 
<12.5%  

 
 EPO dose was adjusted biweekly to maintain Hct 30-34% using the following strategy: if 

Hct increased >35%, EPO dose was decreased by 2,000 U/Tx; if Hct decreased <30%, 
EPO dose was increased by 2,000 U/Tx 

Length of follow-up Study duration 4 months 
Outcome measures  Withdrawals  

 Change in mean Hct and EPO dose 
 Adverse events  

Effect size Withdrawals 
 N=23 were withdrawn from the study 
 N=5 in the IV Fe group for significant bleeding episodes requiring transfusion (N=2), 

temporary diarrhoea related to IV Fe Tx (N=1), severe intercurrent illness—defined as 
hospitalisation for >5 days (N=2) 

 N=18 in the oral Fe group for failed therapy (N=4), significant bleeding episodes requiring 
transfusion (N=3), died (N=3), severe intercurrent illness—defined as hospitalisation for >5 
days (N=5), received renal transplant (N=2), an error in the study protocol—baseline SF 
<100 ng/ml (N=1) 
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Change in mean Hct and EPO dose  
 At month 1 and subsequent months, Hct was higher in IV Fe group when compared to the 

oral Fe group  
 At month 2 and subsequent months, EPO dose was lower in IV Fe group when compared 

to the oral Fe group  
 
 
 Baseline  Month 1 Month 2 Month 3 Month 4 
Hct (%)      
IV Fe iron  32.5 ± 

0.6 
 35.6 ± 
0.9 

36.3 ± 0.9 34.3 ± 0.7 34.4 ± 0.7 

Oral Fe group  31.8 ± 
0.3 

31.7 ± 
0.3 

32.1 ± 0.3 31.8 ± 0.3 31.8 ± 0.4 

P >0.05 <0.05 <0.05 <0.05 <0.05 
EPO dose 
(U/Tx) 

     

IV Fe iron  7,100 ± 
571 

6,000 ± 
562 

3,350 ± 
689 

3,900 ± 
584 

4,050 ± 
634 

Oral Fe group  6,750 ± 
419 

7,000 ± 
412 

7,250 ± 
409 

7,500 ± 
381 

7,563 ± 
378 

P >0.05 >0.05 <0.05 <0.05 <0.05 
Data is presented as mean ± SEM 

Iron levels 
 

 At study completion, both mean serum ferritin and TSAT were significantly higher in the IV 
Fe group compared to the oral Fe group 
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Baseline Final  
Serum ferritin 
(ng/ml) 

TSAT (%) Serum ferritin 
(ng/ml) 

TSAT (%) 

IV Fe group 191.2 ± 18.1 22.7 ± 3.0 753.9 ± 30.2 74.8 ± 2.9 
Oral Fe group 178.9 ± 12.6 21.1 ± 0.8 157.3 ± 15.4 19.8 ± 1.0 
P 0.57 0.53 0.0001 0.0001 

Data is presented as mean ± SEM 
 
 
Data were re-analysed to limit findings to patients with TSAT >20% 

Change in mean Hct and EPO dose 
 The final mean Hct was higher in IV Fe group when compared to the oral Fe group  
 The final mean EPO dose was lower in IV Fe group when compared to the oral Fe group 

 
Baseline Final  
Hct (%) EPO dose 

(U/Tx) 
Hct (%) EPO dose 

(U/Tx) 
IV Fe group 
(N=12) 

31.9 ± 1.0 7,833 ± 626 33.8 ± 1.0 5,333 ± 829 

Oral Fe group 
(N=22) 

31.3 ± 0.4 6,909 ± 522 31.7 ± 0.5 8,182 ± 454 

P 0.48 0.28 0.048 0.002 
Data is presented as mean ± SEM 

Adverse events 
IV iron dextran 

 Diarrhoea (N=1) 
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 There were no anaphylactic reactions 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1859 
 
 
 
 
 
 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Johnson CA, Rosowski E, Zimmerman SW. A prospective open-label study evaluating the 

efficacy and adverse reactions of the use of Niferex-150 in ESRD patients receiving 
EPOGEN. Advances in Peritoneal Dialysis 1992;8:444-7,@1992.:444-7.  

Study type Cohort study  
Evidence level 2- 
Study objective To conduct a prospective, open-label comparison of the efficacy and adverse events of orally 

administered polysaccharide-iron complex (PIC) to a historical period of treatment with 
ferrous iron salts in dialysis patients receiving Epoetin alpha 
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Number of patients N=38, but N=27 completed the study 
 

 Single site study in USA 
Patient characteristics No inclusion or exclusion criteria reported  

 
Sex (male /female) 24/ 14 
Mean age (years) 56 (range 23-

81) 
No. on HD Tx 
No. on PD Tx 

19 
19 

Required prior iron as a result of Epoetin alpha 
Tx 

37 

 
 
 

Intervention Polysaccharide-iron complex at an initial dose of 150 mg twice daily (total daily dose 
equivalent to 300 mg elemental iron) 

 PIC dose was adjusted according to clinical response as determined by study physician; 
N=14 required a dose increase 

 No compliance determinations were made 
 A questionnaire (open or closed? not reported by the authors) was given to all patients at 

4 and 6 months of Tx with PIC to submit information on adverse events 
 Patients were also encouraged to volunteer any other adverse events not mentioned in 

the questionnaire (implies closed questions) 
Comparison Retrospective comparison of previous 6 months of ferrous sulphate or ferrous fumarate 

 Individual doses not reported by the authors, but mean dose of elemental iron was 154 ± 
52 mg/day 

 Ferrous sulphate N=34; Ferrous fumarate N=1; No oral iron prior to PIC N=1 
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Length of follow-up Study duration 6 months  
Outcome measures  Withdrawals  

 Iron doses 
 Hct and iron parameters 
 EPO doses and RBC transfusions 
 Adverse events 

Effect size 
Withdrawals 

 N=2 patients treated with PIC withdrew due to diarrhoea (N=1) and palpitations (N=1) 
 N=36 participated for at least 1 months 
 N=27 completed the study  
 N=6 died, N=2 received kidney transplants, N=1 moved to another dialysis unit 

 
 
 
Iron doses  
 
 Ferrous salts 

(N=38) 
PIC (N=27) P 

Mean dose of elemental iron 
(mg/day) 

154 ± 52  422 ± 132 <0.001 

IV iron dextran use 
(mg/patient/month) 

52 20 <0.02 

No. of patients who received IV iron 
dextran 

13 4  

 

Hct and iron parameters 
 No significant differences were found between PIC and ferrous salts oral iron preparations 
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 Pre-PIC 

N=38 
1 month 
N=36 

2 months 
N=35 

3 months 
N=32 

4 months 
N=31 

5 months 
N=30  

6 months 
N=27 

Hct (%)  28.8 ± 
4.1 

29.2 ± 
2.8 

29.9 ± 
3.3 

30.6 ± 
3.7 

30.6 ± 
3.8 

29.6 ± 
3.1 

29.8 ± 
3.3 

TSAT 
(%) 

22.0 ± 
8.8 

18.7 ± 
9.7 

20.0 ± 
7.3 

180. ± 
5.6 

21.3 ± 
7.6 

21.8 ± 
10.8 

24.1 ± 
14.9 

Ferritin 
(ng/ml) 

422 ± 
329 

353 ± 
365 

335 ± 
306 

439 ± 
798 

371 ± 
349 

344 ± 
370 

317 ± 
348 

 
 

 

EPO doses and RBC transfusions 
 

 Mean dose of Epoetin when on Tx with ferrous salts (N=38) 23,667 ± 14,537 U/month 
 Mean dose of Epoetin when on Tx with PIC (N=27) 20,593 ± 12,389 U/month 

(P=NS) 
 9 RBC transfusions were given in N=3 patients in the control period and 14 RBC 

transfusions were given in N=6 patients on Tx with PIC 
 The authors report all transfusions were associated with an acute medical event rather 

than an inadequate response to Epoetin alpha  
 
 
Adverse events  

 N=30 patients received the questionnaire at 4 months and N=25 responded  
 N=?? patients received the questionnaire at 6 months and N=21 responded 
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  Nausea  Vomiting  GI discomfort
4 months 
(N=25*) 

Less with PIC 13 11 11 

 More with PIC 1 0 1 
 Equal with either 

product  
2 3 7 

 None with either product 9 10 7 
     
6 months 
(N=21*) 

Less with PIC 4 1 4 

 More with PIC 2 2 0 
 Equal with either 

product  
4 4 6 

 None with either product 11 13 10 
 
*N.B. not all patients answered all questions  
 
 
Constipation  

 N=1 patient on PIC stated constipation increased at 4 months 
 N=6 patients reported less constipation from PIC at 6 months 
 N=5 indicated no difference between either product  
 N=10 had no constipation with either product 

 
 
 
Diarrhoea  
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 N=4 patients reported less diarrhoea from PIC at 6 months 
 N=1 patient reported more diarrhoea from PIC at 6 months 
 N=3 indicated no difference between either product 
 N=13 had no diarrhoea with either product 

 
 

Source of funding  
Citation  
NCC CC ID (Ref Man) 1862 
 
 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD 
patients receiving ESA treatment? 
 
Bibliographic reference  Macdougall IC, Chandler G, Elston O, Harchowal J. Beneficial effects of adopting an 

aggressive intravenous iron policy in a hemodialysis unit. American Journal of Kidney 
Diseases 1999;34:S40-S46.  

Study type Prospective longitudinal study  
Evidence level 3+ 
Study objective To investigate the effect of a liberal regimen for IV iron supplementation in HD patients on 

Epoetin dose requirements 
Number of patients N=116 
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 Single site study and 2 satellite units, UK 

Patient characteristics  No specific inclusion/exclusion criteria given, however patients were excluded if serum 
ferritin >1,000 µg/l at any stage (N=1) 

 Patients with serum ferritin <150 µg/l were given a more aggressive regimen of IV iron 
until levels increased beyond this threshold and were then entered into the regular weekly 
protocol (N=53) 

 
Sex 
(male/female) 

76/40 

Mean age (years) 58 (range 22-87) 
Mean starting Hb 
(g/dl) 

9.6 

Mean serum 
ferritin (µg/l) 

214 (range 7-1,096) 

 
 

Intervention IV iron sucrose 100 mg as a bolus injection over 1-2 minutes into vascular access at the end 
of HD session  

 Hb target 10-12 g/dl and serum ferritin 150-1,000 µg/l 
 After a 3-month run-in period starting in August, 1997, the protocol was formally 

introduced in November, 1997 
Comparison N/A 
Length of follow-up Study duration 12 months  
Outcome measures  Serum ferritin  

 Hb concentration  
 Epoetin dose requirement 
 Safety  

Effect size Serum ferritin 
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 Serum ferritin increased (Nov ’97- Nov ’98) (P<0.0001) 
 N=12 patients had IV iron stopped as their SF > 1,000 µg/l 

 
Hb concentration 

 Hb increased (Nov ’97- Nov ’98) (P<0.005) 
 Proportion of patients with Hb >10 g/dl increased from 41% in Nov ’97 to 68% in Nov ‘98 

 
Epoetin dose 

 EPO dose decreased (P<0.0005) 
 
 
 
 
 
 Aug ‘97 Nov ‘97 Feb ‘98  May ‘98 Aug ‘98 Nov ‘98 
Serum 
ferritin 
(µg/l) 

199 ± 189 214 ± 246 285 ± 423* 387 ± 373† 535 ± 384‡ 564 ± 350‡ 

Patients 
with serum 
ferritin 
>150 µg/l 

45% 44% 61% 79% 87% 88% 

Hb (g/dl) 9.7 ± 1.9 9.6 ± 2.0 9.7 ± 1.8 10.5 ± 1.9* 10.4 ± 2.2* 10.7 ± 1.9† 
Patients 
with Hb 
>10 g/dl  

43% 41% 40% 60% 63% 68% 

Epoetin 
dose 
(U/wk) 

13,121 ± 
5,813 

13,277 ± 
6,337 

12,253 ± 
6,616 

9,876 ± 
7,438† 

8,773 ± 
6,987‡ 

8,976 ± 
6,158‡ 
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Data presented are mean ± SD 
*P<0.05 
†P<0.005 
‡P<0.0005 
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1672 
 
 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Besarab A, Kaiser JW, Frinak S. A study of parenteral iron regimens in hemodialysis 

patients.[see comment]. American Journal of Kidney Diseases 1999;34:21-8.  
Study type Non-randomised study, open-label design 
Evidence level 2+ 
Study objective 1) To develop a maintenance IV iron regimen 

2) To determine the appropriate sampling intervals for measuring iron indices—not reported 
here  

Number of patients N=24 
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 N=12, as needed iron therapy 
 N=12, maintenance iron therapy 
 Unclear how many patients completed the study 

Patient characteristics Inclusion criteria: 
 Chronic HD patients on maintenance EPO 

 
 
Exclusion criteria: 

 Evidence of active GI bleeding, infection or malignancy 
 Other causes of anaemia or evidence of aluminium toxicity 
 Inadequate dialysis  

 
 

 Both groups were matched for cardiac disease, age, sex and serum parathyroid hormone 
levels 

 N=7 of the maintenance iron group were randomised into the anaemic Hct group of the 
“normal Hct “ study and N=8 in the normal Hct group 

 Normal Hct study: N = 618, Hct 39 to 45% (~Hb 13-15 g/dl “normal”) and N = 615, Hct 27 
to 33% (~Hb 9-11 g/dl “low”) [from ID 213: Besarab, A. et al. "The effects of normal as 
compared with low hematocrit values in patients with cardiac disease who are receiving 
hemodialysis and epoetin." New England Journal of Medicine 339.9 (1998): 584-90.] 

 
 

Maintenance iron regimen 
(N=12) 

 

Low Hb  
(N=4) 

Normal Hb 
(N=8)  

As-needed regimen, 
Low Hb  
(N=12) 

Age (years) 66 ± 3 68 ± 3 67 ± 3 
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Men/women 5:7 4:4 6:6 
TSAT (%) 26 ± 3 25 ± 2 25 ± 3 
TIBC (µg/ml) 240 ± 19 235 ± 11 237 ± 8 
Ferritin (ng/ml) 543 ± 139 289 ± 40 236 ± 51 
Hb (g/dl) 10.1 ± 0.4 10.4 ± 0.2 10.2 ± 0.3 
EPO dose 
(U/kg/dose) 

3,286 ± 807 3,781 ± 657 3,687 ± 504 

PTH level (pg/ml) 176 ± 37 191 ± 47 145 ± 48 
Data are presented as mean ± SEM 
N.B. ferritin was significantly higher in the low-Hb maintenance group  
 
 

Intervention IV iron dextran as needed intermittent therapy  
 100 mg dose at each consecutive of 10 dialysis treatments (total dose 1,000 mg) was 

administered when TSAT <20% or ferritin <200 ng/ml 
 EPO dose was adjusted every 4 to 8 weeks with a goal of maintaining Hb 10-11 g/dl  

Comparison IV iron dextran maintenance regimen  
 An initial pulse of 300-500 mg was given to achieve TSAT >30%, followed by 25-100 mg 

every 1-2 weeks thereafter to maintain TSAT 30-50% 
 Excluding the initial pulse, the maximum monthly dose was 400 mg 
 Iron administration was withheld for serum ferritin ≥800 ng/ml 
 EPO dose was adjusted every 4 to 8 weeks with a goal of maintaining Hb 10-11 g/dl in 1 

sub-group (low Hb) and 13-15 in a second subgroup (high Hb) 
Length of follow-up Study duration 72 weeks  
Outcome measures  Hb levels  

 Epoetin dose 
 Amount of iron administered 
 Iron parameters  
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Effect size 
Withdrawal  

 All patients completed 30 weeks 
 Only 4 of 8 patients in the maintenance iron, normal Hb group completed 72 weeks 

Hb levels  
 Hb levels in both low Hb groups were maintained protocol in the target range 9.5-11 g/dl 

throughout the 72 week period 

Epoetin dose 
 Significant decrease in EPO dose was found in the maintenance iron group at 16 weeks 

(P<0.05) and persisted until ~ week 56 
 EPO dose in the maintenance iron, normal Hb group tripled in the first 24 weeks 

 
 

Amount of iron administered 
 Iron administered was calculated from blocks of 8 weeks for each patient and the total 

cumulative dose from the start of the trial  
 By design the maintenance iron group received more iron dextran during the first 8-week 

block to achieve TSAT >30%. Thereafter, average weekly dose and cumulative dose did 
not differ between the 2 low-Hb groups 

 After the first 16 weeks, the weekly average dose in the maintenance low Hb group varied 
from 41-66 mg 

 As expected the normal Hb, maintenance iron group required significantly more 
cumulative iron (2,405 ± 45 mg) during the first 24 weeks to reach target Hb 13.7 g/dl 
compared with the low Hb, maintenance iron group (1,840  ± 103 mg) (P value not 
reported by the authors). This progressively diverged and the difference between the 2 
groups during weeks 24 and 64 was 490 mg 
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Iron parameters 
 TSAT was maintained >30% as per protocol in the maintenance iron therapy group during 

most 8-week blocks 
 TSAT in the maintenance iron, normal Hb group averaged 37.8%, whilst serum ferritin did 

not change over time (289-339 ng/ml) 
 
 Average TSAT at 

baseline (%) 
Average TSAT 
during the first 64 
weeks (%) 

Maintenance iron, low Hb group 26.2 34.5 
As-needed iron, low Hb group 25.1 26.4 

 
 Ferritin levels did not change with time in either of the 2 groups, so the initial difference 

was sustained  
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1857 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Ahsan N. Infusion of total dose iron versus oral iron supplementation in ambulatory peritoneal 

dialysis patients: a prospective, cross-over trial. Advances in Peritoneal Dialysis 2000;16:80-
4,@2000.:80-4.  

Study type Prospective cross-over trial (subjects acted as their own control) 
Evidence level 2+ 
Study objective To compare infusion of total dose iron and oral iron supplementation in outpatient CAPD 

patients  
Number of patients N=11, but N=9 completed the study  
Patient characteristics Inclusion criteria: 

 Aged 18+years 
 Stable for at least 6 months 
 Hct <33% or TSAT <30% or both  

 
 
Exclusion criteria: 

 Other identifiable causes of anaemia other than ESRD (e.g. occult GI bleeding) 
 Hyperparathyroidism [defined as iPTH >400 pg/ml] 
 Aluminium toxicity [defined as Al >50 mg/l] 
 Abnormalities of liver function tests [defined as alkaline phosphatase, alanine amino 

transferase and aspartate amino transferase 1.5 x the upper limit] 
 Inadequate dialysis (combined peritoneal and residual renal clearance, weekly Kt/V <1.8) 
 Allergy to iron  
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Age (years) 43 ± 4.0 
Weight (kg) 73 ± 4 
Sex (M/F) 7/2 
Duration of CAPD 
(months) 

28 ± 13 

Causes of ESRD  
Diabetes 
Hypertension 
Glomerulonephritis 
Polycystic kidney disease 

 
3 
4 
1 
1 

Ethnicity 
Caucasian 
African-American 

 
8 
1 

 
 
 

Intervention  Oral ferrous sulphate 325 mg, 3 times daily (≡195 mg elemental iron) for 4 months 
 EPO dose was adjusted to maintain Hct >33% 

Comparison  Following a wash-out period of 1 month, patients were pre-medicated with hydrocortisone 
100 mg IV, oral acetaminophen (paracetamol in the UK) 1,000 mg and oral 
diphenhydramine 25 mg, and then after standard test-dose, patients received 1 g iron 
dextran IV over 4 h and followed up for 4 months  

 EPO dose was adjusted to maintain Hct >33% 
Length of follow-up Total study duration 9 months (including 1 month wash out period) 
Outcome measures  Iron parameters-TSAT, serum iron, serum ferritin 

 EPO dose  
 Hct  
 Adverse events 
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Effect size  
 
Oral phase Baseline  End of 4 months P 
TSAT (%) 33.3 ± 5.5 21.4 ± 2.3 0.046 
EPO dose (U/week) 7,555.6 ± 944.4 12,111 ± 1,650.3 0.002 
Hct (%) 31.3 ± 1.2 30.2 ± 1.0 Not 

reported 
(P=NS?)

    
Wash-out phase Hct 
(%) 

N/A 29.2 ± 1.2 - 

    
ITDI phase Baseline  End of 4 months P 
TSAT (%) 21.6 ± 3.6 54.0 ± 6.9 0.002 
EPO dose (U/week) 16,444 ± 2,444 8,888.9 ± 2,863 0.008 
Hct (%) 29.2 ± 1.3 34.4 ± 2.1 0.02 

 
 Changes in serum iron and ferritin did not achieve statistical significance 
 EPO was discontinued in N=1 patient 

 

Adverse events  
 Liver function tests were not affected during the ITDI phase 
 ITDI was well tolerated 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1855 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Stoves J, Inglis H, Newstead CG. A randomized study of oral vs intravenous iron 

supplementation in patients with progressive renal insufficiency treated with erythropoietin. 
Nephrology Dialysis Transplantation 2001;16:967-74.  

Study type Randomised controlled trial 
Evidence level 1++ 
Study objective To examine the efficacy and tolerability of oral and intravenous iron in progressive renal 

insufficiency (PRI). 
Number of patients N= 45 anaemic patients with PRI 

N= 23 oral administration 
N= 22 intravenous administration 
 
Location: UK   sites: single 

Patient characteristics Inclusion criteria: 
 Computerised records of data for all patients who were receiving follow-up nephrological 

review in our unit (a population of approximately 400 patients) were examined to identify 
people with PRI and worsening anaemia 

 PRI defined as progressive deterioration in renal function with a serum creatinine of more 
than 250 umol/l, not requiring dialysis 

 Worsening anaemia defined as progressive reduction in haemoglobin concentration to a 
value of less than 11 g/dl, irrespective of gender 
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Exclusion criteria: 

 Patient who had been treated with intravenous iron during the previous 6 months, previous 
intolerance of oral iron, poor compliance with medication/poor clinic attendance, recurrent 
gastro-intestinal bleeding, haematological malignancy, unable or unwilling to provide 
informed consent 

 
Characteristics Oral iron 

(n=23) 
Intravenous iron 
(22) 

Age 59.9 ± 13.4 57.3 ± 14 
Gender (m:f) 15 : 8 10 : 2 
Haemoglobin (g/ dl) 9.7 (9.3-10.2) 9.9 (9.2-10.6) 
Ferritin (ug/l) 74 (47-126) 100 (47-155) 
Red cell hypochromasia (HRC %) 4 (1-10.5) 5 (3-13) 
Plasma parathrormone (PTH, mg/dl) 186 (138-247) 146 (69-194) 
C-reactive protein (CRP, mg/l) 6 (5-9) 6 (5-11) 
Calculated creatinine clearance 12 (11-19) 14 (10-21) 
Prevalent of pre-trial oral iron therapy 
(%) 

9 18 

 
 

Intervention Oral (ferrous sulphate) 200 mg tds (or an equivalent dose of an alternative iron preparation 
which had been previously well tolerated) in combination with rHuEPO initial dose of 2000 U 
twice weekly to Hb 14 g/dl 

Comparison Intravenous (iron sucrose) 300mg over 2 h, repeated monthly according to serum ferritin 
estimations, in combination with rHuEPO initial dose of 2000 U twice weekly to Hb 14 g/dl  

Length of follow-up Intended duration was 6 months and average 5.2 months 
Outcome measures Serum ferritin, Hb, rHuEpo dose, adverse events 
Effect size  59 patients under regular renal outpatient review with PRI and worsening anaemia were 
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identified from computerised records and care notes 
 Of these 10 were excluded and 4 were either unable or unwilling to give consent 

 
Dose 

 Mean of 0.91 (0.84-0.98) infusions of iron sucrose per patient per month were 
administered 

 
Adverse events 

 3 possible allergic reactions to intravenous iron occurred all in women with a low body 
mass 

 Oral iron was discontinued in one patient who developed severe constipation 
 
 
Response 

 No statistically significant difference in haemoglobin response with any monthly analyses 
 Haemoglobin of 12 g/dl was achieved within the first 3 months of treatment in 70% of 

patients taking oral iron compared with 59% receiving iron sucrose 
 Serum ferritin estimations were significantly higher in those receiving intravenous iron from 

the second month of treatment 
 The initial rHuEpo prescription of 4000 U/week could be temporarily discontinued in 43% 

of the oral iron group vs 33% in the intravenous group after mean intervals of 2.4 and 2.7 
months respectively (non-significantly) 

 RHuEpo was increased after 3 months in 9% of patients taking oral iron and 19% of 
patients receiving intravenous iron (non-significant) 

 Of those who completed 6 months of treatment, median finishing doses of rHuEpo were 
33.5 (0-66) U/kg/week and 41.6 (0-124) U/kg/week respectively in the oral and 
intravenous groups (non-significant) 

 With higher median and mean values in the iron sucrose group for preceding months 
 Other factors known to affect response to erythropoietin (calculated creatinine clearance, 
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CRP, PTH) were not significantly different in the two groups. 
 
Withdrawals 

 One patient who received intravenous iron suffered from a sudden death in the 
community- presumed to have resulted from cardiovascular disease 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1888 
 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Markowitz GS, Kahn GA, Feingold RE, Coco M, Lynn RI. An evaluation of the effectiveness of 

oral iron therapy in hemodialysis patients receiving recombinant human erythropoietin. 
Clinical Nephrology 1997;48:34-40.  

Study type RCT 
Evidence level 1+ 
Study objective To define the role of oral iron therapy in haemodialysis patients receiving erythropoeitin 
Number of patients N=49 
Patient characteristics Inclusion criteria: Patients had to be iron deplete (ferritin level more than 100ug/l and ZPP 

less than 90 mMol/ml heme and HCT more than 30%) or iron deficient (ferritin level less than 
100ug/l and ZPP more than 90 mMol/ml heme and HCT more than 25%) 

 Patients also had to be medically stable 
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 Have a duration of EPO therapy of more than 90 days 
 Have an EPO dose of more than 25 units/kg body weight 

 
Exclusion criteria: 

 No IV iron for more than 90 days 
 Normal serum B-12 and folate levels 
 No clinically significant blood loss 
 No evidence of malignant disease 
 No evidence of aluminium or lead toxicity 
 No evidence of acute infection or ongoing inflammatory disease. 

 
 
Parameter Iron deficient on 

oral iron 
Iron deficient on 
placebo 

Iron replete on 
oral iron 

Iron replete on 
placebo 

Number of 
patients (N=49) 

14 10 12 13 

Age 60.5 ± 9.3 57.0 ± 6.7 52.6 ± 16.5 59.2 ± 12.0 
Male/female 5/9 6/4 7/5 10/3 
Finished study 4 6 10 10 
Compliance 81.4 ± 26.6 51.1 ± 28.2 50.6 ± 31.6 60.1 ± 29.4 
Initial EPO 
dose/RX 

5714 ± 2164 4850 ± 2237 4750 ± 1815 4692 ± 1750 

Final EPO 
dose/RX 

6142 ± 2627 4650 ± 2001 4417 ± 1881 4615 ± 2103 

EPO dose/WTT 
(initial) 

94.2 ± 35.8 75.3 ± 34.8 71.8 ± 32.7 70.5 ± 26.2 

Cause of ESRD:     
Diabetes 7 4 3 4 
Hypertension 6 3 3 5 
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HIV 
nephropathy 

0 1 1 2 

Other 1 2 5 2 
 
 
 

Intervention 150 mg of elemental iron twice daily discontinued after 3 months 
Comparison Placebo discontinued after 3 months. 
Length of follow-up 5 months 
Outcome measures Change in iron stores (serum ferritin and ZPP) 

Side effects (assessed by questionnaire). 
Effect size The number of patients who finished the study is decreased in both iron deficient groups 

when compared to the iron replete groups.  The overall study population and the 
subpopulation receiving oral iron have significantly greater dropout rates among iron deficient 
patients (p<0.05 and p<0.05).  Iron deficient patients had a significantly greater drop out rate 
due to side effects when compared to iron replete patients (33% vs. 8%) despite equivalent 
responses to the side effect questionnaire. 
 
The large drop out rate among iron deficient patients precluded much analysis. Iron replete 
patients show evidence of falling iron stores during the study period and this observation was 
identical in both iron and placebo sub-groups. 
 
 
Parameter Oral iron 

mean 
SD Placebo 

mean 
SD N 

(oral/placebo)
P value 

Iron deficient patients 
HCT (%)       
Baseline  30.3 3.3 31.2 4 14/10 NS 
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Month 3 32.3 1.7 31.6 2.6 4/5 NS 
Month 5 33 1.2 29.8 1.5 4/5 <0.01 
Ferritin 
(ng/ml) 

      

Baseline  39.9 21.1 38.5 31.2 14/10 NS 
Month 3 21.5 11.7 25.2 26.4 4/5 NS 
Month 5 23.8 11.1 17.6 12.9 4/5 NS 
TSAT (%)       
Baseline  26.5 22.5 42.6 30.1 14/10 NS 
Month 3 10.1 5.9 11.3 4 4/4 NS 
Month 5 11.9 4.2 10 3.2 4/5 NS 

Iron replete patients 
HCT (%)       
Baseline  33.7 3.1 32.2 2.1 12/13 NS 
Month 3 29.9 2.5 33 2.1 9/11 NS 
Month 5 30.1 3.4 31.9 3.8 8/10 NS 
Ferritin 
(ng/ml) 

      

Baseline  220.9 153.2 228.2 109 12/13 NS 
Month 3 119.7 82.1 130.1 88 9/11 NS 
Month 5 87.4 44.5 96.2 84.8 8/10 NS 
TSAT (%)       
Baseline  36.4 24.4 35.4 21 12/13 NS 
Month 3 21.9 10.8 25.4 13.7 9/10 NS 
Month 5 18.2 13.8 22.4 14.7 8/9 NS 
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Source of funding Iron preparation and placebo supplied by pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1866 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Wingard RL, Parker RA, Ismail N, Hakim RM. Efficacy of oral iron therapy in patients 

receiving recombinant human erythropoietin. American Journal of Kidney Diseases 
1995;25:433-9.  

Study type RCT 
Evidence level 1+ 
Study objective To determine the efficacy of different oral iron preparations in maintenance of iron status. 
Number of patients N=46 recombinant human erythropoietin-treated patients 

 
Location: USA   Sites: single  

Patient characteristics Inclusion criteria: 
 On chronic maintenance haemodialysis for longer than 3 months, on rHuEpo therapy for 

longer than 6 months, require oral iron supplementation to maintain hematocrit greater 
than 25%, have no gastrointestinal blood loss in the last month as determined by guaiac 
testing, have no gastrointestinal malabsorption syndromes, have no acute inflammatory or 
infectious processes, and have no hospitalisations in the past 4 weeks. 

 Eligibility determined by chart review, informed consent obtained from 46 patients 
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Exclusion criteria: 

 None stated 
 
 
Characteristic Chromagen Feosol Niferex Tabron All patients 
No. of patients 12 11 12 11 - 
Mean age, yr 62 65 60 58 61 ± 11 
Males (%) 4 (33) 5 (45) 5 (42) 5 (45) - 
Blacks (%) 11 (92) 10 (91) 10 (83) 7 (64) - 
No. of months on 
dialysis 

30 ± 27 40 ± 48 27 ± 28 43 ± 25 34.7 ± 33 

Parathyroid hormone 
(pg/mL) 

92 ± 138 150 ± 95 147 ± 153 294 ± 249 172 ± 181 

Kt/V (two-pool) 1.13 ± 0.3 1.21 ± 0.3 1.27 ± 0.3 1.06 ± 0.3 1.17 ± 0.3 
 
 

Intervention  Patients were randomised into one of the four following oral iron supplementation groups: 
Chromagen, Feosol, Niferex, Tabron 

 Although different iron preparations were used, all patients were prescribed the same total 
dose of elemental iron of 200 mg/daily 

 To eliminate the potential effects of ascorbic acid on absorption, all patients were 
supplemented with 100mg ascorbic acid (vitamin C) in a multi-vitamin preparation, in 
addition to any ascorbic acid that was present in the oral formulation 

 After assignment to a study group each patient’s previous iron prescription was 
discontinued for 1 week (washout period) and baseline value were obtained 

 For the following 6 months, each patient was prescribed approximately 200 mg elemental 
iron daily, according to their assigned treatment group 
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 Chromagen Feosol Niferex Tabron 
Type of iron Ferrous 

fumarate 
Ferrous sulphate polysaccharide Ferrous 

fumarate 
Dose 3x daily 3x daily One NIF-150 

and one NIF 
W/C daily 

2x daily 

Elemental iron 
daily (mg) 

198  195  200  200  

Vitamin C daily 
(mg) 

750 None  100  1000 

Other 
ingredients 

B12 intrinsic 
factor 

None Sodium 
ascorbate 

B1, B2, B3, B5, 
B6, B12 

 
 

Comparison Comparison between treatments listed above 
Length of follow-up Study duration of 6 months 
Outcome measures Target hematocrit: between 30 and less than 33%; Compliance: measured by weekly pill 

counts; side effects: questionnaire;  
Effect size  

 
Change in mean laboratory values from first to last measurement 
 Chromagen Feosol Niferex Tabron 
Iron (ug/L) 
Baseline 
End of study 

 
68.3 ± 26.3 
60.5 ± 16.7 

 
63.5 ± 21.7 
64.0 ± 25.4 

 
54.2 ± 9.6 
61.8 ± 19.5 

 
71.2 ± 27.7 
77.1 ± 26.9 

Percent 
saturation 
Baseline  

 
19.3 ± 10.4 

 
18.7 ± 5.8 

 
17.4 ± 4.1 

 
23.9 ± 10.7 
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End of study 17.7 ± 5.9 19.6 ± 9.2 17.5 ± 4.8 28.6 ± 14.0 
Ferritin (ng/mL) 
Baseline  
End of study 

 
139.8 ± 142 
88.6 ± 72 

 
178.5 ± 269 
113.2 ± 99 

 
136.7 185 
81.7 ± 159 

 
149.7 ± 145 
143.2 ± 85 

Hematocrit (%) 
Baseline  
End of study 

 
26.4 ± 3.9 
31.0 ± 2.1 * 

 
26.4 ± 2.1 
29.5 ± 2.4 * 

 
26.2 ± 2.4 
28.8 ± 3.3 

 
26.0 ± 2.1 
29.5 ± 2.8 $ 

Hematocrit/EPO 
Baseline  
End of study 

 
8.9 ± 3.8 
11.7 ±  8.1 

 
10.2 ± 4.8 
15.4 ± 14.2 

 
9.1 ± 6.9 
7.5 ± 4.0 

 
11.0 ± 4.8 
9.9 ± 6.5 $ 

 * p<0.01; $ p<0.05 
 

 None of the groups met the adequate iron status as defined at the beginning of the study 
 At the end of the follow-up period there were not statistically significant changes in serum 

iron and transferrin saturation in any study group 
 Although ferritin concentration decreased substantially in the Chromagen, Niferex and 

Feosol groups it decreased minimally in the Tabron group 
 Tabron group has the largest proportion of laboratory values that fell into the upper 

quartile for iron, transferrin saturation, and ferritin (upper quartile defined as iron >81 
ug/dL, saturation > 25.4%, ferritin >137 ng/mL) 

 All groups were able to maintain and increase their mean hematocrit levels- Chromagen 
(p<0.01), Feosol (p<0.01), Tabron (p<0.05) 

 Iron stores (as measured by Ferritin) were on a downward trend in all groups expect 
Tabron 

 
 Determined how well each group maintained adequate iron status defined by % of 

laboratory values with transferrin saturation alone greater than 20%, regardless of the 
value for the other laboratory variables 

 Transferrin saturation greater than 20% alone:  



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

o Tabron (58%), Feosol (47%), Chromagen (33%) Niferex (31%) 
 Transferrin saturation greater than 20%, iron greater than 80ug/dL, ferritin greater than 

100 ng/mL 
o Tabron (16%), Chromagen (7%), Feosol (6%), Niferex (3%) 

 None of these differences were statistically significant (p<0.05) 
 
Hematocrit and recombinant human erythropoietin dose 

 Mean rHuEpo dose from baseline to end of study: 
o Chromagen: 9955 ± 1563 to 11269 ± 389 
o Feosol: 11727 ± 1277 to 9255 ± 313 
o Niferex: 13038 ± 1217 to 12620 ± 336 
o Tabron: 9409 ± 811 to 9262 ± 300 

 Hematocrit to EPO ratio from baseline to end of study: 
o Chromagen: 8.9 to 11.7  
o Feosol: 10.2 to 15.4 
o Niferex: 9.1 to 7.5 
o Tabron: 11.0 to 9.9 

 
Compliance and side effects 

 Weekly elemental iron (mg) taken (as determined by pill count) 
o Chromagen: 1080 ± 28 
o Feosol: 1100 ± 26 
o Niferex: 1254 ± 18 
o Tabron: 1263 ± 20 

 There were no notable differences in compliance- Tabron had best overall compliance rate
 
Drop-outs 

 Nine patients dropped-out over 6-months 
 2 patients dropped-out because of non-compliance (one Chromagen and one Feosol) 
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 2 patients dropped-out because they required transfusions following surgery (both in 
Niferex group) 

 One patient dropped-out because of severe iron deficiency (Tabron group) 
 One patient dropped-out because of initiation of chemotherapy (Tabron group) 
 One patient dropped-out because of side effects (Feosol group- diarrhea) 
 Two patients dropped-out because of loss of interest in study (Chromagen and Niferex) 
 No patients dropped-out because of development of low iron indices or anaemia that 

required iron dextran therapy 
Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1874 
 
 
 
 
 
 
 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Silverberg DS, Blum M, Peer G, Kaplan E, Iaina A. Intravenous ferric saccharate as an iron 

supplement in dialysis patients.  Nephron 1996;72:413-7.  
Study type A prospective cohort study investigating the effect of intravenous ferric saccharate (IV Fe) in 
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treating the anaemia of chronic dialysis patients receiving EPO.  
Evidence level 2+ 
Study objective To investigate the efficacy and safety of IV Fe in chronic dialysis patients with anaemia 

currently also receiving EPO.   
Number of patients N=56 

N=41 HD patient group 1 
N=11 HD group 2 
N=4 CAPD group 4* 
* Groups 3 and 5 excluded from appraisal since participants in these groups did not receive 
EPO. 

Patient characteristics Inclusion criteria: 
 On chronic dialysis 
 No signs of infection or evidence of gastrointestinal bleeding 
 All received phosphate binders containing calcium carbonate 
 Normal serum vitamin B12 and folic acid levels 

 
 
 
Exclusion criteria: 

 Oral Fe preparations before or during the study 
 Aluminium phosphate binders 

 
For all 73 participants, mean age was 61.4 (range 35-92), with average number of years on 
dialysis 4.1 (range 0.5-22 years).  
 

Intervention Iron preparation used was Venofer, a ferric saccharate preparation which contained 100 mg 
elemental iron in a 5 ml ampoule, administered intravenously twice monthly in all patients. 
Before the study in all HD patients, 20mg Fe was given as a test does in 100 ml of 0.9% NaCl 
over 30 min in venous side of the dialyser 60 min before termination of dialysis. In CAPD 
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patients, same dose was given intravenously over 30 min. If there were no reactions, then 
additional 80 mg Fe was given in 100 ml 0.9% NaCl over next 30 min. Subsequently twice 
monthly, 5ml (100 mg) Fe was missed with 100 ml 0.9% NaCl and given over the last 30 min 
of dialysis into venous side of dialyser in HD patients and intravenously over 30 min in CAPD 
patients.  
 
Group 1: 41 HD patients who had received IV EPO for at least 6 months at an average dose 
of 98.8 ± 27.7 IU/kg/week, given in 2-3 divided doses. This group then received IV Fe 100 mg 
twice monthly for 1 year. During the first 6 months of the IV Fe study, EPO dose was kept 
constant. During the second six months, EPO was only given if the EPO measured at each 
dialysis was less than 33%.  
 
  

Comparison Group 2: 11 HD patients who began IV Fe and EPO simultaneously. Patients had previously 
never used either EPO or IV Fe. Fe was administered as in group 1 twice monthly for 1 year. 
Average EPO dose was 95.6 ± 23.2 IU/kg/week given in 2-2 divided weekly doses for first 6 
months. During second 6 months, as in group 1, EPO was only given if Hct measured at each 
dialysis was less than 33%.  
 
Group4: 4 CAPD patients who had received EPO at a dose of 61.4 ± 16.6 IU/kg/week 
subcutaneously for at least 6 months. This group then received 100 mg IV Fe twice monthly 
for 6 months. During this time the EPO dose was kept constant, as before the study. 

Length of follow-up Follow-up was for one year in group 1 and 2, and for 6 months in group 4. 
Outcome measures Mean hematocrit, Serum Fe, Fe saturation, Adverse Events 
Effect size The table below records the mean hematocrit, serum Fe, and Fe saturation changes over the 

1 year study period for groups 1, 2, and 4 in the context of EPO dosage.  
 
Groups EPO, 

IU/kg/week 
Hct, % Serum Ferritin, 

µg/l 
Fe saturation, 
% 
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Group 1 (N=41)     
Initial pre-study  98.8 ± 27.7  28.7 ± 1.5 99.0 ± 68.9 25.9 ± 7.7 
0-6 months 98.8 ± 27.7 33.7 ± 2.2* 402.7 ± 107.9* 31.4 ± 8.7* 
6-12 months 38.4 ± 31.1 * 33.6 ± 2.0* 383.3 ± 97.7* 29.4 ± 8.8 
Group 2 (N=11)     
Initial pre-study  0 28.1 ± 1.4 83.7 ± 38.5 24.6 ± 5.1 
0-6 months 95.6 ± 7.8 34.1 ± 2.5* 369.9 ± 118.9* 29.1 ± 5.8 
6-12 months 23.2 ± 16.3* 33.9 ± 2.4* 348.8 ± 104.6* 27.7 ± 5.4 
Group 4 (N=4)      
Initial pre-study  61.4 ± 16.6 28.4 ± 1.0 102.8 ± 54.0 16.2 ± 6.0 
0-6 months 61.4 ± 16.6 33.3 ± 2.2* 470.5 ± 252.0* 35.6 ± 2.3* 

Data given in mean ± SD.  
*p<0.05 at least value vs initial value 
 
Side effects: No patients had any immediate or delayed side effects including blood pressure 
or heart rate changes, fever, rash, itching, nausea, vomiting or arthralgia following the 
administration of IV Fe.  
 

Source of funding Venofer was supplied for the study by a pharmaceutical company   
Citation  
NCC CC ID (Ref Man) 170 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients receiving 
ESA treatment? 
Bibliographic 
reference  

Silva J, Andrade S, Ventura H, Santos JP, Colaco S, Oliveira C et al. Iron supplementation in haemodialysis--
practical clinical guidelines. Nephrology Dialysis Transplantation 1998;13:2572-7.  

Study type Cohort study  
Evidence level 2+ 
Study 
objective 

1) To test a new protocol for iron supplementation  
2) To assess the utility of different iron metabolism markers in common use andtheir “target” values for the 
correction of iron deficiency—not reported here as not relevant to clinical question 

Number of 
patients 

N=33 

Patient 
characteristics 

Inclusion criteria: 
 At least 1 of the following: %TSAT <20%; %HRC >10%; serum ferritin <400 µg/l 

 
 
Exclusion criteria: 

 Active inflammatory or infectious disease 
 Haematological disease (e.g. chronic lymphocytic leukaemia, aplastic anaemia, thalassaemia major) 
 Psychosis 
 Iron overload (defined as serum ferritin ≥400 µg/l) and/or need of blood transfusion  
 Change of renal replacement therapy  

 
 
Male/female 20/13 
Mean age (years) 57.5 ± 14.0 
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Mean time on HD 
(months) 

45.3 ± 33.9 

Hb (g/dl) 10.8 ± 1.0 
Serum ferritin (µg/l) 137 ± 92.3 
TSAT (%) 27.4 ± 7.9 
% HRC 5.6 ± 3.8 
Epoetin dose (U/kg/week) 118.2 ± 53.2

 
 N=20 of 33 patients were on oral iron before the study, however, mean ferritin values (130 ± 106 µg/l) did not 

differ to those not on oral iron  (147 ± 106 µg/l) 
 Iron was stopped due to the following criteria: allergic reaction, intolerable symptoms e.g. metallic taste, 

pruritis, paraesthesia, numbness, hepatic/pancreatic/cardiac dysfunction and increased serum ferritin >600 
µg/l--this was resumed if SF fell <400  µg/l 

Intervention Baseline serum ferritin <100 µg/l: IV iron saccarate 20 mg, diluted in 10 ml saline  
 Epoetin to Hb 12.5 g/dl  

Comparison Baseline serum ferritin ≥100 µg/l and <400 µg/l: IV iron saccarate 20 mg, diluted in 10 ml saline 
 Epoetin to Hb 12.5 g/dl 

Length of 
follow-up 

 

Outcome 
measures 

 Hb evolution 
 Iron status evolution  
 EPO use 
 Suspension of IV iron  
 Adverse reactions 

Effect size 
Hb and iron status evolution and EPO dose 

 Overall, Hb increased (P<0.0001) and ferritin (P=0.0001) increased, both after 2 months whilst TSAT 
decreased after 2 months (P=0.009) when compared to basal levels and remained so over the rest of the 6 
months for all patients (N=33) 
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 EPO use decreased from 6871 to 4,947 U/patient/week at 6 months (28% change) (P<0.003) 
 
 
 
 Baseline  2nd month P 4th month  P 6th month  P  P* 
Hb (g/dl) 10.8 ± 1.0 11.7 ± 1.1 0.0001 12.2 ± 1.1 0.0001 12.8 ± 0.9 0.0001 0.0001 
Ferritin 
(µg/l) 

137 ± 92 278 ± 138 0.0001 395 ± 221 0.0001 456 ± 169 NS 0.0001 

TSAT (%) 27 ± 8 34 ± 11 0.009 34 ± 11 NS 33 ± 10 NS 0.009 
 
 
 
 

TSAT (%) Ferritin (mg/l) Hb (g/dl) EPO (U/kg/week)  
Initial  Final  Initial  Final  Initial  Final  Initial  Final  

Ferritin <100  
(N=17) 

25 ± 10 38 ± 13 49 ± 26 383 ± 201 10.9 ± 
1.1 

13 ± 1 112.3 ± 73.3 73.4 ± 48.0 

Ferritin ≥100 µg/l 
and <400 µg/l 
(N=16) 

30 ± 8 29 ± 9 230 ± 74 533 ± 198 10.6 ± 
1.6 

12.6 ± 
1.1 

124.5 ± 62.8 95.2 ± 49.8 

P  NS 0.05 0.02 0.04 NS NS NS NS 
 
 

Suspension of IV iron 
 N=12 with serum ferritin >600 µg/l discontinued iron Tx until levels dropped to <400 µg/l 
 All 12 patients were free of any clinical or biochemical dysfunction attributable to iron overload 

 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Adverse reactions 
 N=4 metallic taste 
 No anaphylactic reactions, no skin rashes, no signs of intestinal or respiratory allergy, no infectious 

complications 
 No hepatic/pancreatic/cardiac dysfunction related to iron Tx was observed 

 
 

Source of 
funding 

Not reported  

Citation  
NCC CC ID 
(Ref Man) 

1872 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Kato A, Hamada M, Suzuki T, Maruyama T, Maruyama Y, Hishida A. Effect of weekly or 

successive iron supplementation on erythropoietin doses in patients receiving hemodialysis. 
Nephron 2001;89:110-2. 

Study type Prospective cohort study that compared weekly with sequential dosing of iron with no iron in 
hemodialysis (HD) patients with renal anaemia receiving rHuEPO.  

Evidence level 2+ 
Study objective To administer 400 mg of iron either sequentially or weekly in HD patients with serum Fe 

values <100 ng/ml to evaluate the effect of these regimens on the degree of renal anaemia 
and rHuEPO dosage 12 weeks after treatment.   

Number of patients N=35 
N=12 sequential dosing group 
N=12 weekly dosing group 
N=11 no iron supplementation 

Patient characteristics Inclusion criteria: 
 Clinically stable HD patients with serum Ferritin levels always <100ng/ml for 6 months 

(average 43 ± 4 ng/ml).  
 
Exclusion criteria: 

 Acute infections, malignancies, liver cirrhosis, gastrointestinal bleeding, active collagen 
disease. 

 Autosomal dominant polycystic kidney disease 
 Severe hyperparathyroidism (intact PTH levels > 1000 pg/ml)  
 Aluminium toxicity 
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Mean age and HD duration were 67 ± 3 and 8 ± 3 years respectively. There were 26 males 
and 9 females. Eleven patients had diabetes (31.4%), while the remainder had primary renal 
diseases. No patient received blood transfusions within the year before the study.  
 

Intervention Sequential dose: Patients received an IV infusion of saccharated ferric oxide containing 40mg 
of elemental iron during the first 10 HD sessions (dialysis 3xweekly).  
Ferric saccharate (2ml, one vial) was dissolved into 20 ml of a 20% glucose solution and then 
intravenously injected at the end of the HD session.  
Patients were subjected to regular HD for 4-5 hr three times per week.  
EPO dose was adjusted to maintain Hb >10.0 g/dl  

Comparison Weekly dose: Patients received 40 mg of iron injected once a week for 10 weeks 
Ferric saccharate (2ml, one vial) was dissolved into 20 ml of a 20% glucose solution and then 
intravenously injected at the end of the HD session. 
Patients were subjected to regular HD for 4-5 hr three times per week. 
No dose: Patients without iron supplementation  

Length of follow-up Twelve weeks after the beginning of the study, the investigators evaluated the degree of renal 
anaemia, rHuEPO dosage, and iron status in all groups.  

Outcome measures Haemoglobin levels, rHuEPO dosage, Serum FE values, total iron binding capacity  
Effect size  No baseline between groups differences in age, sex, HD duration, prevalence of diabetes, 

Hb, serum Fe, iron, total iron binding capacity, transferrin saturation ratio, serum 
creatinine, blood urea nitrogen, albumin , body mass index, dialysis efficacy, urea 
reduction rate, and prevalence of polysulfone membrane.  

 Hb levels for the 3 groups after 4 and 12 weeks of follow-up are presented in the table 
below. 

 
 
Follow-up time Sequential dose 

(N=12) Hb levels, 
g/dl 

Weekly dose (N=12) 
Hb levels, g/dl 

No dose (N=12) Hb 
levels, g/dl 
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Baseline  9.9 ± 0.3  9.4 ± 0.2  9.9 ± 0.2 
4 weeks after study 
start 

10.3 ± 0.2 * 9.5 ± 0.3 9.8 ± 0.3 

12 weeks after study 
start 

10.6 ± 0.3 ** 10.4 ± 0.2 ** No change 

* p<0.05 higher Hb levels compared to baseline value 
** p<0.01 higher Hb levels compared to baseline value 
 
 

 rHuEPO levels for the 3 groups after 4 and 12 weeks of follow-up are presented in the 
table below. 

Follow-up time Sequential dose 
(N=12) rHuEPO, 
U/kg/week 

Weekly dose (N=12) 
rHuEPO, U/kg/week 

No dose (N=12) 
rHuEPO, U/kg/week 

Baseline  131± 18  126 ± 16 102 ± 20 
4 weeks after study 
start 

107 ± 20 Not reported Not reported 

12 weeks after study 
start 

90 ± 17 ** 138 ± 20 133 ± 29* 

*p<0.05 increase in rHuEPO levels compared to baseline 
**p<0.01 decrease in rHuEPO levels compared to baseline 
 

 After total 400 mg iron supplement, serum Fe values increased to a similar degree in 
sequential and weekly dose groups (sequential 124 ± 33 versus weekly 127 ± 26 ng/ml; 
p=NS), while there was no change in the no dose group (42 ± 7 versus 38 ± 9 ng/ml). 

 A significant reduction in iron binding capacity was found in the sequential dose group 
only (274 ± 16 to 242 ± 13 µg/dl; p<0.05) 

 There were no changes in clinical parameters including nutritional indices and dialysis 
efficacy up to study endpoint.  
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 None of the patients experienced allergic reactions during the observation period. 
Source of funding Not reported 
Additional comments  Sample size is small for between-group comparisons, and statistical methods used for this 

were not reported. 
 Not reported whether or not staff who measured outcomes of interest at 4 and 12 weeks 

were blinded to exposure status of participants. 
 Not sure whether 3 months is long-enough follow-up period to measure stability of 

treatment outcomes. 
 According to the authors, the data suggest that sequential iron dosing during the first 10 

dialysis sessions reduced rHuEPO doses after 12 weeks as compared with weekly doses 
for 10 weeks despite similar increments in Hb and serum Fe values. 

 
Citation  
NCC CC ID (Ref Man) 84 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Saltissi D, Sauvage D, Westhuyzen J. Comparative response to single or divided doses of 

parenteral iron for functional iron deficiency in hemodialysis patients receiving erythropoietin 
(EPO). Clinical Nephrology 1998;49:45-8.  

Study type RCT 
Evidence level 1+ 
Study objective To compare the short-term effect of intravenous iron dextran 100mg/week for 6 to 8 weeks 
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with two shorter protocols of i.v. iron dextran administration in r-Hu EPO treated 
haemodialysis patients with functional iron deficiency despite regular oral iron therapy. 

Number of patients N=39 
Patient characteristics Inclusion criteria: 

 Stable chronic haemodialysis patients receiving twice weekly subcutaneous recombinant 
EPO (80 to 120 units/kg body weight per week) and assessed as functionally iron-deficient 
(haemoglobin < 10.0 g/dl and or ferritin <100 ug/l with transferrin saturation <20%). 

 
 
Exclusion criteria: 

 Allergy to iron dextran 
 Recent blood transfusions (within 3 months of study entry) 
 Abnormal blood loss 
 Malignancy 
 Aluminium toxicity 
 Asthma 
 Rheumatoid arthritis or other chronic inflammatory states 
 Poor compliance with fluid intake diet or drug therapy. 

 
 
 
Parameter Group 1 

(N=15) 
Group II 
(N=14) 

Group III 
(N=14) 

Gender (M/F) 3/12 6/8 3/11 
Age (years) 64.3 ± 2.9 62.2 ± 2.3 65.0 ± 2.3 
Time on dialysis 
(months) 

29.6 ± 7.0 49.2 ± 13.5 42.3 ± 12.6 

Time on EPO 
(months) 

7.2 ± 1.2 9.3 ± 1.1 13.0 ± 1.4 
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Intervention N=15 Group I: Imferon (intravenous iron dextran) as a single 600mg bolus 
Comparison N=14 Group II: Imferon given in divided doses of 100mg administered on 6 successive 

dialyses. Dialysis was conducted 3 times weekly 
N=14 Group III: Imferon given in divided doses of 100mg administered weekly for 6 weeks. 

Length of follow-up 8 weeks 
Outcome measures  Adverse events 

 Haemoglobin 
 Ferritin 
 Transferrin saturation 

Effect size  No adverse effects to Imferon treatment were reported. 
 
Data are mean ± SEM 

 The change in haemoglobin following intravenous iron dextran did not depend on group 
(p=0.92) but the change collectively with time was significant (p<0.01).  Haemoglobin 
concentrations increased by a mean of 0.4g/dl in Group III and 0.5g/dl in Groups I and II 
with plateauing of response after 4 weeks in Groups I and II and to a lesser extent Group 
III.  

 
 The rise in Hb from baseline reached significance at 8 weeks in Group III only (P<0.05) 

 
 Mean ferritin concentrations changed with time in all groups (p<0.01) with a peak at 2 

weeks in Groups I and II and sat 4 weeks in the case of Group III thence subsequent 
decline.  Compared to baseline, ferritin levels were increased in all groups at 4 weeks but 
only in Groups II and III at 8 weeks. 

 
 Mean transferrin saturation also increased in all groups, peaking at 2 weeks (p<0.001).  
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However, compared to baseline, percentage saturation at 4 weeks was raised only in 
Groups I and III and at 8 weeks in Group I alone. 

Source of funding One pharmaceutical company provided the Eprex (EPO) and another provided the Imferon 
(iron dextran) 

Citation  
NCC CC ID (Ref Man) 150 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Auerbach M, Winchester J, Wahab A, Richards K, McGinley M, Hall F et al. A randomized 

trial of three iron dextran infusion methods for anemia in EPO-treated dialysis patients. 
American Journal of Kidney Diseases 1998;31:81-6.  

Study type RCT 
Evidence level 1+ 
Study objective To investigate 3 methods of iron dextran administration IV, as induction therapy on Hb/Hct 

and acute and delayed adverse reactions to iron dextran infusion in HD patients receiving 
EPO alpha 

Number of patients N=47, but N=43 completed the study  
Patient characteristics Inclusion criteria: 

 Serum ferritin ≤100 ng/ml or serum ferritin 100-200 ng/ml and TSAT ≤19% 
 
Exclusion criteria: 

 Prior therapy with iron dextran  
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 Aluminium intoxication 
 Transfusion  

 
Baseline characteristics reported in results section 
 
 

Intervention Group A: Iron dextran total dose infusion in 50 ml 0.9% NaCl (N=14); total dose 550-2,000 mg
Group B: Iron dextran 500 mg bolus in 200 ml 0.9% NaCl per week (N=12); total dose 400-
1,500 mg 

 Total iron dose was calculated from formula:  
(0.3 x weight[lbs])(100 – (Hb x 100)/11.8 

 Constant dose of EPO, ~3,000 U IV during HD 3 times weekly; Hb target 11.8 g/dl 
Comparison Group C: Iron dextran 100 mg undiluted bolus in each HD session (N=17); total dose 500-

2,100 mg 
 Total iron dose was calculated from formula:  

(0.3 x weight[lbs])(100 – (Hb x 100)/11.8 
 Constant dose of EPO, ~3,000 U IV during HD 3 times weekly; Hb target 11.8 g/dl 

Length of follow-up Unclear  
Outcome measures  Time to maximum Hb 

 Acute adverse reactions 
 Delayed adverse events 

Effect size  Side effects were determined by telephone at least 3 times weekly – standardised 
questions were used to elicit arthralgia-myalgia syndrome. Reactions were graded to a 
referenced classification by the 1st author of this study  

 Correction of anaemia was defined as time to the peak Hct. If unavailable, Hb was used 
for calculation of Hct; Hct = Hb x 3 

 Withdrawals: N=4 (N=1 from Group A, N=1 from Group B and N=2 from Group C) were 
dropped from the study due to receiving blood transfusions and were excluded from the 
analyses 
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Patient characteristics after iron dextran  
 
 Total dose 

infusion  
Group A 

500 mg 
bolus  
Group B 

Undiluted 100 mg 
bolus 
Group C 

P 

Patients, N (M/F) N=14, 8M, 6F N=12, 4M, 
8F 

N=17, 5M, 12F NS 

Age (years) 47.6 ± 20.1 54.2 ± 13.3 56.8 ± 18.6 NS 
TSAT (%) 11.8 ± 5.8 25.2 ± 19.7 15.8 ± 9.7 0.038 
Ferritin (ng/ml) 77.4 ± 140.6 67.9 ± 53.3 50.9 ± 38.6 NS 
Baseline Hct (%) 26.2 ± 3.9 27.9 ± 2.9 27.2 ± 2.0 NS 
Peak Hct (%) 13.6 ± 3.8 33.5 ± 2.9 34.6 ± 3.9 NS 
Iron dextran dose 
(mg) 

1,050 ± 396.6 910.8 ± 
356.9 

982.4 ± 345 NS 

Days to peak Hct 34.9 ± 18.9 36.5 ± 16.2 29.0 ± 13.7 NS 
Delayed side 
effects 
(arthalgia/myalgia)

3 (grade I=2; 
grade II=1) 

2 (grade I) 2 (grade I)  

Acute side effects 0 0 0  
Two-dummy coded contrasts were between Group A vs. C and Group B vs. C 
 
 

Source of funding In part by pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 151 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Agarwal R, Davis JL, Hamburger RJ. A trial of two iron-dextran infusion regimens in chronic 

hemodialysis patients. Clinical Nephrology 2000;54:105-11.  
Study type Cohort study  
Evidence level 2- 
Study objective To test the ability to elicit a Hb response in absolute or functional iron deficient patients with 

chronic HD with 2 regimens of iron dextran (10 consecutive doses vs. 10 weekly doses) 
Number of patients N=23 

 
 N=9, 10 consecutive doses 
 N=14, 10 weekly doses 

Patient characteristics Inclusion criteria: 
 Required parenteral iron therapy 
 TSAT <20% (functional iron deficiency) or serum ferritin <100 ng/ml  (absolute iron 

deficiency) 
 
Exclusion criteria: 

 Serum ferritin >800 ng/ml 

 
 

 Selection criteria into the study not reported 
 
 
Baseline characteristics 
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 All patients  3xweek regimen 1xweek regimen 
N N=23 N=9 N=14 
Age (years) 53 ± 17 52 ± 15 53 ± 19 
No. of males 8 2 6 
No. with diabetes mellitus 8 2 6 
Duration of dialysis 
(months) 

59.3 ± 63.9 95.5 ± 90.2 36.0 ± 20.2* 

Kt/V 1.62 ± 0.42 1.55 ± 0.28 1.67 ± 0.92 
Hb (g/dl) 10.5 ± 1.5 10.8 ± 1.4 10.3 ± 1.6 
Iron saturation  17.7 ± 5.2 17.1 ± 3.6 18.1 ± 6.2 
Ferritin (ng/ml) 438 ± 224 304 ± 182 524 ± 210 
Epoetin (U/month) 48,608 ± 

38,542 
60,777 ± 43,265 40,786 ± 34,548 

* P<0.05 
 
 

Intervention  Iron dextran 100 mg/2ml IV every dialysis session (3xweek) for 10 consecutive sessions 
(total dose 1,000 mg) 

 EPO dose was adjusted to maintain Hb 11-12 g/dl 
Comparison  Iron dextran 100 mg/2ml IV once for 10 weeks (total dose 1,000 mg) 

 EPO dose was adjusted to maintain Hb 11-12 g/dl 
Length of follow-up Study duration 3 months  
Outcome measures  Iron parameters 

 Hb 
 EPO dose 
 Dosing errors  
 Adverse effects 
 Withdrawals  
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Effect size 
Iron parameters 

 TSAT did not increase and there was no effect of dosing regimen  
 There was no effect of protocol or time on serum ferritin levels 

 

Hb 
 An increase in Hb concentration of >0.5 g/dl from baseline to 1 month was taken as 

response criteria 
 Hb increased in both groups, irrespective of dosing regimen, but were not significantly 

different from each other 
 There was an effect of time (P=0.005 univariate ANOVA and P=0.044 multivariate 

ANOVA), but no effect of 1xweek or 3xweek dosing  (P=0.44) or an interaction effect 
(P=0.97) 

 

EPO dose 
 N=2 in the 1xweek protocol and N=2 in the 3xweek protocol did not receive EPO 
 Median EPO dose did not change with either protocol  

 

Dosing errors 
 There were more errors in the 3xweek regimen  

 No. of doses  
3xweek regimen 10  N=6 received 10 

doses 
 N=2 received 9 doses 
 N=2 received 11 

doses 
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 N=2 received 14 
doses 

 N=1 received 15 
doses 

1xweek regimen 9-15 (median 
10) 

 

 
 

Adverse effects 
 No adverse events were reported, although patients were not specifically asked about 

arthralgia-myalgia syndrome 
 

Withdrawals  
 N=1 in each group was excluded from the analyses due to bleeding, hospitalisation and 

the need for transfusion (not presented in table above) 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1852 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Akcicek F, Ozkahya M, Cirit M, Ok E, Unsal A, Toz H et al. The efficiency of fractionated 

parenteral iron treatment in CAPD patients. Advances in Peritoneal Dialysis 1997;13:109-
12,@1997.:109-12.  

Study type RCT cross-over study, open-label design  
Evidence level 1+ 
Study objective To compare the efficacy of iron supplementation between once-weekly and twice-weekly 

regimens in CAPD patients 
Number of patients N=17 
Patient characteristics  Inclusion criteria: Hb <109 g/l or equivalent Hct in 2 consecutive samples more than 2 

months apart while on regular oral FeSO4 (2mg/kg/day) for 6 months in addition to EPO 
Tx 

 No exclusion criteria reported 
 
Male/female 7/10 
Mean age (years) 47.5 (range 27-63 

years) 
Mean no. of years on 
dialysis 

4.2 (range 0.5-5 years) 

Causes of CRF 
Chronic glomerulonephritis 
NIDDM 
IDDM 
Amyloidosis 

 
9 
2 
1 
2 
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Unknown  3 
 All patients had normal serum vitamin B12 and folic acid levels 
 None of the patients had a thalassaemia trait and none had received a blood transfusion 

for 8 months prior to the study or during the study  
 

Intervention Stage I: After a test for hypersensitivity, IV ferric saccharate 100 mg/week (N=10) to total 
dose 600 mg (then cross-over to “comparison” [Stage II] after 3-week wash-out period) 

 EPO dose SC was kept constant as before the study  
Comparison Stage II: After a test for hypersensitivity, IV ferric saccharate 2 x 50 mg/week (N=7) to total 

dose 600 mg (then cross-over to “intervention” [Stage I] after 3-week wash-out period) 
 EPO dose SC was kept constant as before the study 

Length of follow-up Study duration 6 months 
Outcome measures  Hct 

 Ferritin  
 Transferrin saturation index (TS) 
 Adverse events 

Effect size 
Absolute values of Hct and ferritin  

Stage I Stage II   
Group A 
100 mg/week 

Group B 
2x50 
mg/week 

Group A 
2x50 
mg/week 

Group B 
100 mg/week

Hct (%) Before  26.3 ± 3.2 25.8 ± 1.2 25.6 ± 1.2 30.3 ± 2.6 
 After  29.4 ± 4.6 a 31.6 ± 4.0 b 31.6 ± 4.0 b 31.7 ± 2.6 a 
Ferritin (µg/l) Before  114 ± 62 122 ± 54 237 ± 116 279 ± 119 
 After  267 ± 105 c 266 ± 42 c 418 ± 218 a 372 ± 122 a 

a P=NS 
b P<0.05 
c P<0.01 
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Stage I – change in Hct, ferritin and TS 
 Hct increased in Group B compared to Group A (+3.8 vs. +1.3 in stage I) 
 EPO dose was similar in both groups (72 ± 16 U/kg/week vs. 75 ± 17 U/kg/week)  
 There was no difference in ferritin levels 
 TS was 3x higher in Group B vs. Group A 

 
 
Stage I Δ Hct Δ ferritin  Δ TS 
Group A (N=10) 
100 mg/week 

3.1 ± 2.2 153 ± 88 5 ± 4 

Group B (N=7) 
2x50 mg/week 

5.9 ± 4.2 

a 
144 ± 30 15 ± 19 a 

a P<0.05 
 

Stage II – change in Hct, ferritin and TS 
 Hct values doubled in Group A (6 vs. 3.1) and remained the same in Group B (31.6 vs. 

31.7) 
 Serum ferritin levels did not change (181 vs. 153) 
 TS index increased from 5 to 15.6 in Group A and decreased from 10 to 15 in Group B 
 Both groups received equal amounts on EPO; Group A 80 ± 28 U/week/kg vs. Group B 75 

± 17 U/week/kg 
 
Stage II Δ Hct Δ ferritin  Δ TS 
Group A (N=10) 
2x50 mg/week 

6 ± 3.4 a 181 ± 140 15.6 ± 26 

Group B (N=7) 1.4 ± 2.6 93 ± 120 10 ± 32 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

100 mg/week 
a P<0.05 

Adverse events 
 No complications were seen with IV iron  

Source of funding  
Citation  
NCC CC ID (Ref Man) 1856 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Richardson D, Bartlett C, Will EJ. Optimizing erythropoietin therapy in hemodialysis patients. 

American Journal of Kidney Diseases 2001;38:109-17.  
Study type Prospective longitudinal study  
Evidence level 3+ 
Study objective To investigate the relationship between increasing iron supplementation with IV iron sucrose 

and iron parameters (serum ferritin and %HRC) and EPO requirement in a HD population with 
a stable maintenance Hb level 

Number of patients Initially N=228, but the size of the patient population varied, with ~N=220 in any single month. 
A total of N=386 participated in the study  
 

 Multisite study: main hospital and satellite units  
Patient characteristics Inclusion criteria: 
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 Patient population were on the chronic HD programme, including new patients on dialysis 
for <90 days and patients entering the dialysis programme 

 
 No exclusion criteria reported 
 No patient demographics reported 

 
Baseline parameters prior to study commencement 
 
Time 
(months) 

Hb (g/dl) %HRC Ferritin 
(ng/ml) 

EPO 
(IU/kg/week) 

-3 11.1 ± 1.7 5 (3-10) 196 (135-261) 133 (88-210) 
-2 11.1 ± 1.8 7 (3-13) 184 (113-278) 136 (81-217) 
-1 11.3 ± 1.8 8 (4-15) 176 (104-250) 136 (76-225) 

Values are mean ± SD or median (inter-quartile range) 
 

Intervention Epoetin SC to median Hb 11.5 g/dl, starting dose 1,000 IU/dialysis session and increments of 
1,000 IU/dose, with an upper limit of 300 IU/kg/week 
and  
IV iron sucrose 

 Phase I: months 1-3; for ferritin <100 ng/ml, 50 mg iron sucrose twice weekly; for ferritin 
100-500 ng/ml, 50 mg iron sucrose once weekly 

 Phase II: months 4-9; for ferritin <100 ng/ml, 50 mg iron sucrose twice weekly; for ferritin 
100-500 ng/ml, iron sucrose dose depended on level of FID- for %HRC <5%, 50 mg iron 
sucrose once weekly; for %HRC >5%, 50 mg iron sucrose twice weekly 

 Phase III: months 10-24; for ferritin <100 ng/ml, 50 mg iron sucrose thrice weekly, for 
ferritin <100 ng/ml, 50 mg iron sucrose thrice weekly; for ferritin 100-500 ng/ml and %HRC 
<2% (iron replete), 50 mg iron sucrose once weekly; for %HRC 2-5%, 50 mg iron sucrose 
twice weekly; for %HRC >5%, 50 mg iron sucrose thrice weekly 

 Iron was discontinued if ferritin level >500 ng/ml (N=16 had ferritin levels >500 ng/ml 
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throughout the study period and never had IV iron administered) 
Comparison N/A- longitudinal study 
Length of follow-up Study duration 24 months  
Outcome measures  Hb 

 EPO dose 
 Iron parameters 
 Adverse events/withdrawal  

Effect size 
Hb 

 Median Hb over 24 months study period was 11.3 to 11.8 g/dl 
 

Iron parameters and EPO dose  
 Median total dose IV iron sucrose during the study period was 3,200 mg (IQR 1,800-

4,850) 
 Mean maintenance dose to maintain population ferritin level was ~60 mg/week after the 

population was at a steady state 
 
 

Phase  
I II III 

Mean EPO dose (IU/week) 9,824 8,443 6,443 
Mean IV iron dose 
(mg/week) 

53 67 61 

 
 
 
 T=0 months  T=24 months P  
%HRC 8 (3-15) 4 (2-8) <0.001 
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Serum ferritin (ng/ml) 188 (115-
256) 

480 (397-
595) 

<0.001 

EPO dose 
(IU/kg/week) 

136 (83-216) 72 (33-134) <0.001 

Values are median (IQR) 
 
 
  Spearman’s correlation, 

r 
P 

EPO dose %HRC <10% 0.73 <0.01 
EPO dose Ferritin  -0.91 <0.01 
%HRC  Ferritin  -0.78 <0.01 

 
 

 %HRC of 3% was achieved and maintained for 6 months after median ferritin level ~500 
ng/ml (IQR ~300-650) 

 The relationship between ferritin level and %HRC was maintained at <10%  
 

Adverse events 
 N=2 had IV iron sucrose withheld during the study; 1 had nausea, vomiting and 

hypotension and 1 had a urticarial rash  
 A transient metallic taste at the time of bolus was reported by some patients 

 
Source of funding Kidney Research Fund 
Citation  
NCC CC ID (Ref Man) 1750 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Ruiz-Jaramillo MdlC. Intermittent versus maintenance iron therapy in children on 

hemodialysis: a randomised study. Pediatric Nephrology 2004;19:77-81.  
Study type RCT  
Evidence level 1+ 
Study objective To compare intermittent vs. maintenance iron Tx to correct iron deficiency in paediatric HD 

patients 
Number of patients N=40 
Patient characteristics Inclusion criteria: 

 Dialysis efficiency (defined as Kt/V >1.2, URR >65%) 
 <16 years old 
 Anaemic  
 Absolute (ferritin <100 µg/l and TSAT <20%) or functional iron deficiency (ferritin >100 µg/l 

and TSAT <20%) or Hct <33% 
 
 
Exclusion criteria: 

 Iron overload (defined as >800 µg/l or TSAT >50%, medium corpuscular voplume >100 fl) 
 Coagulation abnormalities 
 Abnormal hepatic function 
 Hypersensitive to iron 
 Transfused a month prior to study entry 

 
Excluded from the study if: 
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 Documented allergy to iron dextran 
 Transfused with RBC 
 Infection 
 Changed dialysis therapy 
 Developed iron overload 
 Did not wish to continue in the study 

 
 
 Study group- 

maintenance IV iron 
dextran  

Control group- 
intermittent IV iron 
dextran 

P 

Age (years) 11.7 ± 2.6 9.7 ± 3.7 0.02 
Weight (kg) 29 ± 13 23 ± 10 NS 
Time on HD (months) 16 ± 14 9 ± 8 0.02 
Ferritin (µg/l) 260 ± 181 264 ± 256 NS 
TSAT (%) 25.3 ± 11 19.8 ± 10 NS 
Hb (g/dl) 8.4 ± 1.4 7.7 ± 1.5 NS 
EPO dose (IU/kg/week) 216 ± 93 226 ± 26 NS 
PTH (pg/ml) 322 ± 356 398 ± 695 NS 
Absolute iron deficiency 6 7 NS 
Functional iron 
deficiency 

14 13 NS 

 
 

Intervention  Epoetin to target Hct ≥30% 
And  

 Net projected stores = iron reserves-iron needs (see additional comments section for 
formula) 

 Loading dose, iron dextran IV in 20 ml normal saline over 30 min according to body 
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weight: <10 kg, 25 mg/dose; 10-20 kg, 50 mg/dose; >20 kg, 100 mg/dose 
 Weekly maintenance IV iron dextran 1mg/kg/week 
 Iron was discontinued if ferritin >800 µg/l and/or TSAT >50% 

Comparison  Epoetin to target Hct ≥30% 
And  

 10 IV iron dextran doses in 20 ml normal saline over 30 min according to body weight: <10 
kg, 25 mg/dose; 10-20 kg, 50 mg/dose; >20 kg, 100 mg/dose 

 If Hct was <33%, ferritin <100 µg/l and/or TSAT <20%, another 10-dose course was 
administered 

Length of follow-up Study duration 6 months  
Outcome measures  Ferritin  

 TSAT 
 Hb  
 Success was defined as attaining and maintaining ferritin 100-800 µg/l and TSAT 20-50%, 

irrespective of Hb levels 
Effect size Excluded patients 

 N=6 in the study group and N=14 in the control group for iron overload (N=13; 4 in study 
group and 9 in control group), RBC transfusions (N=3 in control group), infection (N=2, 1 in 
each group) and transplant (N=2, 1 in each group) 

 
 Cumulative iron dose in the study group was 6mg/kg/month (95% CI 3.3-8.8) and 14.4 

mg/kg/month in the control group (95% CI 12-16.8) (P<0.001, 99% power) 
 

 Ferritin increased in both groups, but peaked at 3 months for the study group after which it 
dropped, whilst levels in the control group continued to rise 

 TSAT was similar in the 2 groups after 3 months, range 25-40% (P=NS, 89% power) 
 

 Hb increased to 10 g/dl, with no difference between the 2 Tx groups 
 Hb change in absolute iron deficiency was 0.8 g/dl (95% CI 0.6-2.3) and 1.6 g/dl (95% CI 
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0.7-2.6) for functional iron deficiency (P=0.16, 25% power) 
 

 Average EPO dose was 197IU/kg/week (95% CI 143-250) in the study group and 237 
IU/kg/week (95% CI) in the control group (P=0.18, 26% power) 

 
 Mean time on HD 16 ± 13 months vs. 10 ± 10 months in patients withut iron overload 

(P=0.04, 53% power) 
 

 ITT analysis found successful Tx in 70% of the study group and 30% of the control group 
 
 
Values are mean ± SEM 
 

Source of funding Social security grant  
Citation  
NCC CC ID (Ref Man) 1911 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
 
Bibliographic reference  Warady BA, Zobrist RH, Wu J, Finan E, Arnone W, Peco-Antic A et al. Sodium ferric 

gluconate complex therapy in anemic children on hemodialysis. Pediatric Nephrology 
2005;20:1320-7.  
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Study type RCT, double-blind  
Evidence level 1+ 
Study objective To establish the safety and efficacy of 2 IV sodium ferric gluconate complex dosing regimens 

in paediatric ESRD patients on HD and EPO Tx 
Number of patients N=66 enrolled, but N=56 reported  

 N=24, 1.5mg/kg 
 N=32, 3.0 mg/kg 

 
 Multisite study in 21 centres in Europe and Americas 

Patient characteristics Inclusion criteria: 
 2-15 years old 
 Need for iron repletion, TSAT <20% and/or serum ferritin <100 ng/ml 
 Stable EPO dosing regimen, defined as ≤25% change in EPO dose 4 weeks before study  

 
 
Exclusion criteria: 

 Blood transfusion or oral/IV iron supplementation 4 weeks before study  
 Clinically unstable  

 
 
Baseline demographics 
 
 1.5 mg/kg  3.0 mg/kg  
N  32 34 
Age (years) 12.3 ± 2.5 12.0 ± 2.6 
Sex 
Female 
Male  

 
17 (53.1%) 
15 (46.9%) 

 
15 (44.1%) 
19 (55.9%) 

Race    
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White 
Hispanic 
Asian  
Black  
Other  

21 (65.6%) 
1 (3.1%) 
8 (25.0%) 
1 (3.1%) 
1 (3.1%) 

26 (76.5%) 
3 (8.8%) 
4 (11.8%) 
0 (0.0%) 
1 (2.9%) 

Age group  
>6 and ≤12 years 
≥13 and ≤15 years 

 
16 (50.0%) 
16 (50.0%) 

 
22 (64.7%) 
12 (35.3%) 

Weight (kg)  37.7 ± 19.9 32.5 ± 12.4 
 
 

Intervention Epoetin + 8 doses of 1.5mg/kg sodium ferric gluconate complex IV in 25ml infusion diluted in 
normal saline, over 1 h during consecutive dialysis sessions (not to exceed 125 mg/dialysis 
session)  

Comparison Epoetin + 8 doses of 3 mg/kg sodium ferric gluconate complex IV in 25ml infusion diluted in 
normal saline, over 1 h during consecutive dialysis sessions (not to exceed 125 mg/dialysis 
session) 

Length of follow-up Follow-up was at 2 and 4 weeks after last dose 
Outcome measures  Efficacy- Hb; iron parameters; EPO dose  

 Adverse events  
Effect size 

Withdrawal from study 

 N=10 were excluded from efficacy analyses due to kidney transplantation (N=3), 
incomplete dosing (N=2), major protocol deviation of EPO dose (N=1), blood transfusions 
(N=2), lost to follow-up (N=1) and voluntary withdrawal (N=1) 

 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Efficacy- Hb; iron parameters; EPO dose  
 

 Significant increases from baseline were found in both groups at 2- and 4-week evaluation 
time points. However, no differences between Tx groups were found 

 Responders were defined as clinically significant repose i.e. Hb increase ≥1.0 g/dl 
 No. of responders at 2-week evaluation: 10 of 24 (42%) in 1.5 mg/kg group vs. 16 of 32 

(50%) in 3.0 mg/kg group (P=0.5361) 
 No. of responders at 4-week evaluation: 9 of 24 (38%) in 1.5 mg/kg group vs. 14 of 32 

(44%) in 3.0 mg/kg group (P=0.6380) 
 Iron parameters: no significant differences were found between Tx groups except for 

serum ferritin levels; SF was higher in the 3.0 mg/kg group at both the 2- (P=0.0005) and 
4-week (P=0.0063) evaluations 

 Mean (SD) cumulative dose of sodium ferric gluconate complex was 431 ± 168 mg in the 
1.5 mg/kg group and 725 ± 202 mg in the 3.0 mg/kg group (P<0.0001) 

 EPO dose remained unchanged during the study for N=51 out of N=56. In the remaining 
N=5, EPO dose was reduced after the final SFGC infusion but before the 2-week 
evaluation 
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1.5 mg/kg group (N=24) 3.0 mg/kg group (N=32) 

Change from baseline  Change from baseline  
 
 Baseline  

2 weeks 
after last 
dose 

4 weeks 
after last 
dose 

Baseline  
2 weeks 
after last 
dose 

4 weeks 
after last 
dose 

Hb (g/dl) 9.9 ± 2.1 0.9 ± 1.3  0.9 ± 1.7 9.4 ± 2.3 0.9 ± 1.1 1.0 ± 1.6 
P* 0.4537 0.8124 0.6893 - - - 
P** - 0.0037 0.0179 - <0.0001 0.0006 
TSAT  19.5 ± 10.4 5.4 ± 11.3 9.0 ± 15.3 16.2 ± 10.6 10.5 ± 14.0 8.7 ± 11.8 
P* 0.2785 0.0818 0.8244 - -  
P** - 0.0140 0.0025 - <0.0001 0.0002 
Serum 
ferritin 
(ng/ml) 

90.7  Not 
reported  

Not 
reported  

161.8 Not 
reported  

Not 
reported  

P* 0.9736 0.0005 0.0063 - - - 
P** - <0.0001 <0.0001 - <0.0001 <0.0001 
CHr (pg) 31.0 ± 2.7 1.2 ± 2.1 1.0 ± 1.8 31.0 ± 2.9 1.2 ± 2.7 1.0 ± 2.2 
P* 0.9524 0.9942 0.7332 - - - 
P** - 0.0146 0.0310 - 0.0297 0.0203 

 
P* difference between Tx groups 
P** change from baseline  

Adverse events  
 N=66 were included in safety analyses 
 4-Tx related adverse events were reported in N=2; N=1 in the 1.5 mg/kg group 

experienced an occurrence of nausea, diarrhoea and vomiting and N=1 in the 3.0 mg/kg 
group experienced an occurrence of severe anaemia 
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 No occurrences of anaphylaxis 
 No deaths 
 52 hypotensive events were reported in N=23 – thought to be related to ultrafiltration 

during Hd 
 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1914 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Charytan C, Qunibi W, Bailie GR. Comparison of intravenous iron sucrose to oral iron in the 

treatment of anemic patients with chronic kidney disease not on dialysis. Nephron Clinical 
Practice 2005;100:c55-c62.  

Study type RCT, open label design  
Evidence level 1+ 
Study objective 1) To compare the efficacy of weekly doses of IV iron vs. daily oral iron in predialysis anaemic 

patients with CKD on EPO Tx 
2) To observe safety issues with weekly dosing of 200 mg IV iron sucrose over 5 min 

Number of patients N=96 
 

 N=48, oral iron (N=44 completed the study) 
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 N=48, IV iron (N=39 completed the study)  
 Multisite study in 16 centres 

Patient characteristics Inclusion criteria: 
 18+ years old 
 No dialysis  
 Creatinine clearance ≤40 ml/min using Cockcroft-Gault formula 
 Average Hb <10.5 g/dl based on 2 values on different days 
 TSAT <25% and serum ferritin <300 ng/ml 

 
 
Exclusion criteria: 

 Other causes of anaemia  
 Infection 
 Malignancy or surgery in the prior month 
 Expected survival <6 months 
 IV iron or EPO within the last month 
 Blood transfusion within the last month or anticipated during study 
 Apparent GI bleeding 
 Serum albumin <3 g/dl 
 Pregnancy or lactation 
 HIV+ or hemosuppresive therapy  
 Expected to undergo dialysis or transplant during the study  

 
 
 
 Oral iron group 

N=48 
IV iron group
N=48 

Mean (years) (SD) 60 ± 14.0 62 ± 14.4 
No. of patients >65 years 19 (39.6%) 26 (54.2%) 
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Gender, female 34 (70.8%) 29 (60.4%) 
Race  
Black 
Caucasian 
Hispanic 
Other  

 
14 (29.2%) 
21 (43.8%) 
11 (22.9%) 
2 (4.2%) 

 
11 (22.9%) 
18 (37.5%) 
17 (35.4%) 
2 (4.2%) 

Weight (kg) (SD) 84.0 ± 19.2 84.2 ± 24.3 
Mean Hb at baseline (g/dl) (SD) 9.7 ± 0.8 9.8 ± 0.6 
Mean %TSAT at baseline (SD) 15.6 ± 5.4 16.6 ± 4.9 
Patients with baseline TSAT <20% 39 (81.3%) 36 (75.0%) 
Mean ferritin at baseline (ng/ml) (SD) 103.0 ± 77.0 125.0 ± 77.5 
Patients with baseline ferritin <100 
ng/ml 

31 (64.6%) 21 (43.8%) 

 
 
 

Intervention EPO + Ferrous sulphate 325 mg tablets (65 mg elemental iron) p.o. 1 hour before meals, 3 
times daily 

Comparison EPO + IV iron sucrose 200 mg undiluted, over 5min, weekly on days 1, 8, 15, 22 and 29 
 If intolerable, iron was diluted in 250 ml with 0.9% NaCl, infused over 30-60 min 

Length of follow-up Study duration 29 days after which data was evaluated on day 43 
Outcome measures  Primary efficacy measure: mean changes in Hb and serum ferritin from baseline to day 43 

 Secondary efficacy measure: change in TSAT, no. of patients who attained Hb >11 g/dl, 
maximum Hb level attained, change in Hb for patients with baseline ferritin <100 ng/ml and 
no. of patients with clinical success 

 Clinical success was evaluated by % patients who had combined end-points of rise in 
Hb/ferritin, Hb/ferritin/TSAT and Hb/TSAT (Hb ≥0.8 g/dl, ferritin ≥160 ng/ml, TSAT ≥5% 
from baseline to day 43) 

Effect size Compliance 
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 Mean Tx compliance, assessed by tablet counts was lower in the oral Fe group (85.5%) 
compared with the IV Fe group (95.0%)- no P value reported 

 
Hb  

 Mean change from baseline to day 43 was 1.0 g/dl (P<0.0001) for IVFe and 0.7 g/dl 
(P<0.0001) for oral Fe 

 There was no statistical difference between the 2 Tx groups in Hb increase 
 However, IVFe patients with baseline ferritin <100 ng/ml had a greater increase in Hb at 

day 43 compared to oral Fe patients (P<0.05) 
 More patients in the IVFe group attained Hb >11.0 g/dl compared to the oral Fe group 

(P=0.028) 
 The % change from baseline to day 43 for both Hb and ferritin was significantly greater for 

the IVFe group (P<0.0001) 
 
Ferritin levels 

 The IVFe group had a significant mean increase from baseline at day 43 of 288.0 ng/ml 
(P<0.0001) 

 In the oral Fe group, mean change from baseline to day 43 was –5.1 ng/ml (P=NS) 
 The difference between the 2 groups was significant (P<0.0001) 

 
 
Secondary endpoints  
 

 Combined endpoints of change in Hb ≥0.8 g/dl and ferritin ≥160 ng/ml was achieved by 
62.5% of the IVFe group and none of the oral Fe group by day 43 (P=0.000) 

 In patients with baseline ferritin <100 ng/ml, this endpoint was reached in 17/21 (81%) of 
the IV Fe group and none of the oral Fe group (P<0.0001) 

 Proportions of patients in the IVFe group who met by day 43 both change in Hb ≥0.8 g/dl 
and TSAT ≥5% (P≤0.02); change in Hb ≥0.8 g/dl and ferritin ≥160 ng/ml and TSAT ≥5% 
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(P=0.000); and change in ferritin ≥160 ng/ml and TSAT ≥5% (P=0.000) were significantly 
higher than observed in the oral Fe group 

 
Adverse events 

 Frequency was similar in bith groups, with GI disordes the most common 
 GI side effects were more common in the oral Fe group- constipation 35.4% vs. 12.5%; 

nausea 10.4% vs. 4.2%; vomiting 8.3%vs. 0%; diarrhoea 6.3% vs. 0% (no P values 
provided) 

 Taste disturbances were more common in the IVFe group (8.4% vs. 0%) 
 There were no death or serious adverse events 
 No patient experienced a hypersensitivity reaction or Tx-related hypotension 
 No patient required discontinuing of the protocol due to drug-related side effects  

 
 

Source of funding Pharmaceutical company grants  
Citation  
NCC CC ID (Ref Man) 1907 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Aggarwal HK, Nand N, Singh S, Singh M, Hemant, Kaushik G. Comparison of oral versus 

intravenous iron therapy in predialysis patients of chronic renal failure receiving recombinant 
human erythropoietin. Journal of the Association of Physicians of India 2003;51:170-4,@2003 
Feb.:170-4.  
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Study type Non-randomised study  
Evidence level 2- 
Study objective To compare oral vs. IV iron in pre-dialysis patients with CRF receiving EPO therapy 
Number of patients N=40 

 
N=20, oral iron (Group A) 
N=20, IV iron (Group B) 

Patient characteristics Inclusion criteria: 
 Age 15+ years 
 Established case of CRF with anaemia on conservative management 
 Hb 5-8 g% and packed cell volume 15-24% 
 Laboratory values: negative stool for occult blood and negative direct coomb’s test 

 
Exclusion criteria: 

 Anaemia attributable to other causes other than erythropoietin deficiency e.g. chronic 
bleeding 

 Uncontrolled hypertension 
 Androgen therapy within the last month 
 Any associated coronary artery disease 
 Chronic infectious diseases e.g. rheumatoid arthritis, chronic hepatitis, tuberculosis, etc. 
 Pregnancy 

 
 
 Group A (oral iron ) Group B (IV iron) 
Age range 
(years) 

23-69 21-66 

Sex 
(male/female) 

16/4 30/7 
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 There were no significant differences in baseline parameters – see results section 
 
 

Intervention Group A: ferrous sulphate 200 mg three times a day, orally and Epoetin 2000 IU twice weekly 
SC  

Comparison Group B: iron dextran 100 mg elemental iron (2ml diluted in 200 ml normal saline and infused 
over 1 hour after sensitivity testing) twice a month, IV and Epoetin 2000 IU twice weekly SC 

Length of follow-up Study duration 3 months  
Outcome measures  Haematological parameters 

 Ferrokinetic studies  
 Renal parameters 
 Side effects  

Effect size Haematological parameters 
 Although Hb increased in both groups A and B (both P<0.001 from baseline), at 3 months 

there was a significant difference between the rise of Hb in groups A and B (P<0.001) 
 Similarly PCV and reticulocyte count increase in both groups, but was more pronounced in 

Group B (both P<0.001) 
 
Parameter Group (N=20 

each) 
Baseline (a) 3 months (d) Paired p 

value 
(a vs. d) 

Unpaired P 
value (A vs. 
B) 

Hb (g%) A 6.26 ± 1.0 8.94 ± 1.17 <0.001 <0.001 
 B 5.83 ± 0.6 10.05 ± 0.9 <0.001  
PCV (%) A 20.5 ± 3.28 32.1 ± 5.07 <0.001 <0.001 
 B 19.1 ± 1.30 34.9 ± 5.08 <0.001  
Reticulocyte 
count (%) 

A 0.23 ± 0.25 2.31 ± 0.69 <0.001 <0.001 

 B 0.39 ± 0.31 3.18 ± 0.53 <0.001  
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Ferrokinetic studies 

 Serum iron, serum ferritin and TSAT decreased in Group A, whereas these all increased in 
Group B 

 TIBC showed no change in both groups at 3 months 
 
Parameter Group (N=20 

each) 
Baseline (a) 3 months (d) Paired p 

value 
(a vs. d) 

Outcome  

Serum iron 
(µmg/dl) 

A 139.4 ± 24.0 95.2 ± 23.64 <0.001 Fall  

 B 129.7 ± 
26.75 

136.7 ± 
24.74 

<0.01 Rise  

Serum ferritin 
(µmg/l) 

A 190.27 ± 
33.23 

104.35 ± 
25.28 

<0.001 Fall  

 B 181.44 ± 
45.33 

266.98 ± 
58.84 

<0.001 Rise  

TIBC 
(µmg/dl) 

A 220.8 ± 
29.34 

214.7 ± 
32.85 

>0.05 No change  

 B 216.80 ± 
24.17 

212.05 ± 
29.23 

>0.05 No change 

TSAT (%) A 63.56 ± 
11.10 

45.68 ± 
14.12 

<0.001 Fall  

 B 59.78 ± 
10.36 

64.91 ± 11.0 <0.01 Rise  
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Renal parameters 
 

Group A (N=20) Group B (N=20) Parameter 
Baseline  3 months Paired  

P value 
 

Baseline  3 months Paired  
P value 
 

Blood 
urea 
(mg%) 

135.05 ± 
39.35 

155.5 ± 
40.24 

>0.05 144.75 ± 
31.6 

167.6 ± 
45.07 

>0.05 

Serum 
creatinine 
(mg%) 

4.27 ± 1.62 4.91 ± 1.57 >0.05 4.78 ± 
1.89 

5.76 ± 1.60 <0.05 

Creatinine 
clearance 
(ml/min) 

18.42 ± 12.02 17.12 ± 
18.26 

>0.05 13.03 ± 
6.47 

10.9 ± 5.26 <0.05 

Values are mean ± SD 
 
 
Side effects 

 None were developed in either treatment group 
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1892 
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Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Macdougall IC,.Roche A. Administration of intravenous iron sucrose as a 2-minute push to 

CKD patients: A prospective evaluation of 2,297 injections. American Journal of Kidney 
Diseases 2005;46:283-9.  

Study type Prospective longitudinal study  
Evidence level 3+ 
Study objective To investigate the safety and practicality of administering 200 mg bolus IV iron sucrose to 

CKD patients not on HD- i.e. peritoneal dialysis, failing renal transplant and predialysis 
Number of patients N=657 

 
 N=217, creatinine clearance >30 ml/min (Nephrology clinic) 
 N=215, creatinine clearance <30 ml/min (Low clearance clinic) 
 N=124, peritoneal dialysis 
 N=87, failing renal transplants 
 N=14 non-renal patients 

Patient characteristics No inclusion criteria reported  
 
Exclusion criteria: 

 Previous reaction or tolerance to IV iron  
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RRT 
modality 

No. 
injections

N Age  
(y) 

Sex 
(M/F) 

Mean 
Hb 
(g/dl) 

Mean  
ferritin  
(ng/ml) 

Mean 
EPO 
Dose  
(U/wk) 

EPO 
Tx  
(%) 

Nephrology 816 217 63.6 364/452 11.1 ± 
1.4 

76 ± 60 5411 ± 
2867 

46 

Low 
Clearance 
Clinic 

755 215 63.7 489/266 11.2 ± 
1.5 

92 ± 62 6300 ± 
3241 

69 

CAPD 360 124 55.4 212/148 11.9 ± 
1.7 

104 ± 
70 

8006 ± 
5268 

90 

Transplant 323 84 46.2 125/199 11.0 ± 
1.1 

94 ± 82 6758 ± 
4683 

37 

Other  42 14 59.7 13/29 10.6 ± 
1.3 

71 ± 79 5700 ± 
2908 

26 

All  2,297 657 59.9 1,0941/1,203 11.2 ± 
1.5 

89 ± 67 6487 ± 
3957 

59 

 
RRT=renal replacement therapy  
 

Intervention IV iron sucrose 200 mg undiluted over 2 minutes 
 Patients receiving multiple injections did so within a minimum of 1 week between 

injections 
Comparison N/A 
Length of follow-up Unclear  
Outcome measures Adverse events  
Effect size Total number of injections were 2,297 for N=657 patients 
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Adverse events 
 Mild and transient metallic taste for 412 injections (17.9%) 
 Adverse events for 57 injections- 7 anaphylactoid reactions; 31 pain during injection; 9 

pain after injection, with/without bruising; 3 nausea/GI symptoms; 4 lethargy; 3 lightheaded 
 
 

Anaphylactic reaction 
 N=7 had anaphylactic reaction characterised by symptomatic hypotension, nausea (N=4), 

vomiting (N=2), headache (N=1), transient loss of vision (N=1) 
 Hb range 9.4-13.0 g/dl, ferritin 17 to 149 ng/ml 
 Tx with 100 mg hydrocortisone+10 mg chlopheniramine+10 mg metoclopramide all IV was 

administered in N=5 (i.e. defined as serious) 
 Reactions spontaneously resolved in N=2 patients in 10-20 minutes 
 All patients were re-challenged with IV iron sucrose 200mg infusion over 2 hours and no 

adverse events experienced 
 
 
The remaining 50 adverse events were characterised as  
 
Adverse event N 
Pain during injection  31 
Pain after injection, with/without bruising 9 
Nausea with/without GI symptoms 3 
Lethargy 4 
Lightheaded 3 
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Source of funding Hospital  
Citation  
NCC CC ID (Ref Man) 42 
 
 
 
Evidence Table 
 
TxFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD patients 
receiving ESA treatment? 
Bibliographic reference  Feldman HI, Joffe M, Robinson B, Knauss J, Cizman B, Guo W et al. Administration of 

parenteral iron and mortality among hemodialysis patients. Journal of the American Society of 
Nephrology 2004;15:1623-32.  

Study type Prospective cohort study  
Evidence level 2+ 
Study objective To evaluate if the apparent relationship between iron dosing and mortality in HD patients is 

confounded by incomplete representation of iron dosing and morbidity over time  
Number of patients N=32,566 
Patient characteristics Inclusion criteria: 

 Received at least 1 year of HD at Fresenius Medical Corporation dialysis centres 
 Patients who survived 6 months after the enrolment periods. 2 enrolment periods: 1st 

January 1996 to 30th June 1996 and 1st July 1996 to 31st December 1996 
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 Distribution across 

cohort  
Baseline period dosinga 
Total iron dose received 
(mg) 
None  
>0 to 700 
>700 to 1000 
>1000 to 1800 
>1800 

 
 
7241 (26.5%) 
3327 (12.2%) 
3569 (13.1%) 
6391 (23.4%) 
6752 (24.8%) 

Gender 
Male  
Female 

 
13744 (50.4%) 
13536 (49.6%) 

Age (years) 
18 to <40 
40 to <60 
≥60 

 
3097 (11.4%) 
9193 (33.7%) 
14990 (55.0%) 

Duration of ESRD (years) 
0.5 to <2 
2 to <4 
≥4 

 
11390 (41.8%) 
7386 (27.1%) 
8504 (31.2%) 

Enrolment period variables 
hospitalisationsc 
0 
≥1 

 
 
15008 (55.0%) 
12272 (45.0%) 

Epoetin (units/mo) 
None 

 
1838 (6.7%) 
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>0 to 20,000 
20,000 to 40,000 
>40,000 

3209 (11.8%) 
6925 (25.4%) 
15308 (56.1%) 

Ferritin (ng/ml) 
<100 
100 to <800 
≥800 

 
5636 (20.7%) 
18991 (69.6%) 
2653 (9.7%) 

Hb (g/dl) 
<8 
8 to <10 
10 to <12 
≥12 

 
574 (2.1%) 
10128 (37.1%) 
15549 (57.0%) 
1029 (3.8%) 

TSAT (%) 
<20 
20 to <35 
35 to <50 
≥50 

 
6197 (22.7%) 
16522 (60.6%) 
3799 (13.9%) 
762 (2.8%) 

URR (%) 
<62 
≥62 

 
4213 (15.4%) 
23067 (84.6%) 

 
aBaseline iron at 6 months immediately after enrollment 
cMean values during enrolment  
 
 

Intervention Iron dextran IV +/- Epoetin  
Comparison N/A 
Length of follow-up 24 months 
Outcome measures  All-cause mortality– from end of enrolment until 30th September 1998 
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Effect size 
Descriptive analyses 

 N=31,095 for the unlagged time-dependent model 
 There were 6,480 deaths during the study period 
 Total person-time follow-up was 39,725 years and death rate was 0.16 per year 

 

Multivariable analysis 
Baseline model i.e. association of total iron dose received during a 6 month baseline period 
to mortality over subsequent follow up 

 In the adjusted proportional hazards analysis relating baseline iron dose to survival, doses 
of iron >1000 mg in the 6 month baseline period were associated with increased risk of 
mortality than subjects not receiving iron 

 
Time-dependent model was used to account for time-varying measures of iron 
administration as well as other fixed and time-varying measures of morbidity. This 
incorporated detailed iron dosing and comorbidity information over time by examining the 
probability of survival as a function of cumulative iron dose over rolling 6-month intervals for 
the duration of follow-up. “Lagged” (i.e. 6 to 12 months or 12 to 18 months prior to iron 
administration) and “unlagged” (i.e. 6 months prior to iron administration) time-dependent 
models addressed possibility that association of 6-month iron dosing with mortality changes 
with increasing time following iron administration 

 The adjusted probability of dying in a particular month as a function of cumulative iron 
dose received during the previous (i) 0 to 6 months (ii) 6 to 12 months and (iii) 12 to 18 
months was estimated using 3 models 

 No significant association was found between mortality and any level of iron dosing 
 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

 
Time-dependent model  Baseline model  
Iron 0 to 6 mo 
earlier 
(unlagged) 

Iron 6 to 12 mo 
earlier (lagged) 

Iron 12 to 18 mo 
earlier (lagged) 

Total iron dose 
over 6 mo (mg) 
None 
>0 to 700 
>700 to 1000 
>1000 to 1800 
>1800 

 
 
Reference 
1.01 (0.93-1.11) 
1.03 (0.94-1.12) 
1.09 (1.01-1.17) 
1.18 (1.09-1.27) 

 
 
Reference 
1.04 (0.91-1.19) 
1.00 (0.87-1.14) 
0.96 (0.84-1.09) 
1.04 (0.90-1.21) 

 
 
Reference 
1.01 (0.84-1.22) 
0.96 (0.82-1.13) 
1.06 (0.90-1.23) 
1.05 (0.89-1.24) 

 
 
Reference 
0.83 (0.67-1.04) 
0.99 (0.80-1.23) 
0.96 (0.79-1.18) 
1.16 (0.94-1.44) 

P value <0.0001 0.78 0.80 0.10 
 
 

Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1908 
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Evidence Table 
 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic 
red Cells (%HRC) levels to be maintained during treatment with ESAs? 
 
Bibliographic reference  Tenbrock K, Muller-Berghaus J, Michalk D, Querfeld U. Intravenous iron treatment of renal 

anemia in children on hemodialysis. Pediatric Nephrology 1999;13 
23:580-2.  

Study type Before and after 
Evidence level 3 
Study objective To investigate intravenous iron supplementation in paediatric haemodialysis patients 
Number of patients N=8 
Patient characteristics Exclusion criteria: 

 Other causes of anaemia (folate deficiency, etc.) 
 
 
Gender 5 males / 3 females 
Age (years) 10-17 
Duration of HD  8 months-11 years 

 
 
 

Intervention EPO 4000-9000 IU/week (median 6,500) s.c. and iron 1mg/kg per week i.v. 
Comparison N/A 
Length of follow-up Study duration 12 weeks 
Outcome measures  Hb, Hct and ferritin levels 
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Effect size 
 

Hb, Hct and ferritin levels 
 Mean EPO dose before Tx was 6,500 IU and after was 6,150 IU 
 No side effects, particularly hypertension were noted 

 
 Before iron Tx (± 

SD) 
After 12 weeks (± 
SD) 

P 

Mean Hb (g/dl) 7.8 ± 1.19 
(range 6.1-9.3) 

9.18 ± 0.83 
(range 7.6-10.6) 

0.0117 

Mean Hct (%) 25.4 ± 2.92 
(range 21-29) 

29.8 ± 1.58 
(range 27-32) 

0.0024 

Mean ferritin 
(mg/dl) 

200 ± 78.8 
(range 92-315) 

395 ± 206 
(range 153-617) 

Not given 

 
 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 139 
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Evidence Table 
 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic 
red Cells (%HRC) levels to be maintained during treatment with ESAs? 
 
Bibliographic reference  Besarab A, Amin N, Ahsan M, Vogel SE, Zazuwa G, Frinak S et al. Optimization of epoetin 

therapy with intravenous iron therapy in hemodialysis patients. Journal of the American 
Society of Nephrology 2000;11:530-8.  

Study type Randomised control trial, open-label design 
Evidence level 1+ 
Study objective To investigate the effects of TSAT 20-30% vs. 30-50% on Epoetin dose required to maintain 

Hb 9.5-12.0 g/dl in haemodialysis patients 
Number of patients N=42 
Patient characteristics Baseline parameters after 16-20 week stabilisation phase: 

Variable Control group Study group 
N 19 23 
Male / female 10 / 9 15 / 8 
Age (years) 60.7 ± 3.6 (range 30-

80) 
60.9 ± 3.5 (range 25-
90) 

Hb (g/dl) 10.5 ± 0.3 10.6 ± 0.1 
Serum ferritin (ng/ml) 287 ± 36 285 ± 35 
TIBC (µg/dl) 209 ± 7 198 ± 7 
TSAT (%) 23.9 ± 1.8 24.6 ± 1.7 
Maintenance iron during run-in 
(mg/mo) 

141 ± 46 109 ± 35 

Total iron during run-in period (mg) 795 ± 119 (range 0- 568 ± 120 (range 0-
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2000) 1800) 
EPO dose (U, 3 x week) 3782 ± 559 3625 ± 419 
EPO dose range (U) 700-9500 1000-9000 
Parathyroid hormone  (pg/ml) 275 (median 186) 262 (median 219) 
Alkaline phosphatase (U/L) 110 ± 14 128 ± 16 
Serum albumin  3.9 ± 0.1 3.8 ± 0.1 

Values are mean ± SEM 
 
 

Intervention i.v. iron to TSAT 30-50% and EPO to Hb 9.5-12.0 g/dl 
Comparison i.v. iron to TSAT 20-30% and EPO to Hb 9.5-12.0 g/dl 
Length of follow-up Study duration  

 Run-in phase 16-20 weeks 
 Experimental phase 6 months 

Outcome measures  
Effect size Monthly values 

 
Time period Hb (g/dl) CHr (pg) Serum  

iron (µg/dl) 
Ferritin  
(ng/ml) 

TSAT (%) ZPP (µg/dl)

Baseline 
Control  10.5 28.0 48.4 284.8 23.9 78.6 
Study  10.6 28.5 48.7 271.9 24.7 71.9 
Month 1 
Control  10.4 28.2 58.1 311.9 28.9 83.6 
Study  10.5 28.8 54.0 342.9 26.7 79.9 
Month 2 
Control  10.4 28.1 54.9 285.3 27.2 80.7 
Study  10.9 29.0 61.2 380.9 31.1 76.2 
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Month 3 
Control  10.2 28.3 55.5 287.6 27.1 76.8 
Study  10.7 29.2 57.4 471.8 31.6 77.9 
Month 4 
Control  10.2 28.8 49.1 274.4 24.5 77.3 
Study  10.7 29.7 59.4 546.3 30.9 74.3 
Month 5 
Control  10.4 28.3 60.5 288.3 25.5 74.8 
Study  10.7 30.1 65.2 645.4 34.9 74.0 
Month 6 
Control  10.3 28.4 61.2 297.5 27.6 ND 
Study  10.4 29.6 60.5 730.5 32.6 ND 

 
 Hb remained unchanged in both groups during the 6 month study period 

 
t=6months Control group (TSAT 20-

30%) 
Study group (TSAT 30-
50%) 

Hb (g/dl) 10.3 ± 0.1 10.6 ± 0.1 
Values are mean ± SEM 
 

 EPO dose progressively decreased in the study group over the 6-months Tx period, with 
~40% dose reduction in months 4, 5 and 6 when compared to the control group (Χ2 = 
15.50, P=0.0038) 

 Change in EPO dose was independent of baseline dose in both the study group (r2=0.022, 
P=NS) and control group (r2=0.054, P=NS) 

 Iron dextran to maintain TSAT remained unchanged in the control group (TSAT 26.4 ± 
0.8% months 1-6) but increased ~4-fold during the first month of Tx in the study group and 
remained high (TSAT 32.8 ± 1.2% months 2-6) 

 This was associated with a progressive increase in ferritin levels in the study group, from 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

272 ng/ml at month 0 to 730 ng/ml at month 6 
 CHr increased from 28.5 pg at month 0 to 30.1 pg at month 5 
 Due to the large differences in ferritin levels between month 0 and month 6 for control 

group vs. study group, a stepwise regression was carried out to determine what factors 
influenced this: only the monthly dose of iron (F=20.3) and presence/absence of 
inflammation in the last 3 months of the study (F=12.3) were significant (both P<0.01) 

 
 Relationship between EPO dose and CHr 
 There was an inverse relationship between EPO ratio and change in CHr for both groups 
 The change in CHr during months 4-6 of the study was 0.23 ± 0.67 pg in the control group 

and 1.14 ± 0.65 pg in the study group (P<0.05) 
 

 Alkaline phosphatase and PTH remained unchanged and similar for both groups 
 
 
Safety 

 3 patients died during the course of the study; 2 in the control group due to 
cerebrovascular accident and post-laminectomy surgery and one in the study group due to 
catheter-associated sepsis 

 5 patients were discontinued from the study; 2 in the control group due to CVA and loss to 
follow-up after 5 months and 3 in the study group due to acute GI bleeding, mastectomy 
complicated by CVA and kidney transplant 

 No differences in hospitalisation or infection rate were noted 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1624 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 
 
Evidence Table 
 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic 
red Cells (%HRC) levels to be maintained during treatment with ESAs? 
 
Bibliographic reference  Jonnalagadda V, Bloom EJ, Raja RM. Importance of iron saturation for erythropoietin 

responsiveness in chronic peritoneal dialysis. Advances in Peritoneal Dialysis 1997;13:113-5. 
Study type Prospective longitudinal study 
Evidence level 3- 
Study objective To evaluate factors that may be responsible for variability in EPO response in peritoneal 

dialysis patients 
Number of patients N=38 
Patient characteristics No inclusion/exclusion criteria given by the authors 

 
 N=38; 20 males, 18 females 

 
 Group I 

EPO <50 U/kg/week 
Group III 
EPO 50-100 
U/kg/week 

Group III 
EPO >100 
U/kg/week 

N 14 11 13 
Age (years) 57.6 ± 4 57.9 ± 4.2 54.3 ± 3.4 

Values are mean ± SEM 
 

Intervention Epoetin s.c. twice a week to target Hct  
Comparison N/A 
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Length of follow-up Study duration 5 months 
Outcome measures  Haematological indices 

 Biochemical parameters 
Effect size  

 

Haematological indices 
 

 There was no difference in serum ferritin levels between the 3 groups, although EPO dose 
was highest in Group III (> 100 U/kg/week) and Hct lowest 

 
 EPO 

(U/kg/week) 
Hct (%) FeS (%) Ferritin (ng/ml) 

Group I 37.3 ± 2.4 34.7 ± 0.4 30.4 ± 2.0 258 ± 44 
Group II 71.2 ± 2.3 32.4 ± 1.3 27.7 ± 2.5 316 ± 76 
Group III 141 ± 9.7* 30.4 ± 

2.8* 
21.7 ± 
2.5* 

312 ± 109 

* P<0.05 
 

Biochemical parameters 
 These were similar between the 3 groups 

 
 Group I Group II Group III 
Fe (µg/dl) 65.8 ± 5.4 60.8 ± 4.2 52.2 ± 5.8 
TIBC (µg/dl) 223.1 ± 9.3 227.1 ± 11.3 248.2 ± 47.2 
BUN (Mg/dl) 47.9 ± 2.5 46.3 ± 5.8 53.4 ± 3.7 
Cr (mg/dl) 10.87 ± 1.3 8.5 ± 0.8 12.5 ± 1.6 
Albumin 3.47 ± 0.13 3.4 ± 0.07 3.46 ± 0.13 
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(g/dl) 
Ca (mg/dl) 9.0 ± 0.25 8.75 ± 0.21 9.17 ± 0.17 
PO4 (mg/dl) 4.69 ± 0.3 4.62 ± 0.2 5.48 ± 0.4 
PTH (pg/ml) 445 ± 201.8 372.3 ± 113.9 590.2 ± 151.9

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1668 
 
 
 
Evidence Table 
 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, transferrin saturation (TSAT) and percentage hypochromic red 
cells (% HRC) levels to be maintained during treatment with ESAs? 
 
Bibliographic reference  Jones CH, Richardson D, Ayers S, Newstead CG, Will EJ, Davison AM. Percentage 

hypochromic red cells and the response to intravenous iron therapy in anaemic haemodialysis 
patients. Nephrology Dialysis Transplantation 1998;13:2873-6. 

Study type Cohort study  
Evidence level 2+ 
Study objective To investigate the utility of %HRC in assessing response to IV iron in HD patients  
Number of patients N=98 but N=82 completed the study  
Patient characteristics Inclusion criteria: 

 Chronic HD with persistent anaemia (Hb <10 g/dl and serum ferritin <100 µg/l despite 
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maximum tolerated dose of oral iron (usually 200 mg ferrous sulphate 3 times daily) 
 
No patient demographics reported  
 

Intervention 0-3 %HRC at baseline  
 Epoetin (unadjusted dose) + IV infusion of iron saccharate 200 mg once weekly diluted in 

50 ml normal saline over 1h after test dose  
 IV iron was discontinued if serum ferritin >250 µg/l 

Comparison 4-9 %HRC at baseline 
vs. 
≥10 %HRC at baseline 

 Epoetin (unadjusted dose) + IV infusion of iron saccharate 200 mg once weekly diluted in 
50 ml normal saline over 1h after test dose  

 IV iron was discontinued if serum ferritin >250 µg/l 
Length of follow-up Study duration 8 weeks  
Outcome measures  Hb 

 Ferritin  
Effect size  N=16 were excluded from analysis due to blood transfusions for symptomatic anaemia 

(N=13), transplantation (N=2) and possible anaphylaxis to test dose (N=1) 
 In keeping with the protocol, iron was discontinued in N=37 after 4 weeks 

 
 Hb and serum ferritin increased for all 3 groups. %HRC did not change  

 
 
 0-3% HRC  4-9 %HRC ≥10 %HRC 
N 22 30 30 
EPO (U/kg) 61 ± 44 54 ± 38 54 ± 48 
Hb at T=0 
weeks 

9.1 ± 1.0 8.8 ± 0.8 8.9 ± 1.1 
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Hb at T=8 
weeks 

9.6 ± 1.0‡ 10.0 ± 1.2‡ 10.5 ± 1.7‡ 

*Change in Hb  0.6 ± 1.2 1.2 ± 1.0 1.6 ± 1.4 
Ferritin at T=0 
weeks 

63 ± 22 53 ± 26 53 ± 24 

Ferritin at T=8 
weeks 

283 ± 110‡ 294 ± 15‡ 286 ± 114‡ 

%HRC at T=0 
weeks 

2 (1,2) 6 (4,7) 20 (14,24)  

%HRC at T=8 
weeks 

4 (2,6)† 4 (3,13) 10 (7,17)† 

%HRC (approximate tertiles) 
†P≤0.01 
‡P≤0.001 
*P=0.02 
 

 Mean Hb increase was greater with increasing %HRC at baseline (P=0.02) 
 Median %HRC increased in the 0-3% group, but decreased in the ≥10% group 

 
 
 0-3% HRC  4-9 %HRC ≥10 %HRC 
N 22 30 30 
 % showing response 
Increase in Hb  
≥0.5 g/dl 
≥1 g/dl  

 
59 
27 

 
83 
57 

 
73 
67 
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 The proportion of patients with >1 g/dl increase in Hb was greater as %HRC at baseline 
increased (P=0.02) 

 
Source of funding Kidney Research Fund  
Citation  
NCC CC ID (Ref Man) 1890 
 
 

 
 
 
Evidence Table 
 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic 

red Cells (%HRC) levels to be maintained during treatment with ESAs? 
 
Bibliographic reference  Richardson D, Bartlett C, Will EJ. Optimizing erythropoietin therapy in hemodialysis patients. 

American Journal of Kidney Diseases 2001;38:109-17.  
Study type Prospective longitudinal study  
Evidence level 3+ 
Study objective To investigate the relationship between increasing iron supplementation with IV iron sucrose 

and iron parameters (serum ferritin and %HRC) and EPO requirement in a HD population with 
a stable maintenance Hb level 

Number of patients Initially N=228, but the size of the patient population varied, with ~N=220 in any single month. 
A total of N=386 participated in the study  
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 Multisite study: main hospital and satellite units  

Patient characteristics Inclusion criteria: 
 Patient population were on the chronic HD programme, including new patients on dialysis 

for <90 days and patients entering the dialysis programme 
 

 No exclusion criteria reported 
 No patient demographics reported 

 
Baseline parameters prior to study commencement 
 
Time 
(months) 

Hb (g/dl) %HRC Ferritin 
(ng/ml) 

EPO 
(IU/kg/week) 

-3 11.1 ± 1.7 5 (3-10) 196 (135-261) 133 (88-210) 
-2 11.1 ± 1.8 7 (3-13) 184 (113-278) 136 (81-217) 
-1 11.3 ± 1.8 8 (4-15) 176 (104-250) 136 (76-225) 

Values are mean ± SD or median (inter-quartile range) 
 

Intervention Epoetin SC to median Hb 11.5 g/dl, starting dose 1,000 IU/dialysis session and increments of 
1,000 IU/dose, with an upper limit of 300 IU/kg/week 
and  
IV iron sucrose 

 Phase I: months 1-3; for ferritin <100 ng/ml, 50 mg iron sucrose twice weekly; for ferritin 
100-500 ng/ml, 50 mg iron sucrose once weekly 

 Phase II: months 4-9; for ferritin <100 ng/ml, 50 mg iron sucrose twice weekly; for ferritin 
100-500 ng/ml, iron sucrose dose depended on level of FID- for %HRC <5%, 50 mg iron 
sucrose once weekly; for %HRC >5%, 50 mg iron sucrose twice weekly 

 Phase III: months 10-24; for ferritin <100 ng/ml, 50 mg iron sucrose thrice weekly, for 
ferritin <100 ng/ml, 50 mg iron sucrose thrice weekly; for ferritin 100-500 ng/ml and %HRC 
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<2% (iron replete), 50 mg iron sucrose once weekly; for %HRC 2-5%, 50 mg iron sucrose 
twice weekly; for %HRC >5%, 50 mg iron sucrose thrice weekly 

 Iron was discontinued if ferritin level >500 ng/ml (N=16 had ferritin levels >500 ng/ml 
throughout the study period and never had IV iron administered) 

Comparison N/A- longitudinal study 
Length of follow-up Study duration 24 months  
Outcome measures  Hb 

 EPO dose 
 Iron parameters 
 Adverse events/withdrawal  

Effect size 
Hb 

 Median Hb over 24 months study period was 11.3 to 11.8 g/dl 
 

Iron parameters and EPO dose  
 Median total dose IV iron sucrose during the study period was 3,200 mg (IQR 1,800-

4,850) 
 Mean maintenance dose to maintain population ferritin level was ~60 mg/week after the 

population was at a steady state 
 
 

Phase  
I II III 

Mean EPO dose (IU/week) 9,824 8,443 6,443 
Mean IV iron dose 
(mg/week) 

53 67 61 
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 T=0 months  T=24 months P  
%HRC 8 (3-15) 4 (2-8) <0.001 
Serum ferritin (ng/ml) 188 (115-

256) 
480 (397-
595) 

<0.001 

EPO dose 
(IU/kg/week) 

136 (83-216) 72 (33-134) <0.001 

Values are median (IQR) 
 
 
  Spearman’s correlation, 

r 
P 

EPO dose %HRC <10% 0.73 <0.01 
EPO dose Ferritin  -0.91 <0.01 
%HRC  Ferritin  -0.78 <0.01 

 
 

 %HRC of 3% was achieved and maintained for 6 months after median ferritin level ~500 
ng/ml (IQR ~300-650) 

 The relationship between ferritin level and %HRC was maintained at <10%  
 
 

Adverse events 
 N=2 had IV iron sucrose withheld during the study; 1 had nausea, vomiting and 

hypotension and 1 had a urticarial rash  
 A transient metallic taste at the time of bolus was reported by some patients 

 
Source of funding Kidney Research Fund 
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Citation  
NCC CC ID (Ref Man) 1750 
 
 
 
Section 7: Monitoring of ACKD treatment  
 
MON1: In patients with ACKD treated with ESAs, how frequently should iron status be checked? 
MON2: In patients with ACKD treated With ESAs, how frequently should haemoglobin levels be checked a) during Hb correction and b) during Hb 

maintenance? 

ESAR1: When should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
ESAR2: How should ESA resistance be managed? 

 
There was no evidence identified for MON 2. 
 
Evidence Table 
 
MON1 
In patients with ACKD treated with ESAs, how frequently should iron status be checked? 
 
Bibliographic reference  Besarab A, Kaiser JW, Frinak S. A study of parenteral iron regimens in hemodialysis 

patients.[see comment]. American Journal of Kidney Diseases 1999;34:21-8.  
Study type Non-randomised study, open-label design 
Evidence level 2+ 
Study objective 1) To develop a maintenance IV iron regimen in HD patients—not reported here as not 

relevant to the question (TxFe2) 
2) To determine the appropriate sampling intervals for measuring iron indices in HD patients 
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for intermittent vs. maintenance iron Tx by pharmacokinetic studies 
Number of patients N=30 

 
 N=14, 10 consecutive Tx 
 N=16, single dose 

Patient characteristics Inclusion criteria: 
 TSAT <20% and/or ferritin <200 ng/ml 

 
 
Exclusion criteria: 

 None reported  
 

Intervention  Iron dextran intermittent as-needed dosing regimen IV 1,000 mg administered over 10 
consecutive HD Txs 

 Patients received this Tx on 16 occasions 
Comparison  Iron dextran 50 mg (N=8) or 100 mg (N=8) IV single dose 
Length of follow-up  Iron parameters were measured 3-5 days, 2 weeks and 1,2,3, and 4 months after 

completion of therapy in the consecutive Tx group 
 Iron parameters were measured at 2,5, 7 and 14 days in the single dose group  

Outcome measures Iron levels  
Effect size  

 
Intermittent iron dextran dosing regimen time profile  
 
Tx with 1,000 mg 
iron dextran over 
10 doses 

T=0 T=3 days Time averaged value 
over 4 months after 
completion (trapezoid 
method) 

TSAT (%) 20.6 ± 2.0  93 ± 6  30.1 
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(range 15-37%) (range 63-134)
    
 T=0 T=2 months 

(peak value) 
 

Ferritin (ng/ml) 197 ± 31  
(range 27-424) 

351  

    
 T=0 T=3 months T=4 months 
TIBC (µg/ml) 210 ± 7  

(166-246) 
180 ± 7 192 ± 11 

    
 
 
 
Time profile of single dose iron dextran – 50 mg and 100 mg 
 
 T=0 Time averaged over 2 weeks 
TSAT (%) Mean 34.6 ± 3.1 

(N=16) 
 35.5 for 50 mg group (N=8) 
 36.7 for 100 mg group (N=8) 

   
 T=0  
Ferritin 
(ng/ml) 

231 ± 29 (N=16) T=1 week, 297 ± 44 (N=16) 
T=2 weeks, 276 ± 35 (N=16) 

   
 T=0 Time averaged over 2 weeks 
   
TIBC (µg/ml) Not reported  No change (data not reported) 
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TSAT Results are expressed as mean ± SD 
 
 

Source of funding Not reported  
Citation  
NCC CC ID (Ref Man) 1857 
 
 
Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Casadevall N, Nataf J, Viron B, Kolta A, Kiladjian JJ, Martin-Dupont P et al. Pure red-cell aplasia 

and antierythropoietin antibodies in patients treated with recombinant erythropoietin. N Engl J 
Med 2002;346:469-75.  

Study type Case series 
Evidence level 3+ 
Study objective To investigate if there was an immunological basis for the anemia in patients who developed 

pure-red cell aplasia (PRCA) during treatment with Epoetin  
Number of patients N=13 
Patient characteristics No inclusion or exclusion criteria given by the authors 

 
 All patients had anemia due tp PRCA in association with netralising antibodies 
 11 HD, 1 CAPD, 1 no dialysis 
 EPO by the s.c. route 
 Severe anaemia developed in all patients after 3-67 months of treatment 
 12 patients received EPO-alpha in the last few months before anemia became refractory to 

treatment; 1 patient was treated exclusively with EPO-beta 
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Age Renal disease Date HD 

begun 
Date s.c. EPO 
therapy begun 

Interval 
from start 
of 
therapy 
to 
refractory 
anemia 
(months) 

Date of 
diagnosis of 
PRCA by 
bone 
marrow 
examination

71 Glomerulonephropathy 12/93 12/93; EPO beta 
4/97; EPO alpha 

53 2/99 

22 Renal agenesis 6/98 7/98; EPO alpha 3 2/99 
40 IgA nephropathy 2/98 3/98; EPO beta 7 2/99 
64 Nephroangiosclerosis 11/98 2/99; EPO alpha 4 8/99 
68 Extramembranous 

glomerulonephritis 
10/90 2/93; EPO 

alpha‡ 
67 1/99 

29 IgA nephropathy Not given 1/99; EPO alpha 
5/99; EPO beta 

5 7/99 

44 Membranoproliferative 
nephropathy 

3/98 11/98; EPO 
alpha 

10 11/99 

44 Vascular nephropathy 3/99 6/99; EPO alpha 3 10/99 
72 Chronic pyelonephritis 1/99 10/98; EPO 12 10/99 
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alpha 
71 Undtermined 6/00 11/99; EPO 

alpha 
4 3/00 

85 Nephroangiosclerosis 3/99 3/00; EPO alpha 7 10/00§ 
55 Vascular nephropathy 3/98* 6/00; EPO alpha 5 2/01 
53 Undetermined 12/97 12/97; EPO beta 

12/98;EPO alpha
32 11/00 

‡ received i.v. EPO from 02/93 to 06/98, when s.c. therapy began 
* received peritoneal dialysis 
§ bone marrow exam was not performed, patient presented with a profound anemia without 
reticulocytes 
 

Intervention Epoetin 
Comparison N/A 
Length of follow-up 3 years 
Outcome measures See below 
Effect size  Thoracic and abdominal computed tomographic scans showed no evidence of thymoma, 

lymphoma or solid tumour 
 Serologic tests for parvovirus B19, HIV, Epstein_Barr virus, hepatitis and cytomegalovirus 

were all negative 
 Therapy with EPO was discontinued when presence of antierythropoietin antibodies was 

confirmed 
 

Bone marrow cultures 
 The ability of serum from EPO-treated patients to inhibit proliferation of erythroid progenitor 

cells by using cultured bone marrow cells from healthy donors was evaluated 
 All 13 samples inhibited growth of erythroid cells but did not modify formation of granulocytic 

colonies 
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 Addition of EPO to 12 of 13 serum samples reversed inhibitory effects of patients serum on 
erythroid-colony formation. This was found to be due to IgG by testing serum from Patient 1 

(see table below) 
 
Binding of 125I-labelled Epoetin 

 Presence of antierythropoietin antibodies was evaluated  
 Serum from all 13 patients was found to bind EPO, whereas normal serum did not 

(see table below) 
 Serum samples from patients treated with Epoetin who did not have PRCA were tested and 

found to be negative 
 

Characterisation of antierythropoietin antibodies 
 Scatchard analysis yielded a straight line, suggesting presence of homogeneous binding 

sites, although some heterogeneity in the binding antibodies is possible, since they are not 
monoclonal 

(see table below) 
 2 classes of binding sites were detected in serum of Patient 3 who received EPO beta 

exclusively 
 Because EPO molecules are heavily glycosylated and the glycosylation of recombinant 

molecules differs slightly to that of the endogenous molecule, the ability of the antibodies to 
recognise the carbohydrate and protein moieties of the molecule was tested. Antibodies from 
all 13 patients bound both glycosylated and deglycosylated 125I-labelled Epoetin with the 
same efficiency, showing the antibodies were directed against the protein moiety of the EPO 
molecule (data not provided by the authors) 

 Serum from 12 of the 13 patients did not bind denatured 125I-labelled EPO, suggesting that 
the antibodies recognised conformational epitopes only 
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Patient no. Inhibition of 

erythroid-colony 
formation¥ 

Reversal of 
inhibition 

Binding capacity 
(U/ml) 

Apparent 
dissociation 
affinity constant 
(pM) 

1 + + 42 110 
2 + + 29 92 
3 + ± 67 105, 410¶ 
4 + ± 86 350 
5 + + 36 100 
6 ± ND 4 200 
7 + + 6 110 
8 + + 14 390 
9 + + 38 370 
10 ± ± 3 180 
11 ± + 4 90 
12 + + 11 120 
13 + ± 4 115 

¶ Patient had 2 populations of antibodies with different binding affinities 
¥ + indicates complete inhibition, with no colonies formed; ± indicates partial inhibition, with 
<50% of colonies in cultures containing contropl serum formed in the oresence of serum from 
the patients. Binding capacity is expressed as the amount of radiolabelled Epoetin per ml of 
patients serum after adjustment for background activity 
 

Source of funding Private grants and pharmaceutical company 
Citation  
NCC CC ID (Ref Man) 12 
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Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Sirken G, Kung SC, Raja R. Decreased erythropoietin requirements in maintenance 

hemodialysis patients with statin therapy. ASAIO Journal 2003;49:422-5. 
Study type Retrospective cohort study 
Evidence level 2- 
Study objective To investigate the role of statin therapy on EPO responsiveness from analysis of patient 

medication records receiving hemodialysis 
Number of patients N=38 
Patient characteristics Inclusion criteria: 

 Patients on statin therapy 
 
Exclusion criteria: 

 Hospitalised for any acute event occurring 4 months before statin initiation and up to 4 
months after statin introduction [Acute events were defined as any infection (local or 
systemic), any surgical intervention (elective or emergent), any malignancy, any 
cardiovascular event and any neurologic event 

 
 
Patients in the statin group were divided into pre-statin and post-statin 
 
 Group 1, Statin 

(N=19) 
Group 2, Non-statin 
(N=19) 

Gender (males) 9 (47.3%) 13 (68.4%) 
Age (range; mean years) 26-88 (68.3) 22-88 (61.7) 
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Dialysis duration (mean months) 27.3 39.16 
Etnicity 
African American 
Caucasian 
Hispanic 
Other 

 
1 (5.3%) 
16 (10.5%) 
2 (5.3%) 
0 

 
4 (21.0%) 
12 (63.2%) 
2 (10.5%) 
1 (5.3%) 

Etiology of ESRD 
Diabetes 
Hypertension 
Polycystic kidney  
Glomerulonephritis 
Renovascular 

 
13 (68.4%) 
1 (5.3%) 
2 (10.5%) 
1 (5.3%) 
2 (10.5%) 

 
7 (36.8%) 
8 (42.1%) 
0 
1 (5.3%) 
3 (15.8%) 

Drugs 
ACE inhibitor 
ARB 
Theophylline 

 
6 (31.5%) 
4 (21%) 
0 

 
7 (36.8%) 
4 (21%) 
0 

Parenteral iron therapy 8 (42%) 11 (57%) 
 
 

Intervention EPO + statin 
Comparison EPO with no statin 
Length of follow-up Mean 4.7 months 
Outcome measures See below 
Effect size  

 Group 1a 
Pre-statin 
(N=19) 

Group 1b Post-
statin (N=19) 

P value 
1a vs. 1b 

Group 2 
Non-statin 
(N=19)  

P value  
1a vs. 2 

Cholesterol (mg/dl) 174.68 ± 53.8 142 ± 32.7 P<0.05 139.5 ± 31.7 P<0.05 
Triglyceride (mg/dl) 291.1 ± 277.9 181 ± 99 NS 122.1 ± 56 P<0.05 
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LDL (mg/dl) 91 ± 56 67 ± 28 NS 62 ± 22 NS 
HDL (mg/dl) 31.9 ± 9.6 35.8 ± 13.2 NS 50 ± 19 NS 
Intact PTH (pg/ml) 273 ± 203 231 ± 237 NS 214 ± 172 NS 
Kt/V 1.28 ± 0.24 1.32 ± 0.18 NS 1.22 ± 0.16 NS 
URR (%) 69.11 ± 5.68 70.8 ± 5.34 NS 69.7 ± 5.01 NS 
nPCR (g/kg/d) 0.82 ± 0.32 0.905 ± 0.27 NS 0.81 ± 0.22 NS 
Aluminium (µg/l) 7.9 ± 6.1 5.7 ± 3.2 NS 7.8 ± 5.2 NS 
Hb (g/dl) 10.61 ± 1.2 12.48 ± 0.79 Not given 11.64 ± 0.98 P<0.05 
TSAT (%) 24.1 ± 10.7 25.8 ± 7.7 NS 24.3 ± 11.4 NS 
Ferritin (µg/ml) 618 ± 334.1 334 ± 265 P<0.05 470.2 ± 287 P<0.05 
EPO 
(U/kg/session) 

112.76 ± 80.8 83.84 ± 59.5 P<0.05 108.3 ± 59.2 NS 

Albumin (g/dl) 3.58 ± 0.4 3.77 ± 0.4 P<0.005 3.73 ± 0.3 P<0.005 
 
Values are mean ± SD 
Baseline values for the statin group were determined as the 2 month mean value before the date 
of statin therapy initiation 
 
The authors report: 

 EPO requirements decreased after initiation of stain therapy  
 Surrogate markers of inflammation (serum ferritin and albumin) significantly improved with 

stain therapy 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 147 
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Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
Bibliographic reference  Barany P, Divino Filho JC, Bergstrom J. High C-reactive protein is a strong predictor of resistance 

to erythropoietin in hemodialysis patients. American Journal of Kidney Diseases 1997;29:565-8.  
Study type Cohort study 
Evidence level 2- 
Study objective To investigate the relationship between serum levels of C-reactive protein and EPO dose required 

to maintain Hb levels in hemodialysis patients 
Number of patients N=30 
Patient characteristics  No inclusion or exclusion criteria given by the authors. However, patients were on EPO 

treatment median 34 months (range 3-84 months) 
 Patients were divided into 2 groups, CRP <20 mg/l (range 10-18 mg/l) and CRP CRP ≥20 mg/l 

(range 20-118 mg/l) 
 
 Group 1, CRP 

<20 mg/l (N=22) 
Group 2, CRP ≥20 
mg/l (N=8) 

P value 
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Median age (years) (range) 71 (36-86) 73 (42-85) 0.71 
Sex (female/male) 9/13 6/2 0.22 
Median time on HD (years) (range) 3.8 (0.6-30.7) 3.1 (0.4-7.4) 0.31 
Mode of dialysis (HD/HDF) 14/7 7/1 0.42 
Dialyser membrane 
(cellulosic/synthetic) 

14/8 5/3 0.71 

 
 

Intervention EPO given s.c. during dialysis to maintain Hb at 12g/dl (2 patients received EPO i.v.), CRP <20 
mg/l 

Comparison EPO given s.c. during dialysis to maintain Hb at 12g/dl (2 patients received EPO i.v.), CRP ≥20 
mg/l 

Length of follow-up N/A—one-off measurements 
Outcome measures See below 
Effect size  

 
 Group 1, CRP <20 mg/l 

(N=22) 
Group 2, CRP ≥20 mg/l 
(N=8) 

P value 

EPO dose (IU/kg/wk) 109 ± 40 196 ± 55 0.0006 
Iron saccharate dose 
(mg/wk) 

36 ± 38 50 ± 38 0.29 

Hb (g/dl) 12.0 ± 1.2 10.8 ± 1.5 0.064 
Serum ferritin (ng/ml) 404 ± 238 635 ± 333 0.083 
Serum iron (µg/dl) 56 ± 17 34 ± 11 0.0011 
Serum TIBC (µg/dl) 235 ± 34* 196 ± 28† 0.038 
Serum TSAT (%) 25 ± 7* 17 ± 7† 0.052 
Serum albumin (g/dl) 4.1 ± 0.3 3.6 ± 0.2 0.0003 
Serum PTH (ng/l) 243 ± 225 367 ± 166 0.075 
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Serum aluminium (µg/l) 17 ± 12 14 ± 6 0.84 
Body mass index (kg/m2) 22.6 ± 3.5 20.1 ± 3.4 0.091 
nNPA (g kg/d) 1.1 ± 0.2 1.2 ± 0.2 0.36 
Kt/V (Urea) 1.6 ± 0.3 1.7 ± 0.2 0.35 
Urea reduction ratio (%) 72 ± 6 74 ± 4 0.55 

nNPA = protein equivalent of nitrogen appearance 
* N=8 
† N=6 

 Higher EPO dose required to maintain Hb at 12 g/dl in the high CRP group (group 1) 
 No significant differences in nutritional status 
 However, serum albumin, serum iron and serum TIBC levels were lower in group 2 
 Serum TSAT was significantly correlated with serum iron (r=0.83, P=0.0003) 
 Serum albumin and serum iron were negatively correlated to CRP and EPO doses 

 
 s-CRP s-Albumin s-Iron 
EPO dose 0.52 -0.51 -0.50 
s-CRP - -0.41 -0.36 
s-Albumin - - 0.54 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 198 
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Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Goicoechea M, Caramelo C, Rodriguez P, Verde E, Gruss E, Albalate M et al. Role of type of 

vascular access in erythropoietin and intravenous iron requirements in haemodialysis. 
Nephrology Dialysis Transplantation 2001;16:2188-93.  

Study type Retrospective cohort study 
Evidence level 2- 
Study objective To investigate whether there is a significant relationship between the type of vascular access, 

native arteriovenous fistulae (AVF) vs. synthetic polytetrafluoroethylene (PTFE) grafts and EPO 
and i.v. iron requirements 

Number of patients N=107 
 

 Multisite study in 2 university hospitals or 2 external facilities associated with the hospitals 
Patient characteristics Inclusion criteria: 

 HD minimum of 4 months 
 
Exclusion criteria: 

 Severe hyperparathyroidism (iPTH >700 pg/ml) 
 Possible Aluminuim excess (baseline serum Al >40 µg/l in the absence of oral Al-containing 

phosphate binders 
 Absolute iron deficiency (serum ferritin <100 µg/l or TSAT <15%) 
 Dialysis-unregulated coagulopathy 
 Liver disease 
 Severe malnutrition 
 Use of a vascular as vascular access 
 Active bleeding from different sources 
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 Active or recent neoplasia 
 Kt/V <1 
 Anticoagulation with acenocumarol 
 Long-term hospitalisation during the follow-up period or active chronic inflammatory or 

infectious pricesses 
 Requirement of Hct >36% 
 Insufficient data collection or did not complete follow-up 
 Change of type of vascular access during the study period 

 
 
Mean age (years) 62.3 ± 15 
Time on HD (months) 44.3 ± 52 
Aetiology of chronic renal 
disease 
Diabetic nephropathy 
Glomerulonephritis 
Interstitial nephropathy 
Ischaemic nephropathy 
Polycystic kidney disease 
Congenital nephropathy 
Unknown nephropathy 

 
21 
20 
17 
16 
6 
3 
24 

Dialysis duration 3x a week 
(min) 

205 ± 24.2 (range 180-270 
min) 

Dialysis membranes 
Cellulose acetate 
Haemophane 
Cellulose triacetate 
SMC 
Polymethylmethacrylate 

 
35 
28 
1 
4 
10 
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Polysulphone 
AN69 

19 
10 

Vascular access 
Autologous AVF graft 
PTFE graft 

 
62 
45 

Localisation of vascular access 
Radio-cephalic 
Brachio-cephalic 
Brachio-basilic 
Brachio-axillar 

 
45 
28 
5 
29 

 
 
Continued… 
Anti-platelet medication 
Aspirin 
Ticlodipine 
Dipyridamole 
Dipyridamole + Aspirin 

 
24 
37 
2 
6 

Iron supplementation 
i.v. iron  
Oral iron 
None 

 
89 
2 
16 

 
 
 

Intervention Epoetin to maintain Hct >33% and Hb >11 g/dl 
Comparison N/A 
Length of follow-up 1 year 
Outcome measures See below 
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Effect size  
 
 Autologous AVF 

(N=62) 
PTFE graft  
(N=45) 

P value 

EPO requirements 
(U/kg/week) 

81 ± 44.5 103.8 ± 58.4 0.025 

i.v. iron (mg/year) 1510 ± 1152 2146.8 ± 
1332 

0.01 

Serum iron (µg/dl) 68.8 ± 69.4 91.7 ± 159.8 NS 
Serum ferritin (µg/l) 371.2 ± 298.7 418.3 ± 232.4 NS 
TSAT (%) 24.3 ± 8.8 26.1 ± 11.1 NS 
Serum transferrin 
(mg/dl) 

214.5 ± 50.4 227.3 ± 78.1 NS 

Hct (%) 35.2 ± 3.2 34.5 ± 3.1 NS 
Hb (g/dl) 11.6 ± 1.2 11.5 ± 1.1 NS 
MCV (µm3l) 94.5 ± 4.6 93.5 ± 9.1 NS 
iPTH (pg/ml) 186.2 ± 140.2 160.0 ± 161.2 NS 
Serum aluminium (µg/l) 21.0 ± 13.7 19.0 ± 11.7 NS 
Serum albumin (g/dl) 4.05 ± 0.46 4.14 ± 0.51 NS 

 
 In addition, no differences were found between the groups for Kt/V, nPCR and the following 

dialytic parameters: mean time on HD, area of dialysers and HD session time (P=NS, data not 
provided by the authors) 

 No differences were found for age, incidence of diabetes mellitus, cardiovascular disease and 
hepatitis C positivity (P=NS, data not provided by the authors) 

 A separate analysis of diabetic patients (N not provided by the authors), found higher EPO 
doses in the group of patients with PTFE graft 102 ± 56 vs. those with autologous AVF, 60.1 ± 
43 (P<0.05) 

 EPO requirements were not related to type of HD membrane-33.8% patients with autologous 
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AVF and 40% with prosthetic grafts used synthetic membranes 
 
 
 

 In a sub-analysis, factors related to higher EPO dose requirement ≥150 U/kg/week were 
investigated (N=2 with autologous AVF and N=8 with PTFE graft). A multivariate analysis by 
logisitic regression was carried out  

 
Factors Odds ratio CI (95%) P value 
Type of vascular 
access 

9.6 1.2-76.8 0.031 

Serum albumin 0.65 0.16-2.6 NS 
Anti-platelet therapy 0.58 0.07-4.8 NS 
Gender 0.76 0.19-3.09 NS 

 
 
 

 9 subjects required RBC transfusions during the study period; PTFE 7/45 vs. AVF 2/62 
(P=0.021) 

 No correlation was found between the transfusions and the therapy with anti-platelet drugs or 
type of dialysis membrane 

 
 

 In order to address the fact that majority of the patients with prosthetic grafts were receiving 
anti-platelet therapy, patients were grouped into use or not of ant-platelet drugs 

 No differences in EPO requirements or Hb/Hct levels in these 2 groups were found 
 However, higher i.v. iron requirements was associated with use of antiplatelet therapy. 

Despite this, iron levels were significantly lower in the group of patients on anti-platelet 
therapy 
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 The type of anti-platelet therapy, ticlodipine (N=37) vs. aspirin (N=24) did not affect the 
observations (P=NS) 

 
PTFE Anti-platelet therapy 

(N=69) 
No anti-platelet therapy 
(N=38) 

P value 

Age (years) 65.8 ± 12 55.9 ± 16.4 0.001 
EPO dose (U/kg/week) 95.4 ± 51.4 81.3 ± 51.9 NS 
i.v. iron (mg/month) 167.5 ± 103 11.5 ± 102 0.008 
Serum iron (µg/dl) 75.9 ± 132.1 84.2 ± 83.8 0.004 
Plasma ferritin (µg/l) 351 ± 200 463 ± 361 0.04 
Initial plasma ferritin 
(µg/l) 

405 ± 203 463 ± 328 NS 

TSAT (%) 23.7 ± 9.9 27.8 ± 9.1 0.06 
Initial TSAT (%) 25.2 ± 8.3 23.6 ± 7.9 NS 
Serum transferrin 
(mg/dl) 

228.2 ± 71.6 205.0 ± 42.2 0.044 

Hct (%) 34.8 ± 3.0 35.1 ± 3.4 NS 
Hb (g/dl) 11.6 ± 1.1 11.5 ± 1.3 NS 

 
 
 

 To further ascertain the possible causes of observed differences, the data were evaluated by 
an analysis that only included patients with autologous AVF graft grouped into if or not they 
used anti-platelet therapy 

 No significant differences were found between the 2 sub-groups in i.v. iron therapy, however, 
those who received anti-platelet therapy had lower iron levels 

 No differences were found in plasma aluminium, iPTH, Kt/V and nPCR (all P=NS, data not 
provided) 
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AVF Anti-platelet therapy 
(N=35) 

No anti-platelet therapy 
(N=27) 

P value 

Age (years) 56.2 ± 16.8 69.4 ± 12.7 0.001 
EPO dose (U/kg/week) 79.9 ± 48.0 82.3 ± 40.4 NS 
i.v. iron (mg/month) 112.1 ± 101.0 141.5 ± 88.5 NS 
Serum iron (µg/dl) 86.3 ± 87.9 46.0 ± 14.4 0.003 
Plasma ferritin (µg/l) 446.9 ± 371.6 273.1 ± 105.4 0.022 
Initial plasma ferritin 
(µg/l) 

449.8 ± 339.4 405.5 ± 183.9 NS 

TSAT (%) 28.1 ± 9.2 20.2 ± 6.3 0.001 
Initial TSAT (%) 24.7 ± 8.6 22.6 ± 8.9 NS 
Serum transferrin 
(mg/dl) 

206.2 ± 42.0 225.4 ± 58.6 NS 

Hct (%) 35.2 ± 3.2 35.2 ± 3.2 NS 
Hb (g/dl) 11.6 ± 1.3 11.6 ± 1.1 NS 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1632 
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Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Kato A, Odamaki M, Takita T, Furuhashi M, Maruyama Y, Hishida A. High blood soluble receptor 

p80 for tumour necrosis factor-alpha is associated with erythropoietin resistance in haemodialysis 
patients. Nephrology Dialysis Transplantation 2001;16:1838-44. 

Study type Prospective cohort study 
Evidence level 2- 
Study objective To examine the relationship between serum tumour necrosis factor-α levels and the degree of 

renal anaemia and EPO dose 
Number of patients N=83 
Patient characteristics Exclusion criteria: 

 Hospitalisation 
 Acute infections 
 Malignancy 
 Collagen disease 
 Liver cirrhosis 
 Occult blood stools 
 Serum aluminium >5 µg/l 

 
Gender (M/F) 47/36 
Mean age (years) 62 ± 1 (range 39-79 

years) 
Cause of renal disease 
Systemic disease 
Diabetes mellitus 
Autosomal dominant polycystic kidney 

 
9 
5 
4 
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disease 
HD duration (years) 3-31 (mean 15years) 

 
 

Intervention EPO to maintain Hb >10 g/dl 
Comparison Patients were divided according to required EPO doses: Low (L) <60 U/kg/week; Moderate (M) 

≥60 to <120 U/kg/week; high (H) ≥120 U/kg/week 
Length of follow-up One-off blood samples were taken 
Outcome measures  Clinical parameters 

 Blood cytokine levels 
 Effect of gender 

Effect size 
Clinical parameters 

 Hb levels were lower in groups M and H 
 There was no difference in serum iron, TSAT or ferritin and reticulocyte counts between the 3 

groups 
 Estimated dry weight, total cholesterol and BMI values were lower in group H when compared 

to groups L and M  
 PCRn levels were identical between the 3 groups 
 Serum creatinine and creatinine generation rate (marker of whole-body muscle volume) were 

lowest in group H when compared to groups L and M 
 There was no difference in pre-dialysis urea by Kt/V or URR among the 3 groups 

 
 
 
 
 
Variable Low 

N=31 
Moderate 
N=31 

High 
N=21 
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Age (years) 59 ± 2 65 ± 2§ 64 ± 2 
Male/female 22/9 20/11 5/16* 
HD duration (years) 15 ± 1 13 ± 1 18 ± 2 
EPO dose (U/kg/week) 17 ± 4 89 ± 3* 170 ± 9*# 
Hb (g/dl) 10.5 ± 0.2 9.7 ± 0.1* 9.5 ± 0.2* 
Reticulocyte (%) 15 ± 3 12 ± 2 18 ± 2 
Ferritin (ng/ml)   76 ± 37 129 ± 62 65 ± 17 
Fe (µg/dl) 95 ± 5 90 ± 4 84 ± 5 
TIBC (µg/dl) 304 ± 10 269 ± 9 287 ± 13 
TSAT (%) 32.4 ± 2.2 34.6 ± 1.7 30.9 ± 2.2 
Albumin (g/dl) 3.8 ± 0.05 3.8 ± 0.05 3.7 ± 0.1 
Transferrin (µg/dl) 201 ± 8 172 ± 7* 186 ± 10 
BMI (kg/m2) 20.2 ± 0.6 19.4 ± 0.3 17.7 ± 0.5*#
Total cholesterol (mg/dl) 154 ± 6 151 ± 5 136 ± 5* 
Creatinine generation rate 
(g/kg/day) 

19.4 ± 0.7 18.2 ± 0.5 15.2 ± 0.7*#

PCRn (g/kg/day) 0.97 ± 0.03 1.02 ± 0.03 0.96 ± 0.05 
BUN (mg/dl) 70.1 ± 2.8 72.2 ± 2.1 67.9 ± 3.2 
Creatinine (mg/dl) 11.7 ± 0.4 10.7 ± 0.3* 9.2 ± 0.5*# 
Kt/V urea 1.28 ± 0.06 1.30 ± 0.04 1.38 ± 0.09 
URR (%) 71.0 ± 1.4 72.2 ± 1.1 72.6 ± 3.1 
Β2-MG (µg/l) 31.7 ± 1.7 32.1 ± 1.4 28.9 ± 1.9 
Intact PTH (pg/ml) 261 ± 59 191 ± 34 222 ± 52 
PS membrane (%) 38.7 38.7 33.3 

Data are mean ± SE 
* P<0.01 compared with Low group 
§ P<0.02 compared with Low group 
# P<0.05 compared with Moderate group 
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   very low ferritin levels, ng/ml ≡ µg/l 
 

 A significant negative correlation was found between ceratinine generation rate and EPO dose 
(r=-0.443, P<0.0001) 

 

Blood cytokine levels 
 Blood C-reactive protein (CRP) levels were within normal ranges (<0.5 mg/dl) 
 Blood TNF-α levels were significantly higher in HD patients (N=83) 11.41 ± 0.45 pg/ml when 

compared to those of normal volunteers (N=8) 2.50 ± 0.43 pg/ml (P<0.001) 
 Similarly, HD patients had significantly higher levels of sTNFR p55 (3.91 ± 0.10 vs. 0.21 ± 0.03 

ng/ml) and p80 (4.02 ± 0.16 vs. 0.43 ± 0.04 ng/ml) than in normal subjects 
 Serum IL-6 levels were below the detection limit (<0.1 pg/ml) in normal subjects (N=8), in 

contrast to those in HD patients (7.98 ± 0.59 pg/ml) 
 
 
Variable Low 

N=31 
Moderate 
N=31 

High 
N=21 

CRP (mg/dl) 0.12 ± 0.04 0.34 ± 0.11 0.39 ± 0.17 
TNF-α (pg/ml) 11.3 ± 0.6 10.4 ± 0.6 13.1 ± 1.3# 
sTNFR p55 (ng/ml) 3.86 ± 0.19 3.90 ± 0.16 3.91 ± 0.19 
sTNFR p80 (ng/ml) 3.73 ± 0.14 3.67 ± 0.21 4.88 ± 0.45*# 
IL-6 (pg/ml) 5.5 ± 0.5 6.4 ± 0.5 10.2 ± 2.0*# 

 
sTNFR = soluble receptor for tumour necrosis factor 
IL-6 = interleukin-6 
 
 
Data are mean ± SE 
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* P<0.01 compared with Low group 
# P<0.05 compared with Moderate group 
 
 

 Time on HD was positively correlated with serum sTNFR p55 (r=0.285, P<0.0001) and IL-6 
(r=0.285, P=0.008), but not with TNF-alpha levels 

 EPO dose was correlated with sTNFR p80 levels (r=0.363, P<0.001) and IL-6 (r=0.344, 
P=0.001) 

 The EPO dose/Hb ratio was significantly correlated with circulating sTNFR p80 (r=0.388, 
P<0.001) and IL-6 (r=0.351, P=0.001)  

 
Similar observations were made in patients with serum ferritin >100 ng/ml (mean Hb 9.8 g/dl, 
ferritin 157 ng/ml, N=44) 

 EPO dose was also positively correlated with sTNF-alpha (r=0.298, P<0.05) sTNFR p80 levels 
(r=0.441, P=0.003) and IL-6 (r=0.452, P=0.002), but not with sTNFR p55 

 
 A step-wise multiple regression analysis found female gender and sTNFR p80 were 

independently associated with EPO dose, whereas time on HD, PS membrane, ferritin, TNF-
alpha, sTNFR p55, IL-6, CRP, serum albumin and PCRn were not related to EPO dose 

 
 

Effect of gender 
Circulating cytokine levels were compared between males (N=47) and females (N=36) 

 Both EPO dose and EPO dose/Hb ratio was higher in females than in males (both P<0.01)  
 There was no difference in sTNFR p55 and IL-6 levels between males and females. However, 

sTNF-alpha and sTNFR p80 levels were higher in women than in men (P<0.01) 
 A positive correlation was found in women between EPO dose and sTNFR p80 (r=0.499, 

P=0.002) and IL-6 levels (r=0.439, P=0.007). EPO dose/Hb ratio also correlated with sTNFR 
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p80 (r=0.524, P=0.0008) and IL-6 levels (r=0.941, P=0.002) (NM comment: N.B. EPO dose is 
dominant in the fraction) 

 In contrast, there was no association between EPO dose and sTNFR p80 and IL-6 levels in 
men 

 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1633 
 
 
 
 
 
 
 
Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Tarng DC,.Huang TP. Recombinant human erythropoietin resistance in iron-replete 

hemodialysis patients: role of aluminum toxicity. American Journal of Nephrology 1998;18 :1-8. 
Study type Prospective cohort study 
Evidence level 2+ 
Study objective To investigate the impact of aluminium toxicity, PTH, inflammation markers and haemolytic 

indices on EPO response in iron-replete hemodialysis patients 
Number of patients N=39 
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Patient characteristics Inclusion criteria: 
 Hemodialysis for at least 6 months 
 EPO treatment for more than 6 months 
 Iron replete, defined as serum ferritin >100 µg/l and iron saturation >25% 
 Stable Hct levels (target Hct 30%) for 3 months 

 
Exclusion criteria: 

 GI Bleeding 
 Blood transfusion 
 Intercurrent infection 
 Chronic inflammation 
 Hemoglobinopathy 

 
Patients were divided into 2 groups; poor responders were defined as being hyporesponsive to 
EPO, if target Hct level 30%  could not be obtained despite weekly doses >100 U/kg. Good 
responders required weekly doses ≤100 U/kg to maintain target Hct 30% 
 
Variable Good responders 

(N=20) 
Poor responders 
(N=19) 

Age (years)  58 ± 4 60 ± 3 
Male/female ratio 13/7 7/12* 
Duration of hemodialysis 
(months) 

35 ± 7 35 ± 6 

Time on EPO (months) 15 ± 2 16 ± 2 
Cause of renal failure  
Chronic glomerulonephritis 
Chronic interstitial nephritis 
Nephrosclerosis 
Diabetic nephropathy 

 
10 
4 
2 
3 

 
9 
5 
2 
2 
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Polycystic kidney 1 1 
Ferritin (µg/l) 363.3 ± 119.7 354.4 ± 67.4 
Iron (µg/dl) 79.0 ± 4.9 75.2 ± 6.1 
TIBC (µg/dl) 217.3 ± 9.2 201.9 ± 6.0 
Iron saturation (%) 36.8 ± 2.0 38.0 ± 3.7 
EPO units/kg/week 69.5 ± 3.6 146.4 ± 6.7† 
Hct (%) 31.2 ± 0.4 26.1 ± 0.6† 
Hb (g/dl) 10.6 ± 0.1 8.8 ± 0.2† 

Values are mean ± SEM 
*P<0.05 
†P<0.001 
 

Intervention EPO administered s.c. postdialysis, 3 times weekly 
Comparison N/A 
Length of follow-up One-off measurements 
Outcome measures See below 
Effect size  Parameters of potential causes to EPO resistance 

 
Parameters Good responders 

(N=20) 
Poor responders 
(N=19) 

P value 

Intact PTH (pg/ml) 168.7 ± 40.0 96.8 ± 26.7 NS 
C-RP (mg/dl) 0.68 ± 0.34 0.74 ± 0.24 NS 
Fibrinogen (mg/dl) 239.7 ± 10.7 350.6 ± 23.4 NS 
Haptoglobin (mg/dl) 222.2 ± 38.4 196.4 ± 26.8 NS 
Reticulocyte index (%) 1.02 ± 0.12 1.29 ± 0.67 NS 
Aluminium basal (µg/l) 26.3 ± 3.3 43.7 ± 5.1 <0.01 
Aluminium post-DFO (µg/l) 57.7 ± 7.1 90.0 ± 8.0 <0.01 
Post-DFO - Basal Aluminium 31.4 ± 3.1 46.3 ± 6.2 <0.01 
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(µg/l) 
DFO= desferrioxamine 
 

 There was overlap in Basal and post-DFO Aluminium levels between the 2 groups. 15 out 
of 19 poor responders had ΔAl >40 µg/l and 17 out of 20 good responders had ΔAl <40 µg/l

 The odds ratio to predict poor response to EPO using ΔAl >40 µg/l was 21.3 
 The mean corpuscular volume (MCV) showed inverse correlation with basal Al, post-DFO 

Al (r=-0.617, P=0.005) and Δal (r=-0.711, P<0.001) in the poor responders 
 The mean corpuscular volume (MCV) showed inverse correlation with only ΔAl in the good 

responders (r=-0.476, P=0.03) 
 There was no correlation between serum Al levels and any other haematological data 

 
 

Source of funding Hospital clinical research grant 
Citation  
NCC CC ID (Ref Man) 1636 
 
 
 
 
 
 
Evidence Table 
 
ESAR 1 
In patients with ACKD, when should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
 
Bibliographic reference  Sezer S, Kulah E, Ozdemir FN, Tutal E, Arat Z, Haberal M. Clinical consequences of 

intermittent elevation of C-reactive protein levels in hemodialysis patients. Transplantation 
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Proceedings 2004;36:38-40.  
Study type Retrospective cohort study 
Evidence level 2- 
Study objective To compare inflammatory and nutrition parameters by use of C-reactive protein profiles with 

EPO requirements in hemodialysis patients 
Number of patients N=100 
Patient characteristics Inclusion criteria: 

 At least 12 months HD treatment 
 
Exclusion criteria: 

 Known chronic inflammatory disease 
 Malignancy 
 Infectious complications 
 Surgery 

 
Gender (male/female) 52/48 
Mean age (years) 48.4 ± 14.3 
Mean dialysis duration (months) 69.3 ± 49.0 
Mean Kt/V per Tx 1.42 ± 0.2 

 
 

Intervention EPO 
Comparison Patients were divided according to their CRP profiles; group 1 normal (upper limit 6 mg/l), 

group 2 intermittent CRP elevation (at least 1 monthly value ≥10 mg/l) and group 3 persistently 
elevated CRP 

Length of follow-up 6 months 
Outcome measures See table below 
Effect size  

 CRP Normal CRP Intermittent CRP persistently P value 
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range 
(N=41) 

rises (N=42) high (N=17) 

Albumin (g/dl) 3.9 ± 0.2 3.7 ± 0.3 3.5 ± 0.2 0.0001 
Prealbumin (mg/dl) 35.7 ± 9.7 34.6 ± 6.1 31.5 ± 4.5 0.007 
Fibrinogen (mg/dl) 218.5 ± 69.1 397.6 ± 71.7 438.0 ± 118.9 0.001 
ICAM-1 293.8 ± 85.1 295.3 ± 119.0 424.3 ± 259.7 0.03 
VCAM-1 945.8 ± 

369.2 
960.9 ± 495.3 1066.0 ± 425.9 >0.05 

nPCR (g/kg per day) 1.12 ± 0.24 1.05 ± 0.19 0.96 ± 0.15 0.04 
IDWG (kg/d) 2.5 ± 1.1 2.2 ± 1.0 1.6 ± 0.5 0.04 
EPO dose per week 
(U/kg) 

110.3 ± 
102.7 

147.1 ± 87.1 163.8 ± 77.4 0.04 

 
ICAM-1=intercellular adhesion molecule-1 
VCAM-1=vascular cell adhesion molecule-1 
NPCR =normalised protein catabolic rate 
IDWG=interdialytic weight gain 
 
Group 2 and group 3 patients were at risk of inflammation and malnutrition 
 

Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 1640 
 
 
 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Evidence Table 
 
ESAR2 
In patients with ACKD, how should ESA resistance be managed? 
 
Bibliographic reference  Yaqoob M, Ahmad R, McClelland P, Shivakumar KA, Sallomi DF, Fahal IH et al. Resistance to 

recombinant human erythropoietin due to aluminium overload and its reversal by low dose 
desferrioxamine therapy. Postgraduate Medical Journal 1993; 69:124-8.  

Study type Prospective cohort study and before and after study (2-part study) 
Evidence level 2+ and 3 
Study objective To investigate the effect of treatment of aluminium toxicity with low dose desferrioxamine 

(DFO)  
(i) prior to commencement and 
(ii) during Epoetin therapy in regular dialysis patients  

Number of patients N=17 
 

 N=8, no Al toxicity 
 N=9, Al toxicity 

Patient characteristics Inclusion criteria: 
 Severely anaemic 
 Transfusion-dependent 
 Hb <7 g/dl 

 
 Patients diagnosed with Al toxicity were subdivided into 2 groups—no Tx and treated (1g 

i.v. 3x weekly on dialysis for 6 months) for Al toxicity prior to commencement EPO therapy 
 After 6 months of DFO therapy, a repeat DFO test before commencement of EPO therapy 

was negative in all patients in this latter group 
 Patients in the group previously treated for Al toxicity responded during DFO chelation 
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therapy 
Pre-DFO Hb (g/dl) 5.2 ± 0.67 
Hb at the end of 6 months DFO therapy (g/dl) 7.4 ± 0.24 
Hb 2 months after stopping DFO therapy 
(g/dl) 

6.6 ± 0.37 
 

Intervention Part 1:EPO only in Al toxicity (group 2) 
Part 2: EPO + Desferrioxamine (DFO) 1g i.v. over the last 2 hours of each dialysis session in 
group 2 patients 

Comparison Part 1: EPO only (group 1 and group 3) 
Part 2: No comparator; before and after study 

Length of follow-up Study duration 12 weeks each 
Outcome measures See below 
Effect size 

Part 1: DFO prior to study and no Al toxicity vs. no DFO 
 
Variable Group 1 

No Al toxicity
Group 2 
Al toxicity; No Tx prior 
to study 

Group 3 
Al toxicity; Tx prior to 
study 

N 8 5 4 
Age (years) 52 ± 5.9 52 ± 6.8 40 ± 1.3 
Duration of dialysis (years) 6.9 ± 1.6 7.2 ± 1.8 14.7 ± 1.9 
Baseline 
Hb (g/dl) 5.8 ± 0.3 5.7 ± 0.5 6.2 ± 0.4 
Ferritin (µg/l) 571 ± 123 430 ± 100 438 ± 87* 
Parathyroid hormone 
(pmol/l) 

250 ± 122 538 ± 207 520 ± 277 

DFO test 
t1 

 
61 ± 7.8 

 
93 ± 17.3 

 
63 ± 24.2 (100 ± 35.5)† 
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t2 
t2-t1 (Al rise) 

82.5 ± 8.9 
24.5 ± 5.1 

201 ± 25.7 
108 ± 15.6 

86 ± 35.2 (225 ± 39.3)† 
22.5 ± 11 (125 ± 14.5)†

Post EPO 
Hb (g/dl) 9.6 ± 0.5 6.9 ± 0.5 (10.6 ± 0.3)‡ 10.4 ± 0.7 
Ferritin (µg/l) 336 ± 95.6 230 ± 77 267 ± 73.3* 

*Excluding iron overloaded patient 
†Corresponding values with inclusion of iron-overloaded patient 
‡Corresponding value for combined EPO + DFO therapy after 12 weeks 
 

 Iron utilisation was similar in all 3 groups 
 All but 1 patient in group 1 (No Al toxicity), with florid hyperparathyroid disease, responded 

well to EPO therapy and reached the target Hb >9 g/dl 
 Group 3 patients (Al toxicity with prior Tx) also achieved target Hb within 12 weeks 
 Group 2 patients  (Al toxicity with no prior Tx) did not achieve target Hb 

 
 
 Mean rise of Hb above baseline 

(g/dl) 
Group 1 (No Al toxicity) 3.62 ± 0.55§ 
Group 2 patients  (Al toxicity with no prior Tx) 1.32 ± 0.28 
Group 3 patients (Al toxicity with prior Tx) 4.06 ± 1.06§ 

§P<0.05 when compared to group 2 
 

 There was significant negative correlation between baseline serum aluminium levels and 
the mean rise of Hb (r=-0.51; P=0.03) and between Hb rise during EPO therapy and Al 
increment following DFO challenge (t2-t1) (r=-0.68; P=0.02) 

 There was no correlation between baseline PTH levels, serum ferritin and mean Hb rise 
during the study period 
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Part 2: DFO Tx in Group 2 
 Group 2 patients (N=5) were continued on EPO 100 U/kg for 8 weeks after the end of the 

study period, with no improvement in the anaemia 
 
Hb at 12 weeks post EPO 
(g/dl) 

6.9 ± 0.5 

Hb at 20 weeks post EPO 
(g/dl) 

7.0 ± 0.38 

 
 After this, patients were treated with EPO 100 U/kg + DFO 1g i.v. twice weekly on dialysis + 

100 mg elemental iron once weekly to prevent iron deficiency from DFO administration. 
Patients responded to combined therapy and reached target Hb >9 g/dl within 12 weeks 

 The mean Hb rise on combined DFO + EPO therapy was significantly higher by 3.72 ± 0.21 
g/dl, than with EPO Tx alone (P<0.01) 

 
Source of funding Pharmaceutical company provided the EPO 
Citation  
NCC CC ID (Ref Man) 1637 
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Evidence Table 
 
ESAR2 
In patients with ACKD, how should ESA resistance be managed? 
 
Bibliographic reference  Verhelst D, Rossert J, Casadevall N, Kruger A, Eckardt KU, Macdougall IC. Treatment of 

erythropoietin-induced pure red cell aplasia: a retrospective study. Lancet 2004;363:1768-71.  
Study type Restrospective case series 
Evidence level 3+ 
Study objective To collate the clinical and pathological features of patients unequivovally shown to have epoietin-

induced pure red cell aplasia 
Number of patients N=47 

 
 Study conducted in French, German and British patients 

Patient characteristics Inclusion criteria: 
 Treated with epoietin for anaemia related to CKD 
 Developed PRCA with antibodies to epoietin before January, 2003 

 
Median age (years) 67 (IQR 54-72; range 20-

85) 
Gender (M/F) 33 (70%) / 14 (30%) 
Underlying kidney disease 
Vascular nephropathy 
Primary glomerulonephropathy 
Chronic interstitial nephritis 
Diabetic nephropathy 
Congenital kidney abnormalities of kidney and urinary 
tract 

 
15 (32%) 
17 (36%) 
5 (11%) 
5 (11%) 
1 (2%) 
1 (2%) 
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Autosomal dominant polycystic kidney disease 
Unknown 

3 (6%) 

No. with history of autoimmune disease 0 
No. on dialysis 
Peritoneal dialysis 
Haemodialysis 
Not on dialysis 

 
7 (15 %) 
30 (64 %) 
10 (21%) 

IQR = inter-quartile range 
 
 
Characteristics at time of 
diagnosis of EPO-induced PRCA

No. of 
patients 

Median (IQR) 

Duration of epoetin Tx (months) 47 11 (7.5-14) 
Hb loss (g/l/month) 47 39 (31-51) 
Hb level (g/l) 47 65 (56-74) 
Reticulocyte count (per µl) 47 2,800 (1,660-7,025) 
White blood cell count (per µl) 47 6,525 (5,360-7,810) 
Platelet count (per µl) 47 170,000 (137,500-

204,500) 
Transferrin saturation (%) 35 80 (71-87) 

 
 All patients had a rapid fall in Hb levels, associated with very low reticulocyte counts 
 Transferrin saturation rose very quickly  
 In 44 patients the diagnosis of PRCA was confirmed by bone marrow aspirate 
 In all patients (N=47), the presence of antibodies to EPO was confirmed by 

radioimmunoprecipitation 
 

Intervention Immunosuppresion / immunoglobulins/  transplant 
Comparison Stopping ESA therapy 
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Length of follow-up Median 12 months (IQR 8-13), N=46 
Outcome measures See below 
Effect size  

 
 
 
ESA Tx at the time of diagnosis 
Exclusively EPO alpha  
Exclusively EPO beta  
EPO alpha and EPO beta  
EPO alpha, EPO beta and darbepoetin 
alpha 

 
N=36  
N=4  
N=5  
N=2 

Median interval between start of EPO Tx 
and development of PRCA 

11 (IQR 7.5-14) 

Tx for PRCA  
Tx duration 2 years+ 
No. receiving no Tx, except stopping 
ESA therapy 

 
6 (13%) 
10 

No. of deaths 1 (after 6 weeks of 
diagnosis) 

 

Tx for PRCA  
 
No. on immunosuppressive Tx + stopped 
EPO 

37 

No. on 1 type of Tx 
No. on 2 different Tx regimens 
consecutively 

26 
10 
1 
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No. on 5 different Tx regimens† 
No. who recovered* 29 (78%) 
No. with relapse after recovery§  0 
Length of follow-up in unrecovered patients 11 months (IQR 9-

14) 
*Defined as reticulocyte counts >20,000/µl in patients who were no longer transfusion-dependant 
§No patient was challenged with EPO 
†Did not recover 
 

Outcome of patients with EPO-induced PRCA stratified by immunosuppressive Tx 
 
PRCA Tx N No. of patients 

who recovered  
Time before recovery 
(months) 

Follow-up (months) 

Corticosteroids alone 
(N=14) ± high dose i.v. 
immunoglobulins  

18 10 (56%) 1†, 2†, 2†, 3†, 3†, 3†, 3†, 3†, 
6†, 18† 

3, 3, 3, 3, 5†, 13†, 
20, 30† 

High dose i.v. 
immunoglobulins alone 

9 1 (11%) 3† 3, 3, 4, 4, 4, 9, 10†, 
19 

Corticosteroids + 
cyclophosphamide 

8 7 (87%) 1†, 2, 2, 3†, 4, 5, 7 3 

Ciclosporin 6 4 (67%) 1†, 1†, 1†, 1 3, 9† 
Kidney transplant¥ 6 6 (100%) <1†, <1†, <1†, <1†, <1, <1 - 
Antibodies to CD20 2 0  - 3†, 3 
Corticosteroids + high 
dose i.v. immunoglobulins 
+ plasma exchange 

1 1 (100%) 3† - 

Mycophenolate motefil 1 0  - 12 
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N.B. For patients who didn’t recover, follow-up was length of time between start of Tx and last visit or 
start of new Tx 
†Received only 1 kind of Tx 
¥ Received induction Tx followed by triple immunosuppressive therapy 
 

 To identifiy prognostic factors independent of Tx, the largest group corticosteroids ± high dose i.v. 
immunoglobulins (N=18) was focused on 

 Prognosis was not correlated with age, sex, length of time receiving EPO Tx, renal; status (no 
dialysis, Hd or PD), Hb concentration at the time of diagnosis, antibody titres to EPO at the time of 
diagnosis or with the delay between onset of PRCA and withdrawal of EPO therapy 

 
Source of funding Pharmaceutical company  
Citation  
NCC CC ID (Ref Man) 1643 
 
 
 
 
Evidence Table 
 

ESAR2 
In patients with ACKD, how should ESA resistance be managed? 

 
Bibliographic reference  Cooper A, Mikhail A, Lethbridge MW, Kemeny DM, Macdougall IC. Pentoxifylline improves 

hemoglobin levels in patients with erythropoietin-resistant anemia in renal failure. Journal of the 
American Society of Nephrology 2004;15:1877-82.  

Study type Before and after  study 
Evidence level 3+ 
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Study objective To investigate the use of pentoxifylline as an inhibitor of pro-inflammatory cytokine production in 
vivo, and subsequent enhanced erythropoiesis 

Number of patients N=12 completed the study out of N=17 who were recruited 
Patient characteristics Inclusion criteria-Poor response to EPO: 

 Hb ≤10.7 g/dl for 6 months, despite EPO dose ≥12,000 IU/week 
 
Exclusion criteria-factors that might inhibit response to EPO: 

 Iron deficiency 
 Under-dialysis 
 Hyperparathyroidism 
 Acute infection 

 
 
Anaemia Tx No. of 

patients 
Monthly blood 
transfusions 

N=1 

Hemodialysis N=11 
Peritoneal dialysis N=4 
Failing renal transplant N=1 

 
 
Age (years) 54 ± 10 
Gender (M/F) 6/6 
Cause of renal failure 
Polycystic kidneys 
Renal vascular disease 
Unknown  
Hypertension 

 
1 
1 
1 
3 
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Diabetic nephropathy 
Glomerulonephritis 

5 
1 

HD/PD 8/4 
Time on dialysis 
(months) 

48 ± 43 

Time on EPO (months) 28 ± 19 
EPO dose (IU/kg/week) 294 ± 125 
ACE inhibitor therapy 10 
Ferritin (µg/l) 472 ± 287; range 184-1,215 (median 390 

µg/l) 
PTH (pg/ml) 523 ± 501 

Values are mean ± SD 
 

Intervention EPO + Pentoxifylline 400 mg once daily  
Comparison N/A 
Length of follow-up Study duration 4 months 
Outcome measures See below 
Effect size  

Hb levels 
 
Hb levels up to 6 months prior to pentoxifylline 
(g/dl) 

9.5 ± 0.9 P=0.0001 

Hb levels 4 months after pentoxifylline (g/dl) 11.7 ± 
1.0 
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Effect of pentoxifylline on circulating white blood cell numbers (N=12) 
 

 No effect 
 
 Pre-pentoxifylline 

therapy 
4 months post-pentoxifylline 
therapy 

P 

White cell count (x 
109/l) 

6.52 ± 2.22 6.68 ± 2.56 NS 

Lymphocytes (x 109/l) 1.03 ± 0.41 0.93 ± 0.34 NS 
Monocytes (x 109/l) 0.57 ± 0.16 0.60 ± 0.29 NS 
Neutrophils (x 109/l) 3.14 ± 2.58 3.38 ± 3.23 NS 
Eoisinophils (x 109/l) 0.45 ± 0.33 0.30 ± 0.21 NS 
Basophils (x 109/l) 0.05 ± 0.05 0.05 ± 0.05 NS 

 
 
 
Effect of pentoxifylline on ex vivo T-cell cytokine production (N=12) 
 
 Pre-pentoxifylline 

therapy 
6-8 weeks post-pentoxifylline 
therapy 

P  

TNF-alpha (%) 58 ± 11 31 ± 23 0.0007 
IFN-gamma (%) 31 ± 10 13 ± 10 0.0002 

 
 There was significant correlation between change in Hb (%) and TNF-alpha generation (%) 

(rs=0.7145; P=0.0118) but not between change in Hb (%) and IFN-gamma (rs=0.4406; 
P=0.1542) 
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Source of funding Not reported 
Citation  
NCC CC ID (Ref Man) 134 
 
 

Section 5: Management of Anaemia 
Health Economics component 
 
MGTFe2: In patients with ACKD, what, if any, are the serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic red cells (%HRC) 

thresholds for treatment with ESAs? 

MGTFe1: Up to what levels of serum ferritin, percentage transferrin saturation (% TSAT) and percentage hypochromic red cells (% HRC) can patients 
with ACKD be treated with iron without adverse events? 

MGTE1: Which iron replete patients with ACKD should receive ESAs? 
MGTN1: What is the benefit of vitamin C, vitamin E, carnitine , folic acid and glutathione supplementation in the treatment of 

anaemia due to CKD? 
MGTN2: What is the benefit of androgens in the treatment of anaemia due to chronic kidney disease? 

HYP1: When does treating hyperparathyroidism improve the management of anaemia caused by chronic kidney disease? 

PAT1: What are the patient preferences and experiences when receiving ESA for the treatment of ACKD? 
PAT2: Is the effectiveness of anaemia management of CKD improved by patient education programmes? 
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Evidence Table 
MGTFe2 

In patients with ACKD, what, if any, are the serum ferritin, transferrin saturation (%TSAT) and percentage hypochromic red 
cells (%HRC) thresholds for treatment with ESAs? 
 

Bibliographic reference  
Sepandj F, Jindal K, West M, Hirsch D. Economic appraisal of maintenance parenteral iron 
administration in treatment of anaemia in chronic haemodialysis patients. Nephrology, 
Dialysis, Transplantation 1996;11:319-22.  

NCC CC ID (Ref Man) 
8 

Citation  
 

Type of study (including 
overall outcome measure) 

Cost-savings of using intravenous iron dextran complex in patients with inadequate response 
to oral supplementation. Cost reduction per year. 

Population, country & 
perspective 

Patients (n=50) stable for minimum of 4 months undergoing haemodialysis with serum ferritin 
level < 100 microgram/l who had not tolerated oral iron or did not achieve level with maximal 
tolerated oral dose.  

Intervention  
Comparison(s) 

‘Before’ and ‘After’ design. Intervention: IV-FeD treatment. 

Source of effectiveness 
data 

Single observational study. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included IV-FeD administration cost included drug, iv saline bag, iv line and syringe. EPO 
administration cost included cost of drug and one syringe. Cost of oral iron consisted of cost 
of ferrous sulphate tablets. 

Currency and cost year CDN$, year not specified. 
Results – cost per patient EPO savings per year = $30,120  
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per alternative Oral iron savings per year = $2738 
Cost of IV-FedD = $29,692 
Therefore, cost reduction per year of $3016 or $63 per patient. 
However, initial cost of IV-FeD loading = $3426 in first year only which offsets cost reduction 
in first year only but does not apply in subsequent years. 

Results – effectiveness per 
patient per alternative 

Mean rise in mean haemoglobin = 12.8 g/l (p<0.001, 95% CI 7.7-17.9). 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not specified. 
Time horizon & discount 
rate 

6-month data projected to 1 year, none 

Source of funding 
 

Not specified. 

Evidence level  + 
 
 
 
Section 6: Assessment and optimisation of erythropoiesis 
Health Economics component 
 

TXEF4: In patients with ACKD what are the benefits and risks of correcting anaemia with ESAs compared to placebo or no 
treatment in reducing morbidity and mortality and improving quality of life? 

TXEF5: In patients with ACKD what are the benefits and risks of correcting anaemia with ESAs compared to blood 
transfusions in reducing morbidity and mortality and improving quality of life? 

TXEF1: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOα compared to EPOβ in reducing morbidity and 
mortality and improving quality of life? 

TXEF2: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOα compared to Darbepoetin 
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in reducing morbidity and mortality and improving quality of life? 

TXEF3: In patients with ACKD what are the benefits and risks of correcting anaemia with EPOβ compared to Darbepoetin 
in reducing morbidity and mortality and improving quality of life? 

MGTHb2: In patients with CKD, what are the risks and benefits of early versus deferred correction of anaemia? 

NURS1: Is the effectiveness of anaemia management in CKD improved by the involvement of anaemia nurse 
specialists/coordinators? 

ESAD1: In patients with ACKD what factors determine the provision of ESAs? 
ESAD2: In patients with ACKD what factors determine the route of administration of ESAs? 
TXDF1: In patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct anaemia? 

MGTHb1: What haemoglobin range should be maintained during anaemia treatment in CKD? 
PaedMGTHb1: What haemoglobin range should be maintained during anaemia treatment in CKD in children? 

TxDF2: In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin 
levels within the maintenance range? 

TxFe1: What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts 
with functional iron deficiency prior to ESA treatment? 

TxFe2: What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with functional iron 
deficiency receiving ESA treatment? 

MGTFe3: In patients with ACKD what are the optimal serum ferritin, percentage transferrin saturation (% TSAT) and 
percentage hypochromic red cell (% HRC) levels to be maintained during treatment with ESA? 
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Evidence Table 
TXEF4 

 
In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 

reducing morbidity and mortality and improving quality of life? 
 
Bibliographic reference Stevens ME, Summerfield GP, Hall AA, Beck CA, Harding AJ, Cove-Smith JR et al. Cost benefits of low dose 

subcutaneous erythropoietin in patients with anaemia of end stage renal disease. British Medical Journal 
1992;304:474-7. 

NCC CC ID (Ref Man) 5 
Citation   
Comparison Costs of therapy before erythropoietin and costs of therapy after (and including) erythropoietin 

in patients with anaemia of end stage renal disease. 
Patient group & context Sixty selected patients with anaemia of end stage renal disease from the South Cleveland 

Hospital renal unit in UK.  Patients were dependent and stable on dialysis for at least 3 
months. 

Type of study 
(including overall 
outcome measure) 

Cost comparison while maintaining a target haemoglobin concentration range of 85-105 g/l 
during EPO treatment. 

Method & main data 
source 

Three-year retrospective study using data from patients’ clinical and renal unit’s computer 
system records, district’s transfusion laboratory data system, statistical returns from 
department of finance, and hospital case notes. 

Method of eliciting 
health valuations 

Not applicable. 

Cost components 
included 

Total cost of prescribed erythropoietin and cost per patient per year, cost of administration of 
erythropoietin, cost of blood transfusion and its administration, cost of inpatient care including 
anaemia and side effects of erythropoietin and cost of extra iron supplementation and 
monitoring. 

Currency and cost year UK £, year not specified, however, potentially 1989 most likely between 1988-1992. 
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Results – Cost per 
patient 

Total cost of erythropoietin per patient per year = £2,260. Total cost of iron dextran per patient 
per year = £3.09.  Cost savings for blood transfusion per patient per year = £146. Cost 
savings of hospital admissions for anaemia = £889.  Total net cost to NHS per patient per 
year = £1,228. Total costs derived from the total cost of erythropoietin (£2,260) and iron 
dextran (£3.09) per patient per year minus the cost savings for blood transfusion (£146) and 
hospital admissions for anaemia (£889) per patient per year for 12 months before epoetin 
treatment and 12 months after epoetin treatment. 

Results – Effectiveness 
per patient 

Not quantified for patients before EPO. Target haemoglobin concentration with EPO 
treatment was 85-105 g/l. There was no assessment of clinical benefit from maintaining a 
target haemoglobin concentration of 85-105 g/l, however, it was noted that all patients 
indicated an increase in exercise tolerance, appetite and well-being. 

Results – Incremental 
cost-effectiveness 

Approximately £1200 per patient per year to maintain haemoglobin concentration range of 85-
105 g/l. 

Results-Uncertainty Not analysed 
Time horizon & 
discount rate 

Cost comparison for annual costs. No discount rate. 

Source of Funding Not indicated 
Evidence level  + 
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Evidence Table 
 

TXEF4 
 

In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 

 
Bibliographic reference  Moran LJ, Carey P, Johnson CA. Cost-effectiveness of epoetin alfa therapy for anemia of 

end-stage renal disease. American Journal of Hospital Pharmacy 1992;49:1451-4. 
NCC CC ID (Ref Man) 154 
Citation   
Comparison Costs and effectiveness of therapy before epoetin alfa treatment and after (and including) 

epoetin alfa treatment 
Patient group & context 20 long-term dialysis patients, ten of which were receiving continuous ambulatory peritoneal 

dialysis (CAPD) and 10 receiving hemodialysis    
US multi-centre study 

Type of study 
(including overall 
outcome measure) 

Cost-effectiveness study measuring average cost to increase hematocrit by 1 volume percent 

Method & main data 
source 

Retrospective multi-centre study using patient medical records and institution’s cost-to-charge 
ratios but not including labour costs 

Method of eliciting 
health valuations 

No health valuations 

Cost components 
included 

Costs of drug therapy included acquisition costs of epoetin alfa, iron supplements and 
hypertensive agents, transfusion costs, laboratory costs including personnel costs but no 
labour costs or other indirect costs of drug therapy. 

Currency and cost year US$, not specified, potentially 1991-1992 
Results – Cost per Average increase of total cost of therapy for anaemia was $2722 + 1118 per patient. Wide 
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patient variability in expense per patient due to differences in required doses of epoetin alfa per 
patient. Average cost increase over the range of hematocrit response was $2722 + 1118 
(£2391.77 + 982.37). Medication costs increased significantly from $122 + 175 (£107.20 + 
153.77) to $2445 + 963 (£2148.38 + 846.17)(p>0.001) during second 6 months of study with 
epoetin alfa accounting for 89% of the medication costs.  Transfusion costs decreased from 
$182 + 234 (£159.92 + 205.61) to $72 + 132 (£63.27 + 115.99) but not significantly (p = 
0.055).  Laboratory costs increased significantly from $146 + 72 (£128.28 + 63.27) to $645 + 
350 (£566.75 + 307.54) (p< 0.001). 

Results – Effectiveness 
per patient 

Average increase in hematocrit was 7.4 volume percent per patient. CAPD patients had an 
average 9.1 volume percent increase in hematocrit.  Hemodialysis patients had a 5.7 volume 
percent increase.  Not significantly different (p = 0.17) average volume percent increase in 
hematocrit between CAPD and hemodialysis patients. The range of hematocrit response was 
–2 to +15 volume percent. 

Results – Incremental 
cost-effectiveness 

Average cost of approximately $2500 per patient per year to increase the hematocrit by 1 
volume percent. 

Results-Uncertainty No sensitivity analysis. Average values included standard deviation 
Time horizon & 
discount rate 

12 month study period (6 months prior to therapy and 6 months after epoetin alfa therapy).  
No discount rate. 

Source of Funding Study not sponsored by pharmaceutical company, however CAPD patients were involved in 
an pharmaceutical-sponsored protocol 

Evidence level  - 
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Evidence Table 
 

TXEF4 
 

In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 

 
Bibliographic reference Leese B, Hutton J, Maynard A. A comparison of the costs and benefits of recombinant human 

erythropoietin (epoetin) in the treatment of chronic renal failure in 5 European countries. 
Pharmacoeconomics 1992;1:346-56. 

NCC CC ID (Ref Man) 1584 
Citation   
Comparison Methodologies in each country varied slightly. In the UK study, epoetin therapy was compared 

to no epoetin therapy in dialysis patients. 
Patient group & context 5 European Studies: France, Germany, Italy, Spain, UK  

QALYs were derived from a sample of 24 patients with anaemia from chronic renal failure in 
the UK using questionnaires to assess quality of life. Costs were estimated using data on 
average costs and dosages per total number of patients in UK in 1986. 

Type of study 
(including overall 
outcome measure) 

Comparison of cost-utilities studies in 5 European studies. Outcome measure is Cost per 
QALY. 

Method & main data 
source 

Assessed quality of life using patient-completed questionnaires and converted to QALYs by 
study team. Costs were estimated using data from manufacturer on average costs and 
dosages.  Total number of patients in UK in 1986 was derived from the European Dialysis and 
Transplant Association 1987. 

Method of eliciting 
health valuations 

Assessed quality of life using patient-completed questionnaires of the Nottingham Health 
Profile and were converted to QALYs by study team using the Kind and Rosser categories. 

Cost components Included the cost of epoetin treatment and adverse reactions and the cost of transfusions and 
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included adverse reactions.  However, adverse reactions of both epoetin and transfusions were 
considered negligible in the UK. Costs of side-effects were subtracted from treatment costs in 
studies in the other countries. Only the manufacturer’s price (£36/ampoule), dose of epoetin 
(2-3), price of blood units (£30-40/unit) and frequency of transfusions (19 per year) were 
included in the costs in the UK study. 

Currency and cost year Cost estimates were in local currency using 1988 prices. 
Results – Cost per 
patient 

Annual epoetin cost per patient = £5616. Annual transfusion costs per patient = £665. 

Results – Effectiveness 
per patient 

Net QALY gain per patient with epoetin = 0.048. It is assumed the quality of life of transfusion 
patients remains at the initial level in order to calculate the net increase in quality of life 
attributed to epoetin therapy. 

Results – Incremental 
cost-effectiveness 

Cost per QALY in UK = £66 125 to £103 144 or US$ 112 880 to $US 176 077 varying dosage 
from 2 to 3 ampoules per week and unit of blood in transfusion costs from £30 to £40. 
Cost per QALY in UK = £91 848 assuming a 5% discounted extra year of survival. 

Results-Uncertainty Uncertainty was addressed by estimating the range of cost per QALY as above and by 
estimating the impact of an extra year of survival using discounted flow analysis and a 5% 
discount rate.   

Time horizon & 
discount rate 

10 years and additional year at a 5% discount rate. 

Source of Funding Financial support from private company. 
Evidence level  - 
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Evidence Table 
 

TXEF4 
 

In patients with ACKD what are the benefits and risks of treatment with ESAs compared to placebo or no treatment in 
reducing morbidity and mortality and improving quality of life? 

 
Bibliographic reference Remak E, Hutton J, Jones M, Zagari M. Changes in cost-effectiveness over time. European 

Journal of Health Economics 2003;4:115-21. 
NCC CC ID (Ref Man) 272 
Citation   
Comparison Epoetin alfa use in 2000 vs. epoetin alfa use in 1990 and effect on cost-effectiveness 
Patient group & context UK study. Meta-analysis inclusion criteria: n>20 per study group, diagnosis of chronic renal 

failure, EPO treatment, not a study of children, pre-post design—measurements taken before 
and after EPO treatment. 

Type of study 
(including overall 
outcome measure) 

Cost-effectiveness analysis using quality adjusted life years (QALYs) 

Method & main data 
source 

Published literature and expert opinion. Meta-analysis to identify studies with parameters from 
the year 2000 such as average survival on dialysis, doses of EPO to achiever target 
haemoglobin levels, costs.   

Method of eliciting 
health valuations 

Used average of two studies eliciting utilities for health states associated with EPO using time 
trade-off technique. 

Cost components 
included 

EPO costs per year £2,685, iron costs per year £186, administrative and surveillance costs 
per year £473, cost of complications per year £561, other medication £125, change in 
hospitalisation £686, unit cost of blood £108, cost of change in number of blood transfusions 
per year £ 1,021. 

Currency and cost year UK£ 2000 
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Results – Cost per 
patient 

£9,547 per patient per life-time (estimated survival 6.75 years); incremental cost of EPO 
treatment per year = £1,761  

Results – Effectiveness 
per patient 

0.088 QALY gain per year; 0.559 QALY gain per life-time 

Results – Incremental 
cost-effectiveness 

£17,067 per QALY 

Results-Uncertainty Sensitivity analysis 
Time preference for QoL gains (0% to 6%), iron costs (140/yr to 274/year), hypertension 
treatment costs (37/yr to 297/yr), hospitalisation costs (reduction 4 days/yr to reduction 0 
days/yr) and transfusion costs (150/unit and all need eliminated to 70/unit and need only 
halved) had upper cost per QALYs below £25,000. 
Variable  Best case Worst case Cost/QALY 

gained 
Best case 

                            
Worst case 

EPO costs Dose 4,000 
U/week 

Dose 12,000 
U/week 

7,942 41,723 

QALY gains 0.17 0.02 8,809 74,876 
Administration 
costs 

negligible 1,219 per year 12,488 24,301 

 
 

Time horizon & 
discount rate 

Estimated survival 6.75 years; 6% discount of costs, 1.5% discount of QALYs 

Source of Funding Private 
Evidence level  + 
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Evidence Table 
 

TXEF2 
 

In patients with ACKD what are the benefits and risks of correcting anaemia with EPOα compared to darbepoetin in 
reducing morbidity and mortality and improving quality of life? 

 
Bibliographic reference Morreale A, Plowman B, DeLattre M, Boggie D, Schaefer M. Clinical and economic 

comparison of epoetin alfa and darbepoetin alfa. Current Medical Research & Opinion 
2004;20:381-95. 

NCC CC ID (Ref Man) 1583 
Citation   
Comparison EPO alfa and darbepoetin alfa 
Patient group & context USA study. Patients included in clinical trials used to assess cost ratios. Reported results on 

pre-dialysis, hemodialysis (chronic kidney disease), chemotherapy-induced anemia, 
lymphoproliferative malignancies, cancer-related anemia (no chemotherapy). USA. 

Type of study 
(including overall 
outcome measure) 

Cost comparison using recommended doses and doses tested in a variety of clinical trials. 

Method & main data 
source 

Assessed the cost comparison ratios by using recommended prescribing information/doses 
tested in majority of clinical trials. 

Method of eliciting 
health valuations 

Not applicable. 

Cost components 
included 

Average wholesale price. 

Currency and cost year US$, 2003 
Results – Cost per 
patient 

Pre-dialysis study: Darb = $7318 in 1st year, Epo = $3487 in 1st year. 
Hemodialysis (3 studies): 
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Darb = $15,561 per year; Epo = $10,418 per year 
Darb = $10,374 per year; Epo = $8334 per year 
Darb: sc or iv = $10,374 per year; Epo sc = $3473 and Epo iv = $4630 per year 
 

Results – Effectiveness 
per patient 

None. 

Results – Incremental 
cost-effectiveness 

1.2-fold to 3-fold more expensive for darbepoetin alfa than epoetin alfa 

Results-Uncertainty None. 
Time horizon & 
discount rate 

None. 

Source of Funding Private funding. 
Evidence level  - 
 
 

 
Evidence Table 

TXDF1  
In Patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct 

anaemia? 
 

Bibliographic reference  
Besarab A, Reyes CM, Hornberger J. Meta-analysis of subcutaneous versus intravenous 
epoetin in maintenance treatment of anemia in hemodialysis patients. American Journal of 
Kidney Diseases 2002;40:439-46.  

NCC CC ID (Ref Man) 1685 
Citation   
Economic study type Cost minimisation analysis 
Population, country & Meta-analysis of studies with direct comparison of intravenous  (IV) and subcutaneous (SC) 
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perspective administration routes in dialysis patients, third-party payer perspective 
Intervention  
Comparison(s) 

IV and SC administration routes in dialysis patients with maintenance of haematocrit or 
haemoglobin levels 

Source of effectiveness 
data  

27 clinical studies comparing IV and SC doses necessary to maintain target haematocrit or 
haemoglobin level, total of 916 patients, epoetin alfa or beta or unspecified in studies 

Method of eliciting health 
valuations (if applicable) 

Not applicable 

Cost components included Cost of epoetin, $10/1,000 IU 
Currency and cost year US$, not specified 
Results – cost per patient 
per alternative 

Average cost-savings with SC administration was $33.87 + 20.78 per week per patient and 
$1,761 + 1,080 per patient per year. 

Results – effectiveness per 
patient per alternative 

No significant difference in maintained haemotacrit or haemoglobin levels 
Average reduction in SC vs IV epoetin dosage was 48 IU/kg/wk (p<0.001) 
Average dose difference was 49 + 37 IU/kg/wk among crossover studies and 46 + 43 
IU/kg/wk among parallel studies (p=0.29). 

Results –incremental cost-
effectiveness 

Not applicable 

Results-uncertainty Adjusting for range of prices for epoetin ($8/1,000 IU to $12.9/1,000 IU), annual cost savings 
ranged from $1,409 to $2,281 per patient 

Time horizon & discount 
rate 

Variable, No discount rate. 

Source of funding  Private, Public 
Evidence level  - 
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Evidence Table 
TXDF1 

In Patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct 
anaemia? 
 

Bibliographic reference  
Decaudin B, Lemaitre V, Gautier S, Urbina MA. Epoetin in haemodialysis patients: impact of 
change from subcutaneous to intravenous routes of administration. Journal of Clinical 
Pharmacy & Therapeutics 2004;29:325-9. 

NCC CC ID (Ref Man) 1738 
Citation   
Economic study type  Cost-minimisation analysis/Cost-effectiveness analysis maintaining Hb levels at 11.5 g/dL 
Population, country & 
perspective 

99 patients who had undergone dialysis 3 times a week for more than 6 months and treated 
with epoetin alfa for more than 6 months, France, Third-party payer 

Intervention  
Comparison(s) 

Change in mean dose from switching from SC epoetin alfa to IV epoetin alfa 

Source of effectiveness 
data  

Before and after retrospective analysis 

Method of eliciting health 
valuations (if applicable) 

Not applicable 

Cost components included Cost of epoetin, although not explicitly stated. 
Currency and cost year Euro 2002 
Results – cost per patient 
per alternative 

An additional 213,905 Euro (+26.3%) total 
Additional 1,841 + 401 Euro per patient per year 

Results – effectiveness per 
patient per alternative 

No change in Hb level 

Results –incremental cost-
effectiveness 

Not applicable 

Results-uncertainty Not specified 
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Time horizon & discount 
rate 

7 months study extrapolated to 1 year, no discount rate 

Source of funding  Not specified. 
Evidence level  + 
 

 
 
 

Evidence Table 
TXDF1 

In Patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct 
anaemia? 
 

Bibliographic reference  
Moran LJ, Carey P, Johnson CA. Cost-effectiveness of epoetin alfa therapy for anemia of 
end-stage renal disease. American Journal of Hospital Pharmacy 1992;49:1451-4. 

NCC CC ID (Ref Man) 154 
Citation   
Economic study type  Cost-Effectiveness Analysis 
Population, country & 
perspective 

10 continuous ambulatory peritoneal dialysis (CAPD) and 10 in-centre haemodialysis 
patients, US, third-party payer 

Intervention  
Comparison(s) 

All CAPD patients received subcutaneous epoetin alfa and all haemodialysis patients 
received intravenous epoetin alfa 

Source of effectiveness 
data  

Change in haematocrit was used as measure of effectiveness of epoetin alfa 

Method of eliciting health 
valuations (if applicable) 

Not applicable 

Cost components included Cost of acquisition of epoetin alfa, iron supplements (oral and iron dextran) and anti-
hypertensive agents. 
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Currency and cost year US$, year not specified 
Results – cost per patient 
per alternative 

Average increase for total cost of therapy for anaemia in all patients was $2722 + 1118. 

Results – effectiveness per 
patient per alternative 

CAPD patients had an average increase in haematocrit of 9.1 volume percent 
Haemodialysis patients had an average increase in haematocrit of 5.7 volume percent 

Results –incremental cost-
effectiveness 

Average of nearly $2500 was spent to increase the haematocrit by 1 volume percent 

Results-uncertainty Not specified. 
Time horizon & discount 
rate 

6 months, no discount rate 

Source of funding  Public 
Evidence level  - 
 
 
 
Evidence Table 

TXDF1 
In Patients with ACKD what factors (including patient factors) determine the dose and frequency of ESA required to correct 

anaemia? 
 

Bibliographic reference  
Martin-Holohan A, Curtis KA, Masterson P, Goldfarb DS. Conversion of Chronic Hemodialysis 
Patients from Erythropoietin Alfa to Darbepoetin Alfa. Hospital Pharmacy 2004;39 :333-7. 

NCC CC ID (Ref Man) 1732 
Citation   
Economic study type Cost-minimisation analysis/Cost-effectiveness analysis maintaining Hb levels between 11-12 

g/dL 
Population, country & 
perspective 

14 male veterans haemodialysis outpatients on established and unchanging doses of SC 
epoetin alfa for at least 3 months, USA, third-party payer 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

Intervention  
Comparison(s) 

Conversion of SC epoetin alfa to darbepoetin alfa, before and after design 

Source of effectiveness 
data  

Open-label before and after study 

Method of eliciting health 
valuations (if applicable) 

Not applicable 

Cost components included Acquisition cost of epoetin alfa, cost of darbepoetin alfa 
Currency and cost year US$, not specified 
Results – cost per patient 
per alternative 

Initially, using manufacturer’s conversion cost, darbepoetin alfa was less expensive than 
epoetin alfa by $3,237 annually. 
However, due to dose increases needed to maintain Hb range 11-12 g/dL, at end of study (4 
months), darbepoetin alfa was more expensive than epoetin alfa but not significantly (p=0.56).
If patients remained on current dosages and this is extrapolated to 1 year, darbepoetin alfa 
increased acquisition costs by $36,670.53 per year for 12 patients. However, at end of study 
5 of 12 patients required further dose increases which would result in additional years cost of 
$32,301.36. 

Results – effectiveness per 
patient per alternative 

8 of 12 (67%) patients achieved Hb 11-12 g/dL while on epoetin alfa prior to darbepoetin alfa. 
4 of 8 (50%) required one or more dose increases of darbepoetin alfa to maintain target Hb. 3 
had one dose increase each and 4th patient required 2 consecutive dosage increases. 2 
patients were still not at target haemoglobin at end of study. 
 
Serum ferritin levels remained greater than 100 mcg/mL throughout study, no comorbidities, 
adverse drug reactions or complaints were observed or reported during 4-month follow-up. 

Results –incremental cost-
effectiveness 

See cost per patient per alternative 

Results-uncertainty Not specified 
Time horizon & discount 
rate 

4 months, no discount rate 

Source of funding  Private 
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Evidence level  - 
 
 
 
 
Evidence Table 

MGTHb1 
What haemoglobin range should be maintained during anaemia treatment in CKD? 

 

Bibliographic reference  
Tonelli M, Winkelmayer WC, Jindal KK, Owen WF, Manns BJ. The cost-effectiveness of 
maintaining higher hemoglobin targets with erythropoietin in hemodialysis patients. Kidney 
International 2003;64:295-304. 

NCC CC ID (Ref Man) 126 
Citation   
Economic study type  Cost-utility analysis using quality-adjusted life years (QALYs). 
Population, country & 
perspective 

Simulated cohort of haemodialysis patients with representative characteristics of a typical 
dialysis centre in the USA in regards to age, gender, race and co-morbidity, USA, Healthcare 
purchaser. 

Intervention  
Comparison(s) 

Costs and benefits of treating hemodialysis patients with EPO doses adjusted to achieve: 
Haemoglobin target of 9.5 to 10.5 g/dL (reference target level) 
Haemoglobin target of 11.0 to 12.0 g/dL 
Haemoglobin target of 12.0 to 12.5 g/dL 
Haemoglobin target of 14.0 g/dL 

Source of effectiveness 
data  

Decision analysis with model outputs of expected QALYs and costs. Effectiveness data from 
randomized trials identified in systematic review. 

Method of eliciting health 
valuations (if applicable) 

Utility values for haemoglobin target of 11.0 to 12.0 g/dL were derived from Canadian study of 
haemodialysis patients. Utility scores in the 9.5-10.5 g/dL target were estimated as 7.4% 
lower than the 11.0-12.0 g/dL based on randomized study comparing quality of life between 
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9.5-10.5 g/dL and 11.0-12.0 g/dL. Authors estimated utility scores for the 12.0-12.5 g/dL and 
14.0 g/dL by two methods: 

1. Used the Fryback method to convert SF-36 results from the largest randomized trial 
comparing haemoglobin targets of 9.5-10.5 g/dL with 14.0 g/dL. This estimated the 
extent of improvement in utility scores from an increase in only the physical function 
dimension of the SF-36 as an increase of 0.43% for 12.0-12.5 g/dL and increase of 
1.45% for the 14.0 g/dL target compared to 11.0-12.0 g/dL strategy.  

2. Assumed a continuing linear increase in utility scores (3.7% increase in utility scores 
for the 12.0-12.5 g/dL target and 12.3% increase for 14.0 g/dL compared to 11.0-12.0 
g/dL). First method is noted to be more realistic than second as randomized trial 
showed no improvement in utility scores between the 9.5-11.0 g/dL and 13.0-14.0 
g/dL. 

Cost components included Cost of EPO, cost of iron supplementation, cost of hospitalization and physician claims, cost 
of in-centre haemodialysis and outpatient care and cost of renal transplantation. 

Currency and cost year US$, 2001 
Results – cost per patient 
per alternative 

Incremental cost per year to maintain patients at 11.0-12.0 g/dL = $2,540 compared to 9.5-
10.5 g/dL. 
Incremental cost per year to maintain patients at 12.0-12.5 g/dL = $4,550 compared to 9.5-
10.5 g/dL. 
Incremental cost per year to maintain patients at 14.0 g/dL = $9,400 compared to 9.5-10.5 
g/dL. 

Results – effectiveness per 
patient per alternative 

0.146 incremental QALYs gained in 11.0-12.0 g/dL vs. 9.5-10.5 g/dL comparison 
0.009 incremental QALYs gained in 12.0-12.5 g/dL vs. 11.0-12.0 g/dL comparison 
0.020 incremental QALYs gained in 14.0 g/dL vs. 12.0-12.5 g/dL comparison 
 

Results –incremental cost-
effectiveness 

$55,295 per QALY gained in 11.0-12.0 g/dL vs. 9.5-10.5 g/dL comparison 
$613,015 per QALY gained in 12.0-12.5 g/dL vs. 11.0-12.0 g/dL comparison 
$828,215 per QALY gained in 14.0 g/dL vs. 12.0-12.5 g/dL comparison 

Results-uncertainty EPO dose and estimates of health-related quality of life had largest impact on results 
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Assuming 32% lower dose requirement for subcutaneous EPO than intravenous 
(Base-case assumes 14%)                    Incremental cost per QALY 
11.0-12.0 g/dL vs. 9.5-10.5 g/dL            $38,340 
12.0-12.5 g/dL vs. 11.0-12.0 g/dL          $423,17 
14.0 g/dL vs. 12.0-12.5 g/dL                  $569,500 
 
Intravenous iron requirements increased by 50% compared to base-case 
11.0-12.0 g/dL vs. 9.5-10.5 g/dL            $57,607 
12.0-12.5 g/dL vs. 11.0-12.0 g/dL          $632,779 
14.0 g/dL vs. 12.0-12.5 g/dL                  $847,946 
 
By reducing intravenous EPO requirements by 25%, incremental cost per QALY decreases 
$55,295 to $42,049 for the 11.0-12.0 g/dL strategy 
$613,015 to $464,702 for the 12.0-12.5 g/dL strategy 
$828,215 to $626,094 for the 14.0 g/dL strategy  
 
Base-line utility score at lower limit of 95% CI 
11.0-12.0 g/dL vs. 9.5-10.5 g/dL            $59,822 
12.0-12.5 g/dL vs. 11.0-12.0 g/dL          $663,210 
14.0 g/dL vs. 12.0-12.5 g/dL                  $896,030 
 
Base-line utility score at upper limit of 95% CI 
11.0-12.0 g/dL vs. 9.5-10.5 g/dL            $51,404 
12.0-12.5 g/dL vs. 11.0-12.0 g/dL          $569,884 
14.0 g/dL vs. 12.0-12.5 g/dL                  $769,942 
 
If utility scores increase 3.7% for 12.0-12.5 g/dL compared to 11.0-12.0 g/dL, cost per QALY 
drops from $613,015 to $71,739. 
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If utility scores increase 12.3% for 14.0 g/dL compared to 11.0-12.0 g/dL, cost per QALY 
drops from $828,215 to $97,460. 

Time horizon & discount 
rate 

Patient life-time, 3% discount rate 

Source of funding 
 

None specified. 

Evidence level  + 
 
 
Evidence Table 

TXDF2 
In patients with ACKD, what factors determine the dose and frequency of ESA required to keep haemoglobin levels within the 
maintenance range? 
 

Bibliographic reference  
Piccoli A, Puggia RM, Fusaro M, Favaro E, Pillon L. A decision analysis comparing three 
dosage regimens of subcutaneous epoetin in continuous ambulatory peritoneal dialysis. 
Pharmacoeconomics 1995;7:444-56. 

NCC CC ID (Ref Man) 138 
Citation   
Economic study type  Cost-effectiveness analysis  
Population, country & 
perspective 

41 peritoneal dialysis patients with haematocrit (Hct) of 0.28 or less (28 male, 13 female and 
mean age 45 + 12 years). Italian study on Japanese data. Societal perspective. 

Intervention  
Comparison(s) 

Three dosing regimens of subcutaneous EPO in continuous ambulatory peritoneal dialysis: 
6000U (107U/kg), 9000U (167 U/kg) and 12,000U (211 U/kg). EPO given weekly for first 2 
months until target Hct of 0.33 was reached. Maintained for additional 3 months with 
administration frequency reduced to fortnightly or 4-weekly. Non-responders in 6000U and 
9000U after 2 months entered 12,000 U regimen. 

Source of effectiveness Decision analysis based on Japanese multi-centre study. Cost per equivalent effectiveness 



Guideline:    AMCKD-GDG2 
Document:   Evidence Report TXEF4 
Question:     TXEF4 

National Collaborating Centre for 
Chronic Conditions 

 

data (maintenance of target HCT levels). 
Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Costs of drugs, syringes, additional blood tests, blood pressure monitoring and dispensing, 
preparation and administration by health personnel or district pharmacy and self-
administered. 

Currency and cost year US$, year not specified 
Results – cost per patient 
per alternative 

Cost per treatment group by district pharmacy and self-administered: 
EPO-6          EPO-9          EPO-12 
$1090            $1460            $1553 
 
Cost per treatment group when dispensing, preparation and administration by health 
personnel: 
EPO-6           EPO-9          EPO-12 
$1236             $1601            $1668 

Results – effectiveness per 
patient per alternative 

Assumed equivalent effectiveness (maintenance of target HCT levels). 
Response rate per treatment group during initial 8-week phase 
EPO-6         EPO-9          EPO-12 
81.3%          84.6%           100.0% 
 
Response rate per treatment group during 12-week maintenance phase (Weekly %) 
EPO-6         EPO-9          EPO-12 
46.2%          36.4%           9.1% 
 

Results –incremental cost-
effectiveness 

20-week treatment 
EPO-12 strategy costs $463 (drug costs at $1 per dose) and $432 (drug costs at $10 per 
dose) more than EPO-6 strategy. 
EPO-12 strategy costs $93 (drug costs at $1 per dose) and $68 (drug costs at $10 per dose) 
more than EPO-9 strategy. 
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1-year treatment 
EPO-12 strategy costs $877 (drug costs at $1 per dose) and $791 (drug costs at $10 per 
dose) more than EPO-6 strategy. 
EPO-12 costs greater than EPO-9 by $50 (drug costs at $1 per dose) but less than EPO-9 by 
$19 when drug costs at $10 per injection. 
 

Results-uncertainty 20-week treatment 
EPO-12 strategy becomes less costly than the EPO-9 as drug administration costs increase 
over $35. 
EPO-6 strategy always least costly over $0-60 range for drug administration costs in 
sensitivity analysis. Drug administration costs must be $137 for EPO-6 to become more costly 
than EPO-12. 
EPO-6 least costly over 95% CI range for response probabilities. 
 
1-year treatment 
EPO-12 becomes less costly than EPO-9 at drug administration costs of $8 per injection and 
above. 
EPO-6 was less costly than both EPO-9 and EPO-12 over range of costs ($0-60). 
EPO-6 becomes more costly than EPO-12 at $95. 
EPO-9 was more costly than EPO-12 at lower 95%CI limit. 
EPO-6 less costly over whole range of 95% CI. 

Time horizon & discount 
rate 

1 year, no discount rate. 

Source of funding  None specified. 
Evidence level  + 
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Evidence Table 

TXFe1 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency prior to ESA treatment? 
 

Bibliographic reference  
Dahdah K, Patrie JT, Bolton WK. Intravenous iron dextran treatment in predialysis patients 
with chronic renal failure. American Journal of Kidney Diseases 2000;36:775-82. 

NCC CC ID (Ref Man) 1618 
Citation   
Economic study type Cost analysis 

Population, country & 
perspective 

22 pre-dialysis patients with creatinine clearances less than 50 mL/min, USA, Third-party 
payer perspective. 

Intervention  
Comparison(s) 

500 mg/wk of intravenous iron dextran (IVID) for two doses vs. 200 mg/wk for five doses. 

Source of effectiveness 
data 

Single prospective randomised before and after study measuring pre-treatment and post-
treatment Hb, ferritin concentrations and TSAT in intervention and control group. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Direct cost or iron dextran, facility use fees, professional fees, IV catheter placement and 
saline solution. 

Currency and cost year US$, year not specified. 
Results – cost per patient 
per alternative 

Group 1: 200 mg/week for 5 weeks: $1,490 per patient 
Group 2: 500 mg/wk for 2 weeks: $965 per patient 
35.23% savings in group II compared with group I. 

Results – effectiveness per 
patient per alternative 

No significant fold change in Hb between groups. 
No significant difference in fold change in ferritin levels across two groups and at week 24 
was marginally significant difference (p=0.057) in favour of group 1. 
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Significant increase in TSAT in group 1, but marginally significant (p=0.079) in group 2 and at 
24 weeks of follow-up, TSAT did not differ significantly from that at pre-treatment. Beneficial 
effect of IVID declined at a similar rate in both groups and no difference in pre-treatment to 
posttreatment fold change in TSAT between the groups. 
No difference in blood pressure. 
Delayed adverse reactions in two patients in group 1 (arthralgia and myalgia). 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not performed. 
Time horizon & discount 
rate 

24 weeks, no discount rate. 

Source of funding  Academic 
Evidence level  - 
 
 
Evidence Table 

TXFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency receiving ESA treatment? 
 

Bibliographic reference  
Driver PS. Cost-effectiveness impact of iron dextran on hemodialysis patients' use of epoetin 
alfa and blood. American Journal of Health-System Pharmacy 1998;55:S12-S16.  

NCC CC ID (Ref Man) 7 
Citation   
Economic study type Cost-effectiveness analysis. Cost per successful treatment where successful treatment = 

hematocrit of 33-36%, transferrin saturation of >20%, ferritin concentration of >100ng/mL and 
no blood administered except for acute blood loss. 

Population, country & 33 patients from an ambulatory haemodialysis unit receiving haemodialysis for a minimum of 
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perspective 6 months before the start of iron dextran and had received EPO alfa for at least 4 of the 6 
months. USA. Third-party payer. 

Intervention  
Comparison(s) 

Pre-protocol period vs. post-protocol period [intervention] where the use of dosage protocols 
for EPO alfa and iron dextran were encouraged. 

Source of effectiveness 
data 

Single 12-month ‘before’ and ‘after’ observational study. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Costs for laboratory tests, iron dextran, blood and EPO alfa. 
Currency and cost year US$, year not specified. 
Results – cost per patient 
per alternative 

$1349.80 per successful treatment per month in pre-protocol period. 
$526.13 per successful treatment per month in post-protocol period. 

Results – effectiveness per 
patient per alternative 

Success rates 
10 patients (n=33, 30%) before protocol 
27 patients (n=33, 82%) after protocol 

Results –incremental cost-
effectiveness 

$41.61 per successful treatment per month after protocol. 

Results-uncertainty No sensitivity analysis. 
Time horizon & discount 
rate 

12-month, none 

Source of funding 
 

None specified. 

Evidence level + 
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Evidence Table 
TXFe2 

What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency receiving ESA treatment? 
 

Bibliographic reference  
Morgan HE, Gautam M, Geary DF. Maintenance intravenous iron therapy in pediatric 
hemodialysis patients. Pediatric Nephrology 2001;16:779-83. 

NCC CC ID (Ref Man) 1671 
Citation   
Economic study type Cost-minimisation analysis 
Population, country & 
perspective 

19 Paediatric patients on haemodialysis in single centre, Canada, Third-party payer 
perspective 

Intervention  
Comparison(s) 

Maintenance intravenous (IV) iron standardized protocol vs oral and intermittent iv iron 
(standard therapy) 

Source of effectiveness 
data 

Single RCT 

Method of eliciting health 
valuations (if applicable) 

Not applicable 

Cost components included Cost epoetin and iron 
Currency and cost year CDN$, year not specified 
Results – cost per patient 
per alternative 

Group 1: oral and intermittent iv iron (standard therapy) median cost: 9.3 $/kg per month 
(range 5.5-32.5) 
Group 2: protocol median cost: 7.8 $/kg per month (range 5.3-11.8) 

Results – effectiveness per 
patient per alternative 

No difference in haematological indices or iron stores between groups. No adverse events in 
either group. 

Results –incremental cost-
effectiveness 

Reported a 26% reduction in the cost of epoetin and iron combined compared to group 1. 
Epoetin therapy accounted for 84% of the mean total drug cost in group 1 and 48% in group 
2. Group 2 had reduced mean cost of epoetin therapy of 66%, while mean cost of iron 
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increased by 48%, leading to overall reduction in cost. 
Results-uncertainty None 
Time horizon & discount 
rate 

5 months data collection. 

Source of funding  None specified. 
Evidence level - 
 

 
 
 
 
Evidence Table 

TXFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency receiving ESA treatment? 
 

Bibliographic reference  
Bhandari S, Brownjohn A, Turney J. Effective utilization of erythropoietin with intravenous iron 
therapy. Journal of Clinical Pharmacy & Therapeutics 1998;23:73-8.  

NCC CC ID (Ref Man) 63 
Citation   
Economic study type Cost-savings analysis based on reduced mean dose of EPO. 
Population, country & 
perspective 

22 patients with serum ferritin of <60 µs g/litre despite oral iron supplementation and mean 
duration of dialysis was 37 months. 16 male and 6 female with mean age 62.4 years (range 
24-80) UK. Third-party payer. 

Intervention  
Comparison(s) 

Pre- vs. post-intravenous iron therapy 

Source of effectiveness 
data 

Data based on single non-blinded longitudinal study with ‘before and after’ design. 
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Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Intravenous iron and EPO therapy. 
Currency and cost year UK£, not specified. 
Results – cost per patient 
per alternative 

Cost-savings of £21.45 per week per patient/£253.80 every 3 months from reductions in EPO 
with intravenous iron and initial cost of £176.70 per 3 months of iron. 

Results – effectiveness per 
patient per alternative 

Mean Hb concentration: 
at base-line = 10.2 + 0.3 g/dL. 
at 3 months = 10.3 + 0.2 g/dL (p=0.087). 
 
No significant change in MCV (p=0.71), MCH (p=0.94) or RDW (p=0.66). 
Mean serum ferritin was significantly elevated compared with pre-treatment levels. 
Base-line level = 33.4 µg/litre 
At 3 months = 199 µg/litre (p<0.0001). 
 
Serum iron returned to stable base-line value at 2nd month (p=0.0001). 
Transferrin saturation dropped to mean of 20.2% + 2.3 from 4 week level of (38.3% + 4.3) 
(p=0.0047). 
 
Median EPO does was 4000 units per week (mean 6050 units/week) pre-treatment and 2000 
units/week (mean 3700 units) post intravenous iron therapy (p=0.03). 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty No sensitivity analysis. 
Time horizon & discount 
rate 

3 months, none. 

Source of funding 
 

Public. 

Comments Based on: 
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£11.26 for 100 mg of intravenous iron 
£9 per 1000 units given of EPO 
 
Study found a loss of £176.50 per 3 months due to loading doses, however, the authors 
estimated potential long-term savings during maintenance (£21.45 per week per patient, 
£253.80 every 3 months) from reduction in EPO with £23.64 every 3 months spent on iv iron 
maintenance. However, there is no evidence for these iron maintenance doses and therefore 
cost savings are actually fabricated. 

Evidence level - 
 
 

 
 
Evidence Table 

TXFe2 
What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency receiving ESA treatment? 
 

Bibliographic reference  
Park L, Uhthoff T, Tierney M, Nadler S. Effect of an intravenous iron dextran regimen on iron 
stores, hemoglobin, and erythropoietin requirements in hemodialysis patients. American 
Journal of Kidney Diseases 1998;31:835-40. 

NCC CC ID (Ref Man) 28 
Citation   
Economic study type  Cost analysis 
Population, country & 
perspective 

30 Adult haemodialysis patients who were iron deficient as defined by serum ferritin less than 
100 ng/mL or transferring saturation (TSAT) of less than 20%, Canada, Third-party payer. 

Intervention  
Comparison(s) 

IV iron dextran regimen including loading dose phase followed by monthly maintenance 
doses or iron dextran 
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Before and after study 
Source of effectiveness 
data 

Single 4 month prospective observational ‘before and after’ study. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Drug acquisition costs 
Currency and cost year CDN$, 1998 
Results – cost per patient 
per alternative 

Net savings in epoetin requirements after subtracting the cost of iron dextran would be 
approximately $580 per patient per year. 
IV iron loading cost for 30 patients: $7,500 
Iron maintenance cost for 30 patients: $9,400 
Total iron cost for 30 patients: $17,000 a year ($565 per patient per year) 

Results – effectiveness per 
patient per alternative 

No significant change in haemoglobin. Significant decrease in epoetin dose from 112 + 62 
U/kg/wk to 88 + 69 U/kg/wk (p=0.009). 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not performed. 
Time horizon & discount 
rate 

1 year, no discount rate. 

Source of funding  Not specified. 
Evidence level - 
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Evidence Table 
TXFe2 

What is the most effective and safest dose, frequency, preparation and route of administration of iron in ACKD pts with 
functional iron deficiency receiving ESA treatment? 
 

Bibliographic reference  
Senger JM,.Weiss RJ. Hematologic and erythropoietin responses to iron dextran in the 
hemodialysis environment. Anna Journal 1996;23:319-23. 

NCC CC ID (Ref Man) 1623 
Citation   
Economic study type  Cost-savings analysis based on average reduced EPO dosing. Cost per patient per year. 
Population, country & 
perspective 

13 clinically stable outpatients on hamodialysis for at least 4 months, with transferrin saturations <20%, and/or 
serum ferritin levels < 100 ng/ml.  Mean age=56.4 years; ranging 24-76, 9 males and 4 females. Oral iron 
supplementation prior to EPO therapy. USA. Third-party payer. 

Intervention  
Comparison(s) 

‘After iron dextran’ [intervention] ‘Before iron dextran’ [control] 
Loading and maintenance dosages of iron dextran and EPO dosages according to targets: 
haematocrit levels > 33%, ferritin levels < 1000 ng/ml and statistically significant reduction in 
EPO dose. 

Source of effectiveness 
data 

Data from prospective analysis on 13 outpatients. ‘Before’ and ‘after’ design. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Cost per patient of iron dextran loading dose and maintenance and EPO dose reductions. 
Currency and cost year US$, year not specified. 
Results – cost per patient 
per alternative 

$763 per patient at 3 months, $1823 at 6 months and $5070 at 12 months. 
Total projected cost-savings = $65,916. Savings of $5,070 per patient per year. 

Results – effectiveness per 
patient per alternative 

Mean EPO doses per patient decreased: 
3100 units per patient (77% reduction, p<0.001) after 6 months. 
2546 units (64% reduction, p<0.010) after 9 months. 
3000 units (75% reduction, p<0.001) after 12 months based. 
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Mean haemotocrit values highest at 6 months (8% increase from pre-iron dextran). 
Transferrin saturation highest at 6 months (65% mean increase). 
Mean ferritin values increased 78% at 6 months. 
 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not applicable. 
Time horizon & discount 
rate 

12 months, none 

Source of funding  
 

None specified. 

Evidence level  - 
 

 
Evidence Table 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, percentage transferrin saturation (% TSAT) and percentage 
hypochromic red cell (% HRC) levels to be maintained during treatment with ESA? 
 

Bibliographic reference  
Besarab A, Amin N, Ahsan M, Vogel SE, Zazuwa G, Frinak S et al. Optimization of epoetin 
therapy with intravenous iron therapy in hemodialysis patients. Journal of the American 
Society of Nephrology 2000;11:530-8.  

NCC CC ID (Ref Man) 1624 
Citation   
Economic study type Cost-savings analysis based on single-centre open-label randomized prospective outpatient 

study. Cost-savings per patient per year over a 6-month period while maintaining TSAT 
between 30 and 50% vs. 20 to 30% using maintenance intravenous iron dextran. 
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Population, country & 
perspective 

Chronic haemodialysis patients over 18 years of age with mean cell volume of >80 fl, TSAT 
between 19 and 30%, serum ferritin between 150 and 600 ng/ml, haemoglobin >9.5 g/dl, 
stable rhEPO dose over last 3 months, and no prior adverse reactions to parenteral iron. 
USA. Third-party payer perspective. 

Intervention  
Comparison(s) 

Control group: weekly maintenance doses of 25 to 150 mg/wk of  iv iron dextran to maintain 
TSAT at 20 to 30%. 
Intervention: iv iron dextran administered initially as 4 to 6 100 doses of 100 mg during 
consecutive haemodialysis sessions sufficient to increase TSAT to >30% followed by weekly 
maintenance doses of 25 to 150 mg/wk to maintain TSAT at 30 to 50%. 

Source of effectiveness 
data 

Single-centre open-label randomized prospective outpatient study. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Monthly and average wholesale price total costs of INFeD and rhEPO, costs for syringes, 
saline diluent and iv administration sets. 

Currency and cost year US$, year not specified. 
Results – cost per patient 
per alternative 

Significant cost differences between groups by third month and to the remainder of the study 
(p<0.02). Potential cost-savings of $109 per month or $1308 per year per patient with 
maintenance of the TSAT between 30 and 50%. 

Results – effectiveness per 
patient per alternative 

Control group: maintenance of TSAT at 20 to 30%. 
Intervention: maintenance of TSAT at 30 to 50%. 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not specified. 
Time horizon & discount 
rate 

6 months, none 

Source of funding 
 

None specified. 

Comments Costs for syringes, saline diluent and iv administration sets were identical in both groups. Unit 
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policy was to measure iron indices monthly. Did not provide table of costs per alternative, but 
only summary cost-savings. 

Evidence level + 
 
 
 
 
Evidence Table 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, percentage transferrin saturation (% TSAT) and percentage 
hypochromic red cell (% HRC) levels to be maintained during treatment with ESA? 
 

Bibliographic reference  
Ifudu O,.Friedman EA. Economic implications of inadequate response to erythropoietin in 
patients with end-stage renal disease. Dialysis & Transplantation 1997;26:664-9. 

NCC CC ID (Ref Man) 127 
Citation   
Economic study type Cost analysis of erythropoietin (EPO) using percent reduction of urea (PRU) as index of 

dialysis adequacy and transferrin saturation as a measure of iron stores. 
Population, country & 
perspective 

135 patients randomly selected from 580 patients with end-stage renal disease with 
maintenance hemodialysis, USA, Third-party payer perspective. 

Intervention  
Comparison(s) 

Two comparisons i) Compared total dose of EPO received during the 4-week study by the 20 
subjects with the highest transferrin saturation to the 20 subjects with the lowest transferrin 
saturation. 
ii) Compared total dose of EPO administered during the 4-week study to the 20 patients with 
the highest PRU to the 20 subjects with the lowest PRU. 

Source of effectiveness 
data 

Mean hematocrit values were calculated per patient from weekly hematocrit measurements 
taken during the study. Target haematocrit was 35%, sub-optimal response at haematocrit 
<30%. Pre- and post-dialysis blood urea nitrogen concentrations were measured at end of 
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second week of study to calculate the percent reduction of urea per patient. Transferrin 
saturation was measured at end of second week of study. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Cost per EPO unit per month. 
Currency and cost year US$, Not specified. 
Results – cost per patient 
per alternative 

$441 per month per patient  to treat anaemia in patients with highest PRU 
$498 per month per patient  to treat anaemia in the less-well-dialyzed patients 
$57 (13%) more each month per patient to treat anaemia in the less-well-dialyzed patients 
 
$441 per month per patient for anaemia therapy in iron replete patients 
$486 per month per patient for anaemia therapy in iron deficient patients 
$45 (10.2%) more per month per patient for anaemia therapy in iron deficient patients 

Results – effectiveness per 
patient per alternative 

20 patients with highest PRU received a total of 882,000 units of EPO during 4-week study 
20 patients with lowest PRU received 996,000 units of EPO during 4-week study (p=0.0001) 
 
20 patients with highest transferrin saturation required 882,000 units of EPO during 4-week 
study 
20 patients with lowest transferrin saturation required 972,000 units of EPO during 4-week 
study (p=0.0001) 

Results –incremental cost-
effectiveness 

$57 (13%) more each month per patient to treat anaemia in the less-well-dialyzed patients 
$45 (10.2%) more per month per patient for anaemia therapy in iron deficient patients 

Results-uncertainty Not specified. 
Time horizon & discount 
rate 

4-week study, no discount rate. 

Source of funding 
 

Not specified. 

Evidence level + 
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Evidence Table 

MGTFe3 
In patients with ACKD what are the optimal serum ferritin, percentage transferrin saturation (% TSAT) and percentage 
hypochromic red cell (% HRC) levels to be maintained during treatment with ESA? 
 

Bibliographic reference  
Senger JM,.Weiss RJ. Hematologic and erythropoietin responses to iron dextran in the 
hemodialysis environment. Anna Journal 1996;23:319-23. 

NCC CC ID (Ref Man) 1623 
Citation   
Economic study type  Cost-savings analysis based on average reduced EPO dosing. Cost per patient per year. 
Population, country & 
perspective 

13 clinically stable outpatients on hamodialysis for at least 4 months, with transferrin 
saturations <20%, and/or serum ferritin levels < 100 ng/ml.  Mean age=56.4 years; ranging 
24-76, 9 males and 4 females. Oral iron supplementation prior to EPO therapy. USA. Third-
party payer. 

Intervention  
Comparison(s) 

‘After iron dextran’ [intervention] ‘Before iron dextran’ [control] 
Loading and maintenance dosages of iron dextran and EPO dosages according to targets: 
haematocrit levels > 33%, ferritin levels < 1000 ng/ml and statistically significant reduction in 
EPO dose. 

Source of effectiveness 
data  

Data from prospective analysis on 13 outpatients. ‘Before’ and ‘after’ design. 

Method of eliciting health 
valuations (if applicable) 

Not applicable. 

Cost components included Cost per patient of iron dextran loading dose and maintenance and EPO dose reductions. 
Currency and cost year US$, year not specified. 
Results – cost per patient 
per alternative 

$763 per patient at 3 months, $1823 at 6 months and $5070 at 12 months. 
Total projected cost-savings = $65,916. Savings of $5,070 per patient per year. 
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Results – effectiveness per 
patient per alternative 

Mean EPO doses per patient decreased: 
3100 units per patient (77% reduction, p<0.001) after 6 months. 
2546 units (64% reduction, p<0.010) after 9 months. 
3000 units (75% reduction, p<0.001) after 12 months based. 
 
Mean haemotocrit values highest at 6 months (8% increase from pre-iron dextran). 
Transferrin saturation highest at 6 months (65% mean increase). 
Mean ferritin values increased 78% at 6 months. 
 

Results –incremental cost-
effectiveness 

Not applicable. 

Results-uncertainty Not applicable. 
Time horizon & discount 
rate 

12 months, none 

Source of funding 
 

None specified. 

Evidence level  - 
 
 
 
 
Section 7: Monitoring of ACKD treatment  
Health Economics component 
 

MON1: In patients with ACKD treated with ESAs, how frequently should iron status be checked? 
MON2: In patients with ACKD treated With ESAs, how frequently should haemoglobin levels be checked a) during Hb correction and b) during Hb 

maintenance? 

ESAR1: When should resistance to ESAs be suspected and what conditions lead to ESA resistance? 
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ESAR2: How should ESA resistance be managed? 

 
 
No Health Economics evidence tables 
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