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Results

Key points from the EBPG

® A need for >300 IU/kg/weekly epoetin defines an
inadequate response (‘resistance’).

@ Iron deficiency (absolute or functional) is the most
common cause of an inadequate response to
epoetin although patients must be screened for
other causes, such as raised iPTH, malignancy,
infection/inflammation, aluminium toxicity, etc.

Key findings from ESAM

@ Of the 370 patients receiving an epoetin dose > 300
IU/kg/week, almost 70% had haemoglobin levels
<11.0 g/dl. More than a third of the patients in
this high-dose category received no iron during
month 1 of the study.

® Angiotensin-converting enzyme (ACE) inhibitor
therapy does not appear to affect the response
to epoetin.

Table 25 compares data for haemodialysis patients
with an epoetin dose >300 IU/kg/week vs <300
IU/kg/week (in month 1). Since the cohort of patients
with an epoetin dose >300 IU/kg/week is very small

(n=370), comparative analyses would be inappropri-
ate. For the group of ‘high-dose’ patients, only 31.4%
had haemoglobin levels of >11.0 g/dl; 29.7% had levels
between 10.0 and 10.9 g/dl, 21.1% between 9.0 and
9.9 g/dl, and the remaining 17.8% below 9.0 g/dl
(Figure 39). The mean serum ferritin level was
481.2 pg/l1 (SD=472.9) and the mean transferrin
saturation (TSAT) was 25.1% (SD=13.2). Of 313
patients for whom serum ferritin values were available,
36 (11.5%) had levels <100 pg/l; 87 of 223 patients
(39.0%) had a TSAT of <20%. The mean C-reactive
protein (CRP) for this ‘high-dose’ group was 21.8 mg/1
with a median of 10.0 mg/l (SD=29.5).The mean
iPTH level was 191.9 pg/ml with a median of
93.0 pg/ml (SD=283.8) and the mean serum alumi-
nium level was 3.7 pmol/l (median=1.0 pmol/l, SD =
4.9). There was a fairly marked skew in the distribution
of these parameters. The mean age for this small cohort
was 58 years (SD=16.1), Kt/V ranged from 0.6 to 2.2
with a mean of 1.3 (median=1.3, SD=0.3). These
patients received on average 20.2 mg/day of ACE
inhibitor medication (median=10.0, SD=28.6).
Approximately 38.2% of the patients in this dose
category received no iron at month 1, while 3.7%
received oral and 58.1% received i.v. iron.

Epoetin dose and achieved haemoglobin may vary
in relation to concomitant pathology with which

Table 25. Clinical and laboratory parameters for haemodialysis patients receiving a maintenance dose of epoetin, month 1, by level of

epoetin dose

<300 IU/kg/week

>300 IU/kg/week

n Statistic n Statistic

Mean age (years) 10 534 62 370 58

Mean CRP (mg/1) 3927 14.9 189 21.8
Mean Kt/V 5285 1.3 223 1.3
Mean iPTH (pg/ml) 9143 208.3 313 191.9
Mean aluminium level (umol/1) 3480 4.7 122 3.7
Mean haemoglobin (g/dl) 10 534 10.9 370 10.3
Mean transferrin saturation (%) 6017 27.4 223 25.1
Mean serum ferritin (pg/1) 8873 441.1 313 481.2
% of patients receiving oral iron supplementation 505 4.9 13 3.7
% of patients receiving i.v. iron supplementation 5669 55.4 205 58.1
% of patients receiving no iron supplementation 4063 39.7 135 38.2
Mean ACE inhibitor dose/day (mg) 2486 19.3 78 20.2
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the patient presents (Figure 40 and Table 26). Using
month 1 data, the epoetin dose was consistently higher
for haemodialysis patients than for peritoneal dialysis
patients across all concomitant pathologies. The vari-
ability of epoetin dose for peritoneal dialysis patients
was also consistently lower than for haemodialysis
patients, as shown by the smaller standard deviations
across all concomitant pathologies. A subsample of
interest was a group of patients with a haemo-
globinopathy, who were reviewed for differences in

Haemodialysis (n = 13121)
Peritoneal Dialysis (n = 1406)

target haemoglobin relative to the remaining renal
failure population. Patients with a haemoglobinopathy
had significantly lower target haemoglobin levels than
other patients with chronic renal failure who did not
have a haemoglobinopathy (1= —2.345, df=13 641,
P <0.05) (Figure 41, Table 27).

EBPG 14 recommends evaluation and, if reversible,
treatment of infection/inflammation. Figure 42 sum-
marizes data on epoetin dose and haemoglobin level,
stratified by CRP levels: <10.0mg/l (n=3612),
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Fig. 41. Mean target Hb and achieved (month 6) Hb by haemoglobinopathy.
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Comparison of mean Hb by CRP category: F= 17.894, df = 3, P<0.001.

Fig. 42. Epoetin dose and Hb level by CRP (month 1).

globin and epoetin dosage by monthly enalapril dose
(5mg/day and 20 mg/day). The monthly achieved
haemoglobin and epoetin dose variables correspond to
the same month in which enalapril was evaluated. The
target haemoglobin, however, was recorded only upon
enrolment into ESAM but was evaluated repeatedly

according to the monthly categorization of enalapril.
Within all three variables (target haemoglobin,
achieved haemoglobin and epoetin dose), and within
all months, the values increased between those
receiving 5 mg/day of enalapril and those receiving
20 mg/day. None of these differences is statistically
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Table 27. Descriptive statistics for patients with/without haemoglobinopathy
Patients with Patients without
haemoglobinopathy haemoglobinopathy
Mean target haemoglobin (g/dl) 11.2 11.4
Mean month 1 achieved haemoglobin (g/dl) 10.1 10.9
Mean month 1 epoetin dose (IU/kg/week) 162.8 106.4
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Fig. 43. Epoetin dose and Hb level assessment of patients with chronic infection/inflammation.
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Fig. 44. Dose of epoetin (maintenance phase) by use of ACE inhibitor at month 1.

significant, however, with the exception of month 1
haemoglobin.

Use of vitamins, folate and L-carnitine sup-
plementation was assessed for the entire ESAM sample
(Table 30). There was considerable variability of
supplementation across countries especially with
regard to vitamin B;,, vitamin C and L-carnitine.
Vitamin D and folic acid are the most frequently
utilized supplementations. None of these supplemen-

tations had any influence on ecither haemoglobin or
epoetin dose.

Comments

The most common cause of inadequate response to
epoetin therapy is absolute or functional iron deficiency
[14]. Of 313 patients receiving >300 IU/kg/week
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Table 28. Dose of epoetin and Hb level by ACE inhibitor for patients on a maintenance dose of epoetin during the entire study period

No ACE inhibitor

ACE inhibitor

Min Max

Median SD

Mean

Min Max

SD

Median

Mean

7.0 999.0

82.6

80.4 10.0 999.0 7367 106.0 86.0

87.0

107.8

3169

Month 1

Epoetin dose
(1U/kg/week)

5.6 159
7.0 999.0

1.3
85.3

159 11.0 11.0
983.0 7555 107.0 86.0

5.3
7.0

1.3
85.2

10.9 10.9
108.2 86.0

3108

Hb level (g/dl)
Epoetin dose

Month 2

(IU/kg/week)

15.8
999.0

5.3
7.0

1.4
88.9

16.0 11.1 11.0
989.0 7601 107.8 85.0

5.1
7.0

11.0 11.0
108.4 85.0

3028

Hb level (g/dl)
Epoetin dose

Month 3

(1U/kg/week)

16.0
970.0

11.1 11.1
7579 108.2 85.0

967.0

5.2
7.0

1.3
90.9

11.0 11.0
109.5 86.0

2926

Hb level (g/dl)
Epoetin dose

Month 4

(IU/kg/week)

16.0
999.0

5.7
7.0

1.3
87.5

11.1 11.1
7398 107.8 85.0

5.8 15.7
7.0 900.0

3
8.9

11.0
86.0

11.0
108.5

2787

Hb level (g/dl)
Epoetin dose

Month 5

(1U/kg/week)

16.0
945.0

59
7.0

1.3
87.1

159 11.1 11.1
7163 108.1 86.0

895.0

5.7
7.0

11.0
86.0

11.0
107.7

2653

Hb level (g/dl)
Epoetin dose

Month 6

(IU/kg/week)

16.0

5.0

1.3

11.0

11.0

15.3

5.0

1.3

11.0

11.0

Hb level (g/dl)
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of epoetin (Figure 39), 36 patients had absolute
iron deficiency and 87 of 223 patients with
transferrin saturation measurements had functional
iron deficiency. The mean serum ferritin level
(481.2+472.9 ng/l) and mean transferrin saturation
(25.1£13.2%) reflect, however, ‘adequate’ iron status
for the whole group of patients with an inadequate
response to epoetin.

The mean CRP levels were greater in patients receiv-
ing the high maintenance dose of epoetin as compared
with those receiving the lower dose (Table 25). At
month 1, data on epoetin doses and haemoglobin levels
increase and decrease, respectively, with each success-
ively higher CRP category (Figure42). CRP levels
>50 mg/l on three or more months result in signific-
antly higher epoetin requirements and lower haemo-
globin levels throughout the study period of 6 months
as compared with haemodialysis patients with CRP
levels <50 mg/1 on four or more months (Figure 43).
Barany et al. [15] have also shown that elevated CRP
values are associated with higher dose requirements
of epoetin to keep the target haemoglobin values
constant.

The achieved haemoglobin levels of patients with
neoplasia or hepatitis were almost the same as for the
entire sample, but epoetin doses were higher
(Figure 40, Table 26). These findings are probably due
to excessive cytokine production which reduces the
epoetin response [ 16]. Other factors known to influence
the response to epoetin were not different between
the groups receiving <300 IU/kg/weekly or =300
IU/kg/weekly (Table 25).

Differences in epoetin dose were not observed
between ACE inhibitor users and non-users for haemo-
dialysis patients but were observed (at P<0.05) for
CAPD patients (Figure 44, see also Table 28). The
effect of ACE inhibitors on both haemoglobin
concentrations and response to epoetin therapy has
been controversial [1-13]. Erturk et al. [17] switched
ACE inhibitors to another antihypertensive medication
in 23 out of 68 hypertensive haemodialysis patients
receiving epoetin and an ACE inhibitor for >1 year.
Withdrawal of ACE inhibitors resulted in an increase
in haemoglobin level, and a decrease in epoetin dose.
The inhibitory effect of ACE inhibitors on the action
of epoetin is most apparent when high doses of ACE
inhibitors are used, particularly if the patient is on a
low dose of epoetin. However, neither 5 nor 20 mg of
enalapril per day had a significant impact on epoetin
response in the study presented here (Table29).
Macdougall [18] recommended that the indication for
the ACE inhibitor therapy be reviewed if there is an
inadequate response to epoetin. Switching to an altern-
ative drug may be easier when used for treating hyper-
tension than when used for treating patients with
left ventricular dysfunction or diabetic nephropathy.
Consistent with ESAM data, the dose or duration of
ACE inhibitor therapy did not affect haemoglobin or
haematocrit level in the study of Charytan et al. [19].
The authors concluded that ACE inhibitor therapy
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Table 29. Target and achieved haemoglobin, and epoetin dosage of patients receiving enalapril

Target Hb (g/dl)

Achieved Hb (g/dl) Epoetin dose (1U/kg/week)

Mean SD Sample size (1) Mean SD Sample size (1) Mean SD Sample size (1)
Month 1 Enalapril 5 mg/day 11.5 087 177 10.6 1.33 193 108.8  69.35 193
20 mg/day  11.5 0.88 140 11.1 1.34 151 110.6 7491 151
Month 2 Enalapril 5 mg/day 114 084 167 11.0 1.43 183 107.8  67.10 183
20 mg/day  11.6 091 133 11.0 1.31 138 112.7 7573 138
Month 3 Enalapril 5 mg/day 11.4 0.81 169 10.8 1.36 183 110.5 8892 183
20 mg/day  11.5 091 126 11.1 1.35 131 1155 80.14 131
Month 4 Enalapril 5 mg/day 114 0.80 169 10.9 1.18 184 110.1 83.46 184
20 mg/day 11.4 091 126 11.1 1.42 131 1129  76.72 131
Month 5 Enalapril 5 mg/day 114 084 173 11.0 1.19 185 101.9  77.29 185
20 mg/day  11.5 090 115 11.1 1.29 120 107.7  66.72 120
Month 6 Enalapril 5 mg/day 11.4 0.86 168 11.0 1.24 186 109.1 81.37 186
20 mg/day  11.5 091 124 11.1 1.34 130 1145 7595 130

does not appear to affect the response to epoetin in
chronic dialysis patients.

Because ESAM is a prospective survey and not an
interventional trial, we cannot consider these results as
absolute proof of the non-interference of ACE inhib-
itors with haemoglobin and epoetin dose. However,
we can conclude that in this large population no
obvious differences were found. This does not, how-
ever, exclude the possibility that individual patients
may need more epoetin during ACE inhibitor therapy
or that haemoglobin levels may increase after with-
drawal of the ACE inhibitor.

Supplementation with L-carnitine is recommended
to achieve maximal erythropoiesis [20-25]. High
plasma iPTH concentrations have been associated with
resistance to epoetin, but treatment with active forms
of vitamin D may counteract this [26-30]. Vitamin C
may act as a synergist to epoetin, but the risks of
oxalate deposition from the large doses required may
reduce its potential use [31,32]. Tarng and Huang (33)
treated 12 epoetin-resistant, iron-overloaded patients
with ascorbic acid (300 mg i.v. post-dialysis three times
weekly). After 8 weeks of treatment, the haematocrit
increased significantly, with a concomitant rise in trans-
ferrin saturation, and a decrease in zinc protoporphy-
rin. Monthly doses of epoetin were also significantly
reduced. Possible explanations for this effect of ascor-
bic acid include increased iron absorption, mobilization
of iron from inert tissue stores and increased iron
utilization in the erythron [34].

Folic acid and vitamin B,, deficiencies are known to
cause a macrocytic anaemia, and supplementation
of these agents is recommended. There is also a sug-
gestion that the anti-oxidant effects of vitamin E
supplementation might enhance the epoetin response
[35]. There is considerable variability of supple-
mentation across countries, particularly with regard to
vitamin B,, vitamin C and L-carnitine (Table 30).

In conclusion, absolute and functional iron defi-
ciency as well as elevated CRP levels were associated
with an inadequate response to epoetin treatment.
Peritoneal dialysis patients displayed differences in
epoetin dose for ACE inhibitor users vs non-users;
haemodialysis patients showed no such difference in

epoetin dose levels. Considerable variability exists with
regard to vitamin B;,, vitamin C and L-carnitine
supplementation across Europe.
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Table 30. Month 3 supplementation by country

Netherlands
Norway
Switzerland
Total

Belgium and
Spain

Austria
Germany
Greece
Italy
Sweden

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

W. H. Horl et al.

Sunder-Plassmann G, Hérl WH. Erythropoietin and iron. Clin
Nephrol 1997; 47: 141-157

Barany P, Divino Fliho JC, Bergstrom J. High C-reactive protein
is a strong predictor of resistance to erythropoietin in hemodia-
lysis patients. Am J Kidney Dis 1997; 29: 565-568

Horl WH. Is there a role for adjuvant therapy in patients being
treated with epoetin? Nephrol Dial Transplant 1999; 14
[Suppl. 2]: 50-60

Ertiirk S, Nergizoglu G, Ates K et al. The impact of withdrawing
ACE-inhibitors on erythropoietin responsiveness and left ventri-
cular hypertrophy in haemodialysis patients. Nephrol Dial
Transplant 1999; 14: 1912-1916

Macdougall IC. The role of ACE-inhibitors and angiotensin II
receptor blockers in the response to epoetin. Nephrol Dial
Transplant 1999; 14: 18361841

Charytan C, Goldfarb-Rumyantzev A, Wang YF, Schwenk MH,
Spinowitz BS. Effect of angiotensin-converting enzyme inhibitors
on response to erythropoetin therapy in chronic dialysis patients.
Am J Nephrol 1998; 18: 498-503

Kooistra, MP, Struyvenberg A, van Es A.The response to
recombinant human erythropoietin in patients with the anemia
of end stage renal disease is correlated with serum carnitine
levels. Nephron 1991; 57: 127128

Berard E, Barrillon D, Iordache A et al. Low dose of L-carnitine
impairs membrane fragility of erythrocytes in hemodialysis
patients. Nephron 1994; 68: 145

Berard E, Iordache A. Effects of low doses of L-carnitine on the
response to recombinant human erythropoietin in hemodialyzed
children: about two cases. Nephron 1992; 62: 368—369

Labonia WD. L-Carnitine effects on anemia in hemodialyzed
patients treated with erythropoietin. Am J Kidney Dis 1995;
26: 757-764

Boran M, Dalva I, Gonenc F, Cetin S. Response to recombinant
erythropoietin (r-HuEPO) and L-carnitine combination in
patients with anaemia of end stage renal disease. Nephron 1996;
73: 314-315

Kavadias D, Fourtounas C, Tsouchnikas J, Barboutis K.
L-Carnitine and erythropoietin requirements in hemodialysis
patients. Am J Kidney Dis 1996; 28: 156

Carozzi S, Ramello A, Nasini MG et al. Ca*>* and 1,25(OH),D;
regulate in vitro and in vivo the response to human recombinant
erythropoietin in CAPD patients. Adv Peritoneal Dial 1990;
6: 312-315

Argilés A, Mourad G, Lorho R er al. Medical treatment of
severe hyperparathyroidism and its influence on anaemia in end-
stage renal failure. Nephrol Dial Transplant 1994; 9: 1809-1812
Albitar S, Genin R, Fen Chong M ef al. High dose alfacalcidol
improves anemia in patients on haemodialysis. Nephrol Dial
Transplant 1997; 12: 514-518

Isamail N. Use of erythropoietin, active vitamin D3 metabolites,
and alkali agents in predialysis patients. Semin Nephrol 1997;
17: 270-285

Goicoechea M, Vazquaz MI, Ruiz MA, Gomez-Campdera F,
Perez-Garcia R, Valderrabano F. Intravenous calcitriol improves
anemia and reduces the need for erythropoietin in hemodialysis
patients. Nephron 1998; 78: 23-27

Gestaldello K, Vereerstracten A, Nzame-Nze T et al. Resistance
to erythropoietin in iron overloaded haemodialysis patients can
be overcome by ascorbic acid administration. Nephrol Dial
Transplant 1995; 10: 44-47

Tarng DC, Huang TP. A parallel, comparative study of intraven-
ous iron versus intravenous ascorbic acid for erythropoietin-
hyporesponsive anaemia in haemodialysis patients with iron
overload. Nephrol Dial Transplant 1998; 13: 2867-2872

Tarng DC, Huang TP, Chen TW, Yang WC. Erythropoietin
hyporesponsiveness: from iron deficiency to iron overload.
Kidney Int 1999; 55 [Suppl. 69]: S107-S118

Tarng DC, Wei YH, Huang TP, Kuo BI, Yang WC. Intravenous
ascorbic as an adjuvant therapy for recombinant erythropoietin
in hemodialysis patients with hyperferritinemia. Kidney Int 1999;
55: 2477-2486

Inal M, Kanbak G, Sen S, Akyuz F, Sunal E. Antioxidant
status and lipid peroxidation in hemodialysis patients undergoing
erythropoietin and erythropoietin—vitamin E combined therapy.
Free Radical Res 1999; 31: 211-216



