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Anaemia in patients with chronic kidney disease: Management
with epoetin beta in primary care setting in New Zealand

KRISHAN K MADHAN, MICHELLE CHAMBERLAIN and ELIZABETH ANDERSON

Renal Unit, Taranaki Base Hospital, New Plymouth, New Zealand

SUMMARY:
Aim: Anaemia is a major complication of advancing chronic kidney disease (CKD) and is amenable to treatment
with epoetin. In order to manage the large number of CKD patients, it is essential that much of the care take place
in primary care practices.
Methods: We describe a programme to treat anaemia with epoetin beta (EPO), using a simple referral and
management protocol, by general practitioners remotely supported by a nephrologist and nurse coordinator team.
Results: Data for 79 patients treated between May 2005 and May 2007 was analysed. Patients were treated
with stepwise alterations of EPO dose, beginning with 4000 units/week, and were followed up for a mean of
11 months (range 3–25). The mean age was 73 years and 91% were of Caucasian origin. Sixty-seven per cent had
stage 4 CKD and 27% were at stage 3. Mean haemoglobin increased from 92.9 (standard deviation (SD) 7.1) to
118.5 (SD 11.7) g/L (P < 0.01). More than 75% achieved Hb of 110 g/L or more by the fifth month of therapy. Mean
starting dose of EPO was 58.8 (SD 25.0) and increased to 79.9 (SD 55.6) units/kg/week (P < 0.01). Mean serum
ferritin decreased (P = 0.05), but transferrin saturation was not significantly altered. Estimated glomerular filtration
rate remained stable. There was non-significant elevation of systolic and diastolic blood pressure during treatment.
Conclusion: The study demonstrates that treatment of anaemia with EPO can be successfully accomplished
in primary care setting by general practitioners without the need for many patients to attend a nephrology clinic.

KEY WORDS: anaemia, chronic kidney disease, epoetin beta, primary care management, nurse
coordinator.

Anaemia is one of the major complications of advancing
chronic kidney disease (CKD) with most patients develop-
ing some degree of severity by the time stage 5 of CKD is
reached. Presence of anaemia has been associated with
cardiovascular morbidity in patients with advancing CKD.
Its association with left ventricular hypertrophy (LVH) has
been demonstrated by Levin.1 Reduced haemoglobin along
with systolic hypertension was a significant risk factor for
progression of LVH,2 although raising Hb to 120 g/L did not
influence development or regression of left ventricular mass
in a recent randomized trial.3 It is also known that anaemia
may occur early in the course of CKD and may be severe
particularly in those with diabetes mellitus and CKD.4,5 In
patients with heart failure, reduced glomerular filtration rate
(GFR) and anaemia show combined effect on all-cause mor-
tality6 and Go et al. have shown in a large community data-
base of patients with heart failure that there is a strong
relationship between risk of death and the level of haema-

tocrit.7 Anaemia is also associated with increased hospital-
ization8 and cost9 in patients with heart failure.

Anaemia of CKD (renal anaemia) is amenable to treat-
ment with erythropoiesis-stimulating agents like epoetin
beta (EPO). Epoetin increases haemoglobin and improves
quality of life.10,11 Treatment is also associated with reduced
hospitalization and need for blood transfusion.10 As opposed
to dialysis patients who are aggregated in renal units, CKD
patients are mostly located in communities where detection
of CKD and treatment of associated anaemia is incomplete.
A further challenge is the much larger size of the CKD
population. For example, data from AusDiab study found
reduced GFR in 11.2% of Australian adult population while
stage 5 CKD patients comprised only 0.1% of the popula-
tion.12 The number of persons with significant anaemia in
this population is likely to be substantial.5

Health care in New Zealand is delivered via a network of
primary care practitioners (general practitioner or GP) sup-
ported by hospital specialists. Availability of EPO (Recor-
mon® prefilled syringes of 1000–6000 and 10 000 units,
Roche (NZ) Ltd) is controlled through a central funding
agency (Pharmaceutical Management Agency of New
Zealand – PHARMAC, http://www.pharmac.govt.nz). Fully
subsidized treatment requires specialist approval and super-
vision with requirement that Hb should be 2100 g/L and
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estimated GFR (eGFR) 245 mL/min (diabetic patients) or
230 mL/min (non-diabetic patients). This programme was
designed to increase detection of renal anaemia, enable the
GP to make a virtual referral to the specialist and manage
treatment with EPO safely in the primary care setting for
patients who had not yet started dialysis.

PATIENTS AND METHODS

Taranaki is a coastal province of New Zealand with a population of
approximately 106 000 inhabitants. The region is served by approxi-
mately 40 different GPs and a single nephrologist. In the beginning of
2005, a protocol for management of renal anaemia was approved for use
in primary care practices by a professional group consisting of GPs and
community pharmacists. An anaemia coordinator nurse (AC) was
employed and trained in aspects of management of renal anaemia. A
simple referral form was developed to enable the GP to transmit
required clinical and laboratory information to the specialist to enable
determination of appropriateness of treatment with EPO and apply to
PHARMAC for drug subsidy. The protocol required that other causes
for anaemia, e.g. blood loss, iron or vitamin deficiencies, be excluded.
Once approval was obtained, the GP started treatment according to the
prespecified protocol, which called for a starting dose of 4000 units of
EPO weekly by subcutaneous injection (Fig. 1). Majority of patients
were taught self-injection technique while some preferred to receive
treatment at the GP practice. EPO dose was adjusted through 1000–

12 000 units in steps of 1000–2000 units on a monthly basis using Hb
level as a guide. Hb level of between 110 and 130 g/L required no
alteration in dose whereas levels on either side of this range required an
increase or decrease in dosage. The AC collected results on monthly
basis for levels of Hb, ferritin, transferrin saturation (TSAT) and crea-
tinine levels. All patients were prescribed oral iron by the GP unless
the drug was not tolerated. The most frequent preparation prescribed
was Ferrogradumet® (Abbott Laboratories NZ Ltd, Lower Hutt, New
Zealand), controlled release tablet containing 325 mg of ferrous sul-
phate equivalent to 105 mg of elemental iron. Initial prescription of
two tablets was reduced to one tablet if intolerance occurred. Other oral
iron preparations available in the New Zealand market were also used
in approximately equivalent doses. Parenteral iron was used on selec-
tive basis when the Hb response was poor and if ferritin level was below
100 mg/L or if TSAT was below 20%. GPs were informed of side-effects
of EPO treatment, advised to monitor blood pressure and modify drug
treatment appropriately to maintain control. GPs were not required to
routinely report blood pressure recordings to the specialist or the AC.
For the purpose of this analysis, blood pressure recordings closest to the
end of the follow-up period for the patient were obtained retrospec-
tively from the medical record. GPs were also advised to consult the
nephrologist for failure to meet target Hb with the maximum dose of
EPO allowed by the protocol.

Results are expressed as means (standard deviation (SD)) for quan-
titative data and percentages (including a range where appropriate) for
qualitative data. T-test was used for paired sample differences and
Pearson correlation coefficient was used to measure linear association
between variables. P 2 0.05 was considered to be statistically
significant.

RESULTS

Data for 79 patients who were treated between May 2005
and May 2007 and had taken part in the programme for a
minimum of 3 months was analysed. Follow-up period was
censored for start of renal replacement therapy or death.
Follow-up ranged from 3 to 25 months with a mean of
11 months. Baseline characteristics of the patients are pre-
sented in Table 1. Majority of patients were elderly as indi-
cated by a mean age of 73 years and of Caucasian origin.

1. Start EPO in the dose of 4000 units subcutaneously 
once weekly. 

2. Monitor Hb monthly. 

3. Adjust EPO dose as below: 
a. Hb <110 g/L – Increase dose by one step 
b. Hb 110–130 g/L – No change 
c. Hb >130 g/L – Decrease dose by one step 
d. Hb >140 g/L – Stop EPO and restart at lower 

step when Hb <110 g/L. 

4. Prescribe oral iron, Ferrrogradumet® 325 mg, 1–2 
tablets daily or an equivalent preparation. 

5. Contact renal physician for difficulty in  achieving 
target Hb. 

 EPO adjustment steps

Weekly dose Weekly frequency 
1,000 units 1,000 x 1 
2,000 units 2,000 x 1 
3,000 units 3,000 x 1 
4,000 units 4,000 x 1 
5,000 units 5,000 x 1 
6,000 units 6,000 x 1 
8,000 units 4,000 x 2 

10,000 units 10,000 x 1 
12,000 units 6,000 x 2 

Fig. 1 Protocol for administration of epoetin beta (EPO). In
July 2007, target Hb levels were revised to 110–120 g/L. Toler-
ance levels for reduction and stopping were reduced to 120 and
130 g/L, respectively.

Table 1 Baseline clinical characteristics of 79 treated patients

Gender: male 41 (51.9%)
Age: mean (range) 73.5 (17–96) years
Caucasian ethnicity 72 (91.0%)
Not attended specialist clinic 37 (46.8%)
Weight: mean (SD) 74.0 (16.0) kg
Diabetes 25 (31.7%)
Ischaemic heart disease 37 (46.8%)
Congestive heart failure 25 (31.7%)
Systolic blood pressure: mean (SD) 135.9 (26.5) mmHg
Diastolic blood pressure: mean (SD) 71.5 (13.4) mmHg
Creatinine: mean (SD) 226.2 (77.9) mmol/L
eGFR (MDRD): mean (SD) 25.6 (8.2) mL/min/

1.73 m2

Haemoglobin: mean (SD) 92.9 (7.1) g/L
Serum ferritin: mean (SD) 236.6 (370.2) mg/L
Transferrin saturation (%): mean (SD) 21.6 (15.3)

eGFR, estimated glomerular filtration rate; MDRD, Modification of
Diet in Renal Disease; SD, standard deviation.
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One-third had diabetes and another third had a diagnosis
of congestive heart failure. Almost half had a diagnosis of
ischaemic heart disease as established by their GP. Sixty-
seven per cent of the patients had CKD stage 4 disease, 27%
had stage 3 and 6% were in stage 5. The mean starting Hb
was 92.9 (SD 7.1) g/L. Iron parameters showed large vari-
ance with mean serum ferritin 236.6 (SD 370.2) mg/L and
mean TSAT at 21.6% (SD 15.3). The mean eGFR was 25.6
(SD 8.2) mL/min per 1.73 m2 as calculated by MDRD
(Modification of Diet in Renal Disease) four-variable equa-
tion.13 There was weak correlation (Pearson’s r = 0.213,
P = 0.06) of Hb with eGFR.

Haemoglobin increased predictably and significantly
(P < 0.01) over the period with mean Hb for the cohort
increasing to 118.5 (SD 11.7) g/L. Mean Hb at or above the
lower target of 110 g/L was attained in the second month of
follow up and was maintained throughout (Fig. 2). Approxi-
mately 60% of the patients had achieved Hb of 110 or
above by this time and this proportion rose to 75% or above

from fifth month onwards. The total follow-up period was
937 months. Over this period, 870 Hb measurements were
obtained. Of these observations, 74% Hb values equalled or
exceeded 110 g/L and 88% exceeded or equalled 100 g/L.
Sixteen per cent of observations were above 130 g/L. The
mean period when Hb was greater than 130 g/L was
1.75 months per patient. Table 2 shows the change in values
for serum creatinine, eGFR, ferritin and TSAT. While there
was significant rise of serum creatinine over the period
(P = 0.02), eGFR remained stable with a mean of 26.1 mL/
min per 1.73 m2 at start and 27.0 mL/min per 1.73 m2 at the
end of observation period (P = 0.48). The mean starting
weekly dose of EPO 58.8 (SD 25.0) units/kg/week increased
significantly to 79.9 (SD 55.6) units/kg/week.

Blood pressure during treatment tended to be higher, but
the increase did not reach statistical significance (systolic
135.9 1 26.5–141.4 1 22.9 mmHg and diastolic 71.5 1
13.4–74.5 1 14.0 mmHg; P-value = 0.06 and 0.07, respec-
tively). The percentage of patients who had systolic

Fig. 2 Haemoglobin response by
month of follow up. Month ‘0’
denotes baseline haemoglobin. Error
bars represent 95% confidence inter-
val. Numbers against tick marks on
the category axis denote number of
available observations for that
month.
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Table 2 Comparison of laboratory parameters over the observation period

At start At end P-value

Creatinine (mmol/L): mean (SD) 226.2 (77.9) 247.3 (141.3) 0.02
eGFR (mL/min/1.73 m2): mean (SD) 26.1 (8.1) 27.0 (14.0) 0.48
Ferritin (mg/mL): mean (SD) 236.6 (370.2) 198.4 (380.2) 0.05
Transferrin saturation (%): mean (SD) 21.6 (15.3) 21.2 (9.9) 0.82

eGFR, estimated glomerular filtration rate; SD, standard deviation.
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blood pressure 3160 mmHg or diastolic blood pressure
3100 mmHg increased by 3.8% and 6.3%, respectively. No
patient or GP reported any adverse treatment effects and no
patient left the programme for medical or personal reasons.
Anecdotal reports of increased exercise capacity and reduc-
tion in need for blood transfusions were received. One
patient showed decreasing Hb, ferritin, TSAT and increas-
ing EPO requirement after several months of satisfactory
response. Resection of an early-stage colonic adenocarci-
noma restored EPO response.

DISCUSSION

The protocol was designed to be simple, contained minimal
number of steps and focused on the key clinical outcome of
improvement and maintenance of Hb level. The major goal
was to enable availability of treatment to a larger segment of
patient population than was otherwise possible with exist-
ing resources. The simplicity of approach allowed the GP to
assimilate and accept the concepts, with minimal educa-
tion, for a procedure that hitherto was almost exclusively
performed at specialist facilities. The AC was instrumental
in supporting practice nurses who in turn supported patients
in self-management.

We used a target range for Hb instead of a discrete value.
The Kidney Disease Outcomes Quality Initiative (KDOQI)
work group has recently advocated such an approach.14 The
target range for this programme differs from current consen-
sus of 110–120 g/L because of the fact that the protocol was
developed before the publication of two large randomized
controlled trials addressing haemoglobin levels in patients
with CKD, namely CREATE11 and CHOIR.15 These two
studies investigating the effect of ‘normalization and near-
normalization’ of haemoglobin level on composite cardio-
vascular outcomes have suggested that a lower target may be
safer. With 110–130 g/L Hb target range, the programme
achieved a mean Hb of 118.5 g/L and relatively few
instances (16% of measured Hb values) of overshoot beyond
the 130 g/L upper level. Furthermore, the period over which
Hb was above target was modest (1.75 months from a mean
follow-up period of 11 months). Given the prolonged bio-
logical effect of epoetin on erythropoiesis, such ‘violations’
are virtually unavoidable. In July 2007, we altered the pro-
tocol to lower the target range to 110–120 g/L, included a
step-back of EPO dose at the 120 g/L level and introduced a
stop level of 130 g/L. The effect of the narrower target range
on variance of Hb remains to be seen.

The initial starting dose of EPO was 4000 units/week. For
a 70 kg person, this equates to approximately 57 units/kg
and is close to the starting dose recommended by the manu-
facturer of 60 units/kg/week except that the manufacturer
recommends this dose to be administered in three divided
doses. We chose the weekly dosing interval for convenience
and to minimize treatment burden for patients and practi-
tioners. Such an approach has been recommended by the
KDOQI and has been used by other investigators.14 We are
not aware of any proven benefit from aggressive initial cor-
rection versus gradual correction, particularly in non-

dialysis CKD patients. The protocol also limited the
maximum automatic allowance of weekly EPO dose to
12 000 units. Dose escalation beyond this level required a
review of therapy by the nephrologist as a safety measure
against indiscriminate increase of EPO dose.

The protocol did not include steps for aggressive iron
replacement with widespread use of intravenous (IV) iron as
suggested by some authorities.16,17 By default, all patients
started oral iron therapy and this approach has been
endorsed by the KDOQI for CKD patients.18 Fishbane has
also recently reviewed the question of iron treatment in
CKD patient not on dialysis and has offered views support-
ive of our approach.19 Overall, the evidence for oral versus
IV iron for clinical outcomes is not clear and benefit of more
aggressive iron management may not be more than a modest
improvement in Hb response or variable reduction in EPO
requirements. Furthermore, tolerability and adverse effect
profile of widespread use of IV iron in general practice
setting has not been established. IV iron treatment was
therefore individualized for those patients who failed to
achieve desired Hb with increasing EPO dose and showed
unfavourable iron parameters.

The protocol required blood pressure to be reported
before approval for EPO therapy but did not require the GP
to report blood pressure on regular basis. However, GPs were
advised to follow current internationally recognized cardio-
vascular guidelines for treatment of hypertension since
these align well with the recommended levels for patients
with CKD. The analysis of blood pressure recordings,
though retrospective and not studied systematically, suggests
that the programme did not result in significant hyperten-
sive effect. It is worth noting that a randomized controlled
trial of intervention with epoetin a by Roger et al. compar-
ing progression of LVH for groups with Hb of 90–100 g/L
and 120–130 g/L, showed no significant difference in
systolic or diastolic blood pressure between the groups.3

Furthermore, there was no difference in the use of
antihypertensive medication use at the end of the study. In
another randomized study of normalization of Hb using
epoetin a, diastolic hypertension (>100 mmHg) occurred in
4% and 6% of low Hb (110–120 g/L) group and high Hb
(130–150 g/L) group, respectively. The differences in mean
blood pressures were not significant and use of antihyper-
tensive medication was similar.20

It is not possible for us to provide any useful comment on
the disparity between increase of serum creatinine and the
apparent stability of eGFR over the follow-up period. By
default the patient cohort had advanced kidney disease and
would be expected to show progressive decline of kidney
function. We are also not able to provide any data on clini-
cal outcomes like survival, hospitalization, reduction in
transfusion requirement or quality of life measures as such
information was not formally collected. We have no reason
to believe that these benefits, shown in numerous other
studies, should not apply to our patient population as well.

In conclusion, management of renal anaemia is one of
the important issues in overall management of the patient
with CKD, with or without associated comorbidity. The
large number of CKD patients makes it imperative that
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much of this management is carried out in the primary
care setting. Success will depend on adopting pragmatic
approaches with management protocols that are readily
acceptable to primary care practitioners and patients alike.
This study shows that, at least in New Zealand, treatment of
renal anaemia can be effectively devolved to primary care
provided the primary care practitioner is adequately
supported.
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