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Abstract
Background Anaemia among haemodialysis patients is treated with iron and erythropoietin-stimulating agents (ESAs). ESAs
reduce requirements for blood transfusions but are also expensive and overzealous use may be associated with adverse outcomes.
Recent international trends have been characterised by reduced ESA doses and a greater reliance on intravenous (IV) iron. We
determined trends in prescribing patterns of ESAs and IV iron for the treatment of anaemia in two representative Irish dialysis
centres and correlated with current guidelines and international trends.
Methods Patient data was accessed from the Kidney Disease Clinical Patient Management System (KDCPMS) for the period
2012 to 2014. We generated reports on ESA and iron doses, lab data (haemoglobin (Hb), transferrin saturation (TSAT) and
ferritin) and patient population characteristics. We mapped the trends in ESA, iron dosing and lab parameters achieved. A linear
mixed model determined the significance of these trends over time.
Results ESA dosing became lower in the second, third and fourth quarters of 2014. Dosing of iron increased throughout but a
large increase was seen in the third and fourth quarters of 2014. Ferritin levels decreased and TSAT and haemoglobin levels
increased. Changes in iron dosing were significant with p value of < 0.05.
Conclusions Our findings are consistent with recent global trends toward increasing iron use. Such trends may have economic
implications given the high cost of ESAs and the relative affordability of iron. In addition, the potential harm of excessive iron
dosing may need to be considered.
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Introduction

The majority of chronic kidney disease (CKD) patients on dial-
ysis suffer from anaemia, and anaemia contributes greatly to
symptoms including fatigue, dyspnoea, reduced exercise toler-
ance and depression [1]. End stage kidney disease (ESKD)-as-
sociated anaemia is treated with a combination of erythropoiesis-
stimulating agents (ESAs) and iron (occasionally oral but usually
intravenous (IV)). Prescribing patterns for CKD-associated anae-
mia have changed over the years as guidelines have evolved, and
continue to change, in the wake of notable clinical trials [2–5].

Following the approval of recombinant erythropoietin (EPO)
by the food and drug administration (FDA) in 1989 (followed
by other ESAs), these agents became the treatment of choice for
anaemia of ESKD. Epoetin alfa and epoetin beta were the first
ESAs available. Biosimilar drugs such as epoetin theta subse-
quently appeared on the market, as did ESAs with a longer half-
life, such as darbepoetin alfa and methoxy polyethylene glycol-
epoetin beta. These longer-acting agents may be more conve-
nient than their predecessors but carry a significant expense [6].

ESA use has been associated with a reduction in the need
for blood transfusions [3]. However, recent studies [4, 5] re-
vealed that higher haemoglobin (Hb) targets and consequently
higher doses of ESAs resulted in increased adverse outcomes
including stroke and myocardial infarction. Following such
trials, the FDA released a warning regarding high Hb targets
for patients on ESAs. This has led to a trend of reducing ESA
doses with a greater reliance on IV iron as an alternative.

Administration of IV iron is recommended for all CKD
patients on dialysis who have an absolute deficiency of iron
(transferrin saturation (TSAT) ≤ 30% and ferritin ≤ 500 ng/
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mL) [7]. In most cases, approximately 1000 mg is required to
raise Hb from approximately 8 to 11–12 g/dL [8]. Once target
Hb levels are achieved, approximately 250–500 mg of iron
may be required every 3 months to maintain adequate iron
stores. Kidney Disease: Improving Global Outcomes
(KDIGO) recommends IV iron over oral iron in dialysis pa-
tients [7]. Treatment with IV iron is substantially less expen-
sive when compared with ESAs but higher doses have also
been linked with adverse events [9]. There is a suggestion of
increased mortality that is not supported by all trials. One
study suggested an increased rate of infection-related mortal-
ity with high IV iron dosing but these results were not statis-
tically significant [10]. Thus, the safety profile of iron is far
from clear at this time.

Guidelines and prescribing patterns for these agents have
varied widely between countries. In the past, ESA doses in the
United States (US) were noted to be significantly higher than
those in Europe [7, 11]. Because of the significant cost in-
volved, the choice of treatment has financial implications for
the health system providing care.

Methods

The time period studied was inclusive from January 2012 to
December 2014. This period of 3 years was divided into 12
quarters, each of 3 months and these were used as the time
points throughout.

Data source

All CKD patients in the Saolta group have all of their clinical
data recorded on the Kidney Disease Clinical Patient
Management System (KDCPMS). This system functions as
a national electronic health record for CKD patients. Galway
University Hospital and its affiliated dialysis units were select-
ed as the initial pilot group for this system, and data has been
captured on the system since 2012. Missing data from our
study is low. In no instances was a Hb value not available
for a patient in a given quarter. TSAT values were missing in
< 2% of cases. Ferritin values were missing in < 3% of cases.
The system keeps a detailed record of all dialysis treatments
and drugs that were prescribed during dialysis. All lab param-
eters are entered into the system automatically from the patient
administration system (PAS) via a dynamic interface that pro-
vides seamless access to patient data in the form of an elec-
tronic patient record. We used the KDCPMS to generate quar-
terly reports for the 3 years in question.

Patient population

In this study, we focused on two dialysis centres in the west of
Ireland: Merlin Park Dialysis Unit andMayo General Dialysis

Unit. All patients included in the study were on chronic dial-
ysis. In most cases, chronic dialysis is defined as dialysis for a
minimum of 3 months. For this study, we included any patient
who had had a minimum of 20 dialysis sessions in the
3 months prior to the quarter in question. On average, 105.6
patients per quarter met the inclusion criteria. The same pa-
tients were included in multiple quarters if they continued to
meet the criteria. Information on age, sex, ethnicity, cause of
CKD, previous transplantation and history of diabetes was
gathered. A summary of patient population demographics by
quarter is shown in Table 1. In total, data was collected on 215
different patients over the 3-year period. The prevalence of
diabetes was 30.2%. Renal transplantation was carried out
for 24.2% of patients. A summary of the cause of CKD, ac-
cording to ICD subtypes, is shown in Table 2.

Measured parameters

Reports generated from the KDCPMS include information on
ESA and iron doses prescribed and Hb, TSAT and ferritin
levels achieved during each period.

The ESAs prescribed to the patients in this study were
darbepoetin alfa (Aranesp), epoetin theta (Eporatio), epoetin
beta (Neorecormon), epoetin zeta (Retacrit) and methoxy
polyethylene glycol-epoetin beta (Mircera). Darbopoetin dos-
ing is in micrograms whereas the dosing for all other ESAs
mentioned is in units. To adjust for this discrepancy, we con-
verted the ESA doses of all other agents to a darbopoetin
equivalent dose in micrograms using a conversion factor of
200:1. This conversion factor has been used in the majority of
recent publications in the field and thus should serve well
when comparing similar studies [12]. However, it must be
noted that this conversion is not ideal as ESA dosing is not

Table 1 Demographics of study population

Quarter No. of
patients

Male
(%)

Caucasian
(%)

Average
age

Jan–March 2012 111 63.1 96.4 63.9

April–June 2012 114 64 95.6 63

July–Sept 2012 107 61.7 96.3 64.6

Oct–Dec 2012 112 59.8 95.5 64.7

Jan–March 2013 100 60 95 62.8

April–June 2013 97 60.8 94.8 60.1

July–Sept 2013 98 58.2 94.9 60.9

Oct–Dec 2013 97 56.7 95.9 61.1

Jan–March 2014 97 55.7 94.9 62.6

April–June 2014 111 60.4 96.4 62.6

July–Sep 2014 111 59.5 95.5 64.4

Oct–Dec 2014 112 60.7 94.6 64.4

Average 105.6 60.1 95.5 62.9
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normally distributed. Iron was administered intravenously in
the form of iron sucrose.

Hb, TSATand ferritin levels are surrogate markers of anae-
mia and iron storage and have typically been used as markers
of treatment efficacy.

Statistical analysis

To plot the trends on a graph, we calculated average figures for
each quarter. To calculate the average dose of ESA and iron for
the patient group, we selected the dose prescribed for each
patient as of the first day of each month. We then calculated
the average dose for the patient group. We repeated the same
formonths 2 and 3 before calculating the average of these three
figures for the quarterly average. A similar procedure was
followed to calculate the average Hb, TSATand ferritin values.
The results were plotted on line graphs to display the trends.

To assess if there was a significant difference in the weekly
dose of ESA over time, we ran a linear mixed model. As the
residuals are not normally distributed, we ran the model with
the log transformation on the response variable (i.e. weekly
dose), which satisfies the model assumption. A similar analy-
sis was used for analysis of iron dosing. To see where the
differences exist, we performed a post hoc analysis.

Results

ESA dosing is represented in Fig. 1. The result of the model
showed that there is no significant difference in the weekly
dose of EPO over time (p value was found to be 0.1473).
Although a decrease can be observed in the second, third
and fourth quarters of 2014, the overall decrease spanning
the 3-year period was not significant.

The trend in IV iron dosing is represented in Fig. 2. Dosing
of IV iron increased throughout the period but a large increase
was seen in the third and fourth quarters of 2014. There was a

significant difference in the monthly dose of iron over time (p
value was found to be < 0.05).

The trends in the markers of treatment efficacy are repre-
sented in Figs. 3, 4 and 5. A rise in Hb levels, a decreasing
trend of ferritin and a rise in TSAT can be observed.

Discussion

In two Irish dialysis centres, there was a trend toward decreas-
ing ESA use and increasing IV iron use for the treatment of
ESKD-associated anaemia from January 2012 to December
2014. At the time, there was no specific local guideline on
ESA/iron dosing or Hb/ferritin/TSAT targets but the practice
in these units was to follow the KDIGO and National Institute
of Clinical Excellence (NICE in the UK) guidelines with an
associated awareness of European Best Practice (EBPG) [13].

In particular, ESA dosing decreased in 2014. In the second
half of 2014, we saw a significant upward trend in IV iron
dosing. There were no specific changes in local policy at this
time but it is likely that there was increased awareness among
staff of recently published data. The timing of these changes is
consistent with changes in practice around the world.

In general, there is a policy among staff of avoiding signif-
icant iron dosing in patients with high ferritin levels. This may
have minimised the expected rise in ferritin with the signifi-
cant increase in IV iron dosing that was observed in the third
and fourth quarters of 2014.

Anaemia of CKD is associated with significant morbidity
andmortality [14] and can have a significant impact on quality
of life. Currently available treatment options for ESKD pa-
tients include IV iron, oral iron and ESAs. Blood transfusions
and androgens are now rarely used.

In 2014, 70% of patients in the US on dialysis were treated
with IV iron each month [15]. In our study, 33.9% of the
patient group were receiving IV iron at the beginning of
2012. By the end of 2014, this number had increased to
41.1%. In January 2012, 86.8% of patients were receiving
ESA treatment. This figure had decreased to 82.7% by
December 2014.

Target Hb levels remain controversial and recommenda-
tions and practice patterns differ across jurisdictions [7, 8,
13, 16–18]. Continuous administration of iron without a target
in mind is not an ideal strategy as use of IV iron may have
potential risks. Excess iron has been shown to cause oxidative
stress and may result in increased cellular apoptosis in dialysis
patients. Overtreatment with IV iron may increase the risk of
cardiovascular events and infection-related mortality. A
higher mortality rate has been demonstrated with increased
IV iron dose in large analyses of dialysis patient data [9].

A number of large ESA studies have demonstrated a sig-
nificant risk associated with overzealous use of ESAs [4, 5].

Table 2 Cause of CKD of study population

Subtypes of CKD No. of
patients

% of 215
patients

Diabetes 51 23.7

Glomerulonephritis 25 11.6

Secondary glomerulonephritis/vasculitis 11 5.1

Interstitial nephritis/pyelonephritis 29 13.5

Hypertension/large vessel disease 30 14.0

Cystic/hereditary/congenital disease 22 10.2

Neoplasms/tumors 8 3.7

Miscellaneous 39 18.1

Total 215 100
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Guidance on the treatment of ESKD-associated anaemia
varies from region to region. Disparities exist regarding when

to initiate iron and ESA treatments as well as target Hb levels
and maximum desired ferritin levels [19]. Thus, treatment
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Fig. 1 Trend in ESA dosing over time

Fig. 2 Trend in IV iron dosing over time



strategies differ accordingly. The KDIGO international guide-
lines recommend that a 1–3-month trial of IV iron should be
administered if TSAT is < 30% and ferritin is < 500 ng/ml.
This can be used to avoid ESA therapy altogether or when
aiming to decrease the ESA dose [7]. NICE specifies that most
adult patients on dialysis will require 600–1000 mg of iron in
a single or divided dose [18].

With more evidence available, guidelines on ESA use are
generally more consistent in their treatment recommendations.
In all cases, balancing potential risks with benefits of treat-
ment is advised.

KDIGO recommends that iron stores must first be
replenished before starting on an ESA, to gain maximum ben-
efit from ESA therapy [19].
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Fig. 4 Trend in ferritin levels over time

Fig. 3 Trend in haemoglobin levels over time



KDIGO suggests initiating treatment with an ESA when
Hb falls to between 9 and 10 g/dl. Individualisation of therapy
is stressed with dosing determined on Hb concentration, body
weight and clinical circumstances. KDIGO currently recom-
mends a Hb target of ≤ 11.5 g/dl [7].

NICE guidelines similarly recommend replenishing iron
stores prior to commencing ESA therapy. A target of 10–
12 g/dl, with a rate of increase between 10 and 20 g/l per
month is advised [18]. The majority of patients throughout
our study had Hb values within this range, as demonstrated
in Fig. 6.

More caution needs to be taken in high-risk cases (those
with cancer, diabetes and cardiovascular comorbidities) [20].

Trends in the treatment of CKD-associated anaemia have
evolved following clinical trials and changes in reimburse-
ment and regulatory policies in different countries [21].
When ESAs first came on the market (in the 1980s), there
was a reduction in the use of IV iron in the management of
anaemia. ESA use increases Hb but causes a shift of iron from
storage tissues, and so iron deficiency became an issue [15].
This led to an increase in the use of IV iron to replenish iron
stores. In 2011, a change in reimbursement for IV drugs used
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Fig. 5 Trend in TSAT levels over time

Fig. 6 Haemoglobin in the target
range



in the treatment of ESKD in the US may have resulted in a
further increase in iron use [15].

For years, ESA use in the US was much higher than that in
Europe or Asia [21]. From 2010 to 2013, both ESA doses and
Hb levels decreased dramatically in the US. Fuller et al. attri-
bute these observations to changes in national reimbursement
policy and regulatory guidance [21]. In 2014, Thamer et al.
reported that use of ESAs in the US following the TREAT
study [5] declined significantly [22]. ESA use in stage 3 and
4 CKD patients decreased by 38 and 22% respectively.

Elsewhere in the world, patterns vary. A 2016 Swedish
study showed that mean ESA dose decreased significantly in
dialysis patients, by 10% over the time period studied. Mean
Hb levels decreased slightly and iron use increased [23].

These patterns in ESA and iron use are similar to our results
in the Irish population. The data we collected shows a decreas-
ing trend in ESA prescribing in our units. This trend was not
statistically significant for the 3-year period but a decrease can
be observed in the year 2014. We did not see a major change
in Hb levels, which may be explained by the shorter time
period studied but there was a marked drop in ESA use at
the end of our observation period.

Selecting an ideal treatment regimen for ESKD patients is
highly complex. It involves balancing of risks and benefits.
Although effective at increasing Hb levels (and reducing the
need for blood transfusions), there are certainly adverse effects
associated with ESA use. Increasing IV iron treatment results
in lower ESA requirements (and additionally lower costs) but
higher doses of iron may present its own problems.

Looking to the future, a greater consensus on treatment
strategies for ESKD-associated anaemia is needed. The
CKD Outcomes and Practice Patterns Study team is working
to develop an evidence base on treatment strategies for ad-
vanced CKD. The goal of this team is to improve outcomes
for CKD patients by exploring trends and comparisons in
practices between different countries [20].

New markers of iron deficiency are required to better in-
form treatment strategies. Reticulocyte Hb has been shown to
be a more sensitive marker of iron deficiency than both TSAT
and ferritin [24]. Newer treatment options currently undergo-
ing clinical trials include hypoxia-inducible factor (HIF)
stabilisers and hepcidin (a regulator of iron metabolism).
These drugs may complement or offer an alternative to
existing therapies.

Our study has some limitations. In the first instance, we
only included patients from two dialysis centres in the west
of Ireland. Our results may not be representative of the entire
national dialysis population. The sample size of 215 different
patients over the 3-year period is also a limiting factor, as is the
relatively short duration of the study. Missing data from the
KDCPMS must also be taken into account when interpreting
the results. If no ESA/iron dose was prescribed on the system,
it was assumed that no dose was administered during that

period. Ferritin and TSAT values were measured less consis-
tently than Hb. We have not collected data on rates of blood
transfusions and this can influence TSAT, ferritin and Hb
values. In addition, ferritin is an acute phase reactant and thus
may be elevated in patients who had an infectious/
inflammatory illness at the time in question.

In our study of Irish dialysis patients, we observed a de-
creasing trend in ESA dosing and an increase in IV iron use.
These findings were consistent with recent international trends
in prescribing patterns. The patterns we observed may have
economic implications given the high cost of ESAs and the
relative affordability of iron.

Increasing iron doses result in decreased ESA administra-
tion and thus potentially less adverse effects attributable to
ESAs. However, care must be taken when administering in-
creasing doses of iron as this could also be linked to potential
harm.
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