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Abstract

Current recommendations for the use of intravenous iron therapy in the management of anaemia in patients with chronic kid-
ney disease (CKD) are based on limited clinical evidence. Since the publication of the Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guideline for Anaemia in Chronic Kidney Disease in 2012, a number of randomized clinical
trials [notably, the Ferinject Assessment in Patients with Iron Deficiency Anaemia (FIND-CKD) and Randomized Trial to Evaluate
IV and Oral Iron in Chronic Kidney Disease (REVOKE) trials] and observational studies have been completed, and a further large
clinical trial—Proactive IV Iron Therapy in Dialysis Patients (PIVOTAL)—is currently underway. In this article, the implications of
the findings from these recent studies are discussed and the critical evidence gaps that remain to be addressed are highlighted.
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Introduction

Iron deficiency anaemia is a common and clinically important
concern in patients with chronic kidney disease (CKD). In this
patient population, chronic inflammation may lead to increased
hepcidin production, in turn inhibiting both the uptake of diet-
ary iron and the mobilization of stored iron from the reticulo-
endothelial system to circulating transferrin [1]. Insufficient
dietary iron uptake may be compounded by poor appetite or
dietary restrictions, and intestinal bleeding may result in
increased iron losses [2–4]. The problem is exacerbated in pa-
tients receiving dialysis who experience significant additional
iron losses due to blood remaining in the dialyser circuit after
treatment. Patients with CKD receiving treatment with
erythropoiesis-stimulating agents (ESAs) are very prone to iron
deficiency due to the increased demand for iron to support
erythropoiesis, and indeed iron deficiency is the most com-
monly identified cause of hyporesponsiveness to ESA therapy
in dialysis patients [5, 6]. As a result, iron therapy, either alone
or in combination with ESA treatment, has been an important

component of the management of anaemia in patients with
CKD for many years.

The chapter in this supplement authored by Berns provides
a detailed discussion of the 2012 Kidney Disease: Improving
Global Outcomes (KDIGO) guideline recommendations for the
use of iron to treat anaemia in CKD, while the chapter by Roger
discusses current opinion regarding the application of the
guideline in clinical practice. Both of these chapters highlight
the fact that the quality of clinical evidence underpinning the
guideline recommendations is relatively poor, with the result
that different interpretations are possible. In the 4 years since
the publication of the guideline, several new randomized con-
trolled trials (RCTs) have been completed, most notably the
Ferinject Assessment in Patients with Iron Deficiency Anaemia
(FIND-CKD) [7, 8] and Randomized Trial to Evaluate IV and Oral
Iron in Chronic Kidney Disease (REVOKE) [9] studies, while an-
other large RCT, Proactive IV Iron Therapy in Dialysis Patients
(PIVOTAL), is currently in progress. In addition, a number of
relevant observational studies have been published. The aim
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of this chapter is to summarize the findings from these more
recent studies and evaluate their implications for the manage-
ment of iron deficiency anaemia in patients with CKD.

Iron therapy in patients with CKD: the
evidence base for the 2012 KDIGO guideline

The 2012 KDIGO guideline recommends considering a trial of
intravenous (IV) or oral iron in patients with CKD for whom an
increase in haemoglobin levels without starting ESA therapy is
desired (or when a decrease in the current ESA dose is desired),
if transferrin saturation (TSAT) levels are �30% and serum
ferritin levels are �500 mg/L. In patients with non-dialysis-
dependent CKD (CKD-ND), it is suggested that the selection of
iron administration route (oral versus IV) should be made based
on the severity of anaemia, availability of venous access, re-
sponse or lack of response to prior oral iron therapy, previously
observed adverse events (AEs), patient adherence and cost; in
patients with end-stage CKD (CKD-5D) receiving regular dialy-
sis, oral iron is not recommended.

The recommendation to use IV rather than oral iron in CKD-
5D patients was supported by a number of clinical studies in both
haemodialysis and peritoneal dialysis patients (although the
number of studies in peritoneal dialysis patients is very low),
demonstrating a greater haemoglobin response with IV iron com-
pared with oral iron [10–15]. Moreover, iron therapy, and in
particular IV iron therapy, was found to improve the response to
ESA treatment and reduce ESA requirements in this patient
population [10, 11, 13, 15–21]. At the time of guideline publication,
data showing greater efficacy of IV iron compared with oral iron
with respect to erythropoietic response in patients with CKD-ND
were more limited [22–28]. In both patient populations, the
studies on which guideline recommendations were based were
generally very short in duration and involved only small numbers
of patients such that no conclusions could be drawn with respect
to long-term efficacy or safety of IV versus oral iron.

At the time the guidelines were written, very little clinical
evidence existed to support the suggested upper limits for iron
status targets [29]. The recommendation to discontinue IV iron
therapy in patients with a serum ferritin >500 mg/L was based
mainly on the reported potential for hepatic deposition of iron
at higher ferritin levels, as well as the potential for exacerbation
of oxidative stress or infections [30–32]. While serum ferritin
and TSAT are the favoured markers for assessing iron status,
serum ferritin is an acute-phase reactant and levels may be ele-
vated if inflammation is present. Furthermore, hepcidin-
mediated blockade of iron mobilization from the reticuloendo-
thelial system may also contribute to circumstances where pa-
tients have elevated serum ferritin levels but low TSAT. Results
from the Dialysis Patients’ Response to IV Iron with Elevated
Ferritin (DRIVE) study suggested that iron therapy may lead to
increases in haemoglobin levels and reduced ESA requirements
even in patients with serum ferritin levels in excess of 500 mg/L
[20, 33]. However, the study was conducted in only 134 dialysis
patients, and the initial period of follow-up was only 6 weeks,
with a further 6-week observational extension (DRIVE-II).
Clearly, the long-term safety of IV iron administration in pa-
tients with elevated serum ferritin could not be ascertained
from such a short follow-up period.

Observational data on the safety of iron therapy that were
available at the time of guideline publication (but not con-
sidered by the panel when making recommendations) were also
conflicting: one large US study showed no increase in dialysis

patient mortality with iron doses of �1000 mg over 6 months
[34], while a second study showed an increase in mortality in
dialysis patients receiving doses of >400 mg/month [35].

New evidence: the FIND-CKD and REVOKE
trials

Since the publication of the KDIGO guideline, several new stud-
ies have added to the clinical evidence base in support of the ef-
ficacy and short-term safety of IV iron therapy in patients with
CKD-ND and CKD-5D [36–39]. A recent meta-analysis by
Shepshelovich et al. [40], updating their original 2008 analysis
[41], assessed data from 24 RCTs—13 of patients with CKD-ND
and 11 of patients with CKD-5D—and concluded that patients
treated with IV iron were more likely to achieve a haemoglobin
increase of >1 g/dL than patients treated with oral iron (risk
ratios 1.61 and 2.14 for CKD-ND and CKD-5D, respectively).
Rates of mortality and serious AEs (SAEs)/AEs were found to be
similar for the IV and oral iron groups, although IV iron admin-
istration was associated with a higher risk of hypotension but
fewer gastrointestinal AEs. Similarly, in a meta-analysis of RCTs
that evaluated IV iron for any clinical indication, treatment with
IV iron was not found to be associated with increased risk of
SAEs or infections versus comparator (placebo, no iron, oral iron
or intramuscular iron), although the median follow-up time for
the 103 studies assessed was only 8 weeks [42] (Table 1).

Two recent studies that were designed to inform with respect
to the long-term efficacy and safety of IV iron in patients with
CKD-ND were the FIND-CKD and REVOKE trials. FIND-CKD, pub-
lished in 2014 [8], was designed to evaluate the efficacy of oral or
IV iron (ferric carboxymaltose) to delay the onset of, or reduce the
use of, ESA or other anaemia management in patients with CKD-
ND and iron-deficiency anaemia when using targeted ferritin
levels to determine iron dosing. A total of 626 patients across 193
sites in 20 countries were randomized to receive either high-dose
IV ferric carboxymaltose (1000 mg every 4 weeks) targeting ferritin
400–600 mg/L, low-dose IV ferric carboxymaltose (200 mg every
4 weeks) targeting ferritin 100–200 mg/L, or oral iron (200 mg daily),
and were followed over 56 weeks. The primary endpoint of the
study was initiation of other anaemia management (ESA, other
iron therapy, transfusion) or two consecutive haemoglobin meas-
urements <10 g/dL during weeks 8–52. This endpoint occurred in
23.5, 32.2 and 31.8% of patients in the high-ferritin ferric carboxy-
maltose, low-ferritin ferric carboxymaltose and oral iron groups,
respectively. The difference between the high-ferritin ferric car-
boxymaltose and oral iron groups was statistically significant
[hazard ratio (HR), 0.65; 95% confidence interval (CI) 0.44–0.95; P ¼
0.025]. The increase in mean haemoglobin level from baseline to
month 12 was significantly greater for the high-ferritin ferric car-
boxymaltose group versus the oral iron group, and the haematolo-
gical response was also faster. Quality of life (QOL), as measured
by the SF-36 instrument, did not show significant differences
across groups, and AE and SAE rates were similar in all groups.

The primary objective of the REVOKE trial published 2015 [9]
was to evaluate the effects of oral or IV iron on kidney function
in patients with CKD-ND (stage 3/4) and iron-deficiency an-
aemia. A total of 136 subjects at a single centre in the USA were
randomized to receive open label oral ferrous sulphate (325 mg
tablets containing 65 mg elemental iron, three times daily for
8 weeks; n ¼ 69) or IV iron sucrose (200 mg every 2 weeks for
total of 1 g; n ¼ 67); patients were followed for 2 years. No differ-
ence in the rate of measured glomerular filtration rate (mGFR)
decline between groups was observed—i.e. IV iron was not
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Table 1. Summary of RCTs of IV iron in patients with non-dialysis-dependent and dialysis-dependent CKD

Reference Treatment n Follow-up Study conclusions

Studies in patients with dialysis-dependent CKD
Fishbane et al. 1995 [10] IV iron dextran versus oral

iron
52 (HD) 4 months Hb response to IV iron superior to oral

iron, reduced ESA requirements with IV
iron

Macdougall et al. 1996 [13] IV iron dextran versus oral
ferrous sulphate versus
no iron

37 (HD) 4 months Enhanced Hb response to ESA and lower
ESA requirements with IV iron com-
pared with oral iron or no iron

Singh et al. 2006 [15] IV iron sucrose versus no
iron

96 (PD) 8 weeks Peak Hb higher and other anaemia inter-
ventions occurred later/less often in pa-
tients receiving IV iron

Coyne et al. 2007 [33] IV sodium ferric gluconate
versus no iron

134 (HD) 6 weeks In patients receiving adequate ESA, Hb re-
sponse greater at 6 weeks in IV iron
group than control, irrespective of
serum ferritin levels (�800 mg/L versus
>800 mg/L)

Kapoian et al. 2008 [20] IV sodium ferric gluconate
versus no iron

118 (HD) 6 weeks Reduced ESA use with IV iron compared
with no iron, fewer AEs with IV iron

Li and Wang 2008 [11] IV iron sucrose versus oral
ferrous succinate

136 (HD) 8 weeks Hb response to IV iron superior to oral
iron, reduced ESA requirements with IV
iron, fewer AEs with IV iron

Li and Wang 2008 [12] IV iron sucrose versus oral
ferrous succinate

46 (PD) 8 weeks Hb response to IV iron superior to oral
iron, no difference in AEs

Provenzano et al. 2009 [14] IV ferumoxytol versus oral
ferrous fumarate

230 (HD) 5 weeks Hb response to IV iron superior to oral
iron, no difference in AEs

Charytan et al. 2013 [37] IV ferric carboxymaltose
versus standard medical
care (oral/IV/no iron)

97 (CKD-HD
subgroup)

30 days No significant difference in primary safety
outcome (number of AEs), although
more SAEs in standard medical care
group; no significant difference in sec-
ondary efficacy outcomes

Bhandari et al. 2015 [36] IV iron isomaltoside 1000
versus IV iron sucrose

351 (HD) 6 weeks Similar efficacy with respect to Hb in
range; significantly greater increase in
ferritin from baseline to weeks 1, 2 and
4 and in reticulocyte count at week 4 for
iron isomaltoside group; frequency and
severity of AEs similar

Studies in patients with non-dialysis-dependent CKD
Silverberg et al. 2001 [4] IV iron sucrose with versus

without ESA
90 1 year Target Hb maintained with low dose ESA

in two-thirds of patients, and with no
ESA in one-third

Stoves et al. 2001 [27] IV iron sucrose versus oral
ferrous sulphate

45 6 months No difference between IV iron and oral
iron in patients

Aggarwal et al. 2003 [23] IV iron dextran versus oral
ferrous sulphate

40 3 months IV iron superior to oral iron, no difference
in AEs

Charytan et al. 2005 [24] IV iron sucrose versus oral
ferrous sulphate

96 6 weeks IV iron superior to oral iron, no difference
in AEs

Van Wyck et al. 2005 [28] IV iron sucrose versus oral
ferrous sulphate

188 8 weeks IV iron superior to oral iron, no difference
in AEs, proportion of patients achieving
Hb targets unaffected by ESA use

Agarwal et al. 2006 [22] IV sodium ferric gluconate
versus oral ferrous
sulphate

75 6 weeks More rapid repletion of iron stores and
improved QOL with IV iron compared
with oral iron

Spinowitz et al. 2008 [26] IV ferumoxytol versus oral
iron

304 5 weeks IV iron superior to oral iron, no difference
in AEs, increased Hb response when
ESA given concurrently

Bailie et al. 2010 [43] IV ferric carboxymaltose
versus placebo

598 subjects
with IDA;
70 with CKD

2 weeks Minimal risk of hypersensitivity or ad-
verse drug reaction with IV iron

McMahon et al. 2010 [44] IV iron sucrose versus oral
ferrous sulphate

100 52 weeks Maintaining iron stores above physio-
logical level does not confer greater Hb
response in ESA-naı̈ve, iron-replete pa-
tients with Hb>11 g/dL

(continued)
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found to accelerate (or delay) a decline in kidney function; stat-
istically significant improvements in haemoglobin that were
sustained for 24 months were observed for both the IV and oral
iron groups with no significant between-group differences.
However, a higher risk of SAEs [adjusted incidence rate ratio
(aIRR), 1.60; 95% CI 1.28–2.00; P < 0.0001], cardiovascular (CV)
SAEs (aIRR, 2.51; 95% CI 1.56–4.04; P < 0.001) and infection result-
ing in hospitalization (aIRR, 2.12; 95% CI 1.24–3.64; P < 0.006) in
the IV iron group resulted in early termination of the study.

While both of these studies represent a significant advance
over previous RCTs in that they involved larger numbers of pa-
tients and much longer follow-up periods, the findings were
starkly contrasting, with the authors drawing essentially oppos-
ing conclusions. The investigators of the REVOKE trial concluded
that use of IV iron resulted in elevated risk of infection and CV
complications and that in patients with CKD-ND, oral iron may
be the preferred first-line treatment for iron deficiency anaemia.
In contrast, the FIND-CKD investigators concluded that the use of
IV iron to target higher ferritin levels may contribute to improved
anaemia management in this patient population, with no safety
concerns in terms of CV events or infectious episodes [45].

Potential explanations for the differences in findings
from these studies have been discussed in several commenta-
ries [46–48]. One key difference between the two trials is that
the dose of oral iron used in the FIND-CKD study was signifi-
cantly lower than that used in the REVOKE study; this could po-
tentially explain the conflicting conclusions drawn with respect
to the efficacy of IV versus oral iron, but would not explain the
discrepancy in the safety data. Another point of contention that
may have bearing on the interpretation of findings is the appro-
priateness of adjustments for baseline patient differences that

were applied in the analysis of data from the REVOKE study,
particularly as some of the key safety findings only achieved
statistical significance following such adjustment. In addition,
the reporting and methods of adjudication of AEs differ between
the two studies, further complicating their comparison.
However, a recent post-hoc analysis of data from FIND-CKD
examining the incidence of AEs using the same approach as the
REVOKE analysis—counting individual AEs as separate events
when a patient experienced multiple events—also showed no
difference between treatment groups [45]. Other, more funda-
mental differences between the two studies include the fact
that they used different iron formulations (iron sucrose versus
ferric carboxymaltose) and were undertaken in different coun-
tries (USA versus multiple European countries/Australia).

New evidence: observational studies

In addition to the data from RCTs, a number of epidemiologic
analyses pertaining to IV iron safety and efficacy have been
published in the years since the release of the KDIGO guideline.
An important consideration when interpreting findings from
observational studies is that, by nature, such studies may be
subject to confounding for various reasons, the most obvious in
this case being that it is often the sickest patients who are given
the greatest amounts of IV iron. Nonetheless, such studies can
still provide insights into anaemia management trends as well
as the efficacy and safety of IV iron therapy as applied in real-
world clinical practice (Table 2).

An analysis of data from the Dialysis Outcomes and Practice
Patterns Study (DOPPS) collected between 2002 and 2011, and
considering 32 435 patients in 12 countries, showed an

Table 1. (continued)

Reference Treatment n Follow-up Study conclusions

Qunibi et al. 2011 [25] IV ferric carboxymaltose
versus oral ferrous
sulphate

255 8 weeks IV iron more effective than oral iron,
fewer AEs with IV iron, increased Hb re-
sponse when ESA given concurrently

Charytan et al. 2013 [37] IV ferric carboxymaltose
versus standard medical
care (oral/IV/no iron)

416 (CKD-ND
subgroup)

30 days No significant difference in primary safety
outcome (number of AEs), although
more SAEs in standard medical care
group; significant difference in second-
ary efficacy outcomes

Macdougall et al. 2014 [8] IV ferric carboxymaltose
versus oral ferrous
sulphate

626 56 weeks Ferric carboxymaltose targeting ferritin
400–600 mg/L more effective than oral
iron at reducing/delaying onset of other
anaemia management or consecutive
Hb values <10 g/dL; no difference in AEs

Onken et al. 2014 [39] IV ferric carboxymaltose
versus IV iron sucrose

2585 56 days efficacy;
120 days safety

More subjects receiving ferric carboxy-
maltose versus iron sucrose achieved
increase in Hb�1g/dL; no significant
difference in composite safety endpoint

Agarwal et al. 2015 [9] IV iron sucrose versus oral
ferrous sulphate

136 2 years No difference between groups in slope of
mGFR change; IV iron associated with
increased risk of CV events and
infection

Kalra et al. 2015 [38] IV iron isomaltoside 1000
versus oral ferrous
sulphate

351 8 weeks Greater increase in Hb with IV iron from
week 3 to week 8; serum ferritin and
TSAT also significantly increased with
IV iron; ADRs similar; more patients in
oral iron group withdrew from study
due to ADRs

ADR, adverse drug reaction; Hb, haemoglobin; HD, haemodialysis; PD, peritoneal dialysis; IDA, iron deficiency anaemia.
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Table 2. Summary of observational studies of IV iron in patients with non-dialysis-dependent and dialysis-dependent CKD (2013�present)

Reference Study population n Study design Study conclusions

Brookhart et al. 2016
[49]

Medicare ICHD patients
(2004–05)

66 207 Comparison of short-term safety
of IV sodium ferric gluconate
versus iron sucrose; 1-month ex-
posure period; outcomes (all-
cause mortality, infection-
related and CV hospitalization
and mortality) assessed over 3-
month follow-up period

No difference in mortality
outcomes

Among CVC patients, slightly
reduced risk of infection-related
events in ferric gluconate
patients

Bolus dosing associated with
increased infection-related
events in both groups

Freburger et al. 2016
[50]

ICHD patients of large US
dialysis organization
(2008–10)

13 039 Iron and ESA dosing assessed dur-
ing 1-month and 2-week expos-
ure periods; HRQOL measured
over 3-month outcome period

In patients with low-baseline Hb,
higher ESA dosing and bolus
iron dosing associated with
higher HRQOL scores

Airy et al. 2015 [51] USRDS, incident HD pa-
tients (2009–11)

14 206 Comparison of HD facilities
switching from iron sucrose or
ferric gluconate to ferumoxytol
with facilities that did not
switch; incident patients at
these facilities were followed
until censoring, facility switch to
different iron formulation or end
of study (31 Dec 2011); outcomes
assessed were all-cause mortal-
ity, CV hospitalization/mortality,
infectious hospitalization/
mortality

No difference in outcomes be-
tween facilities that switched to
ferumoxytol and those that did
not

Bailie et al. 2015 [52] DOPPS facility HD patients
(2009–11)

32 435 Assessed association between total
prescribed IV iron dose over first
4 months in study with clinical
outcomes (mortality, cause-spe-
cific mortality)

Increased risk of mortality for pa-
tients receiving 300–399 (13%) or
400þmg/month (18%) compared
with 100–199 mg/month; associ-
ations with cause-specific mor-
tality and hospitalization similar

Ishida et al. 2015 [53] USRDS ICHD patients (2010) 22 820 Comparison of outcomes for pa-
tients receiving versus not
receiving IV iron while in hos-
pital for bacterial infection

Receipt of IV iron not associated
with higher 30-day mortality or
readmission for infection

Karaboyas et al. 2015
[54]

DOPPS facility patients
(2009–13)

9735 Trends in mean ferritin, haemoglo-
bin, IV iron dose and ESA dose
from 2009 to 2013 assessed
among patients at 91 DOPPS
facilities

IV iron increased from 220 mg/
month in 2009/10 to 280 mg/
month in 2011 then declined
back to 200 mg/month in 2012–
13; mean ferritin increased from
601 ng/mL in Q3 2009 to 887 ng/
mL in Q1 2012; increase in
ferritin not solely due to iron
dosing practices

Kuo et al. 2015 [55] Taiwan National Health
Insurance Research
Database, CKD-ND pa-
tients (2000–09)

31 971 Prospective cohort study of pa-
tients with creatinine >6 mg/dL,
haematocrit <28%, treated with
ESA; patients receiving versus
not receiving IV iron within 90
days of starting ESA compared;
outcomes assessed: death before
dialysis initiation,
hospitalization

Iron supplementation associated
with 15% reduction in mortality
and reduction in risk of hospital-
ization but higher risk of faster
progression to ESRD

Tangri et al. 2015 [56] HD patients of Dialysis
Clinic Inc. (2003-08)

9544 Iron exposure assessed over 1-, 3-
and 6-month time windows; in-
cident hospitalizations assessed
during 30-day outcome window

Higher cumulative dose of IV iron
not associated with increased
risk of hospitalization

Freburger et al. 2014
[57]

Medicare HD patients of
small US dialysis
provider

6505 Iron dosing patterns (bolus, main-
tenance, no iron) assessed dur-
ing 1-month exposure windows;

Bolus iron dosing associated with
increased risk of infection-
related hospitalization and use
of IV antibiotics; no association

(continued)
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Table 2. (continued)

Reference Study population n Study design Study conclusions

outcomes assessed over 3-
month follow-up period

between dosing practice and CV
outcomes

Miskulin et al. 2014
[58]

Incident HD patients of
Dialysis Clinic Inc. (2003–
08)

14 078 Iron exposure assessed over 1-, 3-
and 6-month time windows; all-
cause, CV and infection-related
mortality assessed during 30-
day outcome window

Receipt of�1050 mg iron in
3 months or�2100 mg in
6 months not associated with
all-cause, CV or infection-related
mortality

Receipt of>1050 mg iron in
3 months or>2100 mg in
6 months possibly associated
with infection-related mortality
(non-statistically significant)

Schiller et al. 2014
[59]

Patients of three US dialysis
chains

8666 Patients treated with ferumoxytol
at any time in 12-month period
assessed; efficacy and safety
outcomes considered

Ferumoxytol effective in increas-
ing and maintaining Hb with AE
profile similar to that reported in
clinical trials

Bailie et al. 2013 [60] DOPPS facility patients
(1999–2011)

32 192 Trends in iron use and associ-
ations of IV iron dose with fer-
ritin and TSAT assessed

IV iron use varied by country and
increased over 2009–11 in most
countries; increases in ferritin
but not TSAT also observed

Brookhart et al. 2013
[61]

HD patients of large dialysis
provider (2004–08)

117 050 Iron dosing patterns (bolus versus
maintenance) assessed over 1-
month exposure periods; mor-
tality and infection-related hos-
pitalization assessed n
subsequent 3 months

Bolus iron dosing associated with
increased risk of infection-
related hospitalization and mor-
tality; maintenance iron dosing
not associated with increased
risk for adverse outcomes com-
pared with no iron

Kshirsagar et al. 2013
[62]

HD patients of large dialysis
provider (2004–08)

117 050 Compared bolus versus mainten-
ance and high versus low iron
dose during 1-month exposure
period and 3-month follow-up
period; outcomes assessed: MI,
stroke and CV mortality

Large doses of IV iron were not
associated with increased risk of
short-term CV morbidity and
mortality

Kshirsagar et al.
2013 [63]

HD patients of large dialysis
provider (2004–08)

117 050 Compared bolus versus mainten-
ance and high versus low iron
dose during 1-month exposure
period and 6-week follow-up
period; outcomes assessed: Hb,
ESA dose, TSAT, serum ferritin

Large doses of IV iron associated
with improved measures of an-
aemia management

Miskulin et al. 2013
[64]

HD patients from medium-
sized US dialysis provider
(2004–10)

Indicators of anaemia manage-
ment assessed in HD patients
over 2004–07, 2007–09 and 2010

Median proportion of patients with
Hb>12 g/dL and median weekly
ESA doses declined sharply in
2010; iron doses, serum ferritin
and TSAT increased over time

DOPPS, Dialysis Practice Patterns and Outcomes Study; Hb, haemoglobin; HD, haemodialysis; HRQOL, health-related quality of life; ICHD, in-centre haemodialysis.

Incident new HD
patients (0-12 months)

R
On ESA

Proactive IV iron arm – IV iron 400 mg/month
(withhold if ferritin >700 µg/L; TSAT >40%)

Reactive – minimalistic IV iron arm
(give IV iron if ferritin <200 µg/L; TSAT <20%)

Primary endpoint

Time to all-cause 
mortality or 

composite of MI, 
stroke, HF 

hospitalisation

Total study period approximately 4 years (event-driven)
2 years recruitment; 2-4 years follow-up per patient

Up to 4 weeks 
screening

Fig. 1. Proactive IV Iron Therapy in Dialysis Patients (PIVOTAL) Trial Design. ESA, erythropoiesis-stimulating agent; HD, haemodialysis; HF, heart failure; IV, intrave-

nous; MI, myocardial infarction; R, randomisation; TSAT, transferrin saturation.
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association (albeit fairly weak) between high IV iron dose and
mortality [52]. Compared with patients receiving 100–199 mg/
month, mortality was higher for those receiving 300–399 mg/
month (HR, 1.13; 95% CI 1.00–1.27) and 400þmg/month (HR, 1.18;
95% CI 1.07–1.30). Associations with cause-specific mortality (CV,
infection, other) followed a similar pattern, and receipt of
300 mg/month or more was also associated with increased risk
of hospitalization (HR, 1.12; 95% CI 1.07–1.18) versus 100–199 mg/
month. In contrast, results of an analysis of data from the
Developing Evidence to Inform Decisions about Effectiveness
(DEcIDE)-ESRD study considering 14 078 patients initiating dialy-
sis between 2003 and 2008 showed no association between re-
ceipt of cumulative doses <1050 mg in 3 months or <2100 mg in 6
months with all-cause, CV or infection-related mortality [58]. A
second analysis of data from the DEcIDE-ESRD study also showed
no association between iron dose level during 1-, 3- or 6-month
exposure windows and risk of all-cause hospitalization or death
among a cohort of incident haemodialysis patients (n ¼ 9544) [56].

Several studies have examined outcomes in patients receiving
bolus versus maintenance IV iron dosing. Notably, Brookhart et al.
showed that among 117 050 Medicare patients dialysing at a large
dialysis organization, bolus dosing (�100 mg iron in at least two
consecutive dialysis sessions and total dose with potential to
exceed 600 mg within 30 days) was associated with a small in-
crease in relative risk of infection-related hospitalizations com-
pared with maintenance dosing, resulting in 25 additional events
per 1000 patient-years [61]; this association was found to be most
pronounced in patients dialysing with a central venous catheter.
Similar results were obtained in a study of 6605 patients of a
small dialysis organization in which bolus dosing during a 1-
month exposure period was found to be associated with a signifi-
cant increase in relative risk of hospitalization for infection and
receipt of IV antibiotics in the following 3 months; again associ-
ations were more pronounced in patients dialysing with catheters
[57]. Infection risk associated with IV iron therapy was also as-
sessed in a recent study of United States Renal Data System
(USRDS) data: among a cohort of Medicare beneficiaries on in-
centre haemodialysis who received IV iron in the 14 days prior to
a hospitalization for bacterial infection, no association was
observed between receipt of IV iron at any point during the hospi-
talization and 30-day mortality, mean length of hospital stay or a
composite measure of readmission for infection or death within
30 days of discharge [53]. The authors of the study concluded that
their findings did not support the withholding of IV iron upon
hospitalization for bacterial infection, although they noted that
the majority of IV iron administered was received on the day of
admission, limiting the ability to draw conclusions about the
longer-term use of IV iron during the course of infection.

Observational analyses of outcomes in CKD-ND patients
have suggested potential benefits of initiating IV iron therapy
prior to dialysis onset. One prospective study found that CKD-
ND patients who were treated with ESA and also initiated IV
iron supplementation had a lower risk of all-cause death than
those who did not receive iron [55]. In this study, the risk of hos-
pitalizations was also lower, although the risk of faster progres-
sion to end-stage renal disease (ESRD) was higher. Similarly, a
small retrospective study of 102 patients initiating dialysis
showed that those who received IV iron and ESA prior to onset
of dialysis had higher haemoglobin levels and greater left ven-
tricular ejection fraction at the time of dialysis initiation than
patients who received oral iron and ESA therapy [65].

In summary, findings from observational studies have also
been equivocal with respect to the long-term safety of IV iron
(in particular, mortality and infection risk). While the differing

findings may well be explained by differences in study design
and patient populations assessed, the lack of a clear consensus
again emphasizes the need for additional clinical data.

Future prospects: the Proactive IV Iron Therapy
in Dialysis Patients (PIVOTAL) trial

One ongoing study that may prove to be informative is the
PIVOTAL trial (EudraCT number 2013-002267-25). This study is
the first to assess the long-term safety and efficacy of the cur-
rently accepted practices of liberal IV iron use in patients with
CKD-5D. The specific objective of the study is to compare pro-
active high-dose and reactive low-dose IV iron regimens with re-
spect to all-cause mortality and incidence of non-fatal CV
endpoints as well as ESA dose requirements, the need for trans-
fusions, incidence of infections and other complications of
haemodialysis and indicators of QOL. The trial is a multicentre,
prospective, open-label, two-arm RCT, enrolling 2080 haemodi-
alysis patients (new to dialysis, or on dialysis for <12 months) at
50 dialysis units across the UK. Patients included in the study
must be at least 18 years of age, receiving ESA therapy, and have
serum ferritin levels < 400 mg/L and TSAT <30% at baseline. Key
exclusion criteria are life expectancy of <12 months, scheduled
transplant within 12 months, C-reactive protein levels > 50 mg/L,
and presence of active infection or malignancy.

Study subjects are being randomized into two treatment arms:
Those in the proactive IV iron arm will receive 400 mg of iron su-
crose monthly provided that ferritin levels are <700 mg/L; iron
dose will be withheld if ferritin levels are >700 mg/L and/or TSAT
levels are >40%. Subjects in the reactive IV iron arm will receive
200 mg iron sucrose if serum ferritin levels are <100 mg/L, regard-
less of TSAT levels, and will receive 100 mg IV iron sucrose if fer-
ritin levels are >100 mg/L, with TSAT <20%; iron will be withheld if
ferritin levels are >200 mg/L and TSAT levels are>20% (Figure 1).

The primary endpoint of the study is time to all-cause death
or a composite of non-fatal CV events [myocardial infarction
(MI), stroke or hospitalization for heart failure (HF)]. Secondary
efficacy endpoints include: incidence of all-cause death and a
composite of MI, stroke and hospitalization for HF as recurrent
events; time to (and incidence of) all-cause death, composite CV
event, MI, stroke, hospitalization for HF; ESA dose requirements;
transfusion requirements; and patient functioning and QOL
evaluated using the EuroQOL 5 dimensions questionnaire (EQ-
5D) and the Kidney Disease Quality of Life (KDQOL) instrument.
Secondary safety endpoints to be assessed are incidence of vas-
cular access thrombosis, all-cause hospitalization, hospitaliza-
tion for infection and infectious episodes, as well as incidence
of SAEs, adverse drug reactions and suspected unexpected ser-
ious adverse reactions. Tertiary endpoints to be assessed in-
clude cumulative iron dose as well as haemoglobin, mean cell
volume, red cell distribution width, ferritin, TSAT and platelet
levels. The trial is event-driven and evaluation of outcomes will
be conducted only once the required number of events are
accrued (follow-up time of �2–4 years is expected). At the time
of writing, all 2080 patients have been recruited and
randomized to the trial, and follow-up is ongoing. It is expected
that the results of this trial will not be available until 2018, but it
is likely that the data from this trial will significantly impact fu-
ture iron management in CKD patients.

Concluding remarks

Guidelines on iron management in CKD patients are somewhat
dated, conflicting and based on sparse evidence. Two new RCTs
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in non-dialysis CKD patients (FIND-CKD and REVOKE) signifi-
cantly improve the quality of the evidence base, but unfortu-
nately produced conflicting results, which leaves us as confused
as ever. Observational data are hypothesis-generating, but of
limited clinical value due to significant confounding; moreover,
the results of the new observational studies published since the
2012 KDIGO guideline are also conflicting. The PIVOTAL study
seeks to fill the evidence gap, but results are not due until 2018.
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