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Safety of Intravenous Iron in Dialysis
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Abstract
Background andobjectivesThe safety of intravenous irondosing in dialysis is uncertain.Higher-dose intravenous
iron may be associated with a higher risk of infections, cardiovascular events, hospitalizations, and mortality.
This systematic reviewaimed todetermine the safetyof higher-doseversus lower-dose intravenous iron, oral iron,
or no iron supplementation in adult patients treated with dialysis.

Design, setting, participants, & measurementsWe searched Medline, EMBASE, Cochrane library, and CINAHL
from inception to January 6, 2017 for randomized, controlled trials and observational studies comparing higher-
dose intravenous iron with lower-dose intravenous iron, oral iron, or no iron in patients treated with dialysis
that had all-cause mortality, infection, cardiovascular events, or hospitalizations as outcomes.

ResultsOf the 2231 eligible studies, seven randomized, controlled trials and15 observational studiesmet inclusion
criteria. The randomized, controlled trials showed no association between higher-dose intravenous iron (.400
mg/mo formost studies) andmortality (six studies;n=970; pooled relative risk, 0.93; 95%confidence interval, 0.47
to 1.84; follow-up ranging from 35 days to 26 months) or infection (four studies; n=743; relative risk, 1.02; 95%
confidence interval, 0.74 to 1.41). The observational studies showed no association between higher-dose
intravenous iron (.200mg/mo for most studies) andmortality (eight studies; n=241,408; hazard ratio, 1.09; 95%
confidence interval, 0.98 to 1.21; follow-up ranging from 3 to 24 months), infection (eight studies; n=135,532;
pooled hazard ratio, 1.13; 95% confidence interval, 0.99 to 1.28), cardiovascular events (seven studies; n=135,675;
hazard ratio, 1.18; 95% confidence interval, 0.90 to 1.56), or hospitalizations (five studies; n=134,324; hazard ratio,
1.08; 95% confidence interval, 0.97 to 1.19).

ConclusionsHigher-dose intravenous iron does not seem to be associatedwith higher risk of mortality, infection,
cardiovascular events, or hospitalizations in adult patients on dialysis. Strength of this finding is limited by
small numbers of participants and events in the randomized, controlled trials and statistical heterogeneity in
observational studies.

Clin J Am Soc Nephrol 13: 457–467, 2018. doi: https://doi.org/10.2215/CJN.05390517

Introduction
Anemia (1) is common in patients with CKDand kidney
failure, and it is associatedwithmorbidity andmortality
(2). Intravenous iron and erythropoietin-stimulating
agents (ESAs) minimize red blood cell transfusions
and their infectious and immunologic complications,
and they may marginally improve self-reported phys-
ical function in patients with CKD (3). The adverse
effects of ESAs are well recognized, with large random-
ized trials (4–6) showing a strong association of higher
hemoglobin targets with increased risks of thrombosis
and cardiovascular events.

The safety of intravenous iron dosing in dialysis is less
certain. Intravenous iron has negative effects on the
immune system in vitro (7) and variable effects on infection
risks (8) and outcomes (9). It promotes oxidative stress
(10) due to an increase in free iron availability, but the
effect on cardiovascular outcomes is unclear. Intravenous
iron utilization strategies in dialysis vary widely across

countries (11), and guidelines (12–14) suggest intrave-
nous iron use below targets of transferrin saturation 30%
and ferritin 500 ng/ml but do not offer any absolute
upper limits. This clinical uncertainty reflects a lack of
adequately powered and long-term studies balancing
benefits, risks, and costs of intravenous iron versus
ESAs. In 2011, Medicare instituted a bundled repayment
system for dialysis services, including intravenous iron
and ESAs, leading to the financial incentive of reducing
the utilization of ESAs by increasing the use of intrave-
nous iron. This did occur (15) but may not be persistent
due to lower hemoglobin targets (16), and it does not
seem to be causing any harm (17). However, there remain
ongoing concerns regarding the safety of this practice.
Previous systematic reviews and meta-analyses on

iron utilization in anemia have been conducted in the
general population (18), and they excluded patients
with CKD and patients with kidney failure. Further-
more, these studies compared only routes and did not
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Table 1. Characteristics of included randomized, controlled trials

Study, First Author, Year of
Publication, Year of Study, Study

Name/Data Source

Inclusion criteria: Modality,
TSAT, Ferritin, HGB, Iron,

ESA, Other

n: All, Active,
Comparator

Iron Strategy, Active versus
Comparator

Iron Targets

Fishbane et al. (28), (1995),N/A,N/A HD$3 mo 75 ID 100 mg iv 23 weekly during
regular HD

N/A

.15% 25 versus

.100 50 Oral iron (FS 325mg po three times
per day or iron polysaccharide
150 mg po two times per day)
with rescue 1 g IDover tenHD if
ferritin ,50 ng/ml,
TSAT,12.5%

N/A
Oral$3 mo, no iv ID for at least 6 mo
EPO$3 mo
No recent bleeding, transfusions,

hematologic
Fudin et al. (29), (1998), N/A, N/A Incident HD 48 iv ferric gluconate 62.5 mg qHD N/A

TSAT,21% 24 versus
N/A 12 Oral ferrous sulfate 160mgpodaily
,78 12 versus
N/A None
N/A
Depleted sternal bone marrow iron

stores
Besarab et al. (30), (2000), N/A, N/A HD 42 ID 4–6 100 mg doses during

consecutive HD to increase
TSAT.30%and25–150mg/wk
to maintain TSAT 30%–50%

TSAT 20%–30%
during 16–20
wk run-in
phase, then

TSAT 19%–30%, ferritin 150–600
HGB$9.5 g/L with MCV.80 fl

23 versus 30%–50% active
versus

N/A 19 ID 25–150 mg/wk to maintain
TSAT 20%–30%

20%–30%
comparator

Stable EPO dose over previous 3 mo
(625%) .700 U 33 per 1 wk

N/A
Singh et al. (31), (2006), N/A, N/A Incident or prevalent PD 126 IS 1000 mg iv over 28-d period as

300mgday1andday15, 400mg
day 28

N/A

TSAT#25% 80 versus
Ferritin#500 46 No iron
HGB$9.5 and #11.5
No iv or po iron for 4 wk
ESA (DPO or EPO) without dose

change for 8 wk
N/A

Coyne et al. (32), (2007), 2004–2006,
DRIVE, N/A

HD$90 d 134 FG 125 mg iv 38=1 g N/A
TSAT#25%, 68 versus
Ferritin 500–1200 66 None
HGB#11.0 g/dl
#125 mg/wk iv iron previous 4 wk
Stable dosage of EPO$225 IU/kg per

week or$22500 IU/wk for$2wk
N/A

Provenzano et al. (33), (2009), N/A,
N/A

HD$90 d, TSAT#30% ferritin#600 230 FX 510 mg iv32 during sequential
HD within 563 d

N/A

HGB#11.5 114 versus
N/A 116 Ferrous fumarate 50mg for 200mg

elemental iron daily 321 d
Stable 625% ESA dose for 10 d
N/A

Lewis et al. (34), (2015), 2010–2012,
N/A

33 Weekly HD or PD for $3 mo active control
trial

FC 1 g (210 mg ferric iron) tablets
with protocol titration schedule
(have iv iron dose 55 mg/mo)

At the discretion of
the site

TSAT,50% 441 versus
Ferritin,1000 292 Calcium acetate 667 mg capsules,

sevalamer 800 mg tablets
titrated by FDA-approved
package inserts

N/A 149 and iv iron prohibited if ferritin
.1000 ng/ml or TSAT.30%
(have iron dose 115 mg/mo)

N/A Placebo control
trial

N/A 192
3–18 Doses phosphate binders,

phosphate$2.5 and #8.0 mg/dl
96

96

TSAT, transferring saturation; HGB, hemoglobin; ESA, erythropoietin-stimulating agent; N/A, not reported; HD, hemodialysis; iv, in-
travenous; ID, iron dextran; EPO, erythropoietin; FS, ferrous sulfate; po, per ora; HCT, hematocrit; qHD, with each hemodialysis; RBC, red
blood cell; MCV, mean corpuscular volume; DPO, darbopoetin; IS, iron sucrose; SAE, serious adverse event; DRIVE, dialysis patients’
response to IV iron with elevated ferritin study; FG, ferric gluconate; CHr, reticulocyte hemoglobin content; CRP, C-reactive protein; FX,
ferumoxytol; SI, serum iron; TIBC, total iron binding capacity; PD, peritoneal dialysis; FC, ferric citrate; FDA, Food and Drug Agency.
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Table 1. (Continued).

ESA Strategy HGB Targets Duration 1° Outcome 2° Outcomes

EPO to achieve HCT target with
2000 U increase/decrease if
below/above target

HCT 30%–34% 4 mo N/A N/A

N/A N/A 12, 26 mo RBC transfusions ferritin

EPO to achieve HGB target Steady state ifmaximalHGB
variation ,1.2 g/dl and
EPO,500 U per dose
during last 6wk of run-in
phase, 9.5–12 g/dl
targeting baseline value,
algorithm

6 mo ESA dose by power
calculations

N/A

ESA at same dose before
randomization, unchanged
throughout study period

N/A 8 wk with withdrawal if
modality change,
intervention for anemia
management

Change from baseline to
highest HGB

HGB response; iron stores; BP;
adverse events before,
during, after infusion; SAE
indicates fatal or life-
threatening disability or
incapacity; hazard; anemia
intervention management
(RBC transfusion, increase in
ESA, iron administration not
in study protocol)

EPO dose was raised by 25% and
maintained for the entire
study

N/A Baseline #1 wk, 6 wk Change from baseline to
week 6 in HGB

Percentage of responders (HGB
increaseof$2g/dlduring the
study) and time to response,
change in baseline of CHr,
TSAT, ferritin, CRP

ESAdosewas required to remain
constant throughout the
study

N/A 35 d but nonrandomized
readmission phase

Change in HGB from
baseline to 35 d

Proportion of patients achieving
a$1-g/dl increase in HGB at
day 35; change in HGB at day
21; change in TSAT, ferritin,
SI, TIBC, CHr at days 21 and
35; safety analysis

At the discretion of the treating
physician

N/A 2 wk Washout, 52 wk active
control, 4 wk placebo
control

Change in phosphate at 4wk
placebo control period

Changes over 52 wk in ferritin,
TSAT, cumulative doses of iv
iron, ESA
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compare doses of iron supplementation (19); they focused
on biochemical markers rather than clinically relevant out-
comes (10) and did not report the full spectrum of adverse
events. A recent systematic review and meta-analysis found
no increased risk of all-causemortality or adverse events with
intravenous iron compared with oral iron, but it was limited
in sample size by including only randomized, controlled
trials (RCTs) and combining studies of both patients with
CKD predialysis and those treated with dialysis (20). Thus,
we conducted a systematic review andmeta-analysis of RCTs
and observational studies evaluating the safety of intrave-
nous iron dosing in the management of anemia in patients
treated with dialysis.

Materials and Methods
Data Sources and Searches
We developed and followed a protocol that included

population, intervention, comparison, and outcomes criteria
for a search strategy (protocol not registered) (protocol is in
Supplemental Table 1). We followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (21) guide-
line for RCTs and the Meta-Analysis of Observational Stud-
ies in Epidemiology guideline (22) for observational studies
for meta-analyses and systematic reviews. Our goal was to
identify all RCTs and observational studies in which higher-
dose intravenous iron use was compared with lower-dose
intravenous iron, oral iron, or no iron in an adult dialysis
population (hemodialysis or peritoneal dialysis). Outcomes of
interest included all-causemortality, infection, cardiovascular
events, or hospitalizations, with a follow-up of at least 30
days. Only articles published in the English language were
included. We did not place any restriction on sample size.
Databases searched for articles included Medline, PubMed,
EMBASE, the Cochrane library, and CINAHL databases. The
search strategy was developed in consultation with a medical
librarian (L.H.), and it was tailored to each database using a
combination of keywords and MeSH terms covering the
concepts “intravenous iron” and “renal dialysis” (Supplemental
Table 1). The extent of the search was from inception of the
databases to January 6, 2017. All abstracts retrieved were
downloaded into Refworks, version 2.0.

Study Selection
Two individuals (I.H. and M.B.) independently reviewed

titles and abstracts identified by the search strategy and
excluded those that did not meet inclusion criteria. For
those articles that remained, full texts were retrieved and
reviewed for inclusion. A third individual (N.T.) reviewed
any conflicts, and final decisions were made by consensus.
Reference lists of full texts selected for inclusion were
reviewed to identify any additional articles.

Data Extraction and Quality Assessment
We created a data extraction form to capture relevant

information from the included RCTs and observational studies.
Extracted data included study characteristics (first author, year
of publication, sample size for each group, duration of in-
tervention, treatment regimen and dosing for each group, and
follow-up period), participants’ characteristics (age; sex; di-
alysis modality and duration; inclusion criteria for transferrin
saturation, serum ferritin, and hemoglobin; baseline transferrin

saturation, serum ferritin, and hemoglobin; and ESA dose) for
potential subgroup analyses, and our prespecified safety
outcomes (all-cause mortality, infection, cardiovascular
events, and hospitalizations). If a study contained more
than two intravenous dosing regimens, the highest iron
group and the lowest iron group were used for the
analysis. For most observational studies and RCTs, the
higher iron group doses exceeded 200 and 400 mg/mo,
respectively, and conversely, the lower iron arms were
consistently,200 mg/mo. Authors were contacted if their
study did not meet this criterion to clarify dosing cate-
gories. In addition, if studies had analyses for several
dosing periods, the longest dosing period was used for our
analysis. Two reviewers (I.H. and M.B.) independently
extracted data; inconsistencies were corrected and re-
solved by consensus and consultation with a third re-
viewer (D.C).
For RCTs, two reviewers (I.H. and M.B.) assessed studies

for their quality of reporting and risk of bias using the
Cochrane Collaboration tool for assessing risk of bias (23).
Bias was assessed in the following domains at the study
level: selection bias including random sequence generation
and allocation concealment, performance bias, detection
bias, attrition bias, reporting bias, and other bias. Three
categories were used in summary judgment of the quality
of each domain both within individual studies and across
all studies: high (bias may alter results seriously), low (bias,
if present, is unlikely to alter results seriously), and unclear
(a risk of bias raises some doubt about results). Sensitivity
analyses were performed by excluding studies designated
as high risk of bias in one or more domains.
For observational studies, two reviewers (I.H. and M.B.)

assessed studies for their quality of reporting using the
Newcastle–Ottawa Scale (24). Bias was assessed in the
following domains at the study level: selection of study
groups, comparability of groups, and ascertainment of the
exposure or outcome of interest. Use of appropriate statistical
methods to account for time-dependent confounding was
assessed as a potential domain of bias in addition to the
Newcastle–Ottawa Scale assessment. Conflict was resolved
by a third reviewer (D.C.).

Data Synthesis and Analyses
A meta-analysis was performed on all-cause mortality,

infection, cardiovascular events, and hospitalizations using
the DerSimonian and Laird method. Hazard ratios (HRs)
with 95% confidence intervals (95% CIs) were calculated
using fixed effects and random effects models. For studies
that did not provide HRs, relative risks (RRs) were calcu-
lated from events data, and they were used to estimate the
HRs. Heterogeneity between studies was analyzed using
the CochranQ and I2 statistics for measures of inconsistency (25)
as well as t2 in the random effects model. The software program
Review Manager, Version 5.3 was used for the analysis (26).

Results
A flow diagram outlining the selection strategy is shown

in Supplemental Figure 1. Our search strategy identified
2231 articles after removal of duplicates, of which 330 were
selected for full text review, with seven RCTs and 15 observa-
tional studies deemed eligible for inclusion.
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RCTs
Characteristics of Selected Studies. Study and partici-

pant characteristics are summarized in Supplemental Table
2 and Table 1. Of the seven included RCTs, two compared
higher- with lower-dose intravenous iron, two compared
intravenous with oral iron, two compared intravenous with
no iron, and one compared intravenous with either oral or
no iron. The intravenous iron formulations used were iron
dextran, iron sucrose, ferric gluconate, and ferumoxytol.
Six studies reported all-cause mortality, and four reported
infection. No study reported cardiovascular events, and
only two studies reported hospitalizations; as such, no
meta-analysis for these outcomes was performed.
Mortality. Meta-analysis of six studies (n=970) showed

no difference in all-cause mortality with higher-dose
intravenous iron treatment: RR, 0.93; 95% CI, 0.47 to 1.84
in the random effects model (Figure 1A). There was no
heterogeneity between studies (t2=0.00; x

2=2.68; df=5;
P=0.75; I2=0%).
Infection. Meta-analysis of four studies (n=743) showed

no difference in infection with higher-dose intravenous
iron treatment: RR, 1.02; 95% CI, 0.74 to 1.41 in the random
effects model (Figure 1B). There was no heterogeneity between
studies (t2=0.00; x2=2.66; df=3; P=0.45; I2=0%).
Quality of Reporting and Risk of Bias. No study was

found to be at low risk of bias (Supplemental Figure 2).
Performance bias was consistently an issue, with all studies
being labeled as either high risk due their open-label meth-
odology or unclear, because attempts at blinding were not
reported. Attrition bias was also frequently observed. No
study adequately described allocation concealment or
blinding of outcome assessment (Supplemental Figure 3).

Sensitivity Analyses. Sensitivity analysis was performed
by removing studies designated as high risk of bias in one or
more domains, with the exception of performance bias. Results
remained unchanged and were not statistically significant
(Supplemental Figures 4 and 5).

Observational Studies
Characteristics of Selected Studies. Study and partici-

pant characteristics are summarized in Supplemental Table 3
and Table 2. Eight studies compared higher-dose intravenous
iron with lower-dose intravenous iron, one study compared
intravenous iron with oral iron, and six studies compared
intravenous iron with no iron. Eight studies reported all-cause
mortality, eight studies reported infection, seven studies
reported cardiovascular events, and five studies reported
hospitalizations.
Mortality. Meta-analysis of eight studies (n=241,408)

showed no difference in mortality with higher-dose in-
travenous iron treatment: HR, 1.09; 95% CI, 0.98 to 1.21
random effects model (Figure 2A). There was considerable
heterogeneity between studies (P=0.003; I2=75%).
Infection. Meta-analysis of eight studies (n=135,532)

showed no difference in infection with higher-dose in-
travenous iron treatment: HR, 1.13; 95% CI, 0.99 to 1.28
random effects model (Figure 2B). There was considerable
heterogeneity between studies (P,0.001; I2=77%).
Cardiovascular Events. Meta-analysis of seven studies

(n=135,675) showed no difference in cardiovascular events
with higher-dose intravenous iron treatment: HR, 1.18; 95%
CI, 0.90 to 1.56 random effects model (Figure 2C). There
was considerable heterogeneity between studies (P,0.001;
I2=83%).

Figure 1. | Nostatistically significantdifference ineithermortality or infection events inmeta-analyses of randomizedcontrolled trials.Meta-
analysis comparing the safetyof high-dose intravenous (IV) ironversuscontrol in randomized, controlled trials. (A)Mortality. (B) Infectionevents.
95% CI, 95% confidence interval; M-H, Mantel-Haenszel.
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Table 2. Characteristics of observational studies

Study: First Author, Year Of
Publication, Year Of Study, Study

Name/Data Source

Inclusion Criteria: Modality,
TSAT, Ferritin, HGB, Iron, ESA,

Other
n

Iron Strategy: Active Versus
Comparator

Iron Targets

Canziani et al. (35), (2001), N/A, N/A Chronic HD.3 mo, 33per week for 4 h 111 IS 100 mg 310=28 treatment d TSAT,20%
=1 g/mo TSAT,20%
IS 100 mg 320=70 treatment d TSAT 20%–50%
=2 g/150 d =400 mg/mo
IS 100 mg 310=70 treatment d
=1 g/150 d =200 mg/mo

Hoen et al. (36), (2002), 1994–1995,
EPIBACDIAL

Chronic HD 2–33 per week 513 iv iron (polymaltose ferric hydroxide) N/A
Hospital or self-care units Oral iron (FS, ferrous fumarate, ferrous

asorbate)
iv or oral iron for at least 6 mo

Feldman et al. (37, 38), (2002 and 2004),
1996–1998, Fresenius Medical
Corporation

HD
27,280

None N/A
.0–700 mg
.700–1000 mg
.1000–1800 mg
.1800 mg

Kalantar-Zadeh et al. (39), (2005), 2001–2003,
DaVita

Maintenance HD .3 mo 58,058 IG, IS, ID,5% but no strategies N/A

Kopelman et al. (40), (2007), N/A, N/A HD with 39 iv FG if ferritin.800 ng/ml andHGB,11 dl
and TSAT,25% versus standard of care
practice protocol, which held iv iron if
ferritin .800 ng/ml

Nurse anemia
managerTSAT,25%, ferritin .800

Group 1 =“FID” HGB ,11,
TSAT,25%, ferritin.800,$250mg
FG in 3 mo

Group 2 =“no FID” ferritin .800,
TSAT,25%, ,250 mg FG in 3 mo

Kapoian et al. (41), (2008), N/A, DRIVE-2 DRIVE participant, chronic HD $90 d,
TSAT#25%, ferritin 500–1200

112 Discretion of physicians (ID, FG, IS) Discretion of
physicians

HGB#11.0 g/dl, EPO$225 U/kg or
$22,500 U/wkwith no change$14
d,#125 mg of iv iron in last 4 wk

Pollak et al. (42), (2009), 1998–2006, N/A ICHD 1774 As per attending nephrologist, anemia
management team

N/A

1998–2006 ID, IS, FG
“No/lowversusmediumversus high”=no,

1–202, 203–455, .455
Kuo et al. (43), (2012), 2004–2005, N/A Chronic 33 weekly HD 1239 Ferric chloride hexahydrate N/A

.6 mo dialysis vintage, life
expectancy.6 mo

Brookhart et al. (44), (2013), 2004–2008,
USRDS

HD$9 mo 117,050 Low dose: 1–200 mg/mo versus high dose:
.200 mg/mo

N/A

DaVita and USRDS Bolus versus maintenance

Kshirsagar et al. (45), (2013), 2004–2008,
USRDS

ICHD$9 mo, at least one TSAT
measurement, without FG, IS$9
dialysis sessions

117,050 None versus low dose (1–200 mg/mo)
versus high dose (.200 mg/mo)

Davita and USRDS Bolus (iron on consecutive dialysis sessions of at
least 100 mg) versus maintenance with
potential to excess 600 mgwithin 30 d)

Freburger et al. (46), (2014), 2006–2010,
USRDS

HD$9 mo with at least one TSAT
measurement without FG, IS$9
dialysis sessions

6605 Noneversusbolus (twoconsecutive irondosesof
at least 100mgwith potential to exceed 600
mgwithin 30 d) versus maintenance

N/A

Renal Research Institute and USRDS

Kuragano et al. (47), (2014), 2007–2009, TRAP HD$1 yr 1095 Oral iron versus iv iron versus oral and iv iron N/A
Low versus high dose

Miskulin et al. (48), (2014), 2003–2008,
DEcIDE

Incident ICHD, ,60 d in between
incident date and first ICHD
treatment

21,233with 14,078,
12,646, and
10,899 for 1, 3,
and 6mo
analyses,
respectively

No versus low.0–150 mg versus moderate
.150–350 mg versus high.350 mg/mo

N/A

Bailie et al. (49), (2015), N/A, DOPPS, 2
(2002–2004), 3 (2005–2008), 4 (2009–2011)

HD, $5 mo 32,435 60% IS, 24% FG, 11% iron polymaltose,2%
ID in Europe, Australia, New Zealand

N/A

71% IS, 20% FG, 8% ID in North America

Tangri et al. (50), (2015), 2003–2008, DEcIDE Incident ICHD,,60 d in between incident
date and first ICHD treatment

9544, 8580, 7416
for 1, 3, and 6
mo analyses,
respectively

No versus low.0–150 mg versus moderate
.150–350 mg versus high.350 mg/mo

N/A

TSAT, transferring saturation; HGB, hemoglobin; ESA, erythropoietin-stimulating agent; N/A, not applicable; HD, hemodialysis; IS,
iron sucrose; EPO, erythropoietin; iv, intravenous; EPIBACDIAL, a multicenter prospective study of risk factors for bacteremia in
chronic hemodialysis patients; FS, ferrous sulfate; IG, iron glucose; ID, iron dextran; FID, functional iron deficiency; FG, ferric
gluconate; DRIVE-2, dialysis patients’ response to IV ironwith elevated ferritin study II; DRIVE, dialysis patients’ response to IV iron
with elevated ferritin study; ICHD, in-center hemodialysis;KMC,Kaplan–Meier curve;CV, cardiovascular;MI,myocardial infarction;
CHF, congestive heart failure; PVD, peripheral vascular disease;USRDS,UnitedStatesRenalDataSystem; TRAP,prospective studyof
treatment for renal anemia on prognosis in hemodialysis patients; CCVD, chronic cerebrovascular disorders; DECIDE, developing
evidence to inform decisions about effectiveness; DOPPS, dialysis outcomes and practice patterns study.
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Table 2. (Continued).

ESA Strategy HGB Targets Duration 1° Outcome 2° Outcomes

EPO doses were not changed
during the study

N/A 150 d Infectious episodes N/A

N/A N/A 1 yr Bacteremia N/A

N/A N/A 6-mobaseline, follow-up 6mo
rolling intervals, 6, 12 mo
lagged time-dependent
analyses

Censored death by time-
dependent models 0–6,
6–12, and 12–18 mo

N/A

N/A N/A Eight quarters (3 mo per
quarter)

Mortality N/A

Nurse anemia manager Nurse anemia manager 3 mo N/A N/A

Discretion of physicians Discretion of physicians 6 wk EPO dose at 6 wk Mean change from end of DRIVE
HGB, TSAT, ferritin to end of
DRIVE-2, safetyadverse events

EPO

As per attending nephrologist,
anemia management team, iv

N/A Until death or June 30, 2007 Censored survival KMC for survival no/low groups
dramatically different, so
pooling is inappropriate“Low versus medium versus

high”#12.1, 12.1–27.7,
.27.7 103 U/wk

N/A N/A 12 mo CV events (MI, stroke, CHF,
complicated PVD, sudden
death), all-cause mortality

Endothelial dysfunction markers
in subgroup in 10-wk
randomized trial of 40 versus
80 mg versus placebo weekly

N/A N/A 6-mobaseline, 1-moexposure,
3-mo follow-up

Hospitalization for infection,
death attributed to
infection, composite
outcome with sensitivity
analysis for definition of
infection

N/A

6-mobaseline, 1-moexposure,
3-mo follow-up

Death attributed to CV,
hospitalization for MI,
hospitalization for stroke,
composite

N/A

N/A N/A 6-mobaseline, 1-moexposure,
3-mo follow-up periods

Death from any cause,
hospitalized for
pneumonia, infection, MI,
stroke, iv antibiotics,
CV-related death

Infection-related composite
outcomes, CV composite
outcome

N/A 10–11 g/dl 2 yr Dose of ESA and iron to
maintainHGB 10–11 g/dl,
CCVD, infection,
hospitalization, death

N/A

N/A N/A 90-d baseline; 30-d exposure;
1-, 3-, and 6-mo rolling
window follow-up but
,4 yr

Censored all-cause mortality Infection-related mortality, CV
mortality

N/A N/A 1 mo after 4-mo iv iron dose
ascertainment perioduntil
deathor transfer,modality
change, loss to follow-up,
study end

All-cause mortality CV-related mortality, infection-
related mortality, non-CV/
noninfection–related
mortality, first hospitalization

N/A N/A 90-d baseline; 30-d exposure;
1-, 3-, and 6-mo rolling
window follow-up

Censored all-cause
hospitalization 30 d after
1-, 3-, and 6-mo windows

Censored hospitalization
attributable to infectious and
CV causes, composite of
hospitalizations, and death
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Figure 2. | No statistically significant difference in either mortality, infection events, cardiovascular events, or hospitalizations in
meta-analyses of observational studies. Meta-analysis comparing the safety of high-dose intravenous iron versus control in obser-
vational studies. (A) Mortality. (B) Infection events. (C) Cardiovascular events. (D) Hospitalizations. 95%CI, 95% confidence interval;
SE, SEM.
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Hospitalizations. Meta-analysis of five studies (n=134,324)
showed no difference in hospitalization with higher-dose
intravenous iron treatment: HR, 1.08; 95% CI, 0.97 to 1.19)
random effects model (Figure 2D). There was substantial
heterogeneity between studies (P=0.05; I2=59%).
Quality of Reporting and Risk of Bias. Seven studies

were found to have a low risk of bias in all categories. One
study was found to have a high risk of bias in the category
of assessment of outcomes, and four studies were high
risk of bias due to use of inappropriate statistical methods
(Supplemental Figures 6 and 7).
Sensitivity Analyses. Sensitivity analysis was per-

formed by removing studies designated as high risk of
bias in one or more domains. Results remained unchanged
and were not statistically significant (Supplemental Figures
8–11).

Discussion
In this systematic review and meta-analysis of seven RCTs

and 15 observational studies of.140,000 participants, we did
not find evidence of increased risk of infection, cardiovas-
cular events, hospitalizations, or mortality with the use of
higher-dose intravenous iron compared with lower doses of
iron in patients treated with dialysis. Of note, a possibility of
harm was observed with a nonstatistically significant trend
toward harm in observational studies, which was partially
mitigated by the sensitivity analysis. Taken together, these
findings suggest that use of higher doses of intravenous iron
and lower doses of ESA may not be harmful, although
additional randomized trials are needed to strengthen these
findings.
Litton et al. (18) performed a systematic review and

meta-analysis of RCTs addressing the efficacy and safety
of intravenous iron compared with either oral iron or no
iron supplementation in the general population and found
that intravenous iron increased hemoglobin and reduced
the need for red blood cell transfusion. There was no
difference in mortality or serious adverse events (n=19
studies; RR, 1.1; 95% CI, 0.8 to 1.1), but intravenous iron
was associated with a borderline increase in risk of infection.
Their findings in the nondialysis population confirm our
results for all-cause mortality and cardiovascular morbidity
but contradict our finding and the findings of a previous
meta-analysis of patients treated with dialysis, which show
no infection risk in randomized trials (10). We hypothesize
that this is likely to due to a reporting bias favoring positive
infectious events in the nondialysis literature, because infec-
tions were rarely a predefined outcome and considered
exploratory. In the dialysis literature, where infection has
been reported to be of significant concern, our meta-analysis
of randomized trials suggests no increase in risk.
A recent meta-analysis in patients treated with dialysis

and those with nondialysis CKD also compared intrave-
nous iron with oral iron (20). These investigators found an
excess risk of short-term adverse effects with intravenous
iron compared with oral formulations but no long-term
effects on patient safety. Their findings are concordant with
our findings but omit comparisons of higher versus lower
doses of intravenous iron treated with dialysis and the
accumulating evidence from well conducted observational
studies (20). To our knowledge, this is the first systematic

review of observational studies of intravenous iron in patients
treated with dialysis. Although there is increased potential for
time-dependent confounding with intravenous iron, iron in-
dices, ESA dose, and hemoglobin in patients treated with
dialysis, several large recent studies have chosen robust
statistical methods, such as marginal structure models, in
efforts to appropriately account for these potential con-
founders. Given the large number of patients in these
studies and similarities in the dosing comparisons and
statistical methods, we felt that it was appropriate to
summarize their findings using meta-analysis despite the
statistical heterogeneity. In our subgroup analysis restricted
to studies using rigorous statistical methods or those with a
lower risk of bias, our primary findings of no risk with
intravenous iron were again confirmed.
Our study has important clinical, research, and health

policy implications. From a clinical perspective, our findings on
the basis of the currently available literature suggest that use
of higher doses of intravenous iron in patients treated with
dialysis may not increase risk of infections, hospitalizations,
cardiovascular events, or mortality, although further study is
warranted. Several national and international descriptive
studies indicate that ESA minimization and higher iron dosing
may already be happening since the publication of the Trial to
Reduce Cardiovascular Events with Aranesp Therapy (6) and
the bundling of dialysis payments in United States, although
perhaps not persistently due to lower hemoglobin targets. Our
findings cautiously suggest that the change in clinical practice
might not increase the risk of adverse events. In fact, surveil-
lance systems have not detected any increase in mortality rates
for patients treated with dialysis in the higher-intravenous iron
dosing era. From a research perspective, simple, large ran-
domized trials with updated meta-analyses comparing in-
travenous iron dosing and strategies in the context of anemia
management with ESAs or novel therapies with long-term
follow-up to assess safety, efficacy, and cost are needed. One
such trial is already under way and will add to the RCT
evidence for intravenous iron (27). From a policy perspective,
with further confirmatory research, agencies and programs
could incorporate the option of higher-dose intravenous iron in
dialysis framed by this evidence in the context of patient values,
preferences, and economic implications.
The strengths of this study include its size and inclusion

of RCTs and observational studies encompassing repre-
sentative dialysis populations with a substantial amount of
patients and adverse events. Although follow-up duration
and number of participants were limited in the RCTs, the
observational studies contained much larger sample sizes
and periods of observation. In addition, the sensitivity
analysis for only studies at low risk of bias strengthens our
results. We are confident in our description of the current
literature but advise caution in applying our results. In
particular, for patients treated with peritoneal dialysis,
external validity is limited given that only three studies
included patients on peritoneal dialysis, in which intra-
venous iron is less frequently used given the efficacy of
oral iron in this population. Furthermore, the majority of
studies were performed in the United States, and thus,
applicability to other settings may be limited given differences
in patient mix across nations.
We did not specifically evaluate intravenous iron dosing

in the context of intravenous iron strategies (bolus versus
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maintenance), but there is presumably an overlap that could
not be addressed due to a lack of individual patient data. We
chose to not include hypersensitivity reactions as outcomes of
interest given their rarity and unlikely relationship to dosing
regimen. Finally, our cutoffs for defining intravenous iron
doses as a categorical variable were arbitrarily dichotomized
into “higher” and “lower” and did not take into account
individualization of therapy on the basis of iron require-
ments identified by iron studies, clinical needs, physician
and system processes, and costs. Ideally, intravenous iron
dosing could be analyzed as a continuous variable using
individual patient data metaregression, which may iden-
tify an absolute threshold or “very high” intravenous iron
dosing that is harmful, but this was not possible.
We found no evidence of excess infections, cardiovascular

events, hospitalizations, or death associatedwith intravenous
iron in our systematic review and meta-analysis. The small
number of participants and events in the RCTs as well as the
statistical heterogeneity noted in observational studies limit
our certainty regarding safety effects of higher-dose intrave-
nous iron in this population. Simple, large, high-quality RCTs
of significant size and freedom from bias will help strengthen
these findings.

Acknowledgments
The primary funding sources were the Canadian Institutes of

Health Research New Investigator Award and the University of

Manitoba’s Bachelor of Science in Medicine Program.

The funders had no role in the study’s design, conduct, or re-

porting or the decision to submit the manuscript for publication.

Disclosures

N.T. has received grant support from Astra Zeneca Inc. Astra

Zeneca Inc.manufacturesRoxadustat,which is anovel treatment for

anemia of CKD.

References
1. Hsu CY, McCulloch CE, Curhan GC: Epidemiology of anemia

associatedwith chronic renal insufficiency among adults in the
United States: Results from the Third National Health and
Nutrition Examination Survey. J Am Soc Nephrol 13: 504–510,
2002

2. Pisoni RL, Bragg-Gresham JL, Young EW, Akizawa T, Asano Y,
Locatelli F, Bommer J, Cruz JM, Kerr PG, Mendelssohn DC, Held
PJ, Port FK:Anemiamanagement andoutcomes from12countries
in the dialysis outcomes andpractice patterns study (DOPPS).Am
J Kidney Dis 44: 94–111, 2004

3. Palmer SC, Saglimbene V,Mavridis D, Salanti G, Craig JC, Tonelli
M, Wiebe N, Strippoli GF: Erythropoiesis-stimulating agents for
anaemia in adults with chronic kidney disease: A network meta-
analysis. Cochrane Database Syst Rev 12: CD010590, 2014
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