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Diagnosis and Management of Iron Deficiency in CKD:
A Summary of the NICE Guideline Recommendations and

Their Rationale
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The UK-based National Institute for Health and Care Excellence (NICE) has updated its guidance on iron

deficiency and anemia management in chronic kidney disease. This report outlines the recommendations

regarding iron deficiency and their rationale. Serum ferritin alone or transferrin saturation alone are no longer

recommended as diagnostic tests to assess iron deficiency. Red blood cell markers (percentage hypochromic

red blood cells, reticulocyte hemoglobin content, or reticulocyte hemoglobin equivalent) are better than ferritin

level alone at predicting responsiveness to intravenous iron. When red blood cell markers are not available, a

combination of transferrin saturation , 20% and ferritin level , 100 ng/mL is an alternative. In comparisons of

the cost-effectiveness of different iron status testing and treatment strategies, using percentage hypochromic

red blood cells. 6% was the most cost-effective strategy for both hemodialysis and nonhemodialysis patients.

A trial of oral iron replacement is recommended in people not receiving an erythropoiesis-stimulating agent

(ESA) and not on hemodialysis therapy. For children receiving ESAs, but not treated by hemodialysis, oral iron

should be considered. In adults and children receiving ESAs and/or on hemodialysis therapy, intravenous iron

should be offered. When giving intravenous iron, high-dose low-frequency administration is recommended. For

all children and for adults receiving in-center hemodialysis, low-dose high-frequency administration may be

more appropriate.
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Iron is important for overall health, playing a crucial
role in protein function and enzyme activity in a

range of metabolic pathways. Correction of iron
deficiency and maintenance of an iron-replete state
are also key to managing the anemia of chronic
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kidney disease (CKD). The National Institute for
Health and Care Excellence (NICE), which publishes
evidence-based guidance and develops quality stan-
dards with the aim of improving health care in the
United Kingdom, recently updated its clinical guide-
line on anemia management in CKD in children and
adults (not including pregnant women).1,2 The
guideline addresses 2 aspects of anemia management
relating to iron deficiency: (1) the use of diagnostic
tests to predict response to iron therapy and (2) the
treatment of iron deficiency, including assessment of
the comparative efficacy of agents.
In this article, which has been approved by NICE,

several members of the anemia management in CKD
guideline development group (which consists of cli-
nicians, patient and caregiver representatives, and an
expert technical team), along with staff members from
the National Clinical Guideline Centre, outline the
NICE guideline recommendations regarding iron
deficiency and their rationale. We begin by summa-
rizing iron physiology, then describe the available
diagnostic iron tests and explain the rationale behind
the NICE recommendations for testing of iron status.
Am J Kidney Dis. 2016;67(4):548-558
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Iron Deficiency and CKD
Because the diagnostic and treatment strategies used
for iron management vary between different renal
units, adoption of these new recommendations will
require discussions between clinicians requesting the
tests and those providing the diagnostic services. To
facilitate these discussions, we outline issues that may
be encountered and the health economic implications
of implementing these diagnostic strategy recom-
mendations. The NICE guideline also provides rec-
ommendations regarding iron treatment strategies. We
expand upon the rationale of iron therapy and outline
the key recommendations, shown in Box 1. Given the
potential for iron therapy to result in both health
benefits and adverse effects, we highlight the impor-
tance of involving patients in decisions regarding iron
therapy.

GUIDELINES IN CONTEXT

In 2012, KDIGO (Kidney Disease: Improving
Global Outcomes) considered markers of iron status
in patients with CKD. The KDIGO Work Group
recommended the use of the combination of ferritin
level and transferrin saturation (TSAT).3 Iron
administration was advised in adults with ferritin
levels , 500 ng/mL and TSAT , 30%. Conversely,
the guideline recommended that iron supplementation
should be avoided when either TSAT was .30% or
ferritin level was .500 ng/mL. Above this ferritin
cutoff, the relative safety of parenteral iron had not
been adequately examined and caution was advised.
Percentage of hypochromic red blood cells (%HRC)
and hemoglobin content of reticulocytes (CHr) were
noted to be less well studied. KDIGO stated that
intravenous (IV) iron should be avoided during active
systemic infection. In pediatric patients, iron therapy
was advised with TSAT # 20% and ferritin level #
100 ng/mL.
Responses to this KDIGO guideline differed. The

European Best Practice Group broadly agreed,
advising that iron therapy should be considered when
TSAT was ,30% and ferritin level was ,300 ng/mL
and advising caution when ferritin level was. 500 ng/
mL.4 Markers such as %HRC or CHr or reticulocyte
hemoglobin equivalent (Ret-He) were thought to be
helpful, but no specific comment was made. The NKF-
KDOQI (National Kidney Foundation–Kidney Dis-
ease Outcomes Quality Initiative) commentary5 on the
KDIGO guideline dissented regarding IV iron (see the
section on iron overload in the following). KDOQI did
not comment on iron markers, supporting the use of
ferritin level and TSAT; further, theWork Group made
“no recommendation about the use or avoidance of IV
iron in the setting of infection.”5p852 In 2012, the
Agency for Healthcare Research and Quality
(AHRQ)6 concluded that “there is insufficient evi-
dence to determine the test performance of the
Am J Kidney Dis. 2016;67(4):548-558
combinations of newer biomarkers, or combinations of
newer and classical biomarkers, for diagnosing iron
deficiency.”6p15 However, they went on to say that “it
may be that CHr and %HYPO [percentage of hypo-
chromic erythrocytes] have better predictive ability for
a response to IV iron treatment than classical markers
(TSAT, 20% or ferritin ,100 ng/mL) in HD [he-
modialysis] CKD patients. In addition, results from
two RCTs [randomized controlled trials] showed a
reduction in the number of iron status tests and
resulting IV iron treatments administered to patients
whose iron management was guided by CHr compared
with those guided by TSAT or ferritin.” The relative
lack of clinical trials in nephrology means that all
guidelines in the field are hampered by an evidence
base that is variable and often limited.

IRON AND ERYTHROPOIETIN PHYSIOLOGY

Iron deficiency is the most common nutritional
deficiency, with hundreds of millions affected
worldwide. If uncorrected, it leads to anemia. Iron
deficiency anemia affects 1% to 2% of the general
population in later life in the United States and w5%
of women in their reproductive years.7 Iron makes up
the central section of the heme molecule. Individuals
lose about 0.5 to 1 mg of iron daily, mostly through
bowel losses and menstrual losses in premenopausal
women. This loss must be balanced by a similar di-
etary absorption (Fig 1). Most erythroid iron is
recycled from old red blood cells (about 25-30 mg/d).
Macrophages, predominantly in bone marrow and
liver, are crucial in recycling red blood cells and iron
storage. Iron deficiency occurs when the balance of
iron intake and loss is not maintained.
People with CKD may have many significant iron-

related problems. Patients have increased gastroin-
testinal blood losses. The higher risk for acute upper
gastrointestinal bleeding for dialysis patients has not
decreased in recent years.8 Patients with CKD un-
dergo regular blood tests and may also lose blood
with fistula needling, from blood retained in the filter
and lines, and if blood clots in the extracorporeal
circuit. Iron deficiency is regarded as a near-inevitable
part of maintenance dialysis therapy.9 There are
limited data for dietary iron intake in CKD, but
available data suggest that it is reduced.10 Patients
may not want an iron-rich diet because it is often
poorly tolerated.
In response to tissue hypoxia, peritubular cells of

the kidney produce the hormone erythropoietin. This
stimulates erythroid progenitor cells in bone marrow
to proliferate and differentiate. People with CKD have
inappropriately low erythropoietin levels despite
anemia, and erythropoiesis-stimulating agents (ESAs)
can be given to correct the anemia. ESA resistance
describes the relative decrease in bone marrow
549
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Box 1. List of New Recommendations From the 2015 NICE Guideline Update Regarding Iron Deficiency and Therapy in

Anemia of CKD

Diagnostic tests to determine iron status and predicting response to iron therapy

3. Carry out testing to diagnose iron deficiency and determine potential responsiveness to iron therapy and long-term iron re-

quirements every 3 months (every 1-3 months for people receiving haemodialysis).

� Use percentage of hypochromic red blood cells (% HRC; more than 6%), but only if processing of blood sample is possible

within 6 hours.

� If using percentage of hypochromic red blood cells is not possible, use reticulocyte Hb content (CHr; less than 29 pg) or

equivalent tests – for example, reticulocyte Hb equivalent.

� If these tests are not available or the person has thalassaemia or thalassaemia trait, use a combination of transferrin

saturation (less than 20%) and serum ferritin measurement (less than 100 micrograms/litre). [new 2015]

4. Do not request transferrin saturation or serum ferritin measurement alone to assess iron deficiency status in people with anemia

of CKD. [new 2015]a

Treating iron deficiency: correction

38. Offer people with anaemia of CKD who are receiving ESAs iron therapy to achieve:

� Percentage of hypochromic red blood cells less than 6% (unless ferritin is greater than 800 micrograms/litre).

� reticulocyte Hb count or equivalent tests above 29 pg (unless serum ferritin is greater than 800 micrograms/litre).

If the above tests are not available or the person has thalassaemia or thalassaemia trait, iron therapy should maintain transferrin

saturation greater than 20% and serum ferritin level greater than 100 micrograms/litre (unless serum ferritin is greater than 800

micrograms/litre).

Most patients will need 500–1000 mg of iron for adults or equivalent doses for children, in a single or divided dose depending on the

preparation. Intravenous iron should be administered in a setting with facilities for resuscitation. [new 2015]

Treating iron deficiency: maintenance

39. Once percentage of hypochromic red blood cells is less than 6%, reticulocyte Hb count or equivalent tests are above 29 pg, or

transferrin saturation is greater than 20% and serum ferritin level is greater than 100 micrograms/litre, offer maintenance iron to

people with anaemia of CKD who are receiving ESAs.

The dosing regimen will depend on modality, for example haemodialysis patients will need the equivalent of 50–60 mg intravenous

iron per week (or an equivalent dose in children of 1 mg/kg/week). [new 2015]

ESAs: monitoring iron status during treatment

45. Offer iron therapy to people receiving ESA maintenance therapy to keep their:

� percentage of hypochromic red blood cells less than 6% (unless serum ferritin is greater than 800 micrograms/litre)

� reticulocyte Hb count or equivalent tests above 29 pg (unless serum ferritin is greater than 800 micrograms/litre)

� transferrin saturation level above 20% and serum ferritin level above 100 micrograms/litre (unless serum ferritin is greater

than 800 micrograms/litre)

The marker of iron status should be monitored every 1–3 months in people receiving haemodialysis.

In people who are pre-dialysis or receiving peritoneal dialysis, levels are typically monitored every 3 months. If these people have a

normal full blood count there is little benefit in checking iron status. [new 2015]

Iron therapy for people who are iron deficient and not on ESA therapy

40. Offer iron therapy to people with anaemia of CKD who are iron deficient and who are not receiving ESA therapy, before

discussing ESA therapy.

� Discuss the risks and benefits of treatment options. Take into account the person’s choice.

� For people who are not receiving haemodialysis, consider a trial of oral iron before offering intravenous iron therapy. If they

are intolerant of oral iron or target Hb levels are not reached within 3 months (see recommendation 33), offer intravenous

iron therapy.

� For people who are receiving haemodialysis, offer intravenous iron therapy. Offer oral iron therapy to people who are

receiving haemodialysis only if:

- intravenous iron therapy is contraindicated or

- the person chooses not to have intravenous iron therapy after discussing the relative efficacy and side effects of oral and

intravenous iron therapy. [new 2015]

41. Discuss the results of the iron therapy with the person or, where appropriate, with their family or carers and offer ESA therapy if

needed (see recommendation 22). [new 2015]

Iron therapy for people who are iron deficient and receiving ESA therapy

42. Offer iron therapy to people with anaemia of CKD who are iron deficient and who are receiving ESA therapy.

� Discuss the risks and benefits of treatment options. Take into account the person’s choice.

� For adults and young people, offer intravenous iron therapy.b

� For children who are receiving haemodialysis, offer intravenous iron therapy.

� For children who are not receiving haemodialysis, consider oral iron. If the child is intolerant of oral iron or target Hb levels

are not reached within 3 months (see recommendation 33), offer intravenous iron therapy. [new 2015]

(Continued)
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43. Offer oral iron therapy to adults and young people who are receiving ESA therapy only if:

� intravenous iron therapy is contraindicated or

� the person chooses not to have intravenous iron therapy after discussing the relative efficacy and side effects of oral and

intravenous iron therapy. [new 2015]

44. When offering intravenous iron therapy to people not receiving haemodialysis, consider high-dose low-frequency intravenous

iron as the treatment of choice for adults and young people when trying to achieve iron repletion. Take into account all of the

following:

� preferences of the person with anaemia of CKD or, where appropriate, their family or carers

� nursing and administration costs

� cost of local drug supply

� provision of resuscitation facilities.

Intravenous iron administered at a low dose and high frequency may be more appropriate for all children and for adults who are

receiving in-centre haemodialysis. [new 2015]

47. Routine monitoring of iron stores to prevent iron overload using serum ferritin should be at intervals of 1–3 months. [2006,

amended 2015]

Note: Reproduced from the full NICE guideline1 with permission of the National Clinical Guideline Centre. This list is confined to

recommendations directly relevant to the topic of this report; for other anemia recommendations (including recommendations 22 and

33 as referenced in the box), see the full NICE guideline; recommendation numbering is as in section 3.2 of the full guideline.1

Abbreviations: % HRC, percentage of hypochromic red blood cells; CHr, hemoglobin content of reticulocytes; CKD, chronic kidney

disease; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; NICE, National Institute for Health and Care Excellence.
aPatients with CKD often experience a complex inflammatory state that makes it difficult to diagnose iron deficiency when using

these standard markers alone.
bThe evidence suggests that oral iron does not supply iron to the marrow at a rate sufficient to support ESA-stimulated erythro-

poiesis. Intravenous iron was more effective than oral iron at correcting iron deficiency in adults and young people receiving ESA.

Box 1 (Cont’d). List of New Recommendations From the 2015 NICE Guideline Update Regarding Iron Deficiency and Therapy in

Anemia of CKD

Iron Deficiency and CKD
response to ESA. The molecular mechanisms that
mediate ESA resistance have recently become clearer.
Hepcidin is a small polypeptide (molecular weight of
w3 kDa) that inhibits iron absorption from the small
intestine and iron release from macrophages. Hepci-
din does this by causing degradation of ferroportin
(Fig 1). Hepcidin appears to be freely filtered at the
glomerulus and undergoes tubular reabsorption.11

Kidney failure itself may lead to high hepcidin
levels,12 even without inflammation. Elevated hepci-
din levels can cause a blunted erythropoietic response
to erythropoietin and are thought to play a role in ESA
resistance. Hepcidin is upregulated in the presence of
inflammation (see next section), thus reducing iron
absorption and iron transfer to the developing eryth-
ron (Fig 1). For this reason, it is thought that in CKD,
IV iron is more likely than oral iron to be taken up by
bone marrow macrophages and hence passed on to
the developing erythron.

INFLAMMATION AND IRON METABOLISM

Patients with end-stage renal disease treated by he-
modialysis have a high prevalence of protein-energy
malnutrition and inflammation, often termed
malnutrition-inflammation syndrome. Malnutrition-
inflammation syndrome is thought to account for the
high rates of atherosclerotic cardiovascular disease and
mortality in dialysis patients. Nephrologists will be
familiar with the relationship between overt infection/
inflammation and anemia, with higher rates of re-
fractory anemia in dialysis patients with malnutrition-
Am J Kidney Dis. 2016;67(4):548-558
inflammation syndrome. In one study, hematocrit
decreased from a mean of .33% (hemoglobin,
w11.0 g/dL) to almost 31.5% (w10.5 g/dL) with
septicemia, provoking increased ESA dosage.13

Noninfectious intercurrent illnesses, such as myocar-
dial infarction, have similar effects.13 Subclinical
inflammation or infection is also important in CKD and
has been linked with ESA resistance and reduced sur-
vival.14 ESA resistance is thought to be mediated by
proinflammatory cytokines such as interleukin 6.

TESTS OF IRON DEFICIENCY IN CKD

Overview

The gold-standard test for iron deficiency is mea-
surement of bone marrow iron stores, but this is an
impractical test for routine use. In practice, the
question is simply: does the patient respond to iron
therapy with an increase in hemoglobin level?
Traditional tests for iron deficiency (serum iron,

TSAT, and ferritin) reflect at best only the amount of
stored iron or iron that is potentially deliverable to the
developing erythron. TSAT is serum iron level as a
percentage of total iron-binding capacity (total iron-
binding capacity and transferrin level are inter-
changeable). TSAT , 20% may be taken to indicate
iron deficiency, but thresholds differ (see previous
discussion).1

Serum ferritin level can provide additional infor-
mation about the probability of iron deficiency. A low
ferritin level (eg, #30 ng/mL) is taken reliably to
indicate “absolute” iron deficiency in patients with
551



Figure 1. The basic physiology of iron metabolism. Ferric (Fe31) ions are shown as pale orbs; ferrous (Fe21) ions are darker orbs.
Dietary iron and heme are absorbed by the enterocyte. It is stored both there and in the macrophage as ferritin, a 450-kDa largely
intracellular protein storing about 4,500 ferric ions. Note that ferroportin (FPN) is the iron export channel. FPN activity is inhibited
by the 25–amino acid polypeptide hormone hepcidin (,3 kDa), secreted by the liver. Iron is transported to bone marrow by transferrin
(80 kDa), with 2 iron-binding sites. Transferrin binds to its own receptor and is endocytosed as part of a cycle that releases its iron.
Figure courtesy of Dr A. Forbes.
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CKD.3 However, its sensitivity and specificity for
indicating iron deficiency need to be considered
across the range of ferritin values. Ferritin level shows
marked analytical and intraindividual variability.15

Ferritin is an acute-phase marker closely associated
with inflammation.16 In the presence of inflammation,
a normal or even increased ferritin level cannot reli-
ably exclude iron deficiency. If another independent
inflammatory marker such as C-reactive protein level
is increased, serum ferritin level is not a reliable
marker of iron status.
If the presence of iron in red blood cells is the most

crucial aspect of iron homeostasis, it is important to
have tests to assess this. %HRC and CHr (or its
equivalent, Ret-He) are useful in assessing red blood
cell iron homeostasis. The majority of analyzers in
clinical hematology laboratories are capable of
measuring one of these indicators, sometimes with a
specific software upgrade. An increased %HRC or
552
reduced CHr (or Ret-He) value implies poor hemo-
globin production, usually the result of iron defi-
ciency or, more rarely, a hemoglobinopathy. Use of
newer red blood cell markers requires that beta
thalassemia minor (trait) or alpha thalassemia minor
are excluded in at-risk patients. Signs of the minor
forms of these heterogeneous disorders include mild
anemia with a chronically low, relatively fixed mean
cell volume and an elevated red blood cell count. A
family history of migration from Mediterranean,
African, or Southeast Asian regions (where the mu-
tations protect against malaria) may also provide a
clue. Beta thalassemia trait is confirmed on a he-
moglobinopathy screen with an elevated hemoglobin
A2 level. Alpha thalassemia minor can only be
definitively diagnosed with DNA analysis, so in
practice, clinicians may opt to use alternative iron
markers (serum ferritin and TSAT) when it is
suspected.
Am J Kidney Dis. 2016;67(4):548-558



Table 1. Effect of Test Accuracy and Prevalence of Iron Deficiency on Iron Use

Marker Prevalencea Sensitivityb Specificityb PPVc NPVd

Serum ferritin , 200 ng/mL 44% 77% 38% 49% 68%

20% 77% 38% 24% 87%

TSAT, 20% 44% 61% 79% 70% 72%

20% 61% 79% 42% 89%

TSAT, 20% and serum ferritin , 100 ng/mL 44% 33% 98% 93% 65%

20% 33% 98% 80% 85%

%HRC. 6% 44% 82% 95% 93% 87%

20% 82% 95% 80% 95%

CHr, 29 pg 44% 57% 93% 86% 73%

20% 57% 93% 67% 90%

Abbreviations: %HRC, percentage of hypochromic red blood cells; CHr, reticulocyte hemoglobin content; NPV, negative predictive

value; PPV, positive predictive value; TSAT, transferrin saturation.
aThe higher prevalence of 44% was taken from the diagnostic meta-analysis; the lower prevalence was used as a scenario for a

population more heavily treated with iron.
bRepresentative values of sensitivity and specificity were taken from the evidence review of the guideline update1; there were

insufficient cohort studies for these markers to provide meta-analyzed values.
cTrue positive as a percentage of all positive values; therefore, the percentage of iron therapy that is correctly given (assuming that

all patients with positive results are treated).
dTrue negative as a percentage of all negative values; therefore, the percentage of patients with negative test results correctly

identified as iron replete or unresponsive to iron therapy.

Iron Deficiency and CKD
Diagnostic Test Accuracy Studies and Diagnostic
Meta-analysis in the NICE Guidance

The diagnostic test threshold for iron deficiency
varies between studies. Iron deficiency was commonly
defined by the reference standard of a given erythro-
poietic response to iron therapy. A highly sensitive test
can detect the majority of iron-deficient cases (ie,
people likely to respond to iron therapy). A highly
specific test can appropriately exclude those without
iron deficiency who will be unresponsive to iron
therapy. The cost-effectiveness of the tests (as dis-
cussed in the following) is influenced by both.
Eleven diagnostic randomized controlled trials and

diagnostic test accuracy cohort studies were included
in the diagnostic meta-analysis performed for the
NICE guideline. For CHr, there were 2 diagnostic
randomized controlled trials and 4 diagnostic accu-
racy cohort studies; for %HRC, there were 3 cohort
studies. For TSAT alone and serum ferritin alone,
there were 6 studies each. For TSAT and/or serum
ferritin, there were 2 cohort studies. Two-by-two ta-
bles were prepared using raw study data or calculated
from author-reported test accuracy statistics and
prevalence. These results were then analyzed by
restricting studies to those with the same clinically
relevant threshold to ensure data comparability. A
diagnostic meta-analysis was possible only for 2 tests
(TSAT, 20% and serum ferritin , 100 ng/mL), for
which sufficient data were available.1 Of note, these
thresholds are considerably lower than those dis-
cussed in other guidance (see previous discussion),
and evidence is lacking for higher thresholds using a
combination of TSAT and ferritin level.
Am J Kidney Dis. 2016;67(4):548-558
Importantly the NICE guideline process includes a
health economic analysis, which combines various
factors including costs as well as test sensitivity and
specificity. Using the diagnostic test accuracy evi-
dence identified, an original cost-utility analysis was
developed.1,17 A state transition (Markov) model was
used from a UK National Health Service perspective,
comparing the cost-effectiveness of different iron
deficiency testing and treatment strategies. Within the
model, tests that are less specific lead to more patients
receiving iron therapy, incurring additional costs and
complications. Conversely, tests that are less sensitive
lead to patients failing to receive iron therapy and thus
reducing their quality of life. The relationship be-
tween hemoglobin level and quality of life (based on
the 36-Item Short-Form Health Survey) was derived
from a prospective cohort study that had adjusted for
age, CKD stage, albumin level, presence of certain
comorbid conditions, use of ESA or iron, and an
interaction term for hemoglobin level and ESA.18

For hemodialysis patients, treating patients with
%HRC . 6% was found to dominate the other stra-
tegies (least cost and most quality-adjusted life-years
[QALYs]). In nonhemodialysis patients, although
TSAT , 20% and serum ferritin level , 100 ng/mL
had a relatively high cost in terms of testing, it was the
least costly strategy on account of its high specificity.
%HRC . 6% was the most effective strategy because
of its high sensitivity. Due to its relatively high
specificity, %HRC . 6% was also the most cost-
effective strategy at a threshold of £20,000
($30,600) per QALY, costing £11,300 ($17,300) per
additional QALY gained. In general, a more sensitive
553



*Of note, the REVOKE trial of intravenous iron in CKD,
published mid-2015 by Agarwal et al in Kidney International
(88:905-914; http://dx.doi.org/10.1038/ki.2015.163) was not in-
cluded in the evidence review.
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test is likely to be more cost-effective in populations
with a higher pretest probability of iron deficiency,
whereas a more specific test will be more cost-
effective in populations with lower risk.
For any diagnostic test, its positive predictive value

(PPV) is heavily influenced by the condition’s preva-
lence. From the analysis of diagnostic test accuracy, we
found an iron deficiency prevalence in hemodialysis
patients of 44%; we also considered a lower 20%
prevalence, representing a more heavily iron-treated
population (Table 1). The PPV of ferritin level ,
200 ng/mL is limited: only 49% of test-positive pa-
tients given iron would be truly iron deficient. The PPV
for ferritin falls further with the lower prevalence of
iron deficiency.
The combined criteria of TSAT , 20% and ferritin

level, 100 ng/mL is an alternative to using red blood
cell markers. However, as progressively higher
ferritin levels are used for the cutoff (below which
iron is given), test specificity decreases dramatically.1

In the evidence review conducted for the NICE
guideline, no study was found that dealt with the
diagnostic value of TSAT and ferritin combinations
with higher cutoffs. The value of higher ferritin cut-
offs remains controversial. Higher ferritin cutoffs
have been tested in the short term19 and there are
longer term studies underway.20 There is concern that
use of higher cutoffs will be associated with lower
specificity and PPV. This could lead to exposure of a
higher proportion of the hemodialysis population to
iron when they are not deficient in order to iron-load a
hemodialysis population to reduce ESA use.
In conclusion, %HRC, CHr, or Ret-He are better

than serum ferritin level alone at predicting respon-
siveness to IV iron (see recommendations 3, 4, 39,
and 45). There were concerns regarding practical as-
pects of using red blood cell markers (including the
need for %HRC samples to be analyzed within 6
hours to avoid red blood cell swelling and potential
false-positive results) and the moderate evidence
supporting their use. However, outside the diagnostic
evidence, there is experience of implementing their
use as part of routine anemia management in hemo-
dialysis patients.21-23

Diagnosing and Treating Pediatric Patients

Very little evidence is available to guide the man-
agement of anemia of CKD in children. It is generally
accepted that the hemoglobin concentration for diag-
nosis varies with age, although thresholds are not
unified worldwide. KDIGO suggests diagnosing
anemia in children with CKD if hemoglobin con-
centration is ,11.0 (aged 0.5-5 years), ,11.5 (aged
5-12 years), and ,12.0 g/dL (aged 12-15 years).3

Most adult anemia guideline recommendations are
extrapolated to include children. No direct evidence
554
exists suggesting that children should be monitored
for anemia more or less frequently than adults.
KDIGO recognized that monthly monitoring is stan-
dard practice for children with end-stage renal disease
treated with dialysis.
Oral iron preparations are frequently used in chil-

dren, dependent on tolerance and side effects. In the
United Kingdom, there are a number of licensed
preparations, with a liquid preparation (sodium fer-
edetate) the most commonly used in younger age
groups.
IV iron is used routinely in pediatric hemodialysis

units. IV access for iron can be seen as a limiting
factor in peritoneal dialysis or non–dialysis-dependent
patients. Some units use venipuncture access when
blood sampling at clinic visits, followed by a short
infusion (see the following regarding duration of
infusion), whereas others admit the child for a longer
infusion. None of the 3 IV iron preparations listed in
the British National Formulary for Children24 are
licensed for use in patients younger than 14 years,
whereas iron sucrose, the most frequently used
preparation in the United Kingdom, is not licensed for
use in children at all. The standard doses for UK
pediatric units are maintenance dose of 1 mg/kg and
correction dose of 3 mg/kg (maximum, 200 mg).

IRON THERAPY RECOMMENDATIONS IN THE
NICE GUIDANCE

The NICE guideline update reviewed available
evidence* and considered the following iron therapy
recommendations key priorities for implementation. It
is assumed that iron deficiency exists in each case,
though to avoid repetition, this is not stated.

Iron Therapy in CKD Patients Not Treated by
Hemodialysis

Not on ESA therapy

NICE recommends that for adults and children
not receiving ESAs and not treated by hemodialysis,
clinicians consider a trial of oral iron before ad-
ministering IV iron (guideline recommendation 40
[Box 1]). If patients are intolerant of oral iron or target
hemoglobin levels are not reached within 3 months,
NICE advises offering IV iron. This is a contentious
area in which patient views may differ (see page 262 of
full guideline1). The group noted that some patients
may prefer oral iron to avoid hospital visits and can-
nulation. Oral iron is inexpensive. Moderate-quality
evidence showed that high-dose low-frequency iron
Am J Kidney Dis. 2016;67(4):548-558
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is responsible for a clinically important benefit,
increasing hemoglobin levels to a greater extent than
oral iron.1(p230)

Receiving ESA therapy

In adults receiving ESAs but not treated by he-
modialysis, NICE recommends that clinicians offer
IV iron (guideline recommendation 42). In children
receiving ESAs, but not on hemodialysis therapy, the
recommendation is to consider oral iron. For children
who are intolerant of oral iron or for whom target
hemoglobin levels are not reached within 3 months,
the advice is to offer IV iron therapy (recommenda-
tion 42).

Iron Therapy in CKD Patients Treated by
Hemodialysis

Not on ESA Therapy

In adults and children treated by hemodialysis who
are anemic and iron deficient but not receiving ESAs,
NICE recommends that they are offered IV iron
(recommendation 40).

Receiving ESA therapy

Similarly, NICE recommends that adults and chil-
dren treated by hemodialysis receiving ESAs are
offered IV iron (recommendation 42). Oral iron
therapy should only be offered to people receiving
ESAs if the person chooses not to have IV iron or if it
is contraindicated (recommendation 43). Many units
have traditionally used a low-dose IV iron therapy
with a high frequency as befits the attendance for
thrice-weekly hemodialysis (recommendation 39).
However, with the emergence of higher dose IV irons
and the need for less frequent dosing (especially in
other CKD patient groups–pre-dialysis or peritoneal
dialysis), many units are also favoring a high-dose
low-frequency model of iron replacement for their
hemodialysis patients.

IV Iron Regimens

During the development of the NICE guideline,
consideration was given to clinical, logistical, and
economic merits of the 2 approaches to IV iron
therapy: low dose (,500 mg, typically 100-200 mg
of iron) at high frequency versus high dose (.500 mg
of iron) at low frequency. The review considered the
overall costs of providing IV iron treatment, not just
drug costs. A clear deficiency of the evidence was the
lack of comparisons of different IV iron preparations.
The evidence was so limited that a network meta-
analysis was not possible.
The relative safety and risks of high-dose versus

low-dose maintenance parenteral iron therapy have
not been fully assessed. One large study, which was
retrospective and observational (and therefore not
Am J Kidney Dis. 2016;67(4):548-558
included in the evidence review for the NICE guide-
line update), suggested that different regimens may
have different implications for infection risk.25 The
risk for infection associated with different IV iron
dosing regimens needs to be explored further.
When clinicians offer IV iron, high-dose low-

frequency IV iron should be considered as the treat-
ment of choice for adults and young people not
receiving hemodialysis (recommendation 44). Taking
into account the patient perspective, the NICE
guideline favors such a regimen because there are
fewer hospital visits for home hemodialysis, perito-
neal dialysis, and non–dialysis-dependent CKD pa-
tients. IV iron administered at low dose and high
frequency may be more appropriate for all children
and for adult in-center hemodialysis patients if there is
readily available venous access for IV iron adminis-
tration (recommendation 44).
It is important to discuss the risks and benefits of

treatment options with the patient who is iron defi-
cient (or, when appropriate, with the family or care-
giver), provide written patient information when
available (eg, a suitable package insert from the
manufacturer), and take into account patient choice
when deciding on treatment. The requirement for
resuscitation facilities has affected iron therapy for
home hemodialysis patients in the United Kingdom,
who now have to receive their IV iron in a hospital or
clinic setting. After providing iron therapy, it is
important to discuss the results with the person (or
family/caregiver) and to offer ESA therapy if appro-
priate (recommendation 41).

Implementation of Iron Therapy Regimens

KDIGO noted that there are differing strategies for
iron therapy management. In hemodialysis patients, a
reactive strategy with periodic ad hoc IV iron con-
trasts with a proactive strategy of regular smaller
maintenance iron doses. The KDIGO guideline
pointed out that there is limited evidence regarding
outcome with the latter strategy.
There has been some work looking at regular

maintenance IV iron therapy in hemodialysis.
Some have used computerized algorithms for iron
dosing.21-23,26 A proactive maintenance-dosing app-
roach may result in better outcomes compared with
reactive strategies of prescribing iron only when in-
dexes are outside target range. However, studies were
often small with limited follow-up. This is an area
that guideline groups have yet to address, perhaps
partly due to limited evidence.
Effective implementation of guidelines requires

individual renal units and their organizations to
agree and develop iron dosing protocols and deci-
sion support systems.26-28 Local barriers to anemia
guideline implementation have been described and
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require the development of unit-specific solu-
tions.27 Despite these barriers, guidelines and
computerized decision support have been imple-
mented across the units of one large US dialysis
provider.26

ADVERSE EFFECTS OF IRON THERAPY

Hypersensitivity Reactions

Hypersensitivity reactions are a rare but recognized
complication of IV iron. A recent European review of
iron safety arose after concerns about its use in
pregnancy.29,30 Regulatory authorities stipulate that
IV iron should be administered “in an environment
where the patient can be adequately monitored, and
where resuscitation facilities are available.” This
leaves no possibility of its use in the home hemodi-
alysis setting. The uncomplicated administration of a
test dose does not reliably predict the future absence
of anaphylaxis and the use of test dosing has been
abandoned.29

Clinicians might be tempted to view the iron-
dextran complex as having a higher risk for hyper-
sensitivity, while perceiving newer drugs as “lower
risk.” However, the European Medicines Agency re-
view found evidence of hypersensitivity with all iron
preparations. It was not possible reliably to determine
the different rates of hypersensitivity with individual
preparations.30 US Food and Drug Administration
data presented by Wysowski et al31 show that hy-
persensitivity can occur with both dextran and non-
dextran iron preparations. Similarly, these authors
stated: “allergic reactions are possible with all four
parenteral iron products, and it is difficult to deter-
mine which product has the largest risk.”31 KDIGO
focused on the first dose of IV iron, advising moni-
toring for 60 minutes after administration.3 European
advice differs, recommending close monitoring for
evidence of hypersensitivity for at least 30 minutes
after each administration.29

The European drug safety agencies give clear
advice on anaphylaxis prevention. IV iron should not
be given to any patient with a history of hypersensi-
tivity to iron. Switching to another preparation is not
advised, although this remains controversial. Patients
should be formally screened for anaphylaxis risk
factors: known allergies, immune or inflammatory
conditions (eg, systemic lupus erythematosus and
rheumatoid arthritis), and history of severe asthma,
eczema, or other atopy. If these are present, it is
advised that risks of IV iron are weighed against
possible benefits. In the United States, the precautions
differ in that patients are advised to be questioned
about previous reactions to parenteral iron.
Ferumoxytol has been withdrawn from the market

in the United Kingdom due to a higher risk for
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life-threatening anaphylactic reactions. The US Food
and Drug Administration recommended that fer-
umoxytol should not be used when there is a history
of an allergic reaction to any IV iron product.32

We believe nephrology units should discuss these
issues with patients routinely before giving an iron
agent that is new to the patient and formally develop
procedures to mitigate the risks for anaphylaxis.
The management of anaphylaxis is summarized in
Item S1 (available as online supplementary material).
Although anaphylaxis is rare, if we were to assume
that the remaining life expectancy of these patients is
20 years, then in terms of QALYs, we estimate that
around 3 anaphylaxis-related deaths per 1,000 patient-
years would completely negate the modest gain in
quality of life provided by IV iron.

Iron Overload

Regular parenteral iron use can result in iron
overload. Noninvasive quantification of hepatic iron
content has recently become possible.33-35 Studies
show that 13%,34 36%,35 and 37.5%33 of dialysis
patients have severe iron overload. The presence of
iron overload within the liver does not imply definite
liver injury or disease, but there is concern regarding
unnecessary iron overload. Results are conflicting as
to whether serum ferritin level does33 or does not34

reflect hepatic iron content. Some34,35 but not all33

studies have found that iron dosage correlates with
hepatic iron content. There are 2 retrospective ana-
lyses of data from large cohorts of hemodialysis pa-
tients given iron. Kalantar-Zadeh et al36 found that
among 58,058 hemodialysis patients, those receiving
200 to 399 mg of IV iron per month had the lowest
mortality. Use of $400 mg per month was associated
with the highest mortality. Ferritin levels . 800 ng/
mL were associated with higher mortality, but
confounded by association with malnutrition-
inflammation syndrome. Conversely, Miskulin
et al37 studied 14,078 hemodialysis patients, and the
results suggested that there is no association between
cumulative iron dose and mortality. Despite these
areas of uncertainty, there remains clear concern that
parenteral iron is overprescribed.38

Regardless of the marker used to determine iron
deficiency, it is crucial that we also test to ensure we
are not giving too much iron. Serum ferritin remains
the best test in routine use for this (guideline recom-
mendation 47). After IV iron administration, ferritin
levels “spike” before falling to a new baseline.
Ferritin should not be checked earlier than 1 week
after the last dose of IV iron.1,3

KDIGO recommended that IV iron should not be
routinely administered with a ferritin level . 500 ng/
mL.3 NICE recommends that ferritin levels $ 500 ng/
mL should lead to an iron dose review, to prevent
Am J Kidney Dis. 2016;67(4):548-558
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ferritin level increasing to $800 ng/mL. KDOQI
stated “there is insufficient evidence.for an upper
ferritin limit above which to withhold iron” and
instead advised weighing the risks and benefits of iron
use in individuals with high ferritin levels.5 For ane-
mia management at a renal unit level, we believe that
the closely concordant NICE and KDIGO guidance
are appropriate.

CONCLUSIONS

The recent update to the NICE anemia management
in CKD clinical guideline provides new recommen-
dations for iron status testing and treatment strategies.
The “demotion” of the use of serum ferritin level
alone in favor of red blood cell markers, when
available, will result in many renal units reviewing
their current practice. Units unable to use red blood
cell markers for logistical reasons should use a com-
bination of TSAT and ferritin values, bearing in mind
the thresholds supported by the evidence. This will
likely prompt discussions among primary care phy-
sicians, nephrologists, hematologists, and patients
regarding local iron testing and management pro-
tocols. This is on the background of recent debate
regarding IV iron safety and management of hyper-
sensitivity reactions. Although the guideline does not
provide specific iron dosing protocols or a decision
support system, we hope that this guideline review
will be of use to renal units when developing their
own guideline implementation strategies.
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